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CHAPTER I

INTRODUCTION
1. The Purpose of the Study

The purpose of the study is to examine the supply of and
demand for engineering and scientific manpower in Canada, This
involves an analysis of the nature and relative importance of the
[ various sources of supply and of the factors that have affected the
distribution of such manpower among occupations and industries between
1931 and 1961, Particular attention will be paid to the 1951-61
period, It is hoped that the analysis will illuminate some of the
processes and mechanisms by which this particular type of high-level
manpower is allocated over time in relation to changes in the structure

and operation of the economy.

The scope, method and the data used had to be mutually
adapted, The wide variation in the types and quality of data available
has dictated an approach that is eclectic, It is hoped, nevertheless,
that the data available and the method employed are sufficient to
provide useful information and insights into the operation of the long-
term and short-term trends in the market for engineering and scientific
personnel, For example, the short-term period of the 1950's, where
better data are available, illustrates market processes at work more
readily than the longer period for which data are scarcer, In addition,

one object of the study is to indicate where data and research gaps

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES
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remain to be filled. The conclusion of the study it is hoped will
point up these deficiencies. Naturally, any conclusions derived from
the present study may be confirmed, modified or rejected on the basis

of more research and of more and better statistical data.

The selection of this topic was influenced by two
considerations, one theoretical and the other practical. The
proliferation of occupations including engineering and scientific
occupations is part of the process of the division of labour in
relation to changes in the economy. Economists have for many years
observed this relationship., Marshall in particular has noted how
changes in the methods of industry make predictions of labour demand a

difficult task.l/

Economists have for a long time stressed the importance of
investment in people.g/ Currently, there is great emphasis on the
contribution of human resources development to economic growth and one

important aspect is the production and utilization of high-level

1/

~ Adam Smith, Wealth of Nations, New York, Random House Inc., 1937,
p. 260; Alfred Marshall, Principles of Economics, 8th Edition,
London, Macmillan and Co, Ltd., 1956, p. 476; John Maynard Keynes,
The General Theory of Employment, Interest and Money, London,
Macmillan and Co. Ltd., 1936, p. 43.

Adam Smith, op. cit., pp. 265-266; Alfred Marshall, op. cit.,
pp. 179, 469.

—

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA ECOLE DES GRADUES

manpower, such as engineers and scientists.é/ The present study will
examine not only how changes in the economy have influenced the
requirements for engineers and scientists but also how forces on the
supply side have influenced the available quantity. This leads to the
second consideration, namely, forecasting of the supply and require-

ments for scientists and engineers.

On the more practical side, there is a great deal of
interest at the present time in improving manpower forecasting as a
basis for planning investment in education, training and in other forms
of human capital, such as health. The Organization for Economic
Co-operation and Development has done pioneering work in this area in
recent years, and the problems of forecasting supply and requirements
for scientific and technical manpower have been included in these
efforts., Because of the time lags in the formation of human capital,
education planning must be long term and must be concerned with
developing an adequate supply of persons in engineering and scientific

occupations in relation to other types of support personnel, such as

3/

" Frederick Harbison and Charles A. Myers, Education, Manpower and
Economic Growth, Toronto, McGraw-Hill, 1964, pp. 3, 15; T.W. Shultz,
"Reflections on Investment in Man'', Journal of Political Economy,
Vol., LXX, No. 5, Part 2, Supplement, October, 1962, pp. 1, 2.
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technical, clerical and skilled manual workers. Also, further progress
must be made in forecasting the supply and requirements for qualified

4/

manpower in relation to scientific advances and economic growth.—

The information obtained from the analysis of past trends
will be combined with global estimates derived from other studies in
order to estimate future supply and requirements for engineering and
scientific manpower. The possible implications of these projections
for education, migration and labour market policies in Canada will also

be examined.

2. The Scope of the Study

The study will consist of an examination of changes over time
in engineering and scientific manpower in Canada in a supply and
requirements framework. The study has four major parts: £first, an
evaluation of supply between 1931-61; second, an analysis of require-
ments over the same period; third, am examination of supply, require-
ments and utilization over the long run with an intensive analysis of
the operation of the labour market for engineers and scientists in the

1950's; finally, projections of both supply and requirements to 1970.

4/

" See H.S. Parnes, Forecasting Educational Needs for Economic and
Social Development, Paris, Organization for Economic Co-operation and
Development, 1962, pp. 8 and 9; Organization for European Economic
Co-operation, Forecasting Manpower Needs for the Age of Science,

Paris, 0,E.C.D.,, 1960, p. 113,
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There are six chapters. Chapter I is a critique of the main
data sources for the study. 1In Chapter II, the sources of supply of
engineering and scientific manpower are analyzed, including the main
components such as graduation and net migration. An attempt is made to
refine the analysis of supply by estimating attrition rates due to
deaths, retirements and withdrawals from the labour force, and by
estimating inter-occupational transfers. Chapter III focuses on
changing requirements for engineering and scientific manpower. The
number and distribution of engineers among and within industrial
sectors is traced and an attempt is made to gauge the nature of changes
in the deployment of engineers and scientists within industrial sectors.
In Chapter IV, an evaluation of supply, requirements and utilization is
attempted. This requires a careful examination of the operation of the
market in particular during the 1950's, and of trends in the earnings
for such personnel in relation to the supply and requirements data
developed in Chapters II and III, The greater availability of data in
more recent years permits an analysis of the operation of the market
for such personnel in the short run, and an examination of the question
of whether there was a shortage of these personnel in the middle of the
1950's. 1In Chapter V, the data in earlier chapters is used as a basis
for estimates of future supply and requirements for engineering and
scientific manpower. Finally, the possible implications of these
findings for manpower policy relating to education, migration and the

operation of the labour market are presented in Chapter VI.
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3. Method

a. Analytical Framework

The problem outlined here is essentially a problem of labour
market analysis or, more specifically, the analysis of an important
portion of the labour market, that for engineers and scientists. A
supply and demand framework is used in the analysis. To the economist
the concepts of demand and supply are schedules or functions. In the
simplest case, demand denotes an array of quantities asked for at
varying prices, per unit of time, on the assumption that other things,
for example, consumers' incomes, tastes and the prices of other goods,
remain constant., In a free market, if these factors are allowed to
vary they will tend to bring about an equilibrium of quantity supplied
and quantity demanded. But since the historical data on the number of
engineers and scientists depict both the quantity demanded and quantity
supplied at any point in time, the problem is how to separate the
determinants of supply and demand when we only know the intersection
points of these curves., Following the method suggested by Blank and
Stigler, we will not attempt to estimate supply and demand curves
directly but instead will explore a variety of factors which general
knowledge and observation suggest may be determinants of supply and

5/

demand of engineers and scientists.=

3/

David M, Blank and George J. Stigler, The Demand and Supply of
Scientific Personnel, New York, National Bureau of Economic

Research, 1957, pp. 21-22,
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Economic theory centres on the concept of the market. An
economy may be considered as a system of interrelated markets including
the markets for products and the markets for productive services.é/

The market for productive services including the market (or markets) fop
scientific manpower is (or are) linked to other markets for productive
services by the possibilities of alternative uses for a particular
productive service and by the possibility of substituting other
productive services in producting a particular product. The markets

for productive services are also linked with their product markets by

the transformation of productive services into products.

Conditions for simultaneous equilibrium in all markets are
set out by the economic statics approach, while the comparative statics
method can be used to understand or trace how changes in the parameters
such as taste, income and so forth, result in changes from one
equilibrium position to another.’/ Reynolds also notes that the notion
of a perfectly competitive labour market is an abstract concept which

is useful for normative purposes and that recent discussion has run in

6/
Lloyd G. Reynolds, The Structure of Labour Markets, New York, Harper
and Bros., 1951, pp. 1-5; Leon Walras, Elements d'economie politique
pure, Paris, 1874, cited in J.R. Hicks, Value and Capital, 2nd

Edition, Oxford, Clarendon Press, 1946, pp. 57-61.

7/

Paul A. Samuelson, Foundations of Economic Analysis, Cambridge,
Mass., Harvard University Press, 1947, p. 257.
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terms of workable but less than perfect competition. He suggests that
the important issues relate to the nature and extent of imperfections
in labour markets and to how the labour market structure can be

improved.ﬁ/
b. Assumptions

Although the study by Reynolds was limited to manual labour
only, a good part of the analytical structure, conceptual schema and
questions raised are applicable also to the professional and technical
labour force as well. Hence, the techniques that seemed to be
appropriate for the study were those that permitted an analysis of the
labour market for persons in these occupations over time. The analysis
is based initially on a number of simplifying assumptions.

1) Pure competition in the labour market (or markets)
for engineers and scientists. This implies the
absence of labour unions on the one hand among
engineers and scientific employees and, on the

other, an absence of monopsonistic salary
determination by employers.g

Lloyd G. Reynolds, op. cit., pp. 223-224.

I think that when dealing with the national market, this assumption
is more reasonable than assuming the absence of competitive
conditions. The vast majority of engineers and scientists are
employees rather than self-employed. For example, in 1959 only

7 per cent of those in engineering and science (7.5 and 6.6 per cent
respectively) were self-employed. See: Department of Labour,
Economics and Research Branch, Engineering and Scientific Manpower
Resources in Canada, Their Earnings, Employment and Education, 1959,
p. 90. There is an almost complete absence of collective bargaining
employee associations among engineers and scientists. On the
employer side, Reynolds and Taft note the probability of employers
monopsony power under non-union conditions. See: Lloyd G. Reynolds
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2) It is also assumed that a market exists for these
personnel which is national and, to some degree,
international in scope.lg

3) That the imperfections which may exist in the
market for engineers and scientists do not alter
the general direction of the adjustments in salaries
and in the numbers of engineers and scientists
employed that would result from the impact of market
forces. As the analysis proceeds, the validity of
these assumptions and the d7gree to which they seem

to hold will be examined.ll

(Cont'd)

and Cynthia Taft, The Evolution of Wage Structure, New Haven,
Yale University Press, 1956, p. 369. However, there is no
evidence that these monopsonistic forces are strong enough to
invalidate or to reverse the above assumption. Cf. Blank and

Stigler, op. cit., pp. 30 and 31.

The degree to which this is true is open to question. There is,
however, evidence of a national market for such personnel. One bit
of evidence is the extent to which inter-regional movement (in this
case, graduates from one province who become employed in another)
occurs. In 1959, for example, net losses or gains as a per cent of
employment ranged from plus or minus 6 to 70 per cent for the
various regions in Canada. See: Department of Labour, Economics
and Research Branch, Engineering and Scientific Manpower Resources
in Canada, Their Earnings, Employment and Education, 1959, pp. 38-
39. This finding is corroborated by Rosenbluth who found that
regional immobilities on the supply side of the engineers' market
were a negligible influence upon salaries. There was, however,
evidence of a somewhat greater degree of immobility among indus-
tries. See: G. Rosenbluth, "Salaries of Engineers and Scientists')
Canadian Political Science Association, Conference on Statistics,
1960, Papers, Toronto, University of Toronto Press, 1962, pp. 179-
180. However, only from one fifth to two thirds of the variation
in salaries was accounted for by the four factors utilized in the
model, experience, function, industry and region., The degree of
"price discrimination' is thus left open. See: Rosenbluth, ibid.,

p. 153,

The third assumption will be relaxed, for example, in an attempt to
determine whether a "market'" for engineers and scientists is in
fact a series of sub-markets between which there is less than
perfect mobility of buyers and sellers. As Bain notes, labour is
not a homogeneous commodity, but rather a series of commodities
which are differentiated by types of skills and training, by
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c. The Approach

The approach taken to the problem is theoretical, historical
and statistical. Theory is used as a guiding framework to suggest the
factors that should be assessed in examining the market for these
persons, The factors are in turn treated in the context of a 30-year
span of time. In tracing the relevant variables through time,
statistics will be used wherever possible., However, it will not be
possible to provide statistics for many variables that would add breadth
and depth to the analysis, first, because some of these variables are
qualitative and not easily subject to measurement; secondly, because
the historical series are not available for certain data nor for

certain periods of time.

4, The Data

The data on engineering and scientific manpower used in this
study are based on several sources. The main ones are: the decennial
Census; the Department of Manpower and Immigration Register of
Scientific and Technical Personnel; immigration statistics from the
Department of Manpower and Immigration; enrolment and graduation

statistics from the Dominion Bureau of Statistics; salary data from the

11/ (Cont'd.)
quality and location. See: Joe S. Bain, Pricing, Distribution

and Employment, Revised Edition, New York, Henry Holt and
Company, 1953, p. 504.
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Canada Manpower Division of the Department of Manpower and Immigration
(formerly the National Employment Service) and from the National
Research Council. These data have been assessed in terms of three
criteria: conceptual relevance, that is, how closely do they fit the
concept that they are supposed to represent; internal consistency of
the data over time; finally, comparability, i.e., the degree of

comparability of various series with each other.
a. The Census

The data from the decennial Censuses provide the longest time
series on occupations and are the only source of information on long-
term trends in industrial distribution by occupation. The 1961 Census
asks: "What kind of work did you do in this industry?", which describesg
persons in the labour force according to the kind of work they did, not
in terms of their qualifications.lg/ This means that persons trained
in engineering and science may be placed within other occupational
classifications such as '"owners and managers, n.e.s." or "professors

and college principals'.

The only occupations in engineering and science that are

comparable or available between 1931 and 1961 are engineering, total,

12/
Dominion Bureau of Statistics, Occupational Classification Manual,

Census of Canada, 1961, p. 9.
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and civil, electrical and mechanical engineering. In order to achieve
comparability of the Census occupations, it was decided to adjust the
data for 1931, 1941, and 1961 to the 1951 occupational and industrial
classification. This was done for two reasons. First, at the time

of writing, the Dominion Bureau of Statistics had adjusted a number of
occupational classes used in the study to the 1951 basis. Secondly,
the 1951 occupation and industry classification was followed in two
other sets of data used in this study, the Register of Scientific and
Technical Personnel, and immigration statistics from the Department of

Manpower and Immigration.

Census data have some additional limitations besides errors
made by the respondent, by the Census enumerator and the coder. First,
a particular occupation class may be too heterogeneous, composed of a
large number of specific occupations. In the case of the 1951 Census,
for example, the classification of "chemists and metallurgists"
included druggists, pharmacists and prescription clerks. In view of
the resulting range in the educational level and types of work

performed, it was decided not to use this particular classification.

Secondly, there are residual categories in the Census which
are large and which are not homogeneous. 1In the 1951 Census

occupational classes such as biologists, geologists and physicists were
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included in the category '"other professional occupations" where they

were inaccessible. However, in this respect, the 1961 Census was an

improvement over 1951 because these particular occupational classes

13/

were shown separately,.=2

b. The Register of Scientific and Technical Personnel

Membership in the Register of Scientific and Technical

Personnel of the Department of Manpower and Immigration includes those

who either are graduates in recognized courses in engineering, natural

science, architecture and veterinary medicine, or who are non-graduate

members of professional associations, most of whom have passed

qualifying examinations of these associations.l4/ Thus the register in

contrast to the Census attempts to include all those who have

professional status in the scientific and technical fields, regardless

of what kind of work they are presently doing.

13/

See Appendix I-B, for a description of the occupational classes
used in the Census.

Department of Labour, Economics and Research Branch, Engineering
and Scientific Manpower Resources in Canada, Their Employment,

Earnings and Salary Rates, 1960-61, Professional Manpower Report

No. 10, June, 1961, p. 3.
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However, data on those in the register are also available by
field of employment specialization which is closer to the concept of
occupation as used in the Census. The register also employs an
adaptation of the 1951 Census classification of industries in the

surveys conducted since the middle of the 1950'8.12/

There are three main limitations of the register as a source
of information. First, apart from broad fields and some data on
selected fields between 1943 and 1963, detailed comparisons of field
and industry are available only from 1957 to 1963. Second, the
register operations probably have less than 100 per cent of eligible
persons because registration is voluntary. There are also technical
problems of maintaining up~to-date addresses, Third, the non-response

to survey questionnaires runs close to 25 per cent.

Two analyses of the possible effect of non-response on the

16/

results of the survey have been made.=—=/ Although some bias with

respect to certain characteristics such as income, function, and

15/
See Dominion Bureau of Statistics, Standard Industrial Classifica-
tion Manual, Ottawa, 1948.

16/

Department of Labour, Economics and Research Branch, Engineering
and Scientific Manpower Resources in Canada, Their Earnings,
Employment and Education, 1959, Professional Manpower Report No. 9,
March, 1961, pp. 69-76; Employment and Earnings in the Scientific
and Technical Professions, 1958-61, Professional Manpower Report
No. 12, September, 1962, pp. 25-31.
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attachment to professional work was evident, the lack of response did
not appear to affect the survey results to a great degree, For example,
the effect upon median income of the existence of non-respondents and
their somewhat different characteristics was estimated to be less than

1 per cent. Furthermore, there is no reason to suppose that any bias

which exists has changed from one survey to another,

Despite these limitations the register is the only available
source of extensive detail on individuals in scientific and technical

fields.
¢, Immigration and Emigration Statistics

The immigration statistics used from the Department of

Manpower and Immigration are based on the 1951 Census Classification of

17/

Occupations—' which was adopted in 1953 and used until 1962 when the

1961 Census Classification of Occupations was adopted.lé/ For the

17/
Dominion Bureau of Statistics, Classification of Occupations,
Ninth Census of Canada, Ottawa, 1951,

18/

Dominion Bureau of Statistics, Occupational Classification Manual,
Census of Canada, 1961, The Dominion Bureau of Statistics has
prepared a tabulation of the 1962 data on immigration on the 1961
classification basis in the Canada Year Book, 1963-64, pp. 207-208.
The data for 1963 have also been classified on the 1951 basis.

See Louis Parai, Immigration and Emigration of Professional and
Skilled Manpower During the Post-War Period, Special Study No., 1
prepared for the Economic Council of Canada, June, 1965, p. 98,
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period, 1946-52, only the annual number of immigrants intending to
enter professional occupations was given. The distribution by
professional occupations has been estimated by the Department of
Citizenship and Immigration (now Manpower and Immigration) on the basis

of the distribution in 1953.l2/

Information on emigrants from Canada to the United States by
detailed professional occupation categories is available from 1950 to

1963.20/
d. Enrolment and Graduation Data

Data on enrolments and graduations by faculty are availagble
from the Dominion Bureau of Statistics for the period 1920 to 1963.
The categories available separately for this period include engineering
and pure science in the scientific and technical specialties covered

in this study.

From 1940 to 1963 the Economics and Research Branch of the

Department of Labour (now the Department of Manmpower and Immigratiom)

19/
See Department of Labour, Economics and Research Branch, The
Migration of Professional Workers Into and OQut of Canada, 1946-50,
Professional Manpower Report No., 11, October, 1961, p. 9,

United States Department of Justice, Immigration and Naturalization
Service, special tabulations sent to the Economics and Research
Branch, Department of Labour (now the Department of Manpower and

Immigration) .
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has accumulated statistics on recipients of undergraduate degrees in
engineering and honour science courses based upon the annual survey

of the graduating classes in these specialties,

From 1957-63, information on individual fields of study
within engineering and science at undergraduate and post-graduate

including the master and doctorate levels is available.zl/
e. Other Sources of Data

Some other sources of data referred to below are the survey
of starting salaries offered by employers conducted by the Canada
Manpower Division (formerly the National Employment Service) of the
Department of Manpower and Immigration, and the survey of salaries of
engineers and scientists in research conducted by the National Research

Council.22/ Some information on vacancies and applicants for

21/

o Changes in the number of graduates in pure science have occurred
because of changes in the way universities report their statistics
over time. For example, a university which formerly reported
science graduates under the arts faculty may begin to report them
as receiving degrees in the science faculty, which means that for
the first time data on science degrees are separately available.
It may also be noted that the concept "pure science' is broader
than '""honour science'" and includes many students who do not take
honours degrees. Many of these students may nevertheless continue
on to post-graduate level education. See Wallace R. Brode,
"Approaching Ceilings in the Supply of Scientific Manpower",
Science, Vol. 143, No. 3604, January 24, 1964, p. 34, where he
indicates that non-ACS (American Chemical Society) certified B.S.
chemistry graduates accounted for 22 per cent of Ph.D.'s in
chemistry in the United States over a 5-year period.

This survey is now conducted by the Pay Research Bureau of the
Civil Service Commission.
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engineering jobs was obtained from the reports of the Dominion Bureau
of Statistics on '"Labour Demand and Supply'. Data on investment in
manufacturing industries were obtained from a recent study by the

Dominion Bureau of Statistics on capital flows and stocks.23/

f. Fields of Specialization and Occupations Used

The first step in any study of engineering and scientific
manpower is to specify what fields or occupations are to be included
as well as the criteria adopted for selecting who should be included in
the engineering and scientific manpower pool. Broadly, the fields and
occupations included can be defined as those whose subject matter is

natural science and its applications.

One is immediately confronted with the problem of vague
boundaries among these fields and occupations. They merge into each
other. In addition, it is possible for persons to enter these

occupations by various routes in terms of type of education and

23/

" Dominion Bureau of Statistics, Business Finance Division, Estimates
of Fixed Capital Flows and Stocks, Manufacturing, Canada, 1926-60,
to be published soon.
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training, e.g., engineering versus science or other specializations;
university versus non-university level. Thus, there are two basic
criteria for determining whether a person is in the engineering and
scientific manpower pool:
1) Does he have the education in natural science or its
applications and/or other equivalent qualifications,
e.g., membership in a professional association?
2) TIs he engaged in a type of work which can be
considered an engineering or scientific occupation?

It may be noted that no list of fields of educational
specialization will correspond exactly with a list of fields of
employment specialization or occupations for at least four reasons.
First, some courses of study, engineering physics, for example, have
no precise counterpart in a field of employment or vice versa. Second,
some graduates inm certain courses, e.g., physics may become employed in
another field of employment specialization, e.g., university teaching
or management. Thirdly, graduates may enter fields for which
university education is not required or may leave the labour force
altogether.gﬁ/ Fourthly, certain fields such as civil engineering may

have persons employed who did not take a university degree and who were

upgraded to these engineering jobs.

24/

Dael Wolfle, America's Resources of Specialized Talent, New York,
Harper, 1954, p. 12.

TN
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The expression '"engineering and scientific manpower"
encompasses the fields of engineering, natural sciences and applied
biological fields. An illustrative outline of the content of these
specialties has been given by Wolfle.zé/ A breakdown is given in terms
of specialized fields used in analysing and reporting information as

well as subject of college study included in each specialized field.

Each of the three main sources of data used in this study, the
Census, the Dominion Bureau of Statistics list of university fields of
study and the Register of Scientific and Technical Personnel has a
particular classification of occupations or specializations oriented
either to educational background or to occupation, or to a combination
of both. The register employs some 565 fields of employment
specialization in natural sciences, engineering, architecture and
veterinary medicine grouped into 22 broad categories.gﬁ/ The
composition of this list reflects both work done and course specialties

followed at university.

257
Dael Wolfle, op. cit., pp. 13-14.

See Appendix I-A for more details. This list of specialties has
recently been expanded for the new survey of professional
scientific and technical manpower.
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The 1961 Census of Canada has a total of 15 professional
occupationsgzl which corresponds approximately to the fields of employ-

ment specialization covered in the register.28/

Historical statistics on university enrolments and
graduations in engineering and science are available from the Research
Branch of the Department of Manpower and Immigration and from the

Dominion Bureau of Statistics.gg/

27/
Dominion Bureau of Statistics, Occupational Classification Manual,
Census of Canada, 1961, p. 16. See also Appendix I-B for more
details.,

A useful description of the content of occupations used in the study
may be found in International Standard Classification and
Occupations, Internatiomal Labour Office, Geneva, 1958.

29/

" Dominion Bureau of Statistics, Survey of Higher Education, Part IT,
1962-63, p. 53; Dominion Bureau of Statistics, Survey of Higher
Education, (earlier issues). Data are available in some detail at
the undergraduate level in the case of the Department of Manpower
and Immigration series, and at both the undergraduate and post-
graduate levels from the Dominion Bureau of Statistics. It was
decided to use a system of classification for both sets of
statistics which is adapted mainly from the Dominion Bureau of
Statistics undergraduate classification. This has the advantage of
enabling more precise comparisons to be made between data derived
from these sources.
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In order to achieve a greater measure of comparability, these

series of occupations and fields of specialization have been grouped

into a number of broader groups:ég/

Engineering, Total
Chemical
Civil
Electrical
Mechanical
Other

Science, Total
Biology
Chemistry
Geology
Mathematics
Physics
Other

The purpose of any classification system is to permit the
organization and aggregation of data into classes in a way that will
permit analysis and meaningful interpretation. This usually results in
a certain lack of intra-class homogeneity. The merit of any system,

and this includes the one used here, must be judged by the purpose for

30/
For a description of the occupations and fields included in the

above groups in relation to the Censuses, see Appendix I-A. See
also, H.S. Parnes, Forecasting Educational Needs for Economic and
Social Development, Paris, Organization for Economic Co-operation
and Development, October, 1962, p. 77, Appendix B, "An Occupational
Classification System for the Mediterranean Regional Project', for
an alternative grouping of scientific and technical occupations.
The scope of the present project and the limitations of comparable
data precluded the use of the number of occupations used by Parmes.
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which it is employed. In the present case, it is felt that an
aggregation of data in this way facilitates the sort of broad compar-

isons of fields and courses which are attempted.
g. Comparison of Census and Register

Professor D.N., Solomon and Mrs, A.M. Fergusson have discussed
the possibility of making a comparison of data from the 1951 Census
with data from the 1957 survey based on the Register of Scientific
and Technical Personnel of the Department of Labour. It is concluded

that the differences precluded such a comparison.él/

It should be noted at the outset that the difference in
concepts used in the Census as opposed to the register - occupation or
work done in the case of the Census compared with scientific and
technical education in the case of most who are included in the
register - would tend to lead to differences in coverage between these

two sources.

When the article by Solomon and Fergusson was written, the

1961 Census data were not available., They pointed out the need of

31/
David N. Solomon and Agnes M. Fergusson, '"The Distribution and

Functions of Canadian Engineers and Scientists', Canadian Political
Science Association Conference on Statistics, 1960, Papers,
E.F. Beach and J.C. Weldon, Editors, Toronto, University of Toronto

Press, 1962, pp. 183-216.
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making a comparison of Census and register data, A comparison is made
in Table I-1, The distribution of engineers by occupation, i.e., by
"kind of work" performed in the Census and by field of employment rather
than education specialization in the register indicates that in this

respect the Census and register data are fairly similar,

The level of education indicated in the Census and the
register is discussed in Chapter II below. Those with no university
degrees represented 28 per cent in the case of the 1961 Census and
only 5 per cent in the case of the register, based on data from the

1961 Survey of Scientific and Technical Personnel.

It would seem that a sufficient degree of similarity exists
between these two sources of data to permit useful comparisons to be
made. However, the conceptual differences between them indicate that

2/

comparisons must be made with the greatest care.é—

It was decided to make a direct comparison of the influence
of the Census "occupation" concept compared with the register concept
of "field of academic'" and "field of employment specialization'. One
would expect that some who were classified as "engineers'" according to

the register would appear, for example, as ''managers' or '"sales" in

32/
For a further discussion of the problems of comparing data from the
Census and the register, see Appendix I-B.
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1961

Field of Employment Registerl/ Census?/
Specialization (Register)

or QOccupation (Census) Number Per Cent Number Per Cent
Engineering Total... 9,707 100 43,066 100

Chemicalosccecaces 636 7 2,996 7

CivVilesecosonnaces 2,713 28 11,917 28

Electricaliceosoos 2,245 23 8,763 20

Mechanicaliseascos 2,440 25 12,099 28

Othericecovesococoan 1,673 17 7,291 17

Sources: (1) Department of Labour, Economics and Research Branch,
Survey of Scientific and Techmnical Professions, 1962,
unpublished data.

(2) Dominion Bureau of Statistics, Census of Canada,

1961, Labour Force Bulletin 3.1-9, Table 17.
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the Census. Those who were reported as engineers in the 1961 Survey of
Scientific and Technical Personnel were divided into two groups, those
who reported that they were not in scientific and technical fields of
employment, the "non-technical', and those who reported that they were,
the "technical' group. A random stratified sample was selected from
each group - 108 non-technical and 116 techmical - and the results were
compared with the results enumerated in the returns from the 1961

33/

Census.—/™

The results indicated that three out of ten of the engineers
reported as being in scientific and technical fields in the register
were reported in the Census in other than engineering occupations.
Conversely, seven out of ten were reported as engineers both in the
Census and in the Survey of Scientific and Technical Professions. 1In
the case of those in the Survey of Scientific and Technical Professions
who reported themselves as not being in sciemtific or technical fields,
the proportion who were not in engineering occupations in the Census
was 84 per cent. This suggests that in a comparison with the Census

it is best to use the field of employment specialization concept for

3/
The comparison was done internally by the Dominion Bureau of
Statistics as a special study and the results were released
statistically in such a way that individuals could not be identified

See Appendix I-B.
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register data which automatically excludes those who are employed
outside these fields, rather than the academic specialization concept

which includes such persons.éﬁ/
5. Concluding Note

The choice of particular engineering and scientific
occupations or fields of specialization has of necessity been guided
primarily by the availability of comparable data over time. Because of
changes in classification and the absence of data for certain
occupations, generally the longer the time period the smaller is the

amount of data available for these specialties.

Thus, the Census data are used to indicate the broad changes
in the distribution of engineers among industries over time. On the
other hand, the register data are the only available source of detail
on characteristics such as work functions, detailed level of education,
and thus are useful in providing a qualitative dimension to the

analysis.

34/
For a fuller discussion of this special study, see Appendix I-B.
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It may be noted that an approach similar to the above has

been followed in other studies.éé/

357

David M. Blank and George J. Stigler, op. cit.; Canada, Royal
Commission on Canada's Economic Prospects, Department of Labour,
Economics and Research Branch, Skilled and Professional Manpower

in Canada, 1945-65; United States, National Science Foundation,
Scientists, Engineers and Technicians, Requirements and Supply,

Washington, D.C., United States Government Printing Office, 1963;
Dael Wolfle, op. cit.
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CHAPTER 11

SUPPLY OF ENGINEERING AND SCIENTLFIC MANPOWER, 1931-61

The objective of this chapter is to describe and analyze the
factors that have affected the supply of persons in engineering and
scientific occupations. This will require an assessment of the relative
impact upon supply of such variables as demographic changes, participa-
tion in engineering education at university, net migration and attrition
rates. An important variable, namely, the trend in relative earnings
in these occupations, will be treated later as part of an overall

evaluation of trends in supply and demand.

This chapter is made up of seven sections., First, the
concept of supply is discussed. Second, the main demographic and labour
force changes over the last 30 years are outlined. Third, the impact of
trends in university enrolment and graduation in engineering upon supply
is assessed, while the fourth section is concerned with an estimate of
the importance of net migration. The fifth section examines geographic
and occupational mobility., The sixth section deals with the influence
of attrition due to deaths, withdrawals and retirements, The last
section attempts to pull together some threads of the above analysis, to
assess the elasticity of supply in engineering and scientific

occupations, and to establish a framework for projections of future

supply.

e
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1. Introduction: The Concept of Supply

Since the examination of engineering and scientific manpower
is being conducted within the framework of a demand and supply model,
it will be useful at the outset to examine the concept of supply in
order to assess the relevance of the data available relating to supply.

"supply" as used in economics refers to a schedule of

The general term
various quantities of a good or productive factor which the seller is
willing to offer on the market at various possible prices per unit of
time. The supply of a given type of labour may be considered as the
number of man-hours of labour of average efficiency which will be
supplied at various levels of wage rates per hour. The number of man-

hours in turn results from the interaction of the two dimensions of

labour supply, the number of persons and the number of hours they work.

Since the above theoretical concept of the supply of labour
in the schedule sense is not easy to measure, it is necessary for
analysis to utilize concepts of the labour supply which are measurable,
for example, engineers and scientists who are in the labour force. This
latter concept differs from the theoretical concept of the supply of
labour because it refers to peopleynot hours of labour and because it

includes the employed plus the unemployed.l/

1/

"The civilian labour force includes that portion of the civilian
non-institutional population 14 years of age and over who, during
the survey week, were employed or unemployed", Dominion Bureau of
Statistics and Department of Labour, "The Labour Force Employment-
Unemployment', Joint Press Release, April 24, 1962,
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This concept of the supply of labour may also be applied to a
particular occupation or field of specialization, for example,
engineering or science. In view of the heterogeneity of the total
supply of labour, comprised as it is of different occupations, it is
necessary to examine occupations such as engineering and science
occupations in order to determine if the supply of labour for these
occupations has distinctive characteristics compared with other

professional occupations or with the labour force as a whole.

Given the population and its age distribution, in the short
run the elasticity or shape of the short-run supply curve for an
occupation will depend upon inter-occupational transferability and
relative wages in other occupations. This in turn will depend upon the
extent to which persons in other occupations possess or can quickly
acquire the necessary education or skill, It will also be affected by
the importance of relative non-monetary advantages of various
occupations, for example, pension rights and the cost involved in

making the transfer,

In the long run for any occupation, all of the above factors
operate but the supply of workers tends to be more elastic in the long
run than in the short run, not only because of the greater possibility
of those already employed shifting among occupations but also because
of changes in the flow patterns of new entrants into the educational
stream who have time to alter their career choices. The elasticity of

supply is therefore a function not only of time but also of the cost
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and length of the training period, supply being less elastic in those
occupations requiring a long and expensive period of training. In some
instances the number of persons trained rather than those employed in
engineering or science will be utilized as indicators of the size or

of changes in its composition of labour supply for these specialties.
In such cases, an attempt will be made to keep the data both internally
consistent over time and comparable as far as possible with other

" occupational and labour force data.

It will be assumed that the long-run supply curve for labour
in the occupations being considered here has the usual shape and slopes

2/

upward and to the right.=

One of the main purposes in the examination of supply of
engineering and scientific manpower is to select those aspects of supply
which may be useful in making projections. Supply itself may be
considered for this purpose as either a stock of manpower at a given

timeg/ or as a flow which increases or diminishes the stock over a

2/
~ Kenneth E. Boulding, Economic Analysis, Revised Edition, New York,

Harper and Brothers, 1958, pp. 230 and 240.

Herbert S. Parnes, Planning Education for Economic and Social
Development, 0.E.C.D., The Mediterranean Regional Project, Paris,
1962, p. 76, observes that the number of workers employed at a
particular moment of time is a measure of both the supply and the

demand.

Professor de Wolff, Employment Forecasting: International Seminar on
Employment Forecasting Techniques, 0.E.C.D., Brussels, June, 1962,

p. 82, explains that '"In accordance with international practice,
manpower supply at a certain moment is defined to be equal to the
size of the economically active population at that moment. According
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period of time.4/ The stock of engineering and scientific manpower at
a point of time is the result of the number of persons in that category
at some earlier point of time plus inflows minus outflows in between.
Inflows consist of persons with engineering and science degrees who
enter engineering and scientific occupations in the labour force;
persons with other than engineering and science degrees or without
university degrees of any kind who enter engineering and science
occupations and persons who immigrated from abroad. Outflows from the
stock consist of transfers to other occupations; other withdrawals from
the labour force, for example, women who become housewives, emigration
to other countries and deaths and retirements. The above catalogue of
supply components is examined below. Both aspects of occupational
mobility including in-transfers and out-transfers are examined together

and the same is done for immigration and emigration. This is done in

3/ (Cont'd)
to this definition, the unemployed (both registered at labour
exchanges and unregistered) form part of the supply. The same holds
for permanent and temporary military personnel. On the other hand,
housewives and other persons not professionally occupied are left

out."

Herbert S. Parnes, Forecasting Educational Needs for Economic and
Social Development, O.E.C.D., The Mediterranean Regional Project,

Paris, 1962, pp. 42-44.
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order to determine net occupational transfers and net migration.é/
These supply components provide a framework for examining the supply

side of engineering and scientific manpower in this chapter.

2. Demographic and Labour Force Changes
a. Population Growth and Changes in the
University-Age Population

The total number of persons who are potentially available as
members of the economically active population is influenced not only by
the absolute size of the population but also by its age distribution.
The proportion of the population in the younger age groups, for example,
from ages 15 to 24 years of age in any given year, other things being
equal,will have an important influence on the number of new entrants to
the labour force. 1In the same way, the number of persons in the
university-age population 18 to 24 years of age will be one of the basic
determinants of the numbers who will enroll in university in any given

year.é/ Even though the emphasis in this analysis is on the proportion

5/

" For a discussion of the components of supply, see H.S. Parnes,
Forecasting Educational Needs for Economic and Social Development,
pp. 42-44; U.,S, National Science Foundation, A Program for National
Information on Scientific and Technical Personnel, Washington, D.C.,
Government Printing Office, August, 1958, pp. 29-30; United Kingdom,
Advisory Council on Scientific Policy, Committee on Scientific
Manpower, Statistics Committee, The Long-Term Demand for Scientific
Manpower, London, Her Majesty's Stationery Office, October, 1961,
pp. 5-7.

Approximately four fifths of full-time students are between 18 and
24 years of age, inclusive. See: Edward F. Sheffield, Enrolment
to 1976/77 in Canadian Universities and Colleges, 1963 Projection,
Canadian Universities Foundation, 1964, p. 5.
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of persons who graduate from particular university courses of
engineering and then enter the labour force, it will be useful to
examine the basic changes of population in this particular age group,

indicated in Table II-1.

Between 1931 and 1961, males and females in the 18-24 age
group declined from 13,0 to 9.4 per cent of the total population. The
relative decline in the proportion was greatest in the last two decades.
By 10-year periods, the decline was greatest in the 10 years following
World War II during which the proportion declined from 12.4 to 9.8 per
cent of total population or 2.6 per cent. The absolute number of
persons in the age group itself actually declined from 1,526,600 to
1,511,800 between 1946 and 1951 and remained relatively stationary
between 1946 and 1956, The university-age population reflects the
birth rate of approximately 20 years earlier. From 1921-25 to 1936-40
live births per thousand population declined from 27.4 to 20.5.1/ The
drop in the university-age group in the early 1950's simply reflected
the low birth rate of the 1930's. From 1951 to 1956 university
enrolment increased by only 6,000 compared with a rise of 42,000 betweed

1956 and 1961,

7/
Canada, Dominion Bureau of Statistics, Canada Year Book, 1956, p. 201
and jeps—eit., 1965, p. 207.

> - o/,
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Table 1I-1

Total Population, Population 18-24 Years of Age and
Total University Enrolment, Canada, 1931-1261

(thousands)
1lales and Females Male Female
18=-24 as Total 8-24 as lo=-24 as
Age Per Cent University Age Per Cent Age Per Cent
Year Tei=1 18-24 of To’al } Enrolment Total 18-24 | of Total Total 18-24 | of Total
1-31(1) 12.376.7 | 1,317.0 12.7 32.9 5,374.5 | 669.0 12.4 5,002.2 | 648.0 13.0
1436 10,934.0 | 1,435.6 13,1 35.1 5,635¢7 | 723.4 12.% 5,296.3 | 712.2 13.4
1941 11,.76.7 | 1,474.7 1z.86 36.4 5,900.6 | 740.0 12.6 5,606.1 § 733.9 13.1
1246 10,288400 1 1,7.6.6 12.4 64.7 6,246.9 | 761.6 17.2 6,021.1 | 765.0 12.7
1258 15,900, 1,311 o 10.3 656.6 7,074.4 | 749.3 10.6 6,910.0 | 762.5 1.0
1720 12,08C.. 1,57 .¢ 9.6 74.3 bs151.9 797 .8 9.7 7492 .9 754.0 9.9
1961 1.5230.3 | L.71Z.E ! 2.4 116&.5 92,21u.9 | £54.6 9.3 29,019.4 | 655.0 3.5
T

lnoiades Yok » 2nd Yerthwest Territories inm 1931, 1941, 1951, 1956 and 1961.

oo €s: 1. Domuni.~ Burezu of Statistics, Lopulation rstimates 1921-1952, Reference Paper No. 40, Ottawa,
1

1:5.3 ropulation Zstimates 1352-1260, Reference Paper, Ottawa, 1967.

5

Je womll i me u of Suatistics, Survey of Higher Education, 1962-63, Part I, pp. 36-37.
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b. Trends in the Labour Force and in Engineering
and Scientific Occupations

(i) Trends in Selected Occupations

Changes over the long term from 1931 to 1961 in the stock and
proportion of those in the various occupational classes in the Canadian
labour force are available only from Census data. Data for the whole
period are available only for the engineering portiom of the scientific
and engineering manpower pool but not for natural scientists. These

trends are shown in Table II-28/ and in Figure II-1.

From 1931 to 1961 the total labour force rose by 62 per cent,
the professional labour force by 166 per cent and the various
engineering occupational classes as a group increased by almost 210 per
cent.g/ During this period the professional occupational group as a
whole rose from 6.1 to 10.0 per cent of the labour force while engineers
rose from 0.4 to 0.8 per cent of the labour force. The only selected

occupational class shown here which increased at a faster rate during

8/
See Appendix Tables II-A-1 to 4 for further details.

Surveyors are included with civil engineers for this period in order
to achieve comparability over time. They were included with civil
engineers in 1931 and 1941 and it was impossible to remove them. It
was therefore decided to include them in 1951 and 1961 for purposes
of comparison from 1931 to 1961.
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OCCUPATION

ALL OCCUPATIONS

ALL PROFESSIONAL

MECHANICAL ENGINEERS

(incl. industriol)

OTHER PROFESSIONAL

MINING ENGINEERS
(incl. other engineers)

ALL ENGINEERS (incl.

CIVIL ENGINEERS
(incl. surveyors)

NURSES

ARCHITECTS

ELECTRICAL ENGINEERS

PHYSICIANS AND SURGEONS

TEACHERS

LAWYERS AND NOTARIES

VETERINARIANS

DENTISTS

SURVEYORS

CIVIL. ENGINEERS
(excl. surveyors)

ALL ENGINEERS (oxcl. surve

Nomber Per Cont
2,424,677 | 1,127,376 ]
395918 | 246,487 - %//////%//%
9232|3763 (/L it
16,744 | 114,839 ’////////////////////////////////
PCALS e nus| s ///////////// 7
5,002 2,301 //////// ////////////////
34,783 | 16,985 //A/// 2, //
12,733 8,089 W
52,648 | 33,785 %/////////
1,642 1,200 %//////,
4,821 2,409 ////%/////%
W, 246 6,941 W//%/////%
e4,711 | 62,576 77
Jors) - 13,030

CHEMICAL ENGINEERS

Source: Table 11-2

surveyors)

Figure 11-1

NUMERICAL AND PERCENTAGE CHANGE IN THE LABOUR FORCE
BY SELECTED PROFESSIONAL OCCUPATIONS, CANADA
1931-1961 AND 1951-1961
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Table II-2

©“ " Numerical and Percentage Distribution of Males and Females in the Labour Forced/
by Selected Profesaional Occupations, Canada,2/ 1931-1961

st

Total Number (thousands) Per Cent of All Occupations Percentage Increase

1931~ 1941~ 1951- 1931~

Occupation 1931 1941 1951 1961 1931 1941 1951 1961 194 1951 19601 1961
Al O0coUPations. . scstecrcccstcecnccssncecsoce 3,917o6 li,l96-o 5,21-‘009 6,3‘0203 100.0 100.0 100.0 100.0 7.1 24.3 2.6 6109
All professional occupationS.,.eecesscsccscs 238.4 282.8 387.8 634.3 6.1 6.7 Tk 10.0 18.6 37.1 63.6 166.1
AnhitectSOOOIOQOQOQOCI.'.C‘...'....-...'.. l.3 1.2 1'7 2.9 * * * OOl -7Qh M.B 69.0 126.5
Engineers (incl., surveyors)e..ecsescosccecs 16.6 19.8 3h.b 51.4 0.4 0.5 0.7 0.8 19.3 73.7 49.4 209.7
Engineers (excl. SUrveyors).csceccesceccss . . 30.0 43.0 . . 0.6 0.7 . . 43.5 .
Chemical enginGers.cceacesccecccsccnssocs . . 2.6 3.0 .o .e 0.1 0.l .e . 16.4 .o
Civil engineers (incl. surveyors)eciceess 7.5 6.7 12,2 20.3 0.2 0.2 0.2 0.3 -10.7 81.0 66.5 169.2
Civil engineers (excl., Surveyors)..cce.. . .o 7.7 11.9 .e . 0.2 0.2 .o .e 534 .e

Electrical engineers...cscecccccecececcse 3.9 4.6 6.3 8.8 0.1 0.1 0.1 0.1 15.7 39.3 37.9 122.5

Mechanical engineers (incl, industrial).. ) 2.9 ) L.5 ) 8.3 121 ) 0.1 ) 0.1 ) 0.2 0.2 ) 58.0 ) 84.3 ) 45.2 ) 322.9

Mining engineers........n.....o.......n 2.3 *

Other engiNeerS...eeecsepoccccccsscasosee | ) 231y &0y 5.0 hg | ) O3 [y 02}y 0l 0.1 | 3762 ) b 1y 463 1) 2206
Veterinarians.............-......-.-....... l.o 1.1 102 1‘5 * * (X3 * 001& ].’4-.8 26.5 4507
Other professionalS..ceecccccseccsscsaccese 2A9.4 260.7 350.5 57845 5.6 6.2 6.7 9.1 18.8 bk 65.1 183.6

DentistSecsessccacersccecscvesoscsscssascce 4.0 3.7 .5 5.5 0.1 0.1 0.1 (078 Tob 23.2 18.6 35.3
Law-‘o-o-o-.-oo'oo.n-.coooo.ooooo-ooooo.o- 8.6 8.“ 906 1209 002 0-2 0'2 0.2 "'201+ llu'? 33-9 5000
NIr88Secccecsssnsscscsretoscccsccassoncsoss 31¢9 3805 5003 8‘05 0.8 0.9 009 103 20.7 31$8 6606 16501
Physicians and SUrZeCNSeeevscssssccccssces 10.0 10-7 M~3 2-03 0-3 003 003 013 700 33-6 103-5 11.2.2
Professors and college principals......... 3.2 4ol Sk 1.1 0.1 0.1 0.1 0.2 29.2 1.l 105.6 248.3
TOACherS aeevscascrsassssaresesossssscnses 83.0 86.5 105.1 1677 2.1 2,0 2,0 2.6 5.2 2.6 5945 102.1
Othersd/ceveeeccscececcsasssnsccsascacenes 78,7 108.8 160.6 275.4 2.0 2.6 3. bok 38.2 7.7 7.5 250,0

# Less than 0,05 per cent .. not available or not appropriate or appiicable.

Y 1 years of age and over for 1931, 1941 and 1951; 15 years of age and over for 1961,
2/ ¥ot including Yukon and Northwest Territories, Includes Newfoundland in 1951 and 1961. Persons on active service excluded from 1931, 1941, 1951 and 1941.

2/ Persons in occupations which were not comparable over time are included here,

N.B.: The n"gainfully occupied™ rather than the Mabour force" concept was used prior to 1951 for determining labour force status, The labour foree includes
a few persons seeking work who have never been employed. Occupations for 1931, 1941 and 196l were arranged on the 1951 classification basis,

Sources: Canada, Dominion Bureau of Statistics, Ninth Census of Canada, 1951, Vol. X, Table 63.
Dominion Bureau of Statistles, Occupation and Industry Trendsin Canada, 1954, SP-8; Labour Force, Occupations by Sex, 1961 Census of Canada, 1963.
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1931-61 was that of "professors and college principals" which increased
by over 248 per cent. The residual group "other" representing a
collection of miscellaneous professional occupations rose by 250 per

cent, 10/

These changes may be contrasted with increases from 1931 to
1961 of about 35 per cent, 50 per cent and 112 per cent for dentists,
lawyers and physicians and surgeons respectively. It is clear that for
this 30-year period the increase in the engineering occupational class
as a group has been among the largest of any professional occupational

class.

The pattern of change decade by decade among the occupations
selected here varied considerably. From 1931-41 the percentage increase
in the number of engineers was about 19 per cent compared with about
74 per cent for 1941-51. The rate of increase for engineers, however,

slowed from 1951-61 with the professional occupation group increasing

10/

" For the most part the latter increase represents the proliferation
of new professional occupations rather than a large increase within
the individual occupational classes included in the residual group.
From 1951 to 1961, the total number of professional occupational
classes increased from 37 to 50, the number of occupational classes
included in the residual "other" group shown in Table II-2 increased
from 21 to 32. The number of engineering occupational classes
(excluding surveyors) rose from 5 to 7 and the number of engineering
occupations from 139 to 267. See: Dominion Bureau of Statistics,
Classification of Occupations, Ninth Census of Canada, 1951;
Occupational Classification Manual, Census of Canada, 1961.
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by two-thirds while the engineering occupation class increased by less
than 50 per cent from 1951-61, 1In contrast from 1951-61 the number of

"professors and college principals' increased by over 105 per cent.

Within the engineering group there were also considerable
variations over time, For example, between 1951 and 1961 the number of
civil engineers (excluding surveyors) rose by over 53 per cent while

the number of electrical engineers rose by only 38 per cent.ll/
(ii) Females in Engineering and Scientific Occupations

An important characteristic of the engineering and science
group of occupations is the very small proportion of females. As
Table TI-3 reveals, in 1961 the percentage of females in all occupationg
was 27.8 per cent, 43 per cent approximately in the case of professional
occupations, but only 0.3 per cent in the case of engineers. This
proportion represents an increase from zero in 1931, From 1951 to
1961 the proportion of female engineers (excluding surveyors) rose from

0.1 to 0.3 per cent, still a negligible proportion.

11/

" See: Department of Labour, Economics and Research Branch,
Occupational Trends in Canada, 1931 to 1961, Report No, 11 in the
Research Program on the Training of Skilled Manpower, September,
1963, Table 4, pp. 40-44 for more detailed information on the
trends within the professional occupational group and for a
comparison with other professional and non-professional
occupational classes.
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The proportion of physical scientists and biological and
agricultural professionals who were females was about 5 and 6 per cent
respectively. Although Census data for scientists are not available
for earlier Census years, the numerically small total for females
relative to males in 1961 indicates that the absolute numerical

increase could not have been large.

The proportion of engineers, physical scientists and
biological and agricultural scientists in Canada in 1961 who were
females - 0.3, 5.3 and 6.1 per cent was markedly lower than in the U.S.
U.S. Census data for 1960 show that females represented 0.9 per cent of
those in engineering occupations and 10.7 per cent of those in natural

12/

science occupations.—=

One factor contributing to the small proportion of females
in scientific occupations both here and in the United States is the
high rates at which they withdraw from the labour force soon after
graduation. One study of women in engineering and science specialties
found that 58 per cent had withdrawn from the labour force during the

13/

10 years following graduation.~~’ However, the small proportion in

12/
U.S. Department of Commerce, Census of Population, 1960, Occupation
by Industry, Washington, D.C., U.S. Government Printing Office,
1963, p. 7.

13/

Department of Labour, Economics and Research Branch, '"Survey of
Geographic Mobility of 1955 University Graduates, 1965",
unpublished data.

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA ECOLE DES GRADUES

44

engineering and scientific occupations who are females means that the
effect of these labour force withdrawals on supply is relatively
small and has been neglected, for example, in the calculations of
supply of engineers. However, where females represent a large
proportion in any of these occupations, the high rate of their labour

force withdrawals should be taken into account.

3. Education - Engineering and Science

The purpose of this section is to assess the importance of
both formal and informal education to the supply of engineers and
scientists. An analysis of the factors that have affected the level
and quality of this most important source of supply in the past should

help in an assessment of possible future changes.

a. Trends in the Level of Schooling

The level of schooling is one of the important qualitative
aspects of occupations. Not only is the level of education an index of
the traditional quality of training, but is also an index of the
investment in human capital made in those persons in a particular
occupation., It is possible to gain some idea .0of this factor by
examining the level of schooling of persons in engineering and science
occupations. In the case of engineering and science, there are two
available sources of data on levels of schooling - the decennial

Censuses and the Register of Scientific and Technical Personnel. In
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the case of the latter, however, although much more detailed data are
available on the level of education than in the Census, the time span

is only 1958 to 1963.

It is apparent from Table II-4 that the level of education of
the scientific and technical group while considerably higher than the
professional and technical group as a whole, exhibits a somewhat lesser
degree of homogeneity than the occupational class "physicians and
surgeons' for example, In the case of physical scientists and
engineers, three out of four who were reported in the 1961 Census as
being in this occupation have a university degree. If the group with
some university education is included, the proportion with a university
background rises to 83 per cent of engineers and 85 per cent for

physical scientists.

The level of education of engineers and scientists in 1961
as reported in the Census and the register was somewhat different.
Those with no degrees represented 28 per cent of the engineers in the
case of the 1961 Census, and only 5 per cent in the case of the
register, based on data from the 1961 Survey of Scientific and
Technical Personnel. In civil engineering those with no degrees made
up 19 per cent in the Census and only 4 per cent in the case of the
register. In electrical engineering, the '"mo degree" proportion was
26 per cent in the Census, and 6 per cent in the register. It appears

that this wide discrepancy is in considerable part a result of the
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Table Il1-4

~
Level of Education, Selected Occupations and Fields of Specialization,
1901 Census and 1961 Survey of Scientific and Technical Professions

Occuy ation or

Census, 1961(1)

Survey of Scientific and

Technical Professions, 1961€2)

No

Some

No University

Spac alizatiou Total University University Degree Total or Some University Negres
(per cent)

Professior al and
technical .ieve co.ow 100.0 51.5 17.5 31.0 - - -
Engineers, total..... 100.0 17.0 10.7 72.3 100.0 4.7 95.3
Civilioiss senseonse 100.0 9.1 9.8 81.1 100.0 4.0 .0
FElectrical.oiceonsese 100.0 15.4 10.7 73.9 100.0 6.2 83.8
Mechaniraleoseocooss 100.0 28.8 12.1 59.1 100.0 7.3 v2e7
Science tcta .., 109.0 13.6 12.2 74.2 1060.0 2.1 97.9
Puysica’ srientists 160.0 14.5 12.4 73.1 - - -
Chewists 100.0 18.8 14.9 66.3 100.0 5.8 94.2
Biclogical scientists 100.0 7.5 11,2 81.3 100.0 0.0 160.7
P ciciens &~d sucgesons 100.0 1.7 2.7 95.6 - - -

PRI RCE P G R s

Sorr.es.

(1} pominion Bureau of Statistics, Census of Canada, 1961, Labour Force Bulletin 3.1-9, Table 17.

(2} Department of Labour, Economics and Research Branch, Survey of Scientific and Technical
Piofessions, 1961, unpublishoed tabulation,
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criteria used to designate an "engineer" - "job" in the case of the

Census and employer surveys and "education" or "equivalent

qualification" in the case of the register.l&/

For data on education for the longer-term period it is

15/

necessary to utilize Census data.—

14/

For a detailed discussion of the Census and the register as data
sources, see Chapter I above. It is interesting to note that in
the U.S. a follow-up study of engineers in the 1960 Census
revealed that 45.5 per cent had no university degree. This compares
with 2.7 per cent of all scientists without degrees as indicated
in the U.S. National Register of Scientific and Technical
Personnel. The generally higher educational qualifications of
those in the register is illustrated by the fact that only 3.6 per
cent of the group "Sanitary Engineering'" in the U.S. National
Register have no university degrees. See U.S. National Science
Foundation, Scientific and Technical Manpower Resources,
Washington, D.C., U.S. Government Printing Office, 1964, p. 86.

The Census data on education refer to years of schooling completed.
These data are available for 1941, 1951 and 1961. In 1931
information on the number of years of school attendance was
obtained only for the population who are not attending school. For
1941 and 1951 these data reflect "the number of years attended
school'. 1In 1961 the data obtained were "highest grade attended'.
The 1941 and 1951 data did not distinguish between the different
time periods for high school completion in some provinces. In
addition, if students repeated grades this would tend to make the
"'years attended" greater than ''grades attended'". 1In addition, in
1961 there were data on the number of years of university education
as well as on that in high school. 1In order to achieve a greater
degree of comparability the amount of schooling was used and the
1961 figures were adjusted to the 1951 basis by including those who
had university education in the '"13 or more years of schooling"
classification.

See: N.M. Meltz, Changes in the Occupational Composition of the
Canadian Labour Force, 1931-1961, Department of Labour, Economics

and Research Branch, Occasional Paper No. 2, March, 1965, pp. 53-54
for educational discussion on this point.
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Table II-5 outlines the changes in level of schooling from
1941 to 1961 for selected occupations. The most striking change in
these occupations occurred from 1941 to 1951. In the case of electrical
engineers, the proportion with 13 or more years of schooling rose from
about 58 per cent of the total to 93 per cent between 1941 and 1951.
In the case of mechanical engineers, the rise was from 49 to 87 per
cent from 1941 to 1951. During the 20-year period the overall pattern
in these occupations was a substantial rise in the number with 13 or
more years of schooling between 1951 and 1961. However, the category
"13 years of school and over" is so broad that it indicates only in a
general way the changes in the level of education of those in profes-

sional occupations including engineering,

The data on those with 13 or more years of schooling have
been broken down into three levels of schooling for 1961, those with
5 years of secondary education, those with some university and those
with a university degree.lé/ The majority of engineers with 13 or
more years of schooling in 1961 are persons with a university degree
and only a small proportion between 2 and 9 per cent have had no
university education., The rise in the proportion with 13 or more years
of schooling from 1941 to 1961 probably reflects a rapidly rising

proportion with university degrees.

16/
These data have also been adjusted to the 1951 basis for the
professional occupational group and for the selected occupations.
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Table II-5

Percentage of Persons in Selected Occupations in the
Labour Force with 13 or More Years of Schooling,
1941, 1951, 1961

Per

Cent with 13 or More Years of Schooling

Type of Schooling - 1961

Some Univer-
5 Years Univer- sity

Occupation 1941] 1951 | 1961] Secondary | sity Degree
All occupationS.......... 7.3| 10.2{ 16.3 7.5 4.5 4.3
Professional...eceevecese 47.5) 59.31 66.0 17.8 17.4 30.7
ArchitectS.iiveevsannes .o 62,01 79,21 92.8 5.0 9.1 78.7
Chemical engineers....... N.A, | 97,1} 96,3 1.6 7.7 87.0
Civil engineers...ceeeees N.A, ] 95.3| 93.8 3.0 9.8 81.1
Electrical engineers..... 58.31 93.1{ 90.0 5.4 10.7 73.9
Mechanical engineers,.... 49,11 87.11 79.6 8.5 12.1 59,1
DentistS.uuieeenvacescsoss 90.3| 99.41 96.9 0.7 3.0 93.1
Physicians and surgeons,. 95.41 99.7| 98.7 0.4 2.7 95.6

Professors and college

principals..ceeceeccces 87.81 97.4| 97.4 3.8 9.1 84.4
Teachers, school.....cs.. 47.6( 59.41 77.7 26.3 28.0 23.4
VeterinarianS...oeeecees . 65.71 93.4| 94.8 2.2 7.2 85.4
Sources: Dominion Bureau of Statistics, 1941 Census, Vol, VI, Table 5.

Dominion Bureau of Statistics, 1951 Census, Vol, IV, Table 11,
Dominion Bureau of Statistics, 1961 Census, Bulletin 3.1-9,

Table 17

and unpublished tabulation from the Census Division,
Dominion Bureau of Statistics,

49



UNIVERSITE DOTTAWA ECOLE DES GRADUES

50

Another way to get an idea of changes in the level of
education of engineers and scientists over time is to examine the data
on schooling by age group. A rising level of education for those who
are new entrants to an occupation will have the effect of increasing
the average level of education in a particular occupation and, of
course, this effect will be reinforced if the educational level of

those in the older age groups is lower.

Table II-6 suggests that the proportion of engineers and
scientists who have no university training is over 50 per cent higher
in the case of those 35 to 54 years of age compared with those in the
25 to 34 age group, 12.4 and 19.8 per cent respectively. The
proportion of engineers in the 25 to 34 age group who have university
degrees is 78 per cent, compared with 61 per cent for those 55 to 64

years of age in 1961.

The combined effects of the differences in level of education
of those entering and those withdrawing from the labour force at
different age levels have in the past tended to raise the average level
of education in engineering and science occupations. These effects

will probably continue to occur in the future.

One possible way to gauge the impact of graduates over the
long run is to relate the actual increases in the stock of professional
persons and engineers to the flow of graduates., This is done in
Table II-7. A number of factors can affect the stock-flow relationship

besides the number of graduates, including the number of graduates who
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Males and Females in Selected Occupations

Table II-6

by Age and Level of Education, 1961

51

Engineers Physical Scientists

No Some Univer- No Some Univer-
Age Univer-| Univer- sity Univer-| Univer- sity
Group Total sity sity Degree Total | sity sity Degree

Number
Total | 43,066 7,349 4,595 | 31,122 11,062 1,608 1,367 8,087
15-19 68 23 42 3 99 40 59 -
20-24 3,125 268 679 2,179 1,200 209 350 641
25-34 | 15,248 1,892 1,410 | 11,946 4,400 557 455 3,388
35-54 | 20,982 4,152 2,083 14,747 4,747 659 438 3,650
55-64 2,890 813 306 1,771 496 114 47 335
65+ 752 201 75 476 120 29 18 73
Per Cent

Total 100.0 51.5 17.5 31.0 100.0 14,5 12.4 73.1
15-19 100,0 33.8 61.8 b4 100.0 40,4 59.6 0,0
20-24 100.0 8.6 21.7 69.7 100.0 17.4 29.2 53.4
25-34 100.0 12.4 9.2 78.4 100.0 12,7 10.3 77.0
35-54 100.0 19.8 9.9 70.3 100.0 13.9 9.2 76.9
55-64 100.0 28.1 10.6 61.3 100.0 23.0 9.5 67.5
65+ 100.0 26,7 10.0 63.3 100.0 24,2 15.0 60.8
Source: Dominion Bureau of Statistics, 1961 Census of Canada, Bulletin 3,1-13,

Table 19,




Gradustes as a Propo:..c.. of Inereuss ia the Stock of
Profeusional. and Eng . asring Qeeupitions, 1931-1961

Cablo II-7

Occupation Year

A1l professionals 1931-41

1932-41

1941-51
1942-51

195161
1952-61

1931-61
1932~61

Engineers (including 1931-41
surveyors) 1932-41

1942-51
1942-51
1951-61
1952-61

1931-61
1932-61

Sources:

Col, 1 -~ Table I7-4~2
Col, 2 - Table II-4-9,

i 2
Tncrease in -
Stock Graduates
No. No.
45,000 j
65,512 )
105,060 )
108,755 }
244,000 )
151,568 )
396,000 )
352,835 )
3,204 ¥
6,145 )
L, 594 )
15,792 )
16,985 )
17,603 )
34,783 )

G:gdgates

Stock
%

145.6

103.6

61.6

i91.8

208.2

103.6

113.7
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actually enter or leave professiomal or engineering occupations, the
number of non-graduates who enter these occupations, net migration, and
losses due to deaths and retirements. Therefore, the data here merely
indicate the changing relationship of graduations and stock during

various periods of time.

Two points stand out. First, between 1931 and 1961 the ratio
of graduates to increases in stock has been lower for all professionals
as a group than for engineers, 0.89 compared with 1.14 per cent. This
suggests that sources other than university graduates appear to have
been drawn upon to augment the stock of all professional occupations
more than in the case of engineers. Second, in relation to the output
of graduates, the increase in the stock of both professional persons
and engineers was less during 1931-41 than it was in later decades,
especially during 1951-61. This would suggest that in 1951-61, for
example, sources other than graduates, possible immigrants or native-
born non-graduates, have been used to augment the stock of professional
and engineering occupations to a relatively larger extent than in

earlier periods of time.

For a more detailed examination, we must turn to the Register
of Scientific and Technical Personnel. The annual surveys of the
Department of Labour's Register of Scientific and Technical Personnel
provide a more detailed picture of the changes in level of education of
those in engineering and scientific fields of specialization. This is

shown in Table II-8.
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tavte I1-B

Level of Ecuca. .on, Bngincoring and

54

Science, 19 1, 1961 a.< 1943
.«_wwuuwa
Acadumic {
Speciali .zation ¢
and Level of i
Education(1) 1958, 1ol 1967
I SR Z
Engineering
No degree.cceo. 543 . L7 2.8
Bacheloreeesess a87.8 85.6 86,6
maeroo.oooo.a 601 89’? 9“2
Doctorisaceseso 0.8 1.0 1.4
Totaleseeocsoss 100.0 100,0 100.0
Total number... 7,123 9,442 9,953
Science(?)
No degree...... 2e2 1,8 2,1
Bachelor.secess 55.1 5345 49.5
Masterecccescee 19.2 19.5 20.8
DoctOreeecocesces 23 .4 25.2 27.2
Totalecesovcose 100.0 100.0 100.6
Total number... 2,631 3,14 3,256

(1) Non-graduates were cla.sified according to fiela

of employment specializatiosn.
(2) Excludes agriculbture and forssitry.

Source: Department of Labour, Surveys of Scientific

and Technical Personnel, unpublisaed

tabulation,
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The most notable change was in the proportion of engineers
and scientists with post-graduate degrees. 1In engineering, the
proportion rose from about 7 per cent in 1958 to almost 11 per cent in
1963. In science specialties, the group of graduate degrees rose from
over 42 per cent in 1958 to 48 per cent in 1963. The proportion with
doctorates in science rose from over 23 per cent to over 27 per cent
during this 5-year period. Clearly, there was a striking improvement
in the quality of engineering and science labour force as measured by

level of education in recent years.,

b, Formal Education in Canada in Engineering and Science

The previous analysis has indicated that over the past 30
years the number of persons in engineering occupations has grown at a
high rate, and at the same time the average educational level of the
stock has risen. There are two main sources of supply, domestic and
foreign. The domestic source of supply, as well as the foreign, in
turn consists of two groups - those holding a bachelor's degree,
usually in engineering and those who do not. In general, the main
prerequisite for entry into these professions is the receipt of a

bachelor's degree in engineering or science.

Given the number in the college age population, the role of
the formal education system in the domestic supply of trained
engineering and scientific manpower may be regarded initially as a
process which involves two stages, first, the decision to enroll in an

engineering or science course at university; secondly, the completion
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of the course and graduation. It is useful to consider these stages
separately because, although in the long run enrolments and degrees
received have maintained a fairly stable relationship, they may move in
opposite directions for periods of time in the short run and thus
negate any simple predictions, say, of graduations based only on
enrolments. For example, in the case of the engineering classes who
graduated in 1960, the rise in the number of graduates caused by an
increase in the percentage of students enrolled in engineering was
cancelled out by a fall in the number of graduates caused by a higher

drop-out rate.lz/

The long-term patterns of engineering enrolments and
graduations are illustrated in Table II-9, A comparison is made between
first degrees and enrolments in all undergraduate courses and in
engineering. To facilitate the comparison a small adjustment was made.
Degrees were lagged 3 years, that is, total enrolment in year t was
compared with total graduations in year t + 3. There is assumed to be
an average 3-year lag between total enrolment data which includes first,
second, third and fourth years, and data on the receipt of a first
degree. The choice of a 3-year lag is based on an estimate of an

average length of time for 4 years between first-year enrolment and

17/
See: Appendix Table II-A-5.
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Undergraduate Enrclment and First Degrees in Engineering as a Proportion
of Total Undergraduate Enrolment and First Degrees, 1932-1961

1 2 3 4 5 6 7 8

Engineer 'ng

Engineering | Engineering | Total Degrees Degrees
Enrolment Degrees Total Enrolment Engineering
Total Total Total Total Three Years Enrolment Three
\ Undergraduzte | Engineering| First | Engineering| Enrolment Degrees Earlier Years Earlier

Year® Enyolment Enrolment { Degrees Degrees Col.24¢Col.1| Col.4:Co01.3 Col.32Col.1 Col.4+C01.2
No. No. No. No. % % % %
1932.c06ccns 32,862 3,795 5,552 462 11.4 8.3 19.6 17.1
1936iceensns 33,522 3,387 6,441 566 10.1 8.8 19.4 15.3
194lcves-vss 34,817 4,381 6,576 637 12.6 10.6 19.1 17.4
19460 61,861 10,884 8,192 1,006 17.6 12.3 23.0 18.5
1947 0000 75,237 13,609 9,830 1,096 17.8 11.1 28.0 22.2
1948cs0cc. - 79,345 14,373 13,733 1,630 18.1 12.3 35.8 31.9
1949, ceovnce 75,807 12,874 17,841 2,999 17.0 16.8 28.8 27.6
1950csc. e - 69,111 10,595 18,081 3,589 15.3 19.8 23.7 26.¢
1951...50. § 64,036 8,357 15,754 2,425 13.1 15.4 19.9 16.9
1057 s cues | 59,849 7,468 13,288 1,770 12.5 13.3 17.5 13.7
I9B3.. .. .. G,045 8,135 12,575 1,337 13.5 10.6 18.2 12.6
l”éfqaosesgei 61.1%8 9,008 12,083 1,252 14.9 10.4 18.9 15.0
1655, .. £5,032 10,309 12,967 1,337 15-8 10.3 21.7 17.9
195G 0. o e s €32,310 11,256 13,770 1,597 16.2 11.6 22.9 19.¢&
1997cecs <o g 75,046 12,704 14,783 1,741 16.9 11.8 24,2 19.1
1955 onnas £2,699 14,09 16,062 1,930 17.0 12.0 24.7 18.7
1957 .. .. 50, .4 14,334 17,080 2,057 15.8 12.0 24.6 18.3
174 s0eease- | SN N 14,121 18,720 2,171 14.6 11.6 24,9 17.1
R § 107,329 14,632 20,240 2,412 13.6 11.9 24.5 17.1
1932-17 Daes 505,748 59,514 96,028 10,138 11.8 10.6 19.2 17.6
1347=17 ... i 1,003,398 127,218 226,807 29,393 14.3 13.0 23.3 21.3
1032-1%0  ce s 1,535,146 207,132 322,83% 39,531 13.5 12.2 21.9 20.2

'
i

Coo oo

v

16 2.4,

D 37
1962-77, » 34
LR S O
CElE., isad

»
AT

T4

l---cec are lagoed three years.

{2 -« Higher
Deoes feom wosuahlished documents of the Higher Education Section were used in place of

>

Buresu of Statistics, Survey of Higher Education, 1962-63, Part II, p. 36.
27 Puresu of Statistics; Susvey of Highsr Education, 1936-38, p. 79; 1938-40, p. 38; 1240-42, p. 38;
1984-45, po T6; 1%:46-42, p. 505 1948~-50, p. 63; 195052, p. 55; 1952-%54, p. 57; 1954~61, p. <

"ooeari n Section; Education Division, Dominion Bureau of Statistics. In score2
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18/

receipt of a first degree.~' This simply means that total enrolment
for the year 1929 is related to total degrees in 1932 rather than

in 1929.

Some indication is given of the higher drop-out rate in
engineering as compared with total courses in Table II-9. 1In all
courses from 1932-61, degrees represented 22 per cent of total
enrolment. In engineering, degrees represented only 20 per cent of
total enrolments during this period of time. At the same time the
relative proportion of degrees to enrolments in engineering as
compared with total undergraduate courses has remained relatively
stable. From 1932-46, the difference between these rates was (19.2
minus 17.6) 1.6 per cent and from 1947 to 1961 it was (23.3 minus 21.3)

2.0 per cent.

18/

" An examination of first-year engineering enrolment revealed that
72, 66, and 63 per cent were enrolled in 4-year courses in 1947-48,
1952-53, and 1957-58 respectively. See: Engineering Institute of
Canada, "The Engineering Journal", Vol. 25, Nos. 1 and 12, January
and December, 1942; Vols. 26-43, No. 12, December, 1943-60; Vol. 45,
No, 1, January, 1962. 1Ideally, it would be preferable to use
first-year total enrolment but these data are not available, except
for short periods in 1950 to 1955. Therefore, total enrolment is
used instead. 1In the short or intermediate run, the effect of
rapidly rising (or falling) enrolment will tend to exert a downward
(or upward) bias to the proportion that first degrees represent of
enrolment. But over the long-run period chosen here, these biases
will tend to cancel each other out. Since total enrolment consists
of those in the first, second, third and fourth years the average
length of time until those in all university years as a group
receive a degree is actually 2.5 years., This has been rounded to
3 years, since some are in 5 year engineering courses.
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due to the rapidly rising enrolment in universities plus the probability
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(i) Undergraduate Enrolments - Total,
Engineering and Science

Another phenomenon illustrated by Table II-9 is the long-term
rise in enrolments and graduations in engineering as a proportion of
total enrolments and graduations. From 1932 to 1946, enrolment in
engineering as a per cent of total enrolment increased from 11.4 to
17.6 per cent. Graduations increased by a similar proportion. It
would appear that the stable long-term relationship between enrolments
and graduations indicates that for purposes of projection of future
supply, either graduations or enrolments may be usefully employed in

assessing long-term educational output.

During the 30-year period from 1931 to 1961 undergraduate
engineering enrolments as a per cent of total undergraduate enrolments,
as indicated in Table II-10, have more than kept pace with increases in
total enrolments, rising from 11.3 per cent in 1931 to 13.6 per cent in
1961. But during short periods of time the pattern has been uneven,
rising from 12.6 per cent in 1941 to 17.6 per cent 5 years later and

subsequently dropping to 13.1 per cent in 1951.

Another noteworthy trend is the increase in the proportion of
total undergraduate enrolment in pure science, more than double the
relative increase in engineering. There is also a growing emphasis on
scientific and post-graduate work in engineering education. One reason

suggested for the increased proportion enrolled in science is undoubtedly
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Tabie II~10

Undergraduate Enrciment, Total, Englneering
and Pure Sciende, 1929-1959

e 2, S AL o4 MO ST GBSy APAETISE
-

Undergraduate Enrolment

Per Cent of Total

Academic :

Year Ending Total Engineering { Pure Science | Znglneering | Pure Science
1929 28,306 2,706 669 9.6 2.0
1934 32,596 3,471 894 10.6 2,7
1939 35,164 b, 274 : 1,103 12.2 Jek
1944 35,132 4,948 2,472 ihel 7.0
1949 75,807 12,874 4,612 17.0 Sol
1954 61,198 9,098. | 5,012 k.9 8.2
1959 90, Lisly 14,33, ! 8,103 i5.8 §.0
1930-1939 3309 520 36, 221& : 9, 021 M-a O 207
1940-1949 507,851 80,732 29,374 1569 5.8
1950-1959 696,771 106,362 51,015 15,3 T3
1930-1959 1,535,146 223,318 89,411 .5 5.8

é
Sources: See Table II-9 above, sources 2 and 3.
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that science faculties may be more easily expanded than engineering
faculties.lg/ The increased emphasis on science and advanced study in
engineering education itself is due to the increasing complexity of
technology, and the need for an increased study of scientific subjects

by engineering students.gg/

(ii) First Degrees - Total, Engineering and Science

The domestic output of bachelor's degrees in engineering and
pure science from 1931 to 1961 is shown in Table II-11., During this
30-year period the 39,500 engineering degrees granted by Canadian
universities represent 12.2 per cent of all undergraduate degrees and
pure science degrees, 20,365, represent 6.3 per cent. The pre-war
and post-war pattern is characterized by an overall rise in engineering
bachelor degrees as a percentage of total undergraduate degrees from
9.8 per cent to 11.6 per cent between 1932-41 as compared with 1952-61,
But the general average conceals wide variations in the proportion of
engineering degrees of all undergraduate degrees over time. In 1936
engineering degrees represented 8.8 per cent of total undergraduate

degrees compared with 12,3 per cent 10 years later in 1946 and 15.4 per

197
See: "O,E.C.D, Observer'", No. 10, June, 1964, p. 39.

20/
Organization for Economic Co-operation and Development, ''Report of
the International Seminar on Applied Mathematics for Engineers',
Paris, January 5, 1965, p. 8 (mimeographed).
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Tables II-il

Bachelors Dsgrees, “ooai, Snglrcoring and
Pure Science, 1931-1961

i e e

Bachelor Deg:ios Per Cent of Total
Academic
Year Ending Total |Engineering | Pure Science | Bngineering i Pure Science
1931 5,290 420 252 7.9 4.8
1936 6,441 566 320 8.8 560
1941 6,576 697 342 10,6 562
1946 8,192 1,006 576 2.3 7.0
1951 15,754 2,425 1,069 15.4 6.8
1956 13,770 1,597 791 1.6 ; 567
1961 20,240 2,412 1,614 1.9 R 8.0
1932-1941 62,512 6,145 3,057 9.8 4.9
1942-1951 108,755 15,792 7,389 1.5 6.8
1952-1961 151,568 17,604 9,919 11,6 6.5
1932-1961 322,835 39,541 20,365 12.2 6.3

Sources: See Table 1I-9 above, scursss 2 and 3.
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cent in 1951. A sharp drop occurred between 1951 and 1956, with
engineering as a percentage of total degrees declining from 15.4 to
11.6 per cent reflecting the proportionate decline in engineering
enrolments noted earlier in Table II-9. But pure science degrees, in
contrast to engineering increased as a proportion of total bachelor
degrees, from 6.8 to 8.0 per cent between 1951 and 1961.

(iii) Comparison of Enrolment and Degrees,

Engineering and Other Faculties

Some idea of the relative long-term attrition rates of
students in engineering compared with those in all courses is indicated
in Table II-12. From 1932-61, engineering degrees represented 17.7 per
cent of average engineering enrolment 2 years earlier, compared with
21.0 per cent of total undergraduate degrees as a percentage of total
undergraduate enrolment 2 years earlier. Clearly, attrition as defined
by the shortfall between enrolments and graduations is higher in
engineering than in other undergraduate courses. The long-term pattern
indicates a decline in attrition from 1931 to 1946. However, the last
10 years have been marked by a rising attrition rate which reached a
new peak in 1961 with engineering degrees representing only 16.8 per
cent of total enrolment 2 years earlier compared with 22.4 per cent for

all undergraduate degrees as a percentage of total undergraduate
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vando II-12

Bachelors Degrees as a oo Cunt of Undergraduats

unrolment, Total, Englneering and Pure uclence, 1931-1961(1)

; ==
Agedemic i Total, @
Year Ending ! A1l Courses Eagineering(2) Pure Science
193lciceees a 18.7 15.5 37.7
1936cce0cse | 19.8 16.3 35.8
190 ceeenee | i8.7 16,3 310
191&60000000 } 2303 2053 2303
1951cecaces 20.8 18.8 23.2
19560ce0eace 22,5 17.6 15.8
1961lecueses 3 22,4 16.8 19.9
1932-1941.. | 18,9 17.0 33.9
19&-19510 ° ! 2101‘- 19 06 25 02
1952-1961.. 21.8 16.6 194
1932-19610 [ z 2100 17 07 2208

L) Enrolment data are lagged two years, For exsmple,
degrees for 1932-1941 are related to enroimsnt for
1930-1939, etc.

(2) Excludes Architecbure, Commmunity Planing. Includes
Engineering Chemistry, Electriscal Ccomunications, Minag
(Geophysics), Mining BExploratios Aeronsutical znd Asro-
physics, Engineering n.e.s., ddning and Mobtallurgy, and
Surveying.

Sources: 1l. See Table II~9 above, sou.ces 1, 2 L6k Je
2. Department of Labour, Economicc and Ruserruh
Branch, Annuali Surveys vl Cradudating [ L24083 1n
Engineering and Scieuce, L940-196. w bl
data.
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enrolment 2 years earlier. In recent years the "drop-out'" or attrition

rate in engineering relative to other undergraduate courses would

appear to be somewhat higher than it has been over the last 30 years.21/

The data presented above relating degrees to average enrol-
ments 2 years earlier present a fairly accurate picture of one long-term
period of time compared with another. In the short run within these
time spans, however, such data tend to give an upward bias to attrition
rates in periods of rising enrolments and a downward bias to attrition
rates in periods of falling enrolments. A more precise indication of
a "true'" academic attrition or drop-out rate in the recent past can be
obtained by a comparison of first-year enrolments with subsequent

degrees.

A comparison of drop-out ratesgg/ in engineering between

the class of 1950-54 and the class of 1959-63 was recently

21/

" For a discussion of influences affecting the drop-out rate, see,
Department of Labour, Economics and Research Branch. Drop-out Rates
in University Engineering Courses. Professional Manpower Bulletin
No. 3, October, 1963.

The drop-out rates were computed by subtracting the enrolment in
each year from the enrolment the previous year taking the difference
as the percentage of the first-year enrolment., Three main limita-
tions of these data should be noted. 1In the first place, gradua-
tions refer to academic year graduates which include, in addition
to the Spring graduates of an academic year, graduates of the
previous Fall. However, since the proportion of Fall graduates is
relatively constant, this disparity is felt to be negligible. The
second limitation concerns transfers of students into second or
later year of engineering courses from other Canadian universities,
from other faculties or from other countries. In the case of
transfers from other universities, this would not affect the over-
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23/

completed.~—" These data are illustrated in Table II-13. These data
support the conclusion based on Table II-12 that in general the drop-
out rate in engineering has been higher during the period of time
covered than in most of the other courses and faculties indicated. 1In
addition, the loss rate from engineering courses has risen sharply
during the last 10 years, rising from 31 per cent in 1954 to 50 per cenq
in 1961 and 46 per cent in 1963. The absolute size and variable nature
of this drop-out rate in the short and intermediate run has had a large
impact upon subsequent graduations and must be examined carefully when
projected degrees are based on enrolment data.

(iv) Factors Associated with Changes in Engineering

and Sciences Classes, 1950-54 to 1960-64
One of the questions to which this analysis is addressed is:

What factors have been associated over time with changes in the supply

22/ (Cont'd)
all drop-out rate in the country. Transfers and foreign students
appear to be few in number and probably do not influence the overall
rate appreciably. 1In the case of students enrolled in the second
and third years in engineering courses in universities in the
Atlantic provinces who take their final 2 years at another univer-
sity, the students are not considered as transfers. The exclusion
of students in the first year of 5-year courses in this case would
slightly understate the drop-out rates. Finally, it might be noted
that the drop-out rate from a single class would be biased downward
by drop-outs from a previous class who have enrolled. However,
over the long term in the average these year-to-year differences
should cancel out.

Department of Labour, Economics and Research Branch, Drop-out Rates
in University Engineering Courses, Professional Manpower Bulletin
No. 3, October, 1963.
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Drop-Out Rates in Engineering sand Othe. Faculties, 1954~1963

{per cent)
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Class

iaglel::"%l Engineering(2) gﬁ:nireld Agriculture | Commerce | Dentistry | Medicine | Law
954 31 37 28 34 10 5 22
955 31 39 34 34 g 6 23
956 5l Al 27 36 7 6 | 28
957 41 42 22 33 8 8 29
958 41 42 25 36 8 9 29
959 L5 L1 25 32 9 10 29
960(3) 50 . . . . .. .
961(3) 50 .. . . . . -
962(3) 45 . . . .. R
963(3) 16 .. . . T

f[ ¢

. = Not available,

1) For engineering, first year enrolment represents first
and second year of a five-year course,
vary so starting years are not shown.

than engineering are based on data which enable only . .-

2) Includes all universities, except the University of w.:.
3) Data on first-year enrolments were obtalawd ifru: .u¢ Jomindon Bureau of

Education Division, Full-Time Undscgraduste BuwoLioelb

» faculbties . .ac.

eae of a four-year cour. .
In other £ o .tles, length of courses
The drop-out rates : r

i estimates to be w.2e,

-".‘-O:.)g

Annual Reports, 1950 to 1958, Data on Ifirst-yoar enrolment. in
available from 1950 to 1958, but only from 1950 to 1955 for total [irst-ysar

enrolments in other facultles.

Jources: Department c.’ Labour, E:. -

Aulletin No. 3, P o-Gab |
October 1963, pp. = @4 3.

"

N ”
ot ety
——

Bowuon, 2 wiussional . .an.
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of engineering and science graduates? Three of these factors have been
selected for examination: total enrolment in universities; the
percentage of those who enroll at universities who choose engineering
or science courses; and the drop-out rate in engineering and science
courses. Although the three variables may be considered as jointly
determining the number of engineers or science graduates in a given
year, they merely reflect changes that arise from more fundamental
sources. Among other things total enrolment at universities is
affected by changes in total population and its age distribution. The
percentage who choose engineering courses is probably affected by
economic or more properly by socio-economic changes. Drop-out rates
from engineering courses are probably affected by changes within the
educational system itself, for example, the student-teacher ratio.
Since changes in population growth, its age distribution as well as
qualitative changes in society (e.g., the factors behind rising demand
by students and their parents for more education) and within the
educational system itself are taken as given and are beyond the scope
of this study, it was thought useful to separate the factors behind
changes in engineering graduates from year-to-year for the period
1950-54 to 1960-64 into three proximate variables:

1) vyear-to-year changes in total university enrolment
(male);

2) year-to-year changes in the percentage of males who
enroll at university who choose engineering courses;

3) year-to-year changes in the drop-out rates from
engineering courses.

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES
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Table II-142&/ is an attempt to '"factor out" the effects of
these variables on actual graduations in engineering from 1950-54 to
1960-64. 1In order to facilitate a comparison of these effects upon
graduations, the numerical changes have been converted to ratios of

actual net changes in graduations during this period.

The 'gross increase" represents the extent to which year-to-
year actual graduations have increased in all years during this
ll-year period, and the '"gross decrease' represents the opposite. The
chief factors associated with year-to-year changes in graduations are
changes in total enrolment and changes in the per cent who decide to
enroll in engineering in a given year, with the latter factor being

the major ome.

The "net changes'" represent the net effects of changes in
these three variables on actual graduations during this period of time.
The bulk of the actual changes in graduations have been in a positive
direction. But this prevailing positive trend masks a variety of
negative and positive influences. Total enrolment has tended to exert
a large positive and steadily upward influence on graduations. Althoug#

the per cent who decide each year to enter engineering courses has had

24/

See also, Appendix Table II-A-5 for a more detailed breakdown of the
factors behind the changes in engineering graduations over time.
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Cnanges in Annual Bachelov

“ab. Ii-l4

Changes in Total Maie Undergrzduate Enrolment,
Per Cent Enrclled in First Year zndineering,
and Drop-Out Rete., 1950-%4 to 1960-64

.<aduations .n Evgineering Due to

o e

e s

et

—~— ——1

Change in Annual Graduations
During the Period

Factors Associated With Changes

Type of Change Per Cent
in Annual Actual Total Enrclied in § Drop=-
Graduations Change | Enrclment |{ Engineering ! Outs
No. N6 No. No.
Gross Increase (+) 1,327 1,053 1,387 255
Gross Decrease (=) 212 191 307 432
Net Change (+) or (-) |+41,115 +862 ‘ +450 § -227
€ J
Ratios (Actual Net Change = 1.00)
Gross Increase (+) 1.19 0.93 1.24 g 0.23
Gross Decrease (-) 0.19 0.16 0.81 0.43
Net Change (+) or (=) +1.00 +0.77 +0.43 & «0.20

j

Source:

Appendix Table II-A-5.
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a net upward effect upon graduations, it has exerted a strong upward
and downward effect on graduations from year-to-year, Drop-out rates
have also varied from year-to-year, but their net effect during the

period has been to depress graduatioms.

The net result of these three factors can now be summed up.
Of the increase in engineering graduations between 1954 and 1964,
77 per cent can be accounted for by net increases in total enrolments,
43 per cent by net increases in the per cent who choose to take

engineering courses and -20 per cent by a rising drop-out rate,

However, as Table II-A-5 revealed, in the short-run,
variations in engineering graduations are due more to changes in the
decisions of students to enter or not to enter engineering courses

than any other single factor,

In the long-run, although changes in decisions to enter
engineering courses and also changes in drop-out rates tend partially
to cancel out, these two factors do have a substantial effect on
graduations so they must be taken into account in making projections of

future graduations which are based on historical data.

(v) Graduate Degrees, Total Engineering and Science

In addition to the quantitative aspect of engineering and

pure science degrees indicated by numbers, there is the qualitative

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES



UNIVERSITE DOTTAWA ECOLE DES GRADUES

72

dimension of formal education. Such changes in engineering and science
curricula would aim at upgrading these courses and incorporating to an
over-increasing extent the newer areas of scientific and technical

25/

knowledge .—™

Another aspect of the changing quality of engineering and
science formal education over time is illustrated by changes in the
proportion who have post-graduate degrees. Unfortunately, the data on
graduate degrees by type of specialty is available only from 1957 to
1963. The long-term trends indicate that in the case of all types of
graduate degrees as a group, there has been an increase in the
proportion of those with such degrees over time. For example,

Table II-15 indicates that master's degrees as a percentage of
bachelor's degrees rose from 8.3 in 1932-36 to 10.7 per cent in
1957-61, while doctorates as a percentage of bachelor's degrees rose
from 1.3 to 1.6 per cent of total bachelor's degrees between these

periods of time.

25/

" For example, if the growth of earnings of younger workers occurred
because of the embodiment of new technology in their education,
this could raise their earnings more rapidly than that of older
workers and affect the cross-sectional age-earnings profile of
workers, This would occur even in a time series profile of
earnings which was adjusted for growth in per capita earnings. See
Gary S. Becker, Human Capital, New York, Columbia University Press,
1964, pp. 138-143,
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Tobls II-15

Bachelors, Masters and Doclors quraes, Total,
Engineering and Pure Science, 1931-1963

? Yeur
Course and
Level of Degree 1932-36 | 1942-46 | 1952-56 § 1957-61 | 1957-61 | 1957-63
No. % Change
A1l Courses
Bachelors 30,382 | 33,516 | 64,683 | 86,885 36.9 70.6
Masters 2,505 3,163 7,307 9,263 63.1 110,32
Doctors 401 499 1,275 1,434 o5 bl o2
A
Masters
Bachelors 803 9014- llej lOo? - -
Doctors ) ,
Bachelors i 1.3 L5 2.0 ¢ 1.6 - -
No. % Change
Engineering(1) | ; i
Bachelors 2,964 3,993 g 75293 % 10,311 40.2 30.5
Masters H s @ » @ e 750 1—130“"% -19609
Doctors l ’ . o v i e o] 81 58,3 | 116.7
%
Masters b {
Bachelors o e s e ¢ ?03 - % -
Doctors ; )
B&ChelOI’S ¢ @ g L o w© S 098 o= 'yi =
= ; No. % Chenge
Pure Science(2) { ¢
Bachelors ' L37 E 2,063 3,930 {5,359 2.5 1522
Masters i 4 o i ° ® v ' 2)’( E i; (N30 N 82,7
Doctors d o o ! . o c e Gad < 7.9 b L2k
%
Masters ; i { L {
BQ.ChelOZ'S g o ' e e v 3 :‘\'-’»' é ad ? bl
Doctors i : { §
Bachelors : > e f .o E L5.4 | - -
) i ; N
I e = It avai.w;albu
(1) ExeluCe: arshi .eshure, Lomprrd! v Plagots s anadvaes Bogine ., Thewud sty
Eilecs. ical -oeerstablons, Winlig G oo jesy, Minme S0l v Lion, Aero-
cuve L nan Aerongyelics, £oplnesrice o, .3., Mimirr ane lotullurgy, oo

HEPAGL VISR LN
(2) Inclucimy all bicsogicel, zricultural ..o nwalth speclal’l-o o . ._i.od
under 'iological sciences', and all obher ghysical aciencer acl =z Ll

apecified,



Sour. o

l@

2.

3.

7%

Dominion Bureau of statisties, Survey of Higher Education,
1962-1963, Part II,pp. 5L, 36, it 47, 57-59. _
Domirdon Bureaw of tabtistics, Survey of Higher Education,
1936-38, p. 795 1938-40, p. 38; 1940-42, p. 38; 19h2=44, p. 59;.
1944=Lb; po 765 1956-43, p. 50; 1948-50, p. 63; 1950«52, p. 55;
195254, po 573 1954~61, pp. 29, 4b, 52-57.

Unpubiished data frou Higher Education Section, Education
Division, Dominion Bureau of Statistics. In some cases,
revised figures from unpublished documents of the Higher
Education Section were used in place of published figures,
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The recent trends in graduate degrees in engineering and
pure science are illustrated in Table II-16 by reference to bachelor's

26/

degrees granted 3 years earler.—' For engineering, the increase in
engineering bachelor's degrees was over 73 per cent, of masters almost
197 per cent and of doctors in engineering, almost 117 per cent. For
master's and doctor's degrees in all courses the corresponding per-
centage increases were 110 and 44 per cent. The rates of increase for
graduate degrees in engineering were therefore considerably faster than
both the increase in engineering bachelor's degrees and the increase

in other graduate degrees. Additional data are presented in Table II-17

which illustrates the most recent relatively rapid increase in

engineering graduate degrees.

The increase in graduate degrees in engineering is probably
associated with the increasing complexity of technology and the growth
in research and development activities. This, in turn, requires
engineers as well as scientists who have post-graduate level training.
In addition, more universities began to offer post-graduate degrees in

engineering in the early 1960's. The number of Canadian universities

26/

" In this case a time lag of 3 years, which is more appropriate for
doctor's degrees, was used in the case of both master's and
doctor's degrees, since master's degrees in both engineering and
pure science were not available for 1956. This should not bias
the percentage increase in master's degrees since the general trend
seems to be steadily upward.
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Table II-16

Bachelors Degrees, Total Engineering(l) and Pure Science(2)
1954-1960 and Masters and Doctors Degrees, 1957-1963

——— ‘.2".:;:;.. o vl -l
Bachelors Degrees, 195460 Graduate Degrees, 1957~63
Total Engineering Pure Science

Year Te Lal | Enginesring | Pure Scisnce | Year | Masters | Doctora | Masters | Doctors | Masiers | Doctors
T T e, N-, No, No, No. No. No. No, No,
195. 12,083 1,252 756 19571 1,500 292 97 12 376 202
158 ¢ 18,720 2,171 1,311 19631 3,152 421 288 26 687 287
Per (=ni |
Ineres.s % % y 3 4 % Z % %
1954-~£0 54.9 T3k T34
1»957*{_? b bl had lloe)l M}:nz l,‘éa? llée? 8‘267 1;129],

(l'FﬁT- ab S T

; N L . Orr 20 Ly Flaoning. Insludes Engineering Chemistiry, Electrical Communica-
s, o iz (- L0 ciles), laning Exploration, Aeronautical and Aerophysics, Enginsering n.e.s.,
LTI VA Te D B S A e
(2 Cone s @l et 50 agvaadiucal and heslih speclaliies specified wder “blological sciences®,

&
7. Lother proo -t rriencos nob eaqelly specified,

U s d sooo e X9, soures Neo 2
.7 pdw. Bureav of Statistics, Survey of Higher BEdwation, 1954-1961, pp. L4, 52-57;

+3
1.79-63, Part II, pp. b6, L7, 57=5G.
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« aste Noproes, Totn, Enginaering(l) and Pure Soience(z), 1957~1963
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offering master's degrees in engineering increased from 11 to 15
between 1955 and 1961. In 1955 only three offered doctoral degrees in

engineering compared with nine in 1961.

c. Student Migration

(i) Enrolments, Canada and Abroad

The distribution of enrolment of all students, foreign
students in Canada and of Canadian students abroad for all courses and
for engineering and science courses is given in Table II-18. One
purpose of this comparison is to estimate the possible numerical gains
and losses from student exchange between Canada and other countries.

In order to do this, it is necessary first to look at the overall
numbers involved and then to make an estimate of the number who do not
return home, 1In 1961-62 the number of students from outside Canada was
7,900 compared with about 7,700 Canadians studying abroad.gl/ The most
important country for this purpose is the United States. In 1959-60,
for example, the available data show that of all Canadians studying
abroad, 85.5 per cent were in the United States, 6.9 per cent were in

28/

the United Kingdom and 7.6 per cent were in other countries.—

7/

This estimate for 1961-62 is composed of 7,130 Canadians studying in
the United States and the United Kingdom plus an estimate of 587 fon
those studying in other countries. The latter estimate was derived
from the proportion who were studying outside the United States and
the United Kingdom in 1959-60, when numbers reported appeared to be
more complete, See: Dominion Bureau of Statistics, Survey of
Higher Education, Part II: Degrees, Staff and Summary, 1962-63,
Table 22, p. 45,

Dominion Bureau of Statistics, Survey of Higher Education, Part Il:
Degrees, Staff, and Summary, 1962-63, Tables 20 and 21, pp. 44-45.
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Table 1I-18

Enrolment at the Undergraduate and Graduate Levels, Total All Courses,
“ngineering and Science: Total for Canada, Foreign Students

Studying in Canada, and Canadians Studying in the
United States and the United Kingdom, 1961-62

(1) (2) (3) (4)
Foreign Canadians Canadians
Total Students in The in The
Level and Course Canada | in Canada| United States| United Kingdom
(Number)
Total, All Courses 128,894 7,900 6,571(1) 559
Total Undergraduate 121,547 (6,020) 4,063 117
Total Graduate 7,347 (1,880) 2,235 442
Engineering - Undergraduate | 14,631 (975) 610 9
Engineering - Graduate(?) (808) (233) 249 110
Science - Undergraduate 12,215 (1,156) 324 21
Science - Graduate(B) (2,616) (912) 771 143
(Per Cent)
Engineering Undergraduate
Total Undergraduate 10.1 16.2 15.1 7.7
Science Undergraduate
Total Undergraduate 12.7 19.2 8.0 17.9
Total Graduate
Total - All Courses 5.7 23.8 34.0 79.%
Engineering Graduate
Total Graduate 11.0 12,4 11,2 24,9
Science Graduate
Total Graduate 35.6 48,5 34,6 32.4

(1) Includes 126 special students and 147 for whom no informacicn on academic
status was available,

(2) Architecture included in engineering,

(3) Includes "health sciences" (dentistry, medicine, nursing, pharmacy, othec
health sciences), agriculture and veterinary science,.

Sources:

Column 1, D.B.S., Survey of Higher Education, Part Ii: Degrees Staff
and Summary, 1962-63, October, 1964, Tables 3, 13, 18, 20 and _1,
pp. 19, 30, 43, 44 and 45,

National Research Counci. of Canad. tatiscical Summary of Students
Registered in Lhe Graduate Schools o. Cinadian Universit.es in

Physical and Earth Sciences in Architecture and Engineering and in

Life Sciences, Ottawa, December 1963,
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tnotes Table II-18 (Conttd,)

Ccnadian Universities Foundabion, Graduate Students in the Humanities and
Social Sciensces Registered at Canadian Universities, 1963-6k, Ottawa, 1964

Engineering and science graduate enrolments, both numbers and per cent,

were estimated from the proportion and numbers of students enrolled at the
graduate level, as shown in the publications by the National Research Council
and the Canadian Universities Foundation shown above, An estimate of graduate
enrolment had to be made since data on graduate enrolments were not available
from the Dominion Bureau of Statiastics. The data from the N.R.C. and C.U.F.
publications were available on a comparable basis only for 1963-64 since the
data on enrolments other than englneering and science were only available for
this year. The graduate enrolment in enginsering and sclence was then totalled
for 1963-64 and an estimate was made of these enrolments as a percentage of
total graduate enrolment. This proportion was then applied to 1961-62.

Column 2, Dominion Bureau of Statisties, Survey of Higher Fducation, Part Il:
Degrees, Staff and Summary, 1962-63, October, 1964, Table 18, p. 40.

Dominion Bureau of Statistics, University Student Expenditure and Income in
Canada, 1961-62, Part I - Non-Canadian Students, May 1963, Table 6, p. 19.

The data on numbers estimated at the various levels of educatiocn were calcu-
lated on the basis of the data given in the above publication by the D.B.S.
on university student expenditure.

Column 3., Dominion Bureau of Statistics, Survey of Higher Fducation, Part II:
Degrees, Staff and Summary, 1962-63, October, 1964, Table 20, p. A

Unpublished data received from the Institute of International Education
New York, based on the Annual Census of Foreign Students carried out by
the Institute,

The figure on Canadians in the United States ™otal of all courses™ was talie.

from D.B.S., Survey of Higher Education, ibid, The other data were taksn Irom
unpublished data obtained by the Department of Labour, Economics ana Ressarch

Branch, from the Institute ol International Education.

Column 4. Dominion Bureau of Statistics, Survey of Higher Education, rart I :
Degrees, Staff and Summary, 1962-63, October, 1964, Table 21, p. 45.
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From 1958-59 to 1962-63 the number of foreign students in
Canada equalled the number of Canadians studying in the United States
plus those studying in other countries.gg/ In other words, for every
100 foreign students here there were about 83 Canadian students in the
U.S5., and 17 Canadian students studying abroad in countries other than
the U.S. Therefore, in overall terms the number of students studying

here versus all those studying abroad is in approximate balance.ég/
(ii) Distribution by Level of Education and by Faculty

The numerical balance was not quite the same at the under-

graduate and post-graduate levels in 1961-62. Table II-18 indicates

29/
Dominion Bureau of Statistics, Survey of Higher Education, Part II:
Degrees, Staff, and Summary, 1962-63, Tables 18 and 20, pp. 40-44.

30/
The overall balance may be somewhat different if more complete
information were available both on the number of Canadians studying
in other countries and particularly on the number of students from
outside Canada who were landed immigrants. "A student from outside
Canada was defined as one who was temporarily residing in Canada
for the purpose of obtaining education. This definition was
followed by most reporting institutions. In some cases, and
especially for some European countries, landed immigrants were
included." See, Dominion Bureau of Statistics, Survey of Higher
Education, ibid., Table 18, p. 42. Although the proportion who
were not '"'students from outside Canada' is not indicated in the
regular annual data, the proportion who were either repatriated
Canadian students or landed immigrants in 1961-62 appears to have
been almost 19 per cent. See, Dominion Bureau of Statistics,
University Student Expenditure and Income in Canada, 1961-62,
Part I - Non-Canadian Students, May, 1963, p. 7.
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that there were about 50 per cent more foreign students studying at the
undergraduate level in Canada than there were Canadian undergraduate
students studying abroad. At the post-graduate level, the number of
Canadians abroad exceeded foreign students in Canada by an

approximately similar margin.

By faculty, the student migration pattern at the undergraduatse
level in engineering and science is in the same direction as for all
faculties taken together. There is a concentration of foreign students
in Canada in science at the undergraduate level. The same is true for
engineering, At the post-graduate level, the differences by faculty
are even more striking., Numerically, there are approximately the same
number of foreign students studying science in Canada as there are
Canadians studying science abroad. But in the case of engineering,
there are almost 50 per cent more Canadian post-graduates studying
engineering abroad than foreigners studying graduate engineering

courses here.

While the numerical balance gives an indication of the inter-
national flow of students by faculty, it is also instructive to examine
the relative concentration of students in engineering and science in
Canada and abroad. Four broad generalizations can be made. First, the
flow of students to and from Canada not unexpectedly is relatively much
higher at the graduate than at the undergraduate level. Second,
compared to all Canadian students, the concentration of foreign students

in Canada is relatively higher in the science and engineering faculties.
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Third, Canadians who go to the United States appear to concentrate in
engineering and science to about the same extent as students who remain
and study in Canada.él/ Fourth, a large proportion of Canadian
students who go to the United Kingdom as graduate students, over 57 per
cent, take engineering or science courses compared with about 47 per
cent in the case of Canadian graduate students studying in Canada. One
reason among others may be the Athlone Fellowships which are offered
for graduate study in engineering in the United Kingdom. In 1963, for
example, there were 80 Canadians holding these fellowships studying in

the U.K.

Data on post-graduate enrolments in Canada over time are not
available for all faculties by level of degree sought. However, some
information relating to 1963-64 is given on recent post-graduate enrol-
ments in science and engineering faculties in Canada and of Canadians
studying science and engineering in the United States at the master's
and doctor's levels in Table II-19. Taking science and engineering
students as a group there are a greater proportion of Canadians
studying these subjects at the graduate level in the United States who
are enrolled in engineering rather than in science. This is partiec-

ularly noticeable at the doctorate level, In Canada, of all doctoral

i/

There is some difference, however, if the master and doctorate
levels are examined separately. See Table 11-19 below.
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Graduate Pnrolments in Engineering and Sclence in Canada,
and for Canadians Studying in the United States, 1963-64

Table II-19

84

Masters Doctors
(1) (2) (3) (&)
Canadians Canadians
Specialization Total | Canada | in the U.S, Total | Canada | in the U.S.
No. 2 No. % No. % No, %

Biological Science 1,415 38.2 168 36.5 881 37.6 212 33.3
Physical Science 1,184 32.0 124 27.0 1,135 48.5 294, 46,2
Engineering 1,105 29.8 168 36.5 325 13.9 131 20,6
Total 3,704 | 100.0 | 460 | 100.0 ! 2,341 | 100.0 | 637 | 100.0

Sources: Cols. (1) and (3):

National Research Council, Statistical Summary of
Students Registered in the Graduate Schools of Canadian Universitiss

in Physical and Earth Sciences in Architecture 2ud Enginsering and in

Life Sciences, Ottawa, December 1963,

Cols., (2) and (4): :
Labour, Economics and Ressarch Branch from the Institute of

Unpublished data received by the Department of

International Education, New York.
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graduate students in science and engineering there are almost 14 per
cent enrolled in engineering, compared with over 20 per cent of
Canadian doctoral students in science and engineering in the United
States who are enrolled in engineering. The heavier emphasis on
engineering for those Canadian engineers and scientists following
doctoral studies in the U.S. suggests that there may be a lack of
doctoral level engineering courses in Canada. But the rapid expansion
recently in doctoral programs in engineering at Canadian universities

will undoubtedly diminish this gap in the future.

(iii) Gains and Losses from Student Migration

The "balance sheet'" of foreign students studying in Canada
and Canadians studying abroad illustrated for 1961 in Table II-18 only
gives the potential gain or loss. A further question is: What is the
net gain or loss to Canada in terms of numbers from such movement?

32/

Mobility begins at the early stages of students' careers.= = Therefore,
it would be desirable to obtain precise data on the number and

proportion of foreign students who remain in Canada after graduation

32/

" Scientists begin their geographic movements while they are students.
See, U.S. Department of Labor, Bureau of Labor Statistics,
Occupational Mobility of Scientists, Bulletin 1121, Washington, D.C,
U.S. Government Printing Office, February, 1963, p. 4.
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and on the number and proportion of Canadian students who remain abroad
following graduation. Statistics on this flow are not available.
However, some estimates can be made in the case of selected specialties),

for example, engineering.

Those who received engineering and science degrees from
Canadian universities in 1961 were asked, as part of the Department of
Labour Annual Graduating Class Survey, to indicate their intentions
following graduation. The graduating class that year included 452
"foreign students'., TFor this purpose, a foreign student was defined as
one who was not a Canadian citizen. Table II-20 shows that for
engineering, 28 per cent stated that they had found employment in
Canada, while 29 per cent were seeking employment here. In the case of
science, 9 per cent had found employment here and 12 per cent were
seeking employment in Canada. It was decided to follow up the engineers
and see how many of the 57 per cent who planned to enter the Canadian
labour force were here almost 3 years later.éél A check of the

disposition of the 184 who were foreign citizens at the time of

33

2 Foreign students in the class of 1961 who indicated their intention
to remain in Canada (about two-thirds) were put into the Register
of Scientific and Technical Personnel, and the others were not. It
was possible to follow up a one-third sample of those who were put
into the register through the regular Survey of Scientific and
Technical Personnel which was done early in 1964, almost 3 years
after graduation. The remainder who were not put into the register
were also traced by means of professional association membership
lists and in other ways.
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Tooke II-20

T.oowations of voreign Students Li Engineering and Scilentific Courses
Who aeceived Bachelors Degrees .a Canada in 1961

A1l Courses—TL_

e
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Intentions | Engineering science(l) Other(2)

No. % No. 3 No. % No. h
wrther Study in Canadi..... | 148 32,8 30 16.3 98 50.8 20 26,7
urther Study Abroad....cee. 58 12.8 i2 6.5 3k 17.6 12 16.0
‘ound Employment in Canada,. 75 16.6 52 25,3 17 E 8.8 6 8.0
‘ound Employment Abroad..... 20 Lok | 10 5als 6 3.1 L 5.3
eeking Employment in Canada 96 2,2 54 294 23 1.9 19 25.3
eeking Employment Abroad..,. 42 9.3 21 .4 13 6.8 8 | 10.7
ther Plans..eseccvcesccsoose 13 2.9 5 2.7 2 l.l 6 8.0
otal, All Intentions.ceceo. | 452 | 100.0 ¢ 184 { 100,0 ! 193 : 100.0 75 1 100.0

i

1)

Includes general science, excludes agriculture and forssiry,

2) Includes 5 in architecture, 53 in agricelture, 10 in forestry, 6 in veterinary

gcience and 1 who did not state course.

surce: Unpublished data from the Department of Labour annual Survey of the
Graduating Class in Engineering and Science, 1961,


file:///srther
file:///irther
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graduation revealed that, on the basis of the survey procedure, the
total was divided up into three parts of 61-63 approximately in each
part.gﬁ/ Of these, 41 were put into the register and 22 were not.
When the check was made it was found that 21 out of 63, or 33 per cent,
of these foreign students who graduated in 1961 were employed in
Canada in 1964, 18 out of 41 of those who entered the register and

3 out of 22 of those who were not put into the register. This estimate
of 33 per cent is somewhat higher than an earlier estimate of 14 per
cent of foreign students who said they would like to settle perma-
nently in Canada.éé/ The above estimate, of course, referred to
foreign students in all faculties, not just engineering. In addition,
it may be argued that less than 3 years after graduation is too short
a time to decide whether residence is or is not permanent.
Nevertheless, it is felt that these data do give an order of possible

magnitude of the gain from this particular source,

An additional source of data on this subject is the two
surveys conducted by the National Research Council of the after-

graduation plans of those receiving graduate degrees in science and

347
It was not possible to get an exact matching of the register and
the punch card counts but the discrepancy is negligible.

Dominion Bureau of Statistics, University Student Expenditures and
Income in Canada, 1961-62, Part I - Non-Canadian Students, May,
1963, p. 7.
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engineering in 1960 and 1961, and also in 1965. The surveys on which
the data were based covered graduate students enrolled at the master

and doctorate levels in science and engineering at Canadian universities
in 1960 and 1961, as well as 1965. Companion surveys covered Canadian

36/

students enrolled in United States universities.—

A comprehensive picture of mobility from the Canadian stand-
point even at the graduating student level, requires an examination of
international movement to and from all areas. The losses at the
graduating or near-graduating level are composed of two groups:

1) Canadians going abroad to work after graduation in Canada; 2)
Canadians staying abroad after graduating abroad. The gains, in turn,
have two aspects: 3) foreigners staying to work in Canada after
graduation in Canada; 4) foreigners coming here from abroad after

graduating abroad.

36/

" One limitation relates to the survey coverage of the source of
names chosen, namely, the Department of Labour Directory of
Canadians Studying in the United States. The 18 per cent who did
not respond to this survey were not listed in the directory. The
76.9 per cent response to the National Research Council survey
based on the 82 per cent of the Canadians studying in the United
States represents about 63 per cent net of Canadians who were
studying in the United States, Thus, assuming that the non-
respondents are likely respondents, the National Research Council
data on Canadians studying in the United States would have to be
increased by about 50 per cent to allow for those who are not
included, if estimates are to be made.

A second limitation on these data is that they give only a partial
picture of the international gains and losses of high-level
manpower. This question can best be considered as an aspect of the
mobility of high-level manpower which in turn has two dimensions,
temporal and spatial. First, mobility is a process that takes place
over time and student mobility represents the early stages of a
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The National Research Council report provides data at a

point of time, at graduation, on what happens to doctoral graduates in

groups 1, 2 and 3 above.37/

The big gap in data is for group No. 4, a
group that would be included in general immigration statistics. But
these statistics are not sufficiently detailed, for example, to enable
immigrant Ph.D.'s in engineering and science to be identified by age
level and year of bachelor graduation. Despite these limitations, the
National Research Council data do provide valuable information on the

plans of recipients of Ph.D.'s at the time of graduation.

Table II-21 illustrates the greater propensity of Canadians
who receive doctor's degrees in engineering and science in the United
States to seek employment there. 1In 1965, for example, about 19 per
cent of the science graduates in Canada at the Ph.D. level compared
with about 37 per cent of Canadians who received Ph.D. degrees in the
United States planned to take jobs in the United States. The
proportion for engineering doctorates is of a similar order of

magnitude. For Canadian citizens who received doctoral degrees in

36/ (Cont'd)

o process which may go on over many years. Therefore, in order to
get a more complete picture of this process, it would be necessary
to follow these graduates over several years. Alternately, if a
cross-sectional rather than a longitudinal picture is desired, the
analysis would have to include high-level manpower at various age
levels.

For the No. 2 group above, coverage is only for the United States
where, the vast majority of our graduate students are.
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rable II-21

Intended Country of Employment, Doctoral Graduastes From
Canadian Universities and Canadian Doctoral Graduates
From United States Universities, 1965

Country of
Employment and Place of Fducation
Field of United
Speeialization Total Canada States
No. % No. 4 No. %
Engineering
Total 90 100,0 64 100.0 26 100,0
Canada 60 66.7 L5 70,3 15 57,7
U.S. 25 27.7 1L 21.9 11 42,3
Other 5 5.6 5 7.8 - -
Science
Total 382 100,0 307 100.0 75  100.0
Canada 260 68,1 21.6 70.3 Ld 58,7
U.So 8’7 22.8 59 19!2 28 37014-
Engineering and
Sclence
Total 472 100.0 371 100.0 10l 100.,0
Canada 320 67.8 261 70,3 59 58.4
U.S. 12 23.7 73 19.7 39 38.6
Other I-PO 805 37 909 3 3.0
Engineering and
Science
(Canadian Citizens)
Total [ - [ ] L] 23[”' 1%00 a e o L]
Canada o e o 193 8205 e o e e
U.S. o @ . @ 38 16‘2 G © e o
Other [ ] ® L ] - 3 103 L] ® L] L]
Engineering and
Science
(Poreign Citizens)
Total » . o 137 100t0 o e ° @
Cana.da o @ ° @ 68 24(}@6 o & ® &
UOS. o o [ -3 35 2595 ® L] (] &
O'ther P e o 31-54 21%»9 @ o @

. « = Not available,

Scurce: National Research Council, Afitcr Graduation Plans of 1965
Doctorates of Seience and Engineering, Ottawa, NRC 8618,
November, 1965, pp. 9 and 21.
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Canada in these fields, about 15 per cent planned to take jobs in the
United States, compared with 37 per cent as indicated above for

Canadians who took doctoral degrees in the United States.

From a ''gain-loss" standpoint, Canada lost 41 Canadian
citizens who received engineering and science doctoral degrees to other
countries, 38 to the United States and 3 to other countries, but gained
68 foreign citizens who received doctoral degrees in Canada, a net gain
of 27, But if the loss of 42 doctorates among Canadians who received
degrees in the United States is taken into consideration, the net gain
of 27 is converted into a net loss of 15. To arrive at a more complete
picture for recent graduates, it would, as argued above, be necessary to
include on the plus side of the balance sheet foreigners who recently

graduated with doctorates in other countries and who then came to Canada,

Table TI-22 suggests that those who receive doctorates - both
those in Canada and Canadian students in the United States - have a
higher propensity than those who receive master's degrees to seek
employment in the U.S. Fifteen per cent of those who received doctor's
degrees in Canada in 1960-61 in the fields of engineering and science
planned to take employment in the United States, compared with 5 per
cent of those who received master's degrees. Only 1 per cent of the
Canadian citizens who received bachelor's degrees in engineering and

honour science in Canada in 1961 and who planned to enter the labour

s =i
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Vabi. II-22

Ter Cent of iaster anu _ocloral Graw..tes in Bneineering
and Sc¢ience Planning to Obrain Employment
in the United Jiates 1960-61 and 1965

Place of Bducation and Per Cent Planning
to Obtain Employment in the U.S5.

Field of Spec:alization Canada United States
and Level of Degree 196061 1965 1960-61 1965
No. % Yo. ;5 No. %  No. %
Inoineering
lfaster o o e e e s e e e e+ e o s e e
Doctor 5 17 1y 22 g L3 i1 L2
3Sclence
faste « e e e .« e e . « v e « v e
Doctor 40 1L 59 19 18 28 28 37

Inyineerinc and Science

llaster 16 5 e e e . i9 22 .. ..
Doctor 45 15 73 2 27 32 39 39
Doctor (Canadian Citizens) 29 15 38 6 .. .. .. ..
Doctor (Foreign Citizens) 16 16 35 26 .. .. . .

. o = Mot available,

Sources: (1) lNational Research Council, After Graduation Plans ~f 1960
and 1961 Doctorates and asters of 3¢ ince anG Enaineering,
Ottawa, NRC 6927, June, 1962, pp. &, i{ and 25.

(2) Sames as Table II-20.
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force immediately intended to become employed in the United States.§§/

Apart from the net balances over time, this suggests that at least at
the time of graduation there is strong evidence of a direct relationship
between the strength of the southward pull on Canada's most highly

qualified manpower and the level of qualification.

A recent case study conducted by the Department of Labour,
Economics and Research Branch of the 1955 graduating class in
engineering and science provided some information which enabled a
comparison to be made between the level of education of those who leave

39/

Canada—" and those who remain. The results are shown in Table II-23.
All who were included in the study were Canadian citizens at the time of
bachelor graduation. The level of education in 1965 of those in the

Canadian labour force was then compared with the educational level of

those who were in the labour force abroad, mainly in the United States.

The scientific and technical people who go abroad tend to have
a considerably higher level of education than those who remain here,
which suggests that the loss as measured by level of education is

greater than the loss as measured by numbers alone.

38/
See Department of Labour, Economics and Research Branch, Professionsl
Manpower Bulletin No., 5, After-Graduation Plans of Final-Year
Students in Engineering and Science Courses, 1958-1963, Table 5.

The survey did not provide information on whether those who left
Canada had taken up permanent residence abroad. However, there is
no reason to suppose that there is any substantial difference in
educational level between those who will later return to Canada and
those who have taken up permanent residence abroad.

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES



Table II1-23
The 1%55 Graduating Class in ZSnrineering and
cience by Level of Education and
Plage of Employment, 1965

bP)
)

Enpineering

Canadian Foreign
Total Labour Force Labour Force

No., A No. e Ho, Ja
Bachelor?®s 1,003 8l.1 SL3 83,7 60 54,7
Master's 175 14,2 143 12.5 34 30.2
Doctorts 58 L7 42 3.7 16 15,1
Total 1,236 100.0 1,126 100.0 110 100,0

Science

Bachelorts Lé 23.1 Ly 25,4 2 7.7
Masterts L3 21.6 38 22,0 5 19,2
Doctorts 110 55.3 91 52,6 19 73,1
Total 199 100.0 173 100.0 26 100,0

-

Source: Department of Labour, Economics and Research Branch, "Larvey
of Geographic Mobility of 1955 University Graduates, 19657,
unpublished data.
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d. Sources of Supply Outside the Formal Educational System

In addition to formal education, there are other routes to
employment in a scientific and technical field. Because of the
criteria of the possession of the university degree or certification by
a professional association which is required for entrance into the
Register of Scientific and Technical Personnel, it does not include
those who are regarded by their employers as working in engineering or

science jobs but who do not have a degree or professional certification.

In order to determine precisely whether a person is employed
in an engineering or science field, a detailed evaluation of the job
would be required. Presumably this would reveal both some who are not
being utilized as engineers or scientists even though they may be
formally qualified as such as well as others who are being so utilized,
despite the fact that the latter may not be qualified by education or

40/

professional certification.—

Some indication of the importance of this route for the
supply of engineering and scientific manpower may be gained from

Table I1II-24 which shows that of the stock of engineering and science

40/

" In Table II-24 the data are based on the employer's opinion con-
cerning whether an employee was an engineer or a scientist. It
may be noted that on-the-job training both historically and at
present can be included along with formal education as an integral
part of the process of investment in manpower. See: Jacob Mincer,
"On-the-Job Training: GCost, Returns and Some Implications',
Journal of Political Economy, Supplement, Vol. LXX, No. 5, Part 2,
October, 1962, pp. 50-52.
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Tyee ol Qualilication of Thoss Smployed
g

ag inrineers and Scientists, 1962

Scientists

e of Qualification Ingineers
University Desree 26.7

Certification by a

Professional Association 4.0
No Degree or Certification 9.5
Total ¢ 100.0

No. 29,196

96.8

1.2

2.0

100.0
13,052

Source: Department of Labour, Hconomics and Research
Branch, Employment Outlook ror Professional

Personnel in Scientific and Technical Fields,

1962-1964, Prolessional Manpower Report No. 13,

December, 1962, pp. 25 and 26.
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manpower included in that survey, over 13 per cent of the engineers and
3 per cent of the scientists, including agriculture and forestry, had
no university degree., Over 9 per cent of the engineers but only 2 per
cent of the scientists, apparently, had neither university degree nor
professional certification. It was stated above (in Table II-4) that
the register and Census estimates of engineers without degrees range
from 5 to 28 per cent, and from 2 to 26 per cent for scientists. Some

of these may actually be employed as technicians.

But the tentative conclusion may be drawn that in calculating
the supply of manpower to engineering and science occupations, at least
some allowance must be made for those who entered these occupations by

informal routes.

4, International Migration

A second major dimension of supply in engineering and science
occupations is the contribution of immigration. The purpose of this
section is to analyze the available statistics on intermnational
migration of scientific and technical manpower during part of the post-

war period in order to indicate the effects of post-war immigration and

41/

emigration on the stock of scientific and engineering manpower.

41/
Immigration is defined to mean gross immigration and this means the
total number of foreign-born persons entering Canada as immigrants
during a specified period of time.

Emigration to the United States refers to gross emigration and
consists of all those including Canadian-born and those who were not
Canadian-born who leave Canada and go to the United States as
immigrants to that country.
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Table II-25 shows the foreign-born as a proportion of persons
in various occupational classes and groups as reported in the 1961
Census. A more precise measure of the contribution of immigration
could be obtained if data were available on the age of immigrants by
year of permanent entry and, ideally, by level of education attained
prior to entry. This would enable a more precise assessment to be made
of the amount of human capital in the form of education and training
immigrants brought with them on their arrival in Canada. Some who were
born abroad will have received a portion of their education in Canada.
It is felt, however, that while the concept of birth place may over-

state the absolute level of contribution of immigrants to an occupation,

41/ (Cont'd)
Migration as used here refers to both gross immigration and gross
emigration,

Estimated net migration is the difference between gross immigration
into Canada and estimated emigration from Canada. It is therefore
the net movement of population arising from migration and from the
flow of returning residents.

Recorded net migration refers to the difference between gross
immigration to Canada and gross emigration to the United States.
This, of course, does not include the overall net movement of
people, since emigration to countries other than the United States
and the movements of returning residents are excluded. Therefore,
recorded net migration differs from estimated net migration. This
partial net movement is used to a considerable extent in this study
because it is based on the available detailed statistics on
migration and therefore is composed of a good part of what is avail-
able from existing statistics. In addition, this incomplete infor-
mation may be combined with other data sources, such as Census
data, in order to yield information on some of the effects of

migration.

See: Louis Parai, Immigration and Emigration of Professional and
Skilled Manpower during the Post-War Perjod, Special Study No. 1,
Economic Council of Canada, June, 1965, pp. 5-7, for a more
complete discussion of some of these concepts.
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Table II-25

Foreign Sorn as a Per Cent of Persors in Total, Professional, Engineering
and Seience Qucupations, 1961

Foreign Born
Occupation or Field as a Per Cent
of Specialization Total Foreign Born of Total
Census 1961
All OccupationSeecscessssssees 6,471,850 1,385,285 2.4
Professiongl.seeceseccsecccecs 628,911 119,610 ﬁ 19.0
AI‘ChiteCtS.......-.-...o-----o 2’914'0 1,21'.'9 14—205
Professional Engineers..seeceo. 43,066 14,216 33.0
Physical ScientistS.ceeeceveoe 11,062 3,588 32.4
Biologists and Agricultural
Professionals..ceevesesccess 5,936 1,182 19.9
Survey of Scientific and
Technical Personnel, 1961 !
|
ﬁlgineerirlg'..C......'..'...C' 8’671" 2’2:1'0 25.0
SCiencecvﬁouooncooo!ooao'l‘oa. 159‘!4—5 437 2200

i

!

Sources: 1. Dominion Bureau of Statistics, 1961

Bulletin 3.1-15, Table 21,

2. Unpublished data from Departmcnl ol

Census of Canada,

Scientific and Technical Personnel, 1961.

Lagbour Survey of
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it would probably not affect the relative contribution among
occupations, unless there is a tendency for children of immigrants to
choose occupations in a different way than the children of native-born

Canadians.éz/

The foreign-born represented over 21 per cent in the labour
force in 1961, compared with 19 per cent in the case of professional
and technical occupations as a group. The foreign-born represented one
third of those in engineering occupation classes as a group, over 32 per
cent in the case of physical scientists and almost 20 per cent in the
case of biologists and agricultural scientists. It is therefore
apparent that the contribution of the foreign-born to the stock of
persons in the engineering and science occupations in Canada in 1961

has been substantial.

Some data from the Department of Labour Survey of Scientific
and Technical Personnel on a sample of engineers and scientists also
suggest roughly similar orders of magnitude for the foreign-born

contribution to engineering and science manpower,

42/
For example, since Census data on immigrants are in terms of ''place
of birth", a "foreign-born'" person in any occupation could have
migrated at an early age and received all his education in Canada.
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a. The Data

The limitations of the data available on migration call for
comment. Three limitations of these data relate respectively to the
countries covered, the time period covered, and the scope and quality
of the occupational data. Very little information is available on
emigration from Canada to countries other than the United States where
the bulk of our emigrants appear to go. Immigration data by occupation
are available only from 1953 onwards, although estimates have been
made for some of the earlier post-war years. Emigration data by
occupation are available from 1950 onwards. The occupation data on

"intended" occupation and this, of

43/

course, may not be the same as actual occupation followed.==/ Finally,

immigrants to Canada relate to

43/
A study of the 1959 citizenship applicants from Toronto and
Montreal, a total of 6,969 individuals, were compared as part of a
study, "The Last Occupation Abroad and Occupation in Canada". 1In
the case of professionals, for example, they represented 5.6 per
cent in terms of occupation abroad and 6.0 per cent in terms of
last occupation in Canada. Of the 391 persons whose occupation
abroad was in the professional category, and who had not moved into
managerial occupations in Canada, approximately 6 per cent had not
been able to integrate themselves horizontally into their profes-
sional occupations. Seventy-nine professionals had become managers
and 130 persons had received professional education, at least in
part, in Canada and entered professional occupations in Canada, a
form of upward mobility. These data suggest that there is, in net
terms, a fairly close relationship between the number of immigrants
who came as professionals in terms of their occupation abroad and
those who actually practise their occupation in Canada as far as
professionals are concerned. This, of course, assumes that their
intended occupation was a close reflection of, or was related
closely to the occupation they pursued abroad.

See, Department of Citizenship and Immigration, Economic and Social
Research Division, The 1959 Citizenship Applicants from Toronto and

Montreal, Report CR-2, March, 1961, pp. 34-36.
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the data on immigration and occupation over time are on the basis of
the 1951 occupational classification., This facilitates comparison wit
1951 Census data on occupations and permits the use of a longer time

series covering a 9-year period.

The immigration data on physical and biological scientists
are limited to chemists for the 1950's. It is therefore not possible

to compare net migration data for scientists with those for engineers.

Despite these limitations, these data are used here because
it is believed that if the changes in immigration, for example, are
large (and they are), they are not wholly the result of data
inaccuracies and are sufficiently precise to give an indication of

long-term trends.

b. The Occupational Pattern of Migration

The broad occupational pattern of migration during the
decade of the 1950's suggests that there is a considerably larger
numerical inflow as compared with outflow which has resulted in net
gains, as defined above, in total, professional and engineering ''net
migration'. Net numerical gains, however, have varied between the
first and second halves of the decade, declining slightly in the case
of all occupations, rising slightly in the case of professional
occupations and declining greatly in the case of engineers, from about
4,700 to under 2,200 from the first to the second half of the decade.

This decline in the gain from net migration of engineers, as

h
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Table II-26 indicates, is due chiefly to a drop in the proportion of
professional immigrants who were in engineering occupations, from

20.4 per cent for 1951-55 to 9.8 per cent for the period 1956-60, while
the proportion of emigrants in professional occupations who were in
engineering occupations increased from 14.2 per cent in 1951-55 to

18,7 per cent in 1956-60,

Thus, the so-called "brain drain'" in the latter 1950's as far
as engineers were concerned was in the nature of a "brain gap" which
resulted more from a decline in the number of immigrants rather than
from a drain of emigrants,

c. The Variability of Net Migration by Selected

Professional Occupation Class, 1951-60

Table II-27 summarizes this variability by professional
occupation class for the period 1951-60, The algebraic sum of the
differences between the annual and average annual net migration is
taken as a proportion of the sum of the annual net migration from
1951-60 to yield a measure of average annual variation, Engineering
net migration ranks fourth behind graduate nurses, laboratory
technicians, and accountants and auditors in average variability at
63 per cent, but considerably above the 47 per cent for professional
occupation classes as a group, Chemists, at 44 per cent, and physicians

and surgeons, at 34 per cent, rank considerably below engineers,
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Tubls II-26
Total Professional and Engineering Immigration, Emigration,

and Net Migrationil) to Canuda, 1951-1960

= Labour ?Professional Engineering |Bngineering

Force /
Year Total Professional |Engineering Total Total Professional

No. Nos No, % 3 %
i ion
51-550000 | 431,911 35,497 7,225 8.2 1.7 204
56=60.... | 412,752 47,319 7,306 11,5 1.8 9.8
51-604444 | 844,663 82,816 14,531 9.8 1.7 17.5
ration
5i=55¢0ee | 85,804 17,771 2,523 20,7 2.9 4.2
56=60¢40. | 115,079 273492 5,128 2349 Led 18,7
51604400 | 200,883 45,263 7,651 22,5 3.8 16,9
Micration” ?
51551000 | 346,107 17,726 4,702 ; 5,1 1. 25,5
6600000 297,673 19,827 2,178 g 6.7 0.7 11,0
51604 ¢ oo | 643,780 37,553 6,280 ! 5.8 sl 18.3
i j |

Total immigration t¢ Canada minus smigration to the Unitved States.

rces: See Appendix, Tables TI-A«5, 7 and 8.



Table II-27

Variation in Annual Net Migra,tion(l) in
Selected Professional Occupations, 1951-196C

N e ad VT

% Dafferences Between

s

(s e e

, Angual Net Migration |[ZDifss-cnces
Z Annual Net and Average Annual 4 pnrual
Occupation Migration, 1951-60 | Net Migration - 1951-60 si\]'et Migration
No. o. %
Accountants and Auditors 1,357 1,035 76
Architects 1,265 547 L3
Jhemists 1,287 565 his
Jentists 215 105 L9
Jraughtsmen and Designers 5,918 3,500 59
ingineers 6,879 L, 361 63
aboratory Technicians 1,031 987 96
iraduate Nurses 733 2,581 552
‘hysicians and Surgeons 1,965 661 3
‘eachers and Professors 6,501 2,162 33
ther Professions 10,416 3,064 E 29
i
¢
'otal 37,567 17,713 % L\

1) Total immigration less emigration to the United Statss.

ource:

See Tables II-A-6, 7 and 8.
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From 1957 to 1959, net migration of engineers dropped from
1,838 to -527. As a percentage of net migration and engineering
graduations taken together,ﬁ&/ net migration declined from over 51 per
cent to almost -35 per cent of total new supply. For all professional
occupations the corresponding numerical drop was from 9,789 to 1,354.
In percentage terms net migration of professionals as a per cent of net
migration of professionals plus bachelor graduations declined from

about 40 per cent to just over 7 per cent.&é/

The net migration of those intending to enter engineering
occupations in Canada has been characterized by a relatively high
degree of variability in the net gain to Canada from net migration in
the short run. This variability is particularly characteristic of
immigration rather than emigration. The factors associated with these
large short-run changes are probably associated with and affected by
changes on the demand side, for example, changes in job openings for
engineers, since a high proportion of these migrants have engineering
job offers before they move, A decline in the level of economic
activity and a corresponding decline in job openings would tend to

discourage immigration. These factors will be examined further in

Chapter IV.EE/

44/ . ,
Considered as new supply in this context.
See Table II-A-9.

46/

Unfortunately the occupational classes for scientists given in
immigration statistics during the 1950's do not permit a similar
calculation of net migration.
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d. The Contribution of Net Migration to the Supply of
Professional and Engineering Manpower During the 1950's
The contribution may be summarized in three statements.
First, Canadian graduates have been the largest source of the incre-
ments to the supply of total professional and engineering manpower
during the 1950's, contributing about 80 per cent and 72 per cent

47/

respectively to professional and engineering manpower.X’

Second, there has been an overall down trend in net migration
as a proportion of total supply of total professional and engineering
manpower during the longer run, notably during the latter part of the
1950's. This decline has been relatively greater in the case of

engineers.

Thirdly, net migration has been a source of very rapid changed
in the supply of total professional and engineering manpower during the
1950's, 1In the short run net migration has been a changeable source of
supply whereas graduations in Canada have been much less variable, Net

migration has demonstrated great potential as the chief source of

47/

" These estimates of the contribution of immigrants to total manpower
supply are in terms of orders of magnitude. A more precise estimate
would include separate calculations of attrition through deaths and
retirements and immigration and emigration for both the foreign-
and the native-born, as well as additional sources of supply, for
example, upgradings to professional status and the correspondence
between stated and actual occupation of immigrants,
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flexibility in the supply of professional and engineering manpower in
the short run during this period of time. And, if for the moment, the
impact of upgrading of persons to engineering and science jobs without
a university degree or professional certification is ignored, the incre-
ments to supply may be considered to consist principally of graduations

48/

and net immigration.—

In addition to the estimate of the proportion of foreign-born
in the stock of engineering and scientific manpower obtained from Census

49/ it is useful to examine the flows in order to

and register data,
assess the impact of graduations, immigration, emigration and net

migration on manpower supply over time.

Table I1-28 summarizes and compares the variation in total
university graduates and those in engineering with net migration as the
two main sources of supply to total professional and engineering
occupations., One would expect that the flow pattern of immigration
from 1951-60 would approximate that of the stock since the majority of

recent immigrants to Canada, from 1931-60 72.7 per cent, entered

48/
It will be shown below that the bulk of new supply to engineering
and science occupations - roughly 80 to 95 per cent - came from
these two sources. The estimates of the net proportion ultimately
depends upon the definition of a '"scientist'" or an "engineer'". If
this definition excludes those who lack a degree or professional
certification, then upgrading by definition becomes nil.

See Table IIL-25 above.
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for Professional and Engineering Occupations, 1951-1960

(1) @ | & | W (5) (6) 7) &) 9 | (10)
Total Total
(Gradua~ | Per Cent | Per Cent Per Cent | (Gradua-
Oucupation Net | tion Plus| Gradua- | Immigra- | Per Cent Net tion Plus
and Gradua~ | JTmmigra- | Bmigra- | Migra— Net tions of | tion of |} Enigration} Migration Net
Year tions tion tion tion | Migration)| Total Total of Total | of Total | Migration)
Profe..ional
and Tebaical
1951-2955... 66,667 | 35,497 17,757 | 17,740 84,407 79.0 42,0 21,0 21.0 100,0
}9x9mjyidas= 80,415 | 47,319 27,4921 19,8271 100,242 80.2 k7.2 7.4 19.8 100.0
V211000, . 1 107,082 | 82,816 L5,249 | 37,567 | 184,649 79.7 L9 2L.5 20.4 100.0
1955-1957 ... b 41,520 | 32,542 15,694 | 16,848 58,368 71.1 55.8 26.9 28.9 100.0
1957-3950 .. 1 30,8451 23,593 11,035 | 12,558 43,403 71.1 54.4 25.4 28.9 100.0
Enginsers
195 1955... ] 8,111 7,225 2,523 | 4,702 12,823 63.3 56.3 19.7 36.6 100.0
1940 2500, 9,435 7,305 5,128 2,177 11,663 81.3 62.6 4.0 18.6 100.0
1950007, . 17,607 | 14,530 7,651 6,879 24,136 71.9 59.3 31.2 28.1 160.0
1955-2957. .. 4,675 6,102 2,832 | 3,270 7,945 58.8 76.8 35.6 41,2 109.0
35771958, .. 3,671 4,112 1,984 2,128 5,799 63.3 70.9 34.2 36.7 160.0
B, S SIS WS ——

(15

) potad inidp ation less entsratiun Lo the United States,
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Canada during the 10-year period 1951-60.29/ The stock data in

Table II-25 above, relating to the 1961 Census, show that 19 per cent of
all those in professional occupations and 33 per cent of those in
engineering occupations were foreign-born. The flow data, i.e., annual
immigration from 1951-60 agree closely with the 1961 Census and show
that net immigration of professional and technical workers from

1951-60 represented over 20 per cent of that portion of new supply
comprised of total graduations plus net migration. Net migration of
engineers from 1951-60 represented just over 28 per cent of new
supplies, i.e., total bachelor graduations in engineering plus net
migration;él/ Net migration therefore represented a higher proportion
of the new supply of engineers than of all professional occupations
between 1951 and 1960.

e. The Annual Pattern of Net Migration of
Professionals and Engineers During the 1950's

A clearer picture of the pattern of net migration is obtained

52/

if annual changes during the decade are examined.~" For both total

professionals and engineers peak net migration occurred in 1953-54 and

50/

See, Dominion Bureau of Statistics, Canada Year Book, 1965, p. 206.

51/

T Net migration of chemists from 1950 to 1960 represented about
100 per cent of graduates in honour chemistry during this period.
See Department of Labour, Economics and Research Branch, The
Migration of Professional Workers Into and Out of Canada, October,

1961, p. 43.

See Table II-A-9 in the Appendix.
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in 1957. Since 1957, net migration as a source of supply of both
professional and engineering manpower has declined in relative
importance. But the decline has in percentage terms been relatively
greater for engineers with net migration as a percentage of graduates
plus net migration dropping almost 60 percentage points, from 51 to
almost -8 per cent compared with a drop of about 31 percentage points
from under 40 per cent to 9 per cent for all professional net migration.
Engineering net migration has exhibited relatively larger year-to-year
variability than most of the professional occupational classes selected.
f. The Quality of the Foreign-Born as Measured by Level

of Education, Engineering and Science Occupations

A special tabulation of 1961 Census returns was done comparing
the level of education of the foreign-born with the total in a given
professional occupation. These data are shown in Table II-29 and
Appendix Table II-A-10. In professional occupations as a whole, and in
most science occupations, the foreign-born had a somewhat higher level
of education than the total in these occupations. 1In engineering and
architecture the opposite was true. One of the reasons on the supply
side for the difference is undoubtedly related to the large percentage

of engineering immigrants who come from the United Kingdom where an
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Males and Females in Selected Ocoupations with University Level Education,
Total and Foreign Born, 1961

Per Cent with
Per Cent with Per Cent with Some University
Some University University Degree or University Degree
Foreign Foreign Foreign
Occupation Total Born Total Born Total Born
Professional Engineers....ceseessscse 10.7 12,9 72.2 66.7 82.9 79.6
Ciﬁl E]lgi—neersO.......0.......‘.'. 9.8 100-7 81.0 77.2 90.8 g709
Mechanical EnginesrsS.c.eesceccecsses 11,2 14.3 66,0 60.3 77.2 74.6
Industrial E:nginearSaaouoououo..ctt 13.9 17.1 M.? l’-lva 5806 58-9
E;Lectrica'l Ek‘gineersncoooaﬁao-o-o'o 10.7 13.2 7309 6716 8“--6 8008
mﬁ‘ig -Eh]gineerSOOOCBOIBIO....OG.l. 9‘6 8‘8 Solli’ So.h 90'0 89.2
Chemlcal Engineers.cccesseecssccocs 7.7 8.5 87.0 84,0 4.7 92.5
Professional Enginesrs nN.¢G.S.cecese 11,6 14.9 67.9 60.8 7945 75.7
PhySiC&l Seien‘t’istsoet.0‘.....0.‘0..‘ 12..1* 12.3 73.1 7607 85.5 89‘0
Ghe:-‘-ﬁ-‘gtsl‘eQGG.B.OO@QO"O.BO.COQ.OOG M.9 15.3 6603 70.5 8lﬁ2 85.8
GeOlOgiSts:eevneoessssn'oooooo.oooo 1001 8Ih 85.1{‘ 8706 95'5 96.0
Physi6i8t89ﬁﬁtﬁi.ﬂeSG\OQI.O. (A XN XN R X J ’+Q3 3‘3 9008 93'8 95‘51 97.1
Physical Scientists Ne@.S.ccecesscs 9.8 10.6 70.0 T o9 79.8 85,5
Bioclogiste and Agricultural
me@SSiOnalSe.oooeaenooeoaeaoaaoto 1203 9‘8 7200 7&—07 8}4'!3 81]—.5
Biolugical ScientistS.ceecosscsoscoe 11,2 9.8 8L.4 82.1 92.6 91.
Vet%}"iﬂarianseasutaeoe@oesostesoaeo 702 14-03 85"4' 8785 9206 9158
Agricultural Professionals N.€.8... 15.8 1.4 59.0 55.5 T4.8 69.5
‘“‘A"’ii:@"{“.ss.ﬁa:eueeeceeaauoevooone-o 9.1 9‘&' 78‘8 75‘7 87°9 85°l
Totol Professional and Technical..... 17.5 17.5 31.0 35.6 48,5 53.2

PO e mios
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engineer less frequently has a university degree than in Canada.éé/
On the demand side there may have been a particular requirement in
Canada for technical persomnnel with less than a university educationm,

in the absence of a large technological training program during the

1950's .34/

The level of education of foreign-born engineers and
scientists in the Department of Labour Register of Scientific and
Technical Personnel is shown in Table II-30. It would appear that in
1961 the foreign-born have contributed most heavily at both ends of the
educational spectrum. In the case of engineers, the foreign-born who
represented a total of 25 per cent of engineers in the register,
represented 70 per cent of those with no university degree and 49 per

cent of those with Ph.D.'s. The pattern in science specialties is

3/

" From 1953 to 1963, 56 per cent of immigrants who intended to enter
engineering occupations were British. Between 1956 and 1961, only
32 per cent of those who became qualified as '"technologists" in
Great Britain had university degrees. See, Louis Parai, op. cit.,
P. 45; Advisory Council on Scientific Policy, Scientific and
Technological Manpower in Great Britain, 1962, London, H.M.S.O.,
1963, pp. 54-55; For a good discussion of engineering education in
Britain, see George Louis Payne, Britain's Scientific and
Technological Manpower, Stanford, Stanford University Press, 1960,
Chapters V and VI, especially pp. 192-193.

Canada, Royal Commission on Canada's Economic Prospects, Department
of Labour, Economics and Research Branch, Skilled and Professional
Manpower in Canada, 1945-1965, pp. 103-104.
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Tables II-30

Forei-n Born ky Level of m?u?ation,
Ingineeriny and 3Science, 1961

Field of Employment

Specialization and Born Outside
Level of Education ___Canada
No. No. i
Engineering
No Degree 419 292 7
Bachelor 7, Ll 1,561 21
Master 721 313 43
Doctor 9C Ll L9
Total 8,674 2,210 25
Science
No Degree 52 27 52
Rachelor 1,065 177 17
llaster 372 97 26
Doctor L54 136 30
Total 1,943 137 22

{ .
(1) Excludes agriculture and forestiry.

Source: Unpublished data from Department of Labour
Survey of Scientific and Technical
Personnel, 1962.
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similar but less extreme, with foreign-born representing 52 per cent of
all scientists in the register with no degree compared with 30 per cent
of those with doctorates. Immigration has made an important contribu-
tion to the quality of engineering and scientific manpower at the

highest levels of education.
5. Other Sources of Supply Flexibility

Another aspect of the flexibility of scientific manpower
supply is inter-occupational mobility. An indication was given above
in Table I-4, based on a special study of engineers in the 1961 Census,
which revealed that in the sample only 70 per cent of the engineering
graduates who were employed in a science or technical field were
reported in engineering Census occupations. An adjustment for the
proportion who were not employed in a scientific or technical field
revealed that 66 per cent of the total engineering graduates in the
sample were reported in engineering occupations while most of the
others had moved to other occupations. Sixteen per cent of the
technically employedéé/ engineers and 68 per cent of the non-technical

group were reported as being in managerial occupations.

55/

Those employed in scientific and technical fields.
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Naturally, most engineers and scientists tend to remain
within their specialties but, even so, it is felt that there is enough
movement to warrant taking it into account in making estimates of the

supply of persons in these fields.

Table II-31 reveals a narrower aspect of occupational move-
ment , that among engineering and science graduates by field of employ-
ment specialization based on the Register of Scientific and Technical
Personnel in 1961, It is narrower than the previous Census data show
because an engineer or a scientist could be reported as technically
employed according to the register, but might possibly be in a
managerial occupation according to the Census.éé/ It should also be
noted that "movement" as defined here between academic course and
employment specialization or field may not be, strictly speaking,
occupational, For example, in some cases the distinction between field
of employment (e.g., chemistry and chemical engineering) is somewhat
blurred, Despite these limitations, in most cases (e.g., civil

engineering, biology) the distinction is sharp enough to suggest when a

move has been made between dissimilar specialties.

6/
In addition, a person, for example, might be upgraded to an
engineering job without professional certification or a university

degree without being included in the register.

|
|
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Table II-31

Mobility Among Academic Course and Fisld

.18

?f)E}nplo t

Specialization, Engineers and Scientistsil) 1961(<

Field of BEmployment Specialization

Academic Course Background Engineers Scientists

No. 4 No. 4
tal 10,781 100.0 3,187 100.0

»n-Movers who Graduated in )

imilar Specialization ) 9,047 83.9 1,787 56.1
1-Movers 1,734 16.1 1,400 43.9
From Engineering Courses - - 1l 12.9
From Science Courses ) 372 3.5 - -

From Other Scientifi¢ and )
Technical Courses 35: ) 288 2.7 415 14.9
From Non-Technical Courses 932 8.6 Li5 14.0
Course Not Stated 142 1.3 69 2.1

Field of Employment -

Specialization Entered Acedemlc Course Background
tal 10,736 100.0 2,706 100.0
;n-Movers who Graduated in )
milar Specialization ) 9,047 84.3 1,787 66.0
it-Movers 1,689 15.7 919 24.0
To Engineering Fields - - 372 1 13.7
To Science Fields 411 3.8 - -
To Other Scientifi c and ) o i

Technical Pields(3) ) 180 YA <18 13.7
To Non-Technical Fields 950 8.8 ! 292 8.1
Field Not Stated 1,8 1.4 5 37 10.8
) "Scientista® includes those who were empiovyed ir: blclogy, chenlistzy,

geologlical sciences, mathematics, physicz and W.&C,;‘io“v,uk WSies, Cr W

graduated in: bacteriology, biochemistry, b_.ology, DO

chemistry, chemistry and physics, geology, mauthluucics,
physics and mathematics.

) These data relate to ths stock of engisvers

of Labour Survey of Scientific i

) "Other Scientific and Techrdic .l TMoleeflaciile:  aoublh

forestry, geography, fotner
scientific and technical courses’ .axlidos inm addiion
regional planning, general s

s

urce: Department of Labour, Keoncmace one An3iesel 97

stience, «nd ostaliver ieil oo
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About 16 per cent of those employed in engineering
specialties came from outside engineering, and about the same proportion}

of those trained in engineering, moved from engineering to other employ-

ment specialties.

In the case of scientists, almost 44 per cent came from other
occupational backgrounds, while about one-third moved out of science
specialties as defined. 1In the case of engineering, about half,

8.6 per cent, moved out of engineering and science into non-technical

fields and the proportion was 8.1 per cent for science,

A second way of looking at the problem is to compare the
proportion of engineering and science graduates who are employed in
their respective fields according to the Register of Scientific and
Technical Personnel. Transfers of engineering graduates to other fields
amounted to 15.7 per cent for engineers and 34,0 per cent for scientistg]
Movement of those with other non-engineering or non-scientific
university degrees into these fields amounted to 14.3 per cent for
engineering and 41.8 per cent for science. Thus, there is an
approximate balance of movement among university course specializations

in the case of engineering and some net gain in the case of science.

These shifts between specializations may occur just after
graduation or the transfer may occur after they become employed in their
fields. Data on transfers are incomplete, but the little information
available suggests that annual losses to stock of engineers and

scientists from transfers are in the vicinity of 0.5 per cent per year.
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For example, it was estimated that for engineers in the United States
from 1950-59, losses from transfers amounted to 27,137, compared with

an initial stock of 542,743 engineers, Graduates during this period

were 276,150.22/

Some data on withdrawals from engineering and science
occupations and specializations based on Census and register data are
indicated in Table TII-32, About 66 per cent of all graduate engineers
in the Register of Scientific and Technical Personnel in 1961 were
classified in "engineering" occupations in the 1961 Census compared with
77 per cent of the more recent graduates who graduated during the

previous decade.2§/

6. Analysis of Deaths and Retirements

Table II-33 indicates the average age of engineers and
scientists as indicated in the 1961 Census. Both engineers and
scientists were quite typical of all occupations with regard to
average age but in the case of physical scientists, average age was

slightly lower.

57/

" United States, National Science Foundation, Scientists, Engineers
and Technicians in the 1960's, Requirements and Supplies,
Washington, D.C., 1963, p. 15, where allowances were made both for
"non-entry" into these occupations as well as for transfers after
entry,

58/
Appendix I-E, the special study matching Census and register data,
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Table II-32

istimates of Withdrawals from Engineering
and Science Qccupations, 1961

Occupations Indicated in the 1961 Census by a osample of fngineers from
the 1961 Survey of Scientific and Technical P§f7onnel
who Graduated in Encineering Coursesld,

All Yedrs of Rachelor Those Who Graduated

Graduation After 1950

Occupation No.z/ % No. 2
Total 8,984, 100.0 3,490 100.0
Managerial 1,836 0.4 408 11.7
Professional Engineers 5,954 66.3 2,692 77.1
Other Professional 336 3.7 78 2.2
Other Occupations 858 9.5 312 8.9

Bmployment Specializations Indicated in the 1961 Survey ol Scientific and
Technical Personnel by Engineers and Natural Scientists Who G57duated in
Engineering or Natural Science Courses Respectively<

Employment Specialization Engineering Natural Science
No. % No. %
Total 10,736 100.0 2,706 100.0
Engineering 9,047 8L.3 372 13.7
Natural Science 411 3.8 1,787 66.0
Other Scientific and Technical 180 1.7 218 8.1
Non-Technical 950 8.8 292 10.8
Not Stated 148 1.4 37 1.,

;/ Persons in the sample were matched with their corresponding census
return. For a more detailed description, see Appendix I-E,

3/ The number was estimated in the following manner. Those who were not
located and could not be matched - 56 out of 224 - wecee broken down
by aze group, then added to each respective age group, and pro-rated
according to the occupation of those who were localed. The cesuliing
totals in each occupation were then multiplied by the reciprocal of
the sampling ratio to estimate total numbers.

3/ MNatural Science" extludes agriculture and forestry.

Sources: D.F.S. and Department of Labour, unpublished daca obtained L; a
matching of 1961 Census and Register Records.

Department of Labour, uapublished data from Survey of Scientific
and Technical Personnel, 1961.



Table II-33

Average Age of Males in Selected
Professional Occupations, 1961

Occupation Average Age

All Occupations 39
Professional and Technical 38
Architects 36
Engineers 38
Physical Scientists 36
Blologists and Agricultural

Professionals 39
Veterinarians 40

Law Professionals
Dentists

Physicians and Surgeons
Professors and College
Principals

B K&E

Source: D.B.S., 1961 Census of Canada, Vol. III,
Bulletin 3.1-9, Table 17.
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Estimates of deaths and retirements of engineers and
scientists is necessary as a basis for calculating replacements in thesd
occupations., 1In order to estimate the importance of replacement needs
arising from deaths of engineers and scientists, age specific death

59/

rates in 1961 for males=~' were applied to the distribution of engineers]
and scientists by age groups in the Register of Scientific and
Technical Personnel in 1963.ég/ The death rates in 1963 for engineers

and scientists as a group were 0.49 and 0.5 per cent, respectively, as

shown in Table II-34,

Retirements represent an additional source of replacement
needs. Assuming an average retirement age of 65, the retirement rate
for engineers of the 1961 stock would average 0.8 per cent per annum.él/
Assuming that death rates and age distributions would change very little

for 1961-63, and that the 1961 retirement rate could be applied to 1963,

the annual replacement rate due to deaths and retirements would be

59/
— No occupational specific death rates have been published for Canada.

In addition, these death rates for males were applied to total
engineers and total scientists but the possible distortion that
could arise from the slightly lower death rate for females is
negligible, since only 0.3 per cent of engineers and 5.3 and 6.1 per
cent of physical and biological scientists, respectively, were
females in 1961. See Table II-3, above.

60
o/ When these rates were also applied to the age distribution of male

engineers in the 1961 Census, the overall death rate was 4.7 per
thousand, compared with 4.9 for the Register of Scientific and
Technical Personnel in 1963.

61/ . . .

™ An estimate of retirements of engineers and scientists was obtained
by the Department of Labour for 1961 from an employer-type survey,
Retirements during the year were estimated to be 0.5 per cent for
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Table IT-34

Computation of Death Losses of Znegineers and Scientists, 1963

Engineers Scientists

Deaths Deaths

Age No. per 1,000%/ No. per 1,000/

Total, All Ages 10,419 4.92/ 3,225 5.02/
20-21, 362 0.6 110 0.2
25-29 1,732 2.6 389 0.6
30-34 1,662 2.7 489 0.8
35-39 2,004 b 618 1.
L4O-L4, 1,854 6.3 573 1.9
L5-49 1,057 6.1 437 2.5
50-51, 731 7.0 281 2.7
55=59 521, 8.0 212 3.2
60-61, 370 8.9 99 2.4
65+ 123 bl 17 0.6

;/ Deaths for individual age groups computed by applying death
rates for males in Canada, 1961.

g/ Deaths for "total, all ages' computed by adding deaths in

specific age groups and taking the resulting total as a
per cent of the total number in all age groups.

Sources: Department of Labour, unpublished data on age distribution
from Survey of Scientific and Technitcal Personnel, 1963.

D.B.S., Vital Statistics, 1961, August, 1963, pp. 130-131.
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1.3 per cent for engineers. A more complete analysis of the separationg
due to deaths and retirements for engineers and scientists, including
projections of future needs, will be done in Appendix V-2, of

Chapter V.,

Although the death rate for engineers is comsiderably lower
than that calculated recently for other occupationség/ the main reason
is that engineers are younger as a group than physicians, for example.
Other studies have brought out the decisive effect that the age
composition of a group can have on death and retirement rates.éé/ A
recent study estimated a composite death and retirement rate for

engineers of 1.5 per cent during the 1960's.§&/

7. The Composition and Responsiveness of Supply

The purpose of this section is to examine the main past
sources of the supply of engineers in relation to each other. It is
hoped that a study of past trends will provide a better basis for

making the assumptions necessary for projections of future supply.

61/ (Cont'a)
engineers and 0.6 per cent for scientists. Department of Labour,
Economics and Research Branch, Professional Manpower Report No, 13,
Employment Qutlook for Professional Personnel in Scientific and
Technical Fields, 1962-64, December, 1962, pp. 23-24.

S. Judek, op. cit., p. 54.

U.S. Bureau of Labor Statistics "Tables of Working Life - Length
of Working Life for Men', 1950.

U.S. National Science Foundation, Scientists, Engineers and
Technicians in the 1960's, p. 65.
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a. Sources of Recruitment - A Framework
for Supply Projections
In order to gain a better perspective on the various sources
of supply of scientific manpower and to provide a framework for future

projections, the various elements are brought together in Tables II-35

to II-37.

Table II-35 outlines the sources of recruitment of engineers,
scientists and architects as a group during 1959 which were reported by
employers in a survey conducted early in 1960.22/ Although the data
refer to a particular year, they suggest in a general way the relative
importance of certain sources of new manpower supply. The 22.7 per
cent that came from outside the country agrees closely with the
information on stock data from the Register of Scientific and Technical
Personnel which was indicated in Table II-30 above. However, it is less|

than the 33 per cent reported in the 1961 Census in Table II-24 above,

65/

" The results of this survey were published in: Department of
Labour, Economics and Research Branch, Professional Manpower Report
No. 8, Employment Outlook for Professional Personnel in Scientific
and Technical Fields, 1960-62, December, 1960. Architects were
included with engineers and scientists as a group, and could not
be separated.
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Table II- 35

Sources of Recruitment of Engineers,
Scientists and Architects, 1959

No.
(1) Total Recruitment 5,521
(2) New University Graduate 2,072
(3) Experienced Canadian Professionals 2,117
(4) Recent Immigrants 590
(5) Obtained Outside Canada 185
(6) Upgradings, Total 560
(D By Obtaining a University Degree 87
(8) Through Experience 385
(9) By Professional Association Membership 88

(10) Total ™ewn Recruitment [Rows (2) + (4) +

(5) + (6)/ 3,407

(11) Total "New" Recruitment - Domestic

Sources /Rows (2) + (6} 2,632

Proportion Without Degrees from New

Recruitment - Domestic Sources

[Rows (8) + (9) # Row (11)7 -

Proportion of New Recruitment from

Outside Sources /Rows (L) + (5) :

Row (10)/ -
Source:

100.0
37.5
38.3
10.8

3.3
10.0
1.5
7.0
1.6

22,7

Department of Labour, Economics and Rescarch Branch,

Employment Ontlook for Professiopal Personnel in

Selentific and Technical Mlelds, 1060-1962,

Professional Manpower Repoirt No. 8, December, 195G,

PP, 23 and 24.



Table II-36

fAternative Sstimates of the Proportion of Engineers and
Scientists Without a University Degree

Engineering
Data Source Engineering Science and Science
No, j 4 No, % No, A
Census(1) 43,166  27.7 16,998  27.3 60,004  27.6
wyment Outlook Survey,
seruitment, 1959(2) N.A. - N.A. - 2,632 18.0
Lloyment Outlook Survey,
sock, 1962(3) 29,196 13.3 13,052 3.2 42,248  10.2
vey of Scientific and
schnical Personnel, 1951 (4) 7,123 L7 2,631 1.8 9,754 5.9

Census of Canada, 1961, Labour Force, Bulletin 3.1-9, Table 17.

Department of Labour, Economics and Research Branch, Professional Manpower

keport No. &, Employment Outlook for Professional Personnel in Scientific

and Technical Fields, 1960-62, December 1960, pp. 23-2L.

Department of Labour, Zconomics and Research Branch, Professionel Manpower
Report No. 13, mmployment Outlook for Professicnal Personnel in Scientiflic

and Technical Fields, 1942-64, December 1962, pp. 25-26,

Department of Labour, Economics and Research Branch, Proi'essional Manpower

Report No. 12, Employment and Earnings in the Scieatific and Technical

Professions, 1958-61, September 1962, p. 12.




Teols IT-37 L

Con matation of B «ir ccring Ene uphs, 1951-19¢1

1951 Zuployment Losses -9E2
anc 1952-61 Cains 1952-61 Brpl yu 22"
No. No. No. %

Pngine-iiag Employment, 1951(1)
POtadccoeeserococsssessagosossossacvessosncons 29,960
Deaths and Retirementszz) cgecevsosrsscosevssovioocesvasaocs U810
Transfers co Other Fieldst35..a.,..a..o...........n..ﬁu.... 1,514
SUTVAVODS N 1961..cecereccorscsssareaseancesssossasoasaasvesonssnsass 23,036

New mgineering Eh‘trantsl 1952"61, Totalouoeooﬁwnoaouo.uuocotovo~.ovta 25’09& 10000
(New Engineering Entrants, 1952-61,
Reﬁsed Total)ﬁ‘.ﬂGO.'...Eﬂ.'.ﬁ“o.‘....°...ﬁé.@.'ﬂ@l.w..'.@‘l"ﬂb.‘(m,790) (m'o)

Engineering Graduates, 1952-61l....cc00veeeee 17,600
Separations - Deaths, Retirements
ngnsferE?Z)(3??..,i........,...i......o....,..9...¢.°..n. 1,030
SUrvivors in 1961...iscecccecncoastacrrecronrcsavcacssacscvossscasss 10,570 66.6
(Assuming 75% in Census Occupation

"Engineering";ﬁh Ce e eeeeescaaasepagessetncctacaseconnasssseosaneas(12,430) (59.8)
Non-Engineering Gracuates, 1952-61(5)...0 . . 1 366
Separation? -~ Deaths, Retirements,

Transfers(2)(3) ... i viiiet ittt ittt et riiiaieerecnaes. 80
SUrVIvors in 1961, .c.ccecnestosocacscncorssosscsccassocsssscosansscss L,286 5.1
(Assuming 75% i? gensus Occupation

"Engineering®){h) . .. ceccccecsercrcccacssnrsvocvcovcocsascarcscesce (965}  (4.6)
Net Migrants, 1951-60(6). .. o . .. .. 6.879
Separations - Deaths, Retirements,

Transfers{2){3) . ... ierivoceccociencnsonscacacccsconcnsaocs 4O
SUrvivors in 1961e..ecseceosccososscecsvocsssssscvencscsosavscoscencs 0,479 25.8
(Assuming 75% in Census Occupation

"Engineering®) b, . iiieieieiiiiiiiiiiioioeicniioriiacenonensncenss (4,800} {23.4)
Upgradings 1952-6170u nnunrersnsnnrsennnnns B0
(Assuning U%égadings = 15.3% of

Graduates)ii®) .  icerececsncsccsonanccecscansol2,693)
(Separations - Deaths, Retiremsuts,

Transfersi2/{3) . ceeerieeeoanoceoocoonccsooseesososcococeens 51
(Separations - Assuming Upgradiogs

= 15.3%) . ccvcccnne teceecececsiacsececcsecoascroveoesstsceeslidE)

SUrvivors il 190k cecrecesssoscocsocsoosscoosos.ocosviososvscuncos 759 L

(Assumin Upgradings E 15.3% oo

Uniress oy Graduz.oojld PN 730 3053 T

P0t.18(9) 0t ivt i cregoecsccnvncoreviaenaneos 56,615 7,665 48,750

\Reﬁged TOtal}(l Joow.oooeooo-ooooonoceo.soooocaoeoewo.oooooeowow(ld};&é/

Estimate ce.od on 1950 censua,
Jeuths computet .oom LU55«0T Lish oL ens, vammo, AT Liie wed saame 07w
ceoissaont oo of 65,0 De@uio Jov e wmel 2n880h DLl cabe il cnle v o0l a) e windl
QEC abl €rus WO e 270 2 b Le sl vt wOT v i e it o WVt WL A0

Ml owlts and SOme VLSl

Estimate cwzeq oo dabe o widv vewo Loonoiinl Lol

[ SV 3 5. - - -
Aoy s v Ui, el Ul P
year
e

See .ootnove (2}, Table II-27. G 'Les® ... BB Jel epa e e it el
register matching study, 77 per cie.. ~ore
tion classes., The estimate was rowxed o

g

4 a n - ot -
o M BB s v o w0 v e

1_&1&_.
75 pe. ot
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otnotes Table II-37 (Conttd.)

) Assumed to be equal to transfers eaut of enginsering, from information in Departusat
of Labour Register of Scientific and Tsechnical Persomnel, 196i. Transfers out ol
engineering represented 15.7 per cent and transfers into engineering 16.1 per ceat
of engineering graduates and those in engineering fields respectively.

) Imnigration minus emigration to the United States. Since heavier immigration occurs

in the latter part of the year, the period 1951-1960 was chosen for net migration in
comparison with graduations.

) Estimate based on proportion of new recruits to engineering and science upgraded to
professional status by membership in a professional association as a per cent of
graduates as reported in a survey of employers in 1961.

) Assuming upgradings include, in addition to professional association manbers‘ those
who had, according to employers, adequate work experience.

) Based on Rows 4, 7, 11, 15 and 21.
) Based on Rows L, 8, 12, 16 and 22.
rces:

1 - D.B.S., Census of Camada 1951, Vol. LV, Labour Force, Table 11.

2 - D.B.S., Canadian Life Tables, 1950-1952-1955-1957, July, 1960, pp. 6 and 7.

3 - U.S. National Science Foundation, Scientists, Engineers, and Techniclans in %he
1920*5, Requirements and Supply, Washington, U.S. Govermment Printing Office,
19 3’ P- 15-

5 - Table IT-11

8 8, 12, and 16 - Department of Labour and Dominion Bureau of Statistics, Specisal
Match of Records in the Register of Scientific and Technical Persomnal 1961
th 1961 Census records, November, 1965, unpublished.

13 - Table II-22(a)

8 17, 18 and 21 - Department of Labour, Economics and Research Branch, Employmcnt
OQutlook for Professicnal Persommel im Scientific and Technical Fislds, 1982-7 750,
Professional Manpower Report No. 13, December, 1962, p. 2.
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In 1959, 18 per cent of the new recruitment from domestic
sources consisted of engineers and scientists who were upgraded to
professional status without having university degrees. This estimate ig

presented, together with some alternative estimates in Table II-36.§§/

The opinions of employers have been chosen to serve as a
guide in estimating the proportion of engineers and scientists who are
performing engineering and scientific work without university degrees.
The most comprehensive estimate was made in 1962 when employers of over
42,000 engineers and scientists estimated that about 13 per cent of the
engineers and 4 per cent of the scientists had no degrees and were

67/

presumably upgraded to professional status.—

56/

One possible reason for the wide variation is the difference in the
concept of an "engineer" and a '"scientist" in each of these data
sources as discussed above in Chapter I. Another and possibl
additional reason is simply a difference in the population cdgered
in each of these studies, in particular the non-degree population.
The Census, with over 27 per cent, and the register with under

4 per cent represented extremes in the proportion of engineers and
scientists without university degrees. The estimates of employers
fall somewhere in between these extreme values. More data are
needed to establish more precisely the number of non-degree
engineers and scientists.

7/

A more complete description of the question of upgrading of persons
to engineering and scientific status will be undertaken in

Chapter IV. The upgrading of persons to professional status must be
understood in a supply and demand context., The utilization of
engineering and scientific manpower essentially involves a decision
by management as to whether a particular function, for example
engineering, can ceteris paribus be more efficiently or economically
performed by persons with an engineering or science education com-
pared with other persons. These decisions by management are made
in the light of demand, supply, factor prices and production
functions prevailing at a particular time,

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES
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An estimate of the main elements in the supply of engineering
entrants for 1951-61 is made in Table II-37 as an illustration of a
possible framework for projections of engineers and scientists in
Chapter V., It also summarizes the composition of the supply of
engineers during this period. Engineers were chosen rather than
scientists for three reasons: First, more precise and complete data
on supply of engineers were available than for scientists. Second,
given the data and resources available for the study, more time would
be required to produce an equivalent framework for science. Finally,
one of the main purposes of the study is to illustrate more precisely
the parameters on which better projections can be made for certain
types of engineering and scientific personnel. The data for engineers,

it is felt, are sufficient to illustrate the method.

After allowing for separations due to deaths, retirements and
transfers to other fields, it was assumed that new engineering entrants
from 1952-61 came from four sources: engineering graduates; graduates
in other fields who entered engineering; net migration; and upgrading.
Two estimates of the stock of engineers in 1961 were available, ome
from the Department of Labour Register of Scientific and Technical
Personnel and the other from the 1961 Census. Accordingly, two
variants of the flow estimates were made, the first employing '"Register"
concepts and the second "Census'" concepts. The first estimate of stock
in 1961 assumed that most graduates remained in engineering fields with

upgradings of non-degree holders at a minimum. The resulting estimate

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES
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of 48,730 engineers may be compared to an estimate of 48,476 which was
based on a hand count of the Register of Scientific and Technical
Personnel in 1961,§§/ The second estimate of stock in 1961 assumed
that following the Census occupational concepts, engineering graduates
would "move" into other occupations to a greater extent and that,
according to Census concepts, upgrading of non-degree holders would
form a larger proportion of the flow., The resulting estimate of

stock in 1961 was 44,426 which was reasonably close to the 1961 Census
figure of 43,066, The possibility of error in such flow data means that
at this stage the above estimates must be considered as orders of

magnitude,

Based on these estimates, it can be seen that about one-half
of the total stock of engineers in 1961 was made up of those who entered
the profession in Canada during the decade of the 1950's, About two-
thirds of the new entrants, in turn, consisted of new university
graduates in engineering, about one-quarter were foreign-born and the
remainder either new graduates from other fields or persons upgraded

69/

to engineering status without university degrees,=2

68/

" Department of Labour, Economics and Research Branch, Professional
Manpower Report No, 10, Engineering and Scientific Manpower
Resources in Canada, Their Employment, Earnings and Salary Rates,
1960-61, June, 1961, p. 63,

In the short run when budgets tend to be more rigid, the quality
of recruits may adjust to fit the demand-supply situation rather
than an adjustment being made in price of the services of engineers
or scientists. An example of this phenomenon is given in the
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b. Summary

The purpose of this chapter was to describe and analyze the
supply of engineers and science manpower in order to provide a better
basis for making projections of future supply. The method followed was
to utilize stock and flow data in order to amalyze the various compon-
ents of supply. This, in turn, enables a judgement to be made of

changes in their relative importance to overall supply over time.

It has been shown that a considerable degree of potential
and actual short- and long-term flexibility is built into the supply
side of scientific and technical manpower.zg/ The long-run increase in
the numbers of scientific and technical manpower in Canada has not only
been large in relation to most other occupational classes, but has also

varied markedly over shorter periods of time.

69/ (Cont'd.)
context of another type of market for high-level manpower, the
market for college teachers. '"The quality standards set by the
Department Chairmen are loose so that if the realities of the
marketplace demand, a poorer candidate can be hired., But the
salary maxima set by the Deans remain steadfast. The elastic
element in the demand function for professors is neither price
nor quantity, but quality." David G. Brown, The Market for
College Teachers, Chapel Hill, North Carolina, The University of
North Carolina Press, 1965, p. 250.

Although data on the analysis of flexibility of supply are
available mainly for engineers, it is assumed that they are
relevant for scientists as well., In addition, engineers
represent a large proportion of the engineering and scientific
manpower pool.
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This chapter examined the main components of the supply of
scientific and technical manpower which gave rise to this flexibility:
1) graduations; 2) net migration; 3) other sources of supply outside
the formal education system; 4) occupational and geographic

1/

transfers.z—

Attention must be directed to certain crucial "decision
points'" or "transition proportions', This means that on the way to
entering an occupation there are certain times when crucial decisions

are made, First, which course of study will be chosen, for example,

arts vs. science, engineering vs, pure science; second, the occupational

choice, engineering vs, managerial occupations, for example; third, the
place of work chosen, for example, Canada vs, the United States. A
knowledge of these transition proportions is essential before reliable
projections can be made, These proportions in turn have been included
in a framework of four components which, together, determine the
flexibility of scientific manpower supply. These components are in

turn comprised respectively of sub-components: 1) total enrolments

which are affected by the decisions of students to enroll in engineering

or science courses at university, as well as by drop-out rates; 2) the

71/
Separations and withdrawals due to deaths and retirements while
not specifically related to supply flexibility are, of course, an
important element in estimating past and future supply.
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volume and occupational composition of immigration and emigration;
3) decisions of employers to upgrade the people to professional status;

4) decisions by persons to move from one occupation or geographic region

to another.

The most important single element on the supply side in the
case of engineering has been engineering graduations and these are
becoming an even more important element. Since these appear to have
accounted for about two-thirds of the supply of engineering manpower
in the last decade and since this element of supply has exhibited
greater long-run stability than net migration, the possibility of

making more accurate numerical long-run projections is increased.

In the shorter run, however, the proportion who choose to
enter engineering courses and the percentage who do not complete
engineering courses can lead to large and rapid changes in the number
of engineering graduates. In the long-run, however, these changes have
tended to counterbalance one another leaving total enrolment as a
useful parameter for projections of future engineering graduations and,

therefore, future supply of engineers.

Non-university graduates, on the other hand, have been
declining as a source of supply in the case of both engineering and
science occupations, which further enhances the significance of
university graduations as an indicator of the supply of engineering

and scientific manpower. In order to estimate the impact upon supply
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of those who enter engineering occupations without a university degree,
two estimates of the number of non-degree engineers were made based
alternately upon the "education" and the "employment" criterion. The
latter concept results in an intermediate size estimate of engineering
supply which is almost 10 per cent above the former estimate based on

"education'.

The relatively large proportion of the supply of engineering
manpower which came from net migration, at least one-quarter, means that
this more variable source of supply must be estimated with great care in
making long-run projections. 1In addition, this supply component has
great potential for creating substantial changes in the supply of

engineering manpower in the short-run.

Occupational transfers, that is, the transfers from
engineering to other occupations and vice versa appear equal to each
other in numerical terms and have had, on balance, a neutral long-run

effect on the supply of engineering manpower,

The responsiveness of supply especially in the short-run is
limited by the long-run nature of the decisions to enroll in engineerin%
This suggests the importance of "demand-side" adjustments in the
matching of demand and supply. The implication is that measures should
be examined to improve geographic, occupational and industrial mobility
and also to improve the utilization of scientific and technical manpower

by business firms and other types of employers.
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In addition to numerical changes in engineering and science
manpower , the data suggest that the qualitative changes in supply may
be just as important, The most striking fact is the increase in the
level of education of engineers and scientists and in particular the
recent rapid increase in the number who obtain post-graduate education,.
At the undergraduate level, the most significant change has been a more
rapid increase in the numbers of students graduating in pure science
compared with engineering, The combined effect of the greater
propensity of students to take science degrees, and to obtain post-
graduate training in engineering, plus greater reliance on domestic
as opposed to supply from abroad suggests the following: given the
present proportion of Canadians studying in Canada as compared to
those studying abroad, and agsuming that this proportion will remain
the same in the future, the maintenance of future supply of engineering
and science manpower will require a relatively larger expansion of
educational facilities in engineering and science in Canada at the

post-graduate level than we have seen to date,

Net migration, especially the emigration component, has been
relatively heavier for engineers and scientists with higher degrees.
This means that the loss of manpower through emigration has been
greater than the numbers alone would suggest., If the educational
investment in these emigrants in engineering and science fields is

considered, the human capital loss assumes greater magnitude,
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In order to make better projections, it is necessary to trace
the past internal changes in the components of supply and, if possible,
to forecast their future trends, The partial picture given by the large
changes in the amplitude of first-year engineering enrolments and in
net engineering migration during the 1950's, for example, needs to be
filled in, This in turn raises questions about the factors which may
influence students' decisions about whether to enter or not to enter
certain courses; whether there are certain reservoirs of talent for
these courses, the dimensions of supply of scientific and technical
manpower , for example, where do technicians fit in; whether the inter-
occupational mobility patterns will continue into the future, 1In
addition to the internal aspects of the composition of supply, the
external environment is undoubtedly an important conditioning influence.
The components of supply may respond to a common external force in the
economy. Supply changes are complex and interrelated with requirements,
therefore, they cannot be completely understood without reference to
changes in demand and requirements, factor prices and productivity. The
utilization of technicians vs, engineers and scientists or in conjunc-
tion with them, including the question of upgrading to professional

status, involves a number of these influences as well as supply.

A more complete understanding of the supply changes in
scientific and technical manpower calls for a study of the dynamic
aspects of demand and requirements as a necessary next step in

reformulating our knowledge of past trends and future prospects,
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CHAPTER III
DISTRIBUTION OF ENGINEERING MANPOWER
BY INDUSTRY 1931-61
The aim of this chapter is to examine changes in the
distribution by industry of persons in engineering occupations between
1931 and 1961 and to suggest some of the factors that were responsible.
This will require an examination of the changing deployment of engineers
by occupation class among and within industry groups. The trends in
relative earnings in these occupations are important to an understanding
of such changes, This chapter will help to set the stage for the more
detailed examination of supply, requirements, utilization and earnings
in Chapter IV, and the projection of requirements for engineers in

Chapter V,

This chapter has five sections: first, the concept of demand;
second, a discussion of methods of approaching a study of demand; third,
general economic developments between 1931 and 1961; fourth, changes in
the distribution of engineers among and within detailed industry groups

1931-61; fifth, the conclusion,.

1. The Concept of Demand

It is essential in any discussion of past, present or future
"needs" for engineering and scientific manpower to clarify what concept
of need is being used., Frequently the term "requirements" as well as

the term "demand' has been used in the literature to describe two
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alternative approaches to an assessment of manpower needs.i/ To the
economist the "demand" for engineers, for example, means a schedule of
relationships between various numbers of engineers and various possible
salary rates per unit of time. The important assumption is that
employers will ceteris paribus tend to hire different numbers of

engineers depending on their salary rates.

The "requirements" for engineers, on the other hand, relate
in the strict sense to the number of engineers needed to meet certain
social or economic targets., It is a concept, as Parnes notes, with more

of a technological than an economic basis.g/

Under purely competitive conditions in factor markets, the
demand schedule of an employer for a particular type of labour will
depend upon the marginal revenue product schedule for that type of
labour. The theory tells us that the firm will attempt to hire that
total quantity of labour at which the marginal revenue product is equal
to the marginal outlay on the workers, i.e., the marginal wage. Since
the demand for labour is a derived demand, it will depend in turn upon
the elasticity of demand for the product, upon the technical conditions

of production, i.e., the shape of the production function and upon the

1/
T H.S. Parnes, Forecasting Educational Needs for Economic and Social

Development, Paris, Organization for Economic Co-operation and
Development, 1962, pp. 17-1%9; David M. Blank and George J. Stigler,

op. cit., pp. 19-24.

2/
H.S. Parnes, op. cit., p. 18.
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substitutability of labour for other factorS.é/ Other things remaining
equal, the longer the period of time the more elastic the demand is
likely to be because of the possibility of substituting labour for
capital and adjusting the quality of capital goods in relation to the

supply of labour available.

A study of the demand side of engineering manpower is
complicated by the familiar problem of the interdependence of economic
phenomena, for example, of the level of supply, demand and the price of
productive factors. An increase in the supply of engineers would
ordinarily tend to reduce the earnings of engineers. 1If an increase in
demand occurred, which was proportionately greater than the increase in
supply, the relative earnings of engineers could rise due to the inter-
action of an increase in supply and an increase in demand., The problem
would be to disentangle the effects of these two changes which operate
in opposite directions with regard to their effect on earnings of

engineers, Demand in the schedule sense is not easy to determine. It

3/

" The relevance of the price of a factor of production as a measure of
its contribution to the social product has been questioned sharply at
a recent O0.E.C.D. Conference. However, the alternative to an accept-
ance of the marginal productivity approach seems to be the absence of
a universal law to guide resource allocation, i.e.,, empiricism, There
is a need, therefore, to qualify any policy conclusions based on the
marginal productivity analysis to the extent that the postulates of
the theory are unrealistic., See Organization for Economic
Co-operation and Development, Study Group in the Economics for
Education, The Residual Factor and Economic Growth, Paris,
Organization for Economic Co-operation and Development, 1964, p. 275,
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4/

is necessary to utilize measurable concepts such as requirements ,—
industrial and functional distribution over time, as preliminary or
approximate indicators of demand. These must be cross-checked with
other data such as supply and salaries in order to estimate the impact

5/

of demand.=

2. Methods of Studying Demand

Certain information would be needed ideally in order to do a
study of future "demand" in the economic sense for engineering and
scientific manpower. A good knowledge is needed of the present numbers
and distribution of manpower by occupation and industry. The approach
to future requirements also involves a study of the three key ingred-
ients in determining the demand or requirements for this type of
manpower: first, the level and distribution of aggregate demand among
industry sectors in the economy; second, production functions, that is,
the relation between the factor inputs and outputs in each industry;

third, the relative prices of the different productive factors. These

4/

" One definition of employers requirements is that it refers to "what
employers think they need at what they think are prevailing salaries'".
United States National Science Foundation, Scientific Manpower, 1958,
Papers of the Seventh Conference on Scientific Manpower,

Washington, D.C., U.S. Govermment Printing Office, 1959, Article by
William H., Chartener, "An Appraisal of Short-Run Manpower Requirements
and Supply Indicators', p. 46,

5/
For additional discussion, see: Kenneth E., Boulding, Economic
Analysis, Revised Edition, New York, Harper, 1948, pp. 671-707;
George J. Stigler, The Theory of Price, Revised Edition, New York,

Macmillan, 1952, pp. 187-193.
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three key factors interact and together determine the demand for
particular types of labour including engineers and scientists, The
impact of a change in technology such as labour-saving automation upon
the demand for a particular type of labour will depend not only upon
the changes in the production functions but also upon changes in out-
put distribution and in relative prices of all the factors of produc-

tion, leading to the substitution of one factor for another,

What are the possibilities of obtaining data on the three key
factors of output, production functions and factor prices which
determine the demand for a particular type of labour? A good deal of
information is available on manpower distribution and output, Decennial
Census data contain information for certain occupations, e,g.,
engineers, cross-classified by industry. The data available on output
distribution, present and projected, do not constitute a demand curve
or curves in the theoretical sense, since a more complete knowledge
would require an investigation of domestic versus foreign prices and

demand elasticities for domestic and foreign products, and so on,

The problems involved in obtaining data on production
functions and relative factor prices are more serious, At the root
of this difficulty is a lack of knowledge of the nature and direction
of the causes and effects of technological change, A study of the
"best-practice" techniques in industry reveals the interaction of

technical advances and changing factor prices and the difficulty of
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6/

separating the two,=' There is, however, strong evidence of an
association between the level and quality of scientific and technical
manpower and progressive and innovative activities in firms and
industries,l/but the nature and causal directions of the association
are not yet clear, For example, do firms engage in research and
development because they employ research and development engineers and
scientists, or do they engage engineers and scientists because they
wish to engage in research and development? Or is the association

of the numbers of engineers and scientists with research and develop-
ment a case of both being jointly caused by a third factor or factors,
for example, progressive management or large-scale operation and/or
monopoly power? Both research and development and increases in
productivity may be among a number of possible options chosen by
oligopolists to maintain or increase their share of the market,
Further, the majority of engineers and scientists are not engaged in
research and development, The relation between research, development
and productivity itself is not clear, One study has found that

engineering and science ratios to total employment were related

6/
W.E.G., Salter, Productivity and Technical Change, Cambridge,
University Press, 1960, pp, 24-25,

7/
C.F. Carter and B.R., Williams, Industry and Technical Progress:
Factors Governing the Speed of Application of Science, London,
Oxford University Press, 1957, pp. 178-184,
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significantly to research and development but not to productivity
ratios.§/ The state of the economic art is such that we simply do not
know the precise causes and effects of technological change and in
particular the production function for new technology. Nor can we
separate the effects of technological progress on growth from the
effects of the accumulation of capital, Working out the manpower or
more specifically the science and engineering manpower implications of

such changes calls for even greater caution,

In order to incorporate relative factor prices into the
analysis the data should be standardized for the influence of education,
experience and geographical location., Some knowledge of the marginal
rates of technical substitution among factors would also be needed
ideally since changes in technology and relative prices of factors
could have substantial effects on the demand for engineering and

science manpower.

8/

" For a discussion of a number of these problems see the following:
John W, Kendrick, Productivity Trends in the United States,
Princeton, N.J., Princeton University Press, 1961, p. 187;
Jesse W, Markham, '"Market Structure, Business Conduct and Innovation',
American Economic Review, Vol., LV, No., 2, May, 1965, p. 324;
Nestor E. Terleckyj, '"Sources of Productivity Change. A Pilot Study
based on the Experience of the American Manufacturing Industries,
1899-1953" | Unpublished doctoral dissertation for Columbia University,
1959, cited in Kendrick, op. cit., p. 184; Jacob Schmookler,
""Technological Changes and Economic Theory", American Economic Review,
Vol. LV, No. 2, May, 1965, pp. 335-338; Nicholas Kaldor, "Comments on
Mr, Ingvar Svennilson's Paper'", in Organization for Economic
Co-operation and Development, Study Group in the Economics of
Education, #The Residual Factor and Economic Growth, Paris,
Organization for Economic Co-operation and Development, 1964,
pp. 138-142,
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It was decided that a second-best method must be used to study
demand, i.e., that a "requirements" rather than a "demand" approach was
appropriate, Changes in the number of engineers over time will be
analyzed by examining two processes: changes in the distribution of
total employment among industries with different occupational patterns;
and shifts in the occupational composition within different industries.
This approach will permit the long-term outlook for engineering manpower
to be treated within the framework of total manpower resources where
weight can be given to trends in the distribution of the labour force

by industry and by occupation,

Changes in the total employment of engineers over time will be
examined in relation to general economic developments between 1931 and
1961. Then changes in the engineering occupations will be considered in
relation to total labour force by separate industries. Increases in the
. number of engineers employed may be attributed to industry growth, for
example, growth in those industries employing high ratios of engineers
to total employment,g/however, if productivity changes in these
industries were positive, the actual impact of industry growth may be
understated, The impact of productivity changes upon the composition

of broad occupational groups has been studied by N,M, Meltz.lg/ However,

9/
In one study it was found that one third of the employment increases
for engineers could be attributed to this factor. See David M, Blank

and George J. Stigler, op. cit., pp. 48-56.

10/

" Noah M. Meltz, Changes in the Occupational Composition of the
Canadian Labour Force, 1931-61, Occasional Paper No, 2, Ottawa,
Department of Labour, March, 1965, pp. 71-102,
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the impact of productivity changes was assumed to be neutral with
respect to the occupational structure of each industry's labour
force.ll/ Differential changes in the distribution of total labour
force among industries will include the effect of differential changes
in productivity as between industries., Changes in occupational
structure within industries, for example, an increase in the percentage
that engineers represent of total employment in a particular industry
will measure the impact of both production function changes within
industries as well as changes in relative factor prices. At this level
of aggregation they cannot be separated, Nevertheless it is felt that
changes in the proportion of engineers within industries can be identi-
fied as general indicators of changes in "utilization" of persons in

this occupation,

It should be emphasized that analysis in this study will be
preliminary, It is also hoped that it will fit in with any more
detailed and extended analysis which might be done at the level of the

firm or the establishment.
3. General Economic Developments

Changes in the industrial distribution of total and engi-
neering labour force over time are part of the broad process of the

growth of Canada's national output which may be understood in terms of

11/
Ibid,, p. 73.
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a growing stock of productive factors and an increase in their

productivity.lg/ The growth process can be studied in terms of rising

output, incomes and changes in the industrial structure,lé/

| Between 1931 and 1961 the Canadian economy experienced both
substantial overall growth as well as structural changes. These changes
are shown in Table III-1. Population grew from 10.3 to 18,2 millions,
about 77 per cent, while the labour force increased by about 62 per
cent, Gross National Product in constant 1949 dollars rose from 7.6 to
26,5 billion, an increase of 250 per cent, The 30-year period was one
of great economic changes ranging from depression through war mobiliza-
tion to a peacetime economy experiencing inflationary pressure and

recessions,

It must also be noted that the long-term data on occupation

i by industry are based on the Censuses and that each Census represents
a different state of short-term economic conditions, The year 1931
was in the middle of a large economic decline; 1941 represented the
early stages of a sharp upturn; in 1951 the economy was moving sharply
upward; whereas 1961 marked a low point following &4 years of sluggish

economic growth,

12/

——

R.E. Caves and R.H, Holton, The Canadian Economy, Prospect and
Retrospect, Cambridge, Mass., Harvard University Press, 1959, p. 61,

13/
T o.J. Firestone, Canada's Economic Development, 1867-1953, London,

Bowes and Bowes, 1958, pp. 6-27,
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Table III-1

Population, Civilian Labour Force, Unemployment and
Gross National Product, 1929-1963

= —
(1) (2) (3) (4}
Labour Gross National

Year Population Force Unemployment Product

(000*s) (000's) | (% of labour | (millions of

force) dollars 1949)

1929.. 10,029 3,964 2.4 9,061
1930.. 10,208 4,060 7.1 8,679
1931.. 10,376 4,151 12.9 7,567
1932.. 10,510 4,211 18.6 6,798
1933.. 10,633 4,275 20.0 6,359
1939.. 11,267 4,649 14.8 9,536
1940.. 11,381 4,607 11.9 10,911
1941.. 11,507 4,466 3.5 12,486
1942.. 11,654 4,569 - 14,816
1943.. 11,946 4,567 - 15,357
1949.. 13,447 5,158 2.3 16,343
1950.. 13,712 5,163 3.6 17,471
1951.. 14,009 5,217 2.4 18,547
1952.. 14,459 5,315 2.9 20,027
1953.. 14,845 5,383 3.0 21,186
1659.. 17,483 6,228 6.0 25,242
1960.. 17,870 6,403 7.0 25,849
1961.. 16,238 6,518 7.2 26,466
1962.. 18,570 6,608 5.9 23,083
1963.. 18,896 6,737 5.5 29,380

Sources:

Col. 1 - D.B.S., Canada Year Book, 1965, p. 160.

Col. 2 = D.B.5., Canada Year Boolk; 1965, p. 723.

Col. 3 - 1929-1943: T.M. Frown, Canadian §conomic Growth,
A Study for the Royal Commission on lealth
cervices, 1964, pp. 194-195,

1949-63: D.B.S., Special Tables, Lpecial Survey:
Division.

Col. 4 - D.B.5., Cnnado Year Book, 1965, p. 1009.
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The growth of Gross National Product over the period was
accompanied by changes in the industrial composition of Gross Domestic

14/

Product,~—’ These broad changes are illustrated in Table III-2, The
most striking change is the relative decline in agriculture from 8,0 to
4,6 per cent of Gross Domestic Product between 1931 and 1961, The
decline in agriculture has been accompanied by a rise in construction,
manufacturing and public administration and defence especially in 1941,
The decline in trade, construction and services in 1941 reflect the
wartime distortions while subsequent peacetime years indicate a return
to the pre-war pattern.
4, Changes in the Distribution of Engineering Employment
Among and Within Industries, 1931-61

Theoretically, total employment changes by industry represent
the combined effect of output and productivity changes, Since the
framework proposed for projections is total employment by industry,
which includes estimates of productivity changes, productivity estimates
are incorporated in any projections which may be made of total employ-
ment and therefore it is not necessary for our purposes to separate

these effects for the historical series which is to be used as a basis

for projections in Chapter V,

14/

T Gross Domestic Product is a measure of total production within the
geographic boundaries of Canada and is comparable with Gross Natiomal
Product, Gross Domestic Product at factor cost is equal to Gross
National Product minus indirect taxes less subsidies minus income
received from non-residents plus income paid to non-residents.
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Percentage Distribution of Gross Domestic Product

at Factor Cost by Industry,
1931, 1941, 1951 and 1961

——
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Industry 1931 1941 1951 1961

1. Agriculturecccsccscecsacses 8.0 9,2 12.5 4.6
2. ForestrYeeesoesescoecoanas 0.9 1.5 2.3 1.1
3. Fishing and Trappingeesececs 0.5 0.6 (0185} 0.3
4. Mining, Quarrying and

0il WellSeesesacanansasns 3.3 5.3 4,2 4.5
5. Manufacturingeeeseecsescss 22.4 29.9 2846 25.7
6. Constructionecscecsesccsas 4.8 3.5 4.4 5.3
7. TransportatioNecesecesees) 7.1 6.5
Se SLOT20Ceecescescanssssnns) 0.3 0.3
9. Communicationeessvecsesseas) 13.2 12.1 1.6 2.4
10. Electric Power, Gas and )

Water UtilitieSeecooves) 2.3 3.5
11. Wholesale Trade.ceesssccnse 4.5 3.9 4.4 4.6
12, Retazil Trad€eecececcscanns 10.0 7.8 8.1 2.4
13, Finance, Insurance and

Real Estat@esesscesacess 11.9 7.7 7.8 10.7
14. Public Administration and

Defenceeseveesescsssnasns 5.2 8.7 5.2 75
19s ServiCeessesesnvvsssnsonss 15.3 3.8 10,3 13.6
16, Totalesseecosnsecvasccacos 100.0 | 100.0 100,0 | 100,0
Source: D.B.S., llational Accounts, Income and Expenditures,

1926"1956’ ppo 28-29; ibid»’ 1962, po 23.
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The impact of differential changes in the total labour force
may be separated from those changes which are associated with different
rates of growth of total employment in particular industries. Finally,
the impact of changes in the percentage of engineers to total employment
within industries - more or less intensive "utilization" - will then be

calculated,

a, General Pattern of Changes, 1931-61

It was observed above in Chapter II, Table II-2 that the
percentage increase in the engineering labour force between 1931 and
1961 was about three times as large as the increase in the total labour
force, The first objective of this section is to explain the increase
in terms of the impact of total employment in those industries which
employ engineers, As Table III-3 indicates, 52 per cent of total labour
force compared with 95 per cent of engineering labour force in 1931 were
in six industry groups including mining and quarrying, manufacturing,
construction, transportation and communication, government, and
community, recreation and personal services, These industries expanded
their relative share of total employment to over 66 per cent in 1961,
The relatively more rapid growth of industries where the vast majority
of engineers were concentrated has itself tended ceteris paribus to

increase the requirements for engineers over the 30-year period,

The concentration of engineers relative to total labour force
is also evident within the manufacturing and service sectors, Paper

products, iron and steel products, transportation equipment,
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Engineers as a Per Cent of

Engineers Total Labour Force
(Excluding {Including (Excluding
Total Labour Force (Including Surveyors) Surveyors) Surveyors) Surveyors)
Industry 1931 1951 1961 1931 1951 1961 1951 1961 1931 1951} 1961} 1951} 1961
Per Cent Per Cent Per Cent Per Cent Per Cent
Total All Industriesl/..... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0.42 ] 0.66| 0.81}) 0.57| 0.68
1. Mining, Quarrying, Oii
WellSeceaceonasoccocasanans 1.83 1.99 1.87 6.89 6.94 6.24 5.53 5.63] 1.59) 2.30] 2.70{ 1.60] 2.04
2. Manufacturing% csesscanoane 18.45 26.09 23.13 25.06 38.75 34.50 43.62 40.60( 0.57}4 0.98] 1.21}] 0.96} 1.19
3. Foods and BeverageSeesees 2.15 2.94 3.10 0.86 1.13 0.92 1.30 1.10] 0.17{ 0.25] 0.24] 0.25§ 0.24
4. Rubber.seococosceescasces 0.35 0.41 0,30 0.43 0.84 0.46 0.96 0.54] 0.58 1 1.34]| 1.24] 1.33} 1.24
5. Textiltecesoacocsssanacos 1.14 1.51 0.98 0.43 0.92 0.71 1.05 0.841 0.16] 0.40] 0.59) 0.40} 0.58
6. Woodeosccooossnsosavsanses 1.42 2.24 1.58 0.64 0.67 0.45 0.45 0.411} 0.19| 0.20{ 0.23} 0,12} 0.17
7. Papericcecesrcecsvsconses 1.06 1.72 1.60 2.68 3.32 2.67 3.66 3.0711.07{1.27} 1.35§ 1.22} 1.30
8. Iron and Steel Productsg/ 3.6% 6.15 5.55 13.338 18.94 16.32 21.97 19.341 1.531 2.03} 2.38] 2.02) 2.36
9. Transportation Eguipment. 2.72 3.58 2.77 2.73 5.15 5.22 5.88 6.21} 0,421 0.95] 1.531 0.94} 1.52
Q. N etallic Mine .
;1' Potrolec and égaialsgﬂ/ 0.70 0.95| 0.98 1.37] 2.74] 2.70] 3.00] 3.09]0.83]1.89] 2.24] 1.82] 2.15
12. Chemicaleccaacceoscoscons 0.40 0.98 1.10 1.50 3.52 3.54 4,01 4,211 1.97{ 2.37{ 2.59] 2.35| 2.58
13. Construction:ceecscccannsoe 6.37 6.73 7.35 14.29 10.18 10.32 9.17 7.61} 0.95{1.00] 1.14} 0.781 0.70
14, Transportation, Storage,
Communicalionecscesesoases 7.07 7.72 7.20 11.24 6.66 7.04 6.96 7.73} 0.671{ 0.57} 0.79{ 0.52] 0.73
15. Public UtilitieSeeescscesss 0.65 1.19 1.11 9,30 7.22 5.80 7.30 9.99) 6.08] 4.02§ 4.24] 3.54) 3.66
16. SeTVICeY s rvorseovsorecnans 17.93 19.29 25.93 28.30 21.57 29.78 18.51 25.75] 0.67§ 0.74]1 0.93{ 0.55] 0.67
ig' gﬁf;’:ﬁg;?gg 6.36 | 8.26 11.97 | 15.34) 10.64] 15.80] 9.34] 14.31{1.02]0.85] 1.07{ 0.65{ 0.31
13. GOVRINTeN cesscocrsossoes 2.90 4,47 6.38 12.62 10.65 13.84 8.94 11,30} 1.8411.57{ L.76] 1.15} 1.20

v In 2ddition to selected industries shown below, "Total" includes Agriculiure, Forestry, Fishing and Trapping, .Trade,

Finance and Unspecified.

2/ In addition to selected industries shown below, "Manufacturing” includes Tobacco Products, Leather, Knit Goods, Clothing,

7

N
NN

nen

4

Y~

Sovrce: fppendia Table I1X-7-1.

Furmiture, Psinting, Publishing and Allied Products and Miscellaneous Manufacturing Industries.

Iron and 3teel Indusizy includes Non-ferrous Metal Products and Electrical Apparatus and Supplies.
Nen-metallic Vinerals and Petroleum and Coal cannot be separated for 1931.
in additicn to selected industries shown below, "Service" includes Recreation and Personal Service.
Coumuns oy end Buaines. Service cannot be sepzrated for 1331.

%751
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non-metallic mineral products, products of petroleum and coal and
chemical products accounted for about 9 per cent of total labour force
compared with 22 per cent of the engineering labour force in 1931,

These industries increased their share of total labour force to 12 per
cent in 1961, 1In the service industries, community and business service
and government accounted for 9 per cent of total labour force compared
with 18 per cent of the engineering labour force in 1931. These
industries doubled their share of total labour force to 18 per cent in
1961 and thus, ceteris paribus, contributed to the requirements for

engineers over this period of time,

Another aspect of the change in the number of engineers
employed is the generally increasing proportion which engineers
represented of the labour force within industries. Between 1931 and
1961 the proportion in the total labour force doubled from 0,4 to
0.8 per cent, In the industries examined above in which engineers were
particularly concentrated, the proportion of engineers to total labour
force also rose. The only exceptions were government and community and

business service where the proportion declined,

From 1931 to 1961 the increase in the number of engineers
employed can be viewed as the combined result of a larger than average
increase in total employment in those industries which employed the
vast majority of engineers plus the effect of an ever-increasing
propensity of industries to employ on the average a greater proportion

of engineers in relation to total labour force,
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A more precise idea of the pattern of changing employment of
engineers can be obtained by allocating this change in terms of the
general growth of the labour force, changes in the distribution of total
employment among industries and changes within industries in the occupa-
tional structure of employment., In Table ILI-4, an allowance is made
for the general growth of the labour force in order to permit a measure-
ment of the respective impact of employment changes among and within

industries.lé/

The relative importance of these factors between 1931 and 1961
is as follows. For every increase in engineering labour force of 100,
30 were needed to match the growth in the general labour force, 30 were
associated with changes in the growth of employment in certain
industries which was more rapid than that of the total labour force,
and about 40 of the increase came from a tendency of industries to

utilize more engineers in relation to total labour force,

In addition, Table III-4 indicates that between 1931 and 1961
more and more of the increase in the number of engineers employed was
due to a more intensive utilization of engineers in relation to total

labour force, Between 1931 and 1951, about 21 per cent of the increase

15/

" This approach is similar to that used by Gladys L, Palmer and
Ann Ratner, Industrial and Occupational Trends in National
Employment, Research Report No, 11, Industrial Research Department,
University of Pennsylvania, Philadelphia, 1949, It was also used by
N.,M, Meltz, Factors Determining Occupational Trends in the Canadian
Economy, Annual Meeting of the Canadian Political Science
Association, Montreal, June, 1961 (mimeographed),
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1931-1951

Total Net Changes Source of Change
Distribution of Occupatinnal
Labour Force Structuze of
Occupation 1931 1951 1931-1951 Labour Force by Industry Each Industry
No. No. No. Per No. Per Cent No. Per Cent No. Per Cent
Cent of Change of Change of Change
All Engineers.icvecceness 16,587 | 34,3<5 §{ 17,798 | 100.0 5,469 30.7 8,649 48.6 3,630 20,
Electrical Engineersc.... 3,937 6,349 2,412 | 100.0 1,301 53.9 2,585 107.2 ~1,474 -61.1
Mechanical Engineersl’/... 2,859 8,328 55469 | 100.0 942 17.2 1,467 26.3 3,060 56.9
1951-1961
1951 1961 1951-1961
All Engineers (Including
SUTVEYOTS)eswsoosvornes | 34,385 1 51,370 | 16,985 | 100.0 7,434 43.8 3,516 20,7 6,034 35.5
A1l Engineers {Excluding
SUTVEYOTS)ecorvoecronons 29,960 42,990 13,030 100.0 6,478 49.7 2,484 19.1 4,068 31.2
Civil Engineers
{Inziuding Surveyors).. |12,168 | 20,257 8,089 | 100.0 2,633 32.6 2,902 35.8 2,554 31,6
Civil Engineers
(Excluding Surveyors).. 7,743 | 11,877 4,134 | 100.0 1.675 40.5 1,825 44,2 634 15.3
Electrical Engineers.se.. 6,349 8,758 2,409 | 100.0 1,372 57.0 61 2.5 976 20.5
Mechanicsl Engineersl/... 8,328 | 12,091 3,763 | 100.0 1,801 47.9 =254 -6,7 2,216 58.8
1931-1961
1931 . 1961 1931-1961
A11 ENgingeis.coccseccess §16,987 § 51,370 } 34,733 | 100.0 10,236 29.4 10,270 29.5 14,277 41.1
Flectricsl Enginesrs.. ... 3,937 B,75¢ 4,821 | 100.0 2,430 50.4 2,948 6l1.2 557 -11.6
Mezhanical Enainesrsi cos 2,859 { 12,091 9,232 { 100.0 1,766 19.1 1,771 19.2 5,695 61.7

s

7

s

SRS

ircludes lndustrizl Engineers.

Dominion Bureav of Statistics:

1«

Seventh Census of Canada, Vol. VI, Table 58;
Ninth Census of Canada, Vol. IV, Table 23;

Tenth Censvs of Canada, Vole YIII, Part 2, Table 15.
Un-iblished data obtained from the D.B.S. were used
£ «orls nn! the above sources.
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in engineering labour force was due to an increased utilization of
engineers compared with over 35 per cent between 1951 and 1961, Put
another way, industry structure changes as reflected in the differential
growth of total employment was the most important factor, accounting for
almost 50 per cent of the increase in the number of engineers between
1931 and 1951, while more intensive utilization of engineers accounted
for about 20 per cent of the increase., Between 1951 and 1961, on the
other hand, changes in industry structure have become less important,
accounting for only 20 per cent of the increase in the number of
engineers, while changes in the utilization of engineers have accounted

16/

for a 35 per cent rise in the number of engineers in all industries.—

Although the pattern for the engineering occupations shown is
somewhat different for electrical and mechanical engineering than for
all engineers between 1931 and 1961, a basic similarity exists, As in

the case of all engineers as a group, industry structure changes as

T6/

The amount of change in engineering employment ascribed to changes in
the industrial distribution of total employment among industries
varies inversely with the level of detail of the industries used. At
the industry division level (agriculture, mining, manufacturing,
construction, etc.,) the amount of engineering employment ascribed to
changes in occupational structure is 48 per cent between 1951 and
1961 compared with 41 per cent when the major groups in manufacturing
and service are substituted for the industry divisions, This
suggests that the impact on the number of persons in each occupation
of changes in the occupational structure of each industry as
indicated by Meltz might have been somewhat different had it been
possible to examine the manufacturing division at the more detailed
level of major industry groups (food and beverages, etc.). See
Appendix, Table III-A-2, See also N.M, Meltz, op, cit., p. 130.
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indicated by the distribution of total employment among industries were
relatively more important in 1931-51 than for 1951-61, In the latter
decade increased utilization of these engineers within industries
assumed a relatively greater importance than in the previous two
decades. Between 1931 and 1961 industry distribution of total labour
force accounted for almost two-thirds of the rise in the number of
electrical engineers compared with about one-third for all engineers,
'From 1931 to 1951 the bulk of the increase in electrical engineers was
associated with the growth of total employment in industries employing
them, However, between 1951 and 1961 the increase in the number of
electrical engineers was associated much more strongly than in the
previous two decades with increased utilization by industry, For
mechanical and industrial engineers, the degree of utilization remained
about the same over the 30-year period, accounting for between one-half
and two-thirds of the total increase in their numbers, As in the case
of electrical engineers, changes in the distribution of labour force
among industries accounted for relatively larger positive increases in
the number of mechanical engineers between 1931 and 1951 than from 1951
to 1961,
b, Pattern of Changes in the Number of Engineers
by Selected Industries, 1931-61
The changes indicated in Table III-5 by selected industries fit
in with the general pattern of industry development during the period
described above, During the 20 years from 1931 to 1951 which included

depression, war mobilization and post-war economic adjustment, there

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




Table I11-5

Sources of Changes in the Number of Engineers, by Selected Industries,
1931-1951, 1951-1961 and 1931-1961.

1931~1951
Engineers, Including Surveyors
Distribution of}Occupational Distribution of}Occupational
Net |}Llabour| Labour Force Structure of Net |Labour] Labour Force Structure of
Industry Changes]Force | by Industry Each Industry] Change}Force | by Industry Each Industry
No. No. No. No. % % % %
/
Total All IndustriesL esessst 17,798F 5,469 ~-153 12,482 100.00] 30.73 -0.86 70.13
Total Selected Industries...} 15,630] 5,200 4,964 5,466 100.00} 33.27 31.76 34.97
1. Mining; Quarrying, 0il Wells}] 1,242 377 131 734 100.00} 30.35 10.55 59.10
2. Manufacturingsd ceeceersescee 9,168{ 1,371 2,228 5,569 100.00} 14.95 24.30 60.75
3. Foods and BeveragesS.eecsss 247 47 70 130 100,00} 19.03 28.34 52.63
A’- Rubberﬁﬁc...C.ll.‘..."?.. 208 27 17 164 100'00 12.98 8.17 78'85
5. Textileeosssonsssssoscsnnes 246 24 30 192 100.00] 9.76 12.20 78.04
6o  WOOdeeicoaosesososssansecsas 125 35 81 9 100.00| 28.00 64.80 7.20
7 Paper.......n........,.... 696 147 368 181 100.00] 21.12 52.87 26,01
3. Iron and Steeld coveneecas 4,293 732 1,954 1,607 100.00} 17.05 45.52 37.43
g. Transportation Equlpment.. 1.319 149 183 987 100.00] 11.30 13.87 74.83
10. Non-metallic Minerais..
11 Petrolet oo égali’f“_)_/ 714 75 111 528 100.00] 10.50 15.55 73.95
12« Chemicaleeescecossess caven 963 82 472 409 100.00] 8.52 49.01 42.47
13. Constructioneceesccsccsnccas 1,132 781 181 170 160.00} 68.99 15.99 15.02
14. Transportation, Storags,
CommunicsiiONasscesccsosee 424 615 218 ~409 100.001}145.04 51.42 -96.46
15, Publlic ULilitieSececescascne 942 508 1,708 -1,274 100.00] 53.93 181.31 -135.24
16¢ SEIVICESlnocassssssaresscas) 2;722) 1,548 498 676 100.00]| 56.87 18.30 24.83
:1,.7e go"! ‘let,’gfcnsooooltabl){j/ 12115 839 1,008 -732 100.001 75.25 90. 40 - ~65.65
Lihae Llﬂ SBecevecsacescenj
19 GO TMENt s ecosescoccananse 1,567 630 1,734 =855 100.00{ 43.98 110.51 ~54.49
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Table II1-5 (Continued)

1951-1961
Engineers, Including Surveyors
Distribution of}Occupational Distribution of}Occupational
Net |[Labour| Labour Force [Structure of Net |}Labour| Labour Force |]Structure of
Industry Changes]|Force | by Industry Each Industry}] Change|Force | by Industry Each Industry
No. No. No. No. % % % %

Total All Industriesl/...... 16,985} 7,434 40 9,511 100.00} 43.77 0.24 55.99

Total Selected Industries...| 16,721} 6,739 1,178 8,754 100.00] 40.60 7.05 52.35

1. Mining, Quarrying, Oil Wells 819 516 ~160 472 100.00] 63.00 -20.63 57.63

2 Manufacturing_/......a...... 4,396] 2,881 -1,831 3,346 100.00] 65.54 =41 .65 76.11

3. Foods and BeverageSe.eceesos 83 b4 13 -19 100.00}101.20 21.69 -22.89

4, RuUbbeErccceccoanssconsvcacsce -55 62 -98 -19 -100.004112,.73] -178.18 -34.5%

5, Textileecoccesossscsssccos a7 69 -138 116 100.00} 146.81 -293.62 246.81

He WoOdeceoeccveorcencsancoonces 0 50 -81 31 100.00 - - -

Te PBPETeesccorcecsossevssans 230 247 -97 80 100.00]107.39 -42.17 34,78

&. Iron and Steeld ..........| 1,873| 1,408 ~770 1,235 100.00] 75.17] -41.11 £5.94

9. Transportaticon Equipment.. 03 383 -436 1,011 100.00{ 42.18 -53.52 111.34

10. lon-mactallic Minerals.eees 117 77 15 25 100.00] 65.81 12,82 21.37

11 Pefroleumn and Coalesssecses 33C 126 ) 210 100.00] 38&.138 -1.82 63.64

12. Chemicalecocscaccacrsannco 05 262 187 156 100.00] 43.30 30.7 25.72

13. Constructioneccescovecesnaonss 1,800 77 401 642 100.00} 42.05 22.23 35.67
14. Transportation, Storage;

Communicationsecscssccosses 1,330 495 -181 1,016 100.00} 37.22 ~13,.61 76.29

L. Public Ut}lifies..,....,.... 496 537 =194 153 100.00]108.26 -37.11 30.85

160 SeTVICOE uiicrcercocerenecs| 75680 1,603 3,152 3,125 100.00] 20.34 40.00 39.66

[7¢ Comiunitlycosecsoocecsncenos 107 43 80 ~-16 100.00] 40.19 74.76 -14.95

L. BUSINeSGeccovccocorsssonne 4,351 748 2,792 810 100.00{ 17.21 64.17 18.62

19 Governmenlceocecoocasnsancs 3,447 792 1,896 759 100.00} 22.98 55.00 27,07
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Table III-5 {Continued)

1951-1961
Engineers, Excluding Surveyors
Distribution of]|Occupational Distribution of|Occupationsl
Net |(Labour| Labour Force [Structure of Net |Labour] Labour Force {Structure of
Industry Changes{Force | by Industry Each Industry| Change|Force { by Industry Each Industry
No. No. No. No. % % % %
Total All Industriesl/......1 13,030] 6,477 -286 6,839 100.00] 49.71 -2.19 52.43
Total Selected Industries...| 12,832] 5,900 339 6,593 100.00} 45.98 2.64 51.3&
R
1. Mines (incl. milling),

Quarries and Oil Wells....] 764 358 =115 521 100.00} 46.86 ~-15.05 68.19
2. Manufacturinggl............. 4,388] 2,825 -1,811 3,374 100.00} 64.38 -41.27 76.89
2. Foods and Beveragesceeseos 83 84 20 =21 100.00}101.20 24.10 =25.30
4, Rubber-sececocscecnoscocse] =54 62 -98 -18 -100.00§114.81] -181.48 ~-33.33
5., Textileceooscscscescosnsas 47 68 =135 114 100.00]144.68] =-287.23 242.55
6. WOOUQeaveasoassocasssesaacs 39 29 =45 55 100.00} 74.36} =-115.38 141.02
Te  Pap@rececsecrcssacesnnensse 223 237 -93 79 100.00}106.27 ~-41.70 35.43
8. Iron and Steeld cieeeceee.] 1,853] 1,397 -744 1,200 100,00} 75.39 -40.15 64.76
9. Transportation Equipment.. 90y 381 ~-492 1,019 100.00} 41.96 ~54.19 112.23
1C. Non-metallic Minerals..... 116 77 14 25 100.00] 66.38 12.07 21.55
11. Petroleum and Coaleecessee 309 119 -6 196 100.00f 38.51 -1.94 63.43
12. Chemicaleescecosssscsancen 607 260 186 161 100.00} 42.84 30.64 26.52
13, Construction.cseccesscosrence 527 594 295 =362 100.004112.71 55.98 ~-68.69

14, Transportation, Storage,
CommunicatioNeceseseesesse] 1,239 451 =161 949 100.00] 36.40 ~12.99 76.59
15, Public Utilitles.ceecenscave 389 473 -171 87 100.00§121.59 -43.96 22.37
16, SETVACES2 vanernncsnceccenss] 5,525] 1,199 2,302 2,024 100.00} 21.70 41.67 36.63
17, Communityecescrccccecsancs 99 40 96 -37 100.00] 40.40 96.97 -37.37
18. BUSineSSecserceccesscesenc] 35296 565 2,110 581 100.00{ 17.35 64.81 17.84
19.  Governmentesssecesscscscral 2,181 579 1,395 207 100.0n} 26.55 63.96 9.49



Table I1I-5 (Continued)

1931-1961

Engineers, Including Surveyors

Distribution of

Occupational

Distribution of

Uccupational

Net |Labour| Labour Force Structure of Net |Labour] Labour Force |Structure of
Industry Changes{Force | by Industry Each Industry| ChangejForce | by Industry Each Industry
No. No. No. No. % A % %

Total 211 Industriesl/..,... 34,783] 10,237 -186 24,732 100.00] 29.43 -0.53 71.10

Total Selected Industries...|} 32,351] 9,734 7,526 15,091 100.00] 30.09 23.26 46.65
1. Mining, Quarrz}ng, 0il wells] 2,061 705 41 1,315 100.00] 34.21 1.99 63.80
2. ManufacturingZ/ eseceverssness) 13,564} 2,566 1,638 9,360 100.00} 18.92 12.08 69.00
3. Fcods and Beverages.ceeass 330 88 104 138 100.00] 26.67 31.52 41.81
4. Rutbereossccsasocccecosonwe 153 50 ~22 125 100.00} 32.68 ~14.38 81.70
5' Textile..-.s........-..... 293 44 -16 265 100.00 15.02 -5-46 90&44
6. (00Uecesnssvascconecssasce 125 65 19 41 100.00] 52.00 15.20 32.80
Te Paperecescsescssscscses ves 326 275 368 203 100.00] 29.70 39.74 30.56
Ee Iron and Steelg/,...,..... 6,166 1,370 1,800 2,996 100.00] 22,22 29.19 43,59
9. Transgortation Eauipment..}] 2,227 279 7 1,941 100.00} 12.53 0.31 87.16

- ' Se M3 ‘...\
10 Non-metallic Minerals..' /I 4 44| 3140 146 875 100.00} 12.06 12.58 75.36
11. Petroleum and Coal.ces. )~
12, Chemicaleescoseocsosonsese 1,560 154 697 717 100.00 9.82 44,45 45.73
13. CONSLTUCEIONescesoaverensess] 2,932 1,463 594 875 100.00{ 49.90 20.26 29.84
14. Transportation, Storage;
Communicationeesscessccece 1,754] 1,151 43 560 100.00} 65.62 2.45 31.92

1%, Public UtilitieSeesncosass . 1,436 252 1,761 -1,295 100.00]| 66.20 123.85 -90.05
16, Services?’ .ciececscesonnssees| 10,6021 2,897 3,429 4,276 100.00{ 27.33 32.34 40.33
17, Community.o...ccevenenedort 5 5930 1 57 3,626 376 100.00{ 28.19]  65.06 6.75
18. DBUSINESScescecconsccsss)
19‘ Gove’rnmentoancconassce:nsa 59016 1,292 A62 3’262 IOO’OO 25‘76 9.21 655\.3

o =

—r s
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were large and important changes in employment among industries,

Between 1931 and 1951 agriculture declined from 29 to 16 per cent of
total labour force, manufacturing rose from 19 to 26 per cent and
government from 3 to between 4 and 5 per cent of total labour force,
Table III-4 indicates that changes in the industrial distribution of
total labour force were a particularly important source of change
between 1931 and 1951 in the engineering labour force., In contrast,

the decade from 1951 to 1961 exhibited in general less drastic changes
in the total labour force among industries. But the rapidly increasing
utilization of engineers during this last decade may reflect among other
things a speed-up in the extent of a technological change and consequent
requirements for engineers, Indeed, in Table III-5 a comparison of the
two periods reveals that the tendency for an increasing utilization of
engineers was more concentrated among industries in 1951-61 than during
the earlier two decades, Iron and steel, transportation equipment,
transportation, storage and communication and govermment which repre-
sented over 41 per cent of total engineering employment in 1951,
together accounted for 36 per cent, i.e., 1,330 out of 3,680, of the
increase in numbers of engineers associated with changes in the utiliza-
tion of engineers (occupational composition changes) between 1931 and
1951 compared with 67 per cent or 4,021 out of 6,034, between 1951 and

1961,

These changes reflect the fact that those industries that
already were heavy users of engineers in 1931 became even heavier users

by 1961 in relation to other industries, The proportion of the

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES
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engineering labour force they represented rose from 40 to over 42 per
cent and the proportion of engineers to total labour force within these
sectors increased relatively more rapidly than in the case of all
industries as shown in Table III-3, These changes suggest that in
studying the factors that are associated with increases in engineering
employment, it would be useful to focus on particular industries where
changes were quite marked and to contrast these changes with other
industries where changes in engineering employment were of a lower
order of magnitude,
c. Pattern of Changes in the Number of Engineers
Within Selected Industries, 1931-61

Changes in occupational structure occur slowly and there is a
large degree of stability over time in the ratios of engineers to total
employment, In order to amalyze the past trends for engineering
manpower , industry-occupation matrices using engineering occupations
were built up for the 1931, 1951 and 1961 Census years. It was decided
to drop 1941 due to the dislocations in industries and occupations which
arose from wartime conditions. These industry by occupation distribu-

tions are shown in Table III-6.

Due to changes in concepts and definitions from one Census to
another, many adjustments by industry divisions were necessary in order
to re-arrange 1931 and 1961 on a basis comparable with 1951, Each
element in the table is a ratio of engineers plus or minus surveyors

to the number in the occupation within a particular industry,

Ul IVERSITY OF OTTAWA  SCHOOL OF GRADUATE STUDIES




Table I11-6

Engineers as a Per Cent of Labour Force by Industry, 1931, 1951, 1961

pe)
o

1931
Engineers plus
Surveyors
Horizontal %

1951
Engineers plus
Surveyors
Horizontal %

1951
Engineers less
Surveyors
Horizontal %

1961
Engineers plus
Surveyors
Horizontal ¥

1961
Enqinegers less
Surveyotrs
Horizontal %

IricuUltUr@ecceescescccvecanse
restry, Fishing, Trapping.
ning, QUATTYingeccesvesees
nufacturingececcescoccacas
Food and Beverageesecsseess
TobaCCOeveveseveosvssacsee
RUDD@Tr e e eesocsacsasonoresnse
Leatheresscessscnsacsscnnse
Textil@eseaeccocecsaseansa
Knit GoodSeeseeessconsenss
ClothinGeeeesosessscsenans
WoOOGasssssvenacnccssssncas
Furnitur@ececeeccacesssaas
Papereccecsccesccccccnaans
Printingecscececcsscscance
Iron and Steel, etCeces.es
Transportation Equipment..
Non-metallic Mineral...)
Petroleum and Coal.....)L/
Chemical-.-.......--......
Miscellaneous Manufacturing
NSETUCtiONecsveccscssnvens
ansportation, Storage,
Communication.ecscoescreess
ectric, Gas, Watervescaess
80€@esescesensssnsssnccsnsnae
Nholesalesseassssssescosnes
Retail.u...u..--....-...
NANCRessesssssassocsconnss
IViC@rasevsassenssscanncns
Zommunityeceavernacenns)
3uslness...............)2/
Jovernmenteseesecseeseasses
lecroatlionciieccesecensanes
ersONalesccasvrassconanes
specifiedicvesesesssansoce

l Industrieseeceisesseveens

.21
1.59
57
a7
.16
.58
.03
.16
.07
.01
.19
.07
1.07
.07
1.53
42

.83

1.57
.64
95

067
6.08
‘lo
25
.07
06
66

1.02
1.83
.08
.01
.10

42

.01
«35
2.30
<98
25
‘27
1.34
|07
«40
«15
.03
.20
.12
1.27
008
2.03
«95
1.00
4.16
2.37
.99
1 100

«57
4.02
<28
<79
.08
.13
.74
<05
5.88
l . 57
<09
.02
.09

.65

.01
<24
1.60
«96
.25
027
1.33
.07
<40
<15
003
012
12
1.22
.08
2.02
«94
«99
3.92
2.3%
«99
«78

«52
3.54
.28
.78
<09
.10
«55
l05
4.44
i.19
008
01
«08

'57

.01
+45
2.70
1.21
24
.27
1.24
09
.59
O07
.03
.23
.17
1.35
.09
2438
1,83
1.06
5.41
2.59
1.18
1.14

79
4,24
«21
.64
02
«12
«93
05
6.56
1.76
.07
.01
18

80

.002
«28
2.04
1.19
024
27
l.24
09
.58
«07
.03
117
«17
1.30
009
2,36
1452
1.0%
5.08
2.58
1.17
«70

73
3.66
21
.63
02
lll
.67

Y 1-]

‘metallic minerals and petroleum and coal are inseparable for 1931.
nunity and business services cannot be reported for 193l.

s+ Dominion Bureau of Statistics:

Seventh Census of Canada, Vol. VI, Table 53;

Hinth Census of Canada, Vol. IV, Table 23;

Tenth Census of Canada, Vol. III, Part 2, Table 1N,
Unpublished dats obtained from the D.B.S. were used to supplement
the above sources.
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It is possible to examine the structure of the distribution
of engineers within industry groups by comparing the percentage in one
Census with another, The structure of the distributions for engineers
plus or minus surveyors have been correlated for Census years 1931, 1951
and 1961, Between Census years 1931 and 1961 engineers plus surveyors

are included since surveyors cannot be separated from engineers in 1931,

Between 1931 and 1961 as shown in Table III-7, the correlation

>
between the percentage of engineers to the total labour force for
32 industry groups was r = 0,87. The correlation for 1931 and 1951 was
r = 0,89 and for 1951 and 1961 it was r = 0.99. In general, the past
stability of the inter-industry differences provides an initial basis
for projection of these ratios into the future, Of course, many other
factors must be considered when assessing future requirements, in
particular whether these trends are likely to continue into the future,
d. Factors Associated with the Distribution of
Engineers by Industry, 1931-61

The inter-industry differences of ratios of engineers to total
employment naturally invite speculation as to the factors associated
with them, It was suggested above that differences in output among

industry groups are associated with changes in both total and

engineering employment,

In 1931, 1951 and 1961 as Table III-8 shows, there were wide
differences in the distribution of Gross Domestic Product, total employ-

ment and engineering employment among industry groups. In 1951, for
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Correlation of Engineers as a Per Cent of Labour Force,

1931, 1951, and 1961

e A e e

FPeriods Relationship and Coef{icients
1331-1951 Engineers plus Surveyors
Utilities included: Y = 0.30 4+ Q.73 X
r = 0.89
r2 = Q.79
Utilities excluded: Y = 0.10 + 1.19 X
r = 0.90
r¢ = 0.81
(Y = 1931)
(X = 1951)
1931-1961 Engineers plus Surveyors
Utilities included: Y = 0.37 + 0.72 X
T = 0.87
r2 = 0.75
Utilities excluded: Y = 0,10 + 1.33 X
r = 0,22
2 = 0.84
(v = 1931)
(X = 1961)
1951-1961 Engineers less Surveyors

Y

Engineers plus

Y

o

"0013 + 1-14 X
T 99
r? g

0.
O‘

D

i

v

Surveyors

= «0,003 + 1.14 X
T = )
< = 0.98

Source:

Table I1I-6.



lable IIXI-8

Distribution of Gros Domestic Fr 4uct, Total Laboir Forie and Engineering Labour Force by Industry, 1931, 1951 and 1761

1951/1931 1961/1951 19,1/}
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FOTe Liyer o o aeea saeesnal) g " . . -
e ‘vw 1.4 2.5 1.2 2.9 3.5 1.9 1.4 2.3 1.3 || 813.3] 85.1] 214.7} ~12.2;-20.3 1.7 701 .7 46./]220.1
Hining, Quazryiny, C 1 e ls.a. 3.4 1.8 6.9 . 2.0 6.9 4.5 1.9 6.2 | 459.2] 44.6] 108.7) ©v8.8| 14.4] 32.3 955.6] 6 .4l l L.o
Vanufact 0 iseawen cece ses 22.4 1u.5 25.1 ~Za5 26.1 38.8 25.7 23.1 34.5 466.7] 88.0 220.5 57.0 7.56{ 33.0 769.4[102.7} 326.3
Construction ses¢ s0s cs¢  roes 4,5 6.4 14.3 4.8 6.7 10.2 5.3 7.3 10.3 349.3} 40.4 47.8 93.3] 32.3] 951.4 ToB.3| 26.5{123.7
Tra- - 1tior, S*oraa- )

2 1 Corm LelTi0Ncses Yo/ 13.7 7.7 0. 11.3 3.9 13.9 12.6 8.3 12.8 || 280.0] 53.5 40.14 94.5( 13.4] 32.3 639.2] 14.2 3.7
p.t UL1) £225. & v oy 2l
Trete ( Lle ¢ o 1 Re 2 1).., 14.5 9.2 2.3 12.4 13.6 5.8 14.0 15.0 3.9 ll 231.0] 83.2] 422.0} 95.9] 33.7] -0.21] 640.411448,31470 -
Farooe ; Irevz v 2 Soat

Eedatmeea o as o wneas csae 11.9 2.4 0.3 7.3 2.3 0.5 10.7 3.6 0.6 {{ 191.2] 6.0 252.9| 13c.7| 53.3] 37.2 990.3;14 2| 254.7
G er  2nt SPIVIC@ecs sese nsse 5.2 2.9 12.6 5.2 4,5 10.6 7.6 6.4 13.8 |l 342.2}104.7 75,00 153.6] 73.70 24,1 11,021 31255.3|23° ~
Cy - .ty, Fecr= +1nn 2.d

Fersunal 5 4vie®o. ¢ va o e 15.3 1+.0 15.7 10.3 14.8 10.2 13.6 19.6 15.9 { 198.3} 31.1 44,31 130.7| 6C.4}118.1 583.2711C.4]214.¢
(ns 20 f1ed Lo 4 v s ave s - a,3 1.0 - 1.3 0.2 -~ 2.5 0.6 ~1+60.1 -65.1 -11324.11373.3 -1 ~A.5f 66.9
i/ For at.y erd Fi~ting and Trapo r, are giovu. U toegether t compare with 1931 Census when they were inseparable.
m\ Iva & ¢crtet1 n, Sto -ne a-J Cormunication and Public Utilities are grouped together to compare with 1931 when the Gross

D 1 ~*1c Prcd t fiy e for thes~ t1o .ndustries wes inseparable.

o TLE See Toble TIT 2 1 f data sonuveeso” labour force Data on Grosc Domestic Product 1s taken from Dominion Bureau of
méuﬂgmﬁ0n“~wwwu,wwmn rHanmoAm:amxﬁmJawncwmuH@MOeHowmqn.uo¢cha..n.wm.
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example, agriculture accounted for over 12 per cent of Gross Domestic
Product, 16 per cent of total employment but only 0,1 per cent of
engineering employment. Manufacturing on the other hand represented

29, 26 and 39 per cent of Gross Domestic Product, total employment and
engineering employment respectively in 1951, The question is: What
factors seem to be associated with the inter-industry differences in the
employment of engineers and therefore with the requirements for

engineers?

The factors that together determine the demand for engineers
in a particular industry as indicated above include the distribution of
aggregate demand among industry sectors, the nature of production
functions, and relative prices of different productive factors. The
distribution of engineering employment, total employment and output in
the cross-section comparison of industry groups at a point of time are
markedly different, The relation over time, however, is more stable as
we have seen above in examining the percentage of engineers to total
employment, At the same time, the effect on the inter-industry
distribution of engineers of the relative price of engineers in relation
to other occupations and resources would probably be small because all
industries would face a relatively similar price differential at a point

in time,

This leaves one other factor as the main explanation of these
inter-industry differentials in the utilization of engineers in relation

to total employment, namely production functions,
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If we take capital investment in machinery and equipment as
a rough measure of the level of technological complexity in the various
industry groups within manufacturing, the question is: Is engineering
employment more closely correlated with total employment distribution

or with the distribution of investment in machinery and equipment?

The demand for engineers like other types of labour, is a
demand derived at least in part from product demand by industry,
However, engineers are a type of high-level manpower which represent
a heavy component of investment in human capital, To set up and operate
physical capital embodying complex technology, it may be hypothesized,
requires a corresponding investment in human capital embodied in
engineers. Engineers and other types of high-level manpower are a
complementary or joint input along with physical capital and other forms

of technology,

A number of industries are examined in Table ITI-9 to see if
a relationship exists at a broad aggregate level in 1951 and 1961
between the stock of investment in machinery and equipment and the
degree of utilization of engineers for the twelve manufacturing
industries selected, 1In both 1951 and 1961, the percentage distribution
of engineers is correlated significantly with the distribution of both
total capital stock and the stock of machinery and equipment but not
significantly with total labour force. The strength of the association
between engineering labour force and machinery and equipment capital

stock tended to rise between 1951 and 1961, 1If machinery and equipment
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Table 111-3

/
Correlationl/ of the Percentage Distribution o! Cngineers ith the
I'ercentage Distribution of Capital Investmeni and Labour Force
in 12 Manufacturing Industries, 1951 and 1961.

Per Cent Distribution OE/
Engineering Labour Force=

1951, Tr¥/ | 1961, Trd/

Total Stock of Capital, 195lccecscccense 0.73 -
Machinery and Equipment Stoclk, 1951..... 0.58 -
Total Labour Force, 1951ieececcocecesens 0.30 -
Total Stock of Capitaly 196leececsaveccs - 0.66
Machinery and Equipment 3tock, 1961..... - 0.68
Total Labour Forcey, 190l.cscescesceccencs - 0.15

Engineers per 10,000
I.abour Force

Investment, Machinery and Equipment per
"ember of Industry Labour Force, 1951. 0.36 -
Investment, Machinery and Equipment per
ilember of Industry Labour Force, 1961. - 0.%59

Y

Spearman's coefficient of rank correlation, Tr.
2/ Engineers not including surveyors.
§/ Tr 0.53 significant at P = 0.0% level of significance.
ﬂ/ 19€1 not available.

Sources: (1) Totsl and engineering labour force: see Table III-A-1.

(2) Capital Stock, total, and machinery and equipment: see
D.B.5., Business Finance Section, Lstimates of Fixed
Cspital Flows and Stocks, Manufrcturing, Canada,
1926-1960, Section VI, September 1 (to be published soon).
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capital investment is accepted as a crude measure of the level of
technology, the observable relation between the distribution of
engineering employment and the relative level of technology in various
industries obviously became more pronounced during the 1950's, This is
also indicated by a rise in the rank correlation between investment in
machinery and equipment and engineers per 10,000 labour force in the

twelve industries from r = 0,36 in 1951 to r = 0.59 in 1961.

An adequate study of the association between investment in
material and human capital would require a more thorough and detailed
study at the micro or firm and establishment level, This is beyond the
scope of the present study but offers a promising area for further

investigation,

5. Conclusion

The purpose of this chapter is to examine changes in the
distribution of persons in engineering and scientific occupations by
industry between 1931 and 1961 and to suggest some of the factors which

are associated with them,

In the absence of other changes, the number of engineers would
tend to increase pari passu with growth in the economy and in the labour
force. It is assumed that like other occupations, the demand for engi-
neers and scientists is a derived demand. We do not assume that in the
period with which we are concerned that supply creates its own demand to

a significant degree,
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The structure of the requirements for engineers is affected
by their concentration in particular industries. In 1931, as we have
seen, six industry groups which accounted for only 52 per cent of the
total labour force accounted for 95 per cent of the engineers, 1In
general, the very industries which accounted for the bulk of engineering
employment were also the rapid growth industries over the 30-year period
as indicated by the increasing proportion of the total labour force

which they employed,

A third factor associated with the increasing requirements for
engineers was the rising proportion of engineers to total labour force
employed within industries., This factor, of course, is chiefly an
indicator and does not represent a fundamental determinant of the change
in demand for engineers. The importance of these three factors between
1931 and 1961 can be summed up by saying that for every additional ten
engineers between 1931 and 1961, three were needed to match the growth
of total labour force, three were associated with greater than average
employment changes in industries employing engineers and four with

increased utilization of engineers within these particular industries,

In addition, more of the growth in the number of engineers was
associated with increasing utilization between 1951 and 1961 than in the
1931-51 period, which suggests that apart from general growth of indus-
tries, changes in the structure of industries associated with depression

war and post-war readjustments were the dominant influences on the
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requirements for engineers in the first two decades from 1931 to 1951,
while an increasingly more intensive utilization of engineers occurred

during the 1950's,

One of the main purposes of this chapter is to develop a
framework for the projections of future requirements for engineers,
The relative stability over time of the ratios of engineers to total
labour force by industry suggests that these ratios can be employed in
combination with the total employment or total labour force as a basis
for projecting the future employment or labour force composed of

engineers,

The changes in the proportion of engineers to labour force
within industries over time are the net result of a number of complex
factors. One of these is the level of technology as indicated by
investment in physical capital., A cross-sectional comparison of the
distribution of engineers by industry at points of time indicated that
the distribution of engineers is more closely associated with the
distribution of capital than with the distribution of total employment,
This suggests, first, that the relation between physical and human
capital investment is a complementary one and, second, that an explana-
tion of changes over time in the utilization of engineers may be found
in the utilization of capital equipment and in the level of technology

in industries, firms and establishments.

The importance of the inter-relatedness of supply and require-

ments was noted above., The changes in requirements for engineers
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outlined here should, to achieve perspective, be examined in relation
to supply and other indicators of the state of the market, In

Chapter IV a more detailed examination of changes in requirements will
be undertaken in a supply-demand or market framework in order to verify
or reject the tentative conclusions on requirements which were reached

in the more aggregative examination above,
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CHAPTER 1V
EVALUATION OF SUPPLY, DISTRIBUTION AND UTILIZATION
OF ENGINEERING AND SCIENTIFIC MANPOWER, 1931-61
The objective of this chapter is to describe and analyze the
market for engineers and scientists by examining the impact of changes
in their supply, distribution and utilization. It is hoped that this
will provide a better understanding of the structure and operation of

the market or markets for these occupations.

Data on supply, distribution and earnings as well as other
indicators of supply and requirements are examined in a supply-demand
framework. The chapter will consist of five sections: first, the
analytical framework is outlined; second, the impact of supply and
requirements upon the proportion of engineers in the labour force
between 1931 and 1961 is assessed; third, a more detailed analysis is
made of the recent past, in particular the question of the alleged
shortage of engineers and scientists in the mid-1950's; the fourth
section will consist of an examination of the international dimensiomns

of the market for engineers and scientists, and the final section is

the conclusion.
1. A Simplified Model of a Purely Competitive Market

Since the examination of engineering and scientific manpower
is being conducted within the framework of a supply and demand

framework, it will be useful to outline briefly some of the
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characteristics of this framework. The concepts of supply and demand
were discussed above in Chapters II and III, In the case of both of
these concepts it was necessary to use less than perfect but

measurable quantities as approximate indicators of each, The approach
will be to analyze the behaviour of the determinants of the price and
output of engineers as well as of scientists where data permit, by
assuming purely competitive conditions in the factor market for

- engineers and by relaxing this assumption where necessary, This initial
approach has the advantage of being simple and of providing a bench mark

for judging the actual behaviour of the markets studied.l/

In a free market the factors which determine supply and
demand functions will tend to equate quantity demanded and quantity
supplied., For example, if the number of scientists that employers try
to hire is greater than the number available then salaries of scientists
will tend to rise, The rise in salaries will tend to reduce the number
demanded and to increase the number of scientists who seek work thus

bringing quantity supplied and quantity demanded to equilibrium,

1/

" David M. Blank and George J. Stigler, op. cit., pp. 19-22;
J.C. Davis, "Review of the Demand and Supply of Scientific Persomnel
by Blank and Stigler", Review of Economics and Statistics, Vol. 40,
No, 2, 1958, p. 190, Blank and Stigler discussed the applicability
of the demand and supply framework to the market for engineers,
Davis gives a list of the typical characteristics of a '"good"
market., See also George J., Stigler, op. cit., pp. 187-202, See also
M.W, Reder, '"Wage Differentials: Theory and Measurement", in Aspects
of Labour Economics, a conference of the Universities - National
Bureau Committee for Economic Research, New York, Princeton
University Press, 1962, p. 276 and pp. 299-300 for a good discussion
of the "competitive hypothesis".
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Before proceeding to utilize the above analytical apparatus
two methodological problems must be considered. The first relates to
the interaction of supply and demand. The historical data on engineers
in the Census, for example represent an intersection point on the
supply and demand schedules. The problem is to separate the
determinants of these two schedules. The approach utilized here
follows the one suggested by Blank and Stigler in which, although
supply and demand curves cannot be estimated separately, the factors
which may determine the supply and demand of engineers are examined in

a systematic way which permits some judgment about these factors.2/

The second problem is the extent to which the market for
engineers and scientists is a '"good" market. 1Is it free enough from
imperfections, frictions and lags to assume that it is technically good
in the economic sense? The evidence based on experience in the
United States suggests that the market for engineers has operated

tolerably well.3/ 1In Canada the evidence points in the same direction.

2/
Blank and Stigler, op. cit., pp. 19-22.

Blank and Stigler, op. cit., p. 29; W. Lee Hansen, "The 'Shortage'
of Engineers', Review of Economic Studies, Vol. 43, No. 3, August,
1961, pp. 251-256; M.W. Reder, op. cit., p. 306 notes that the
competitive hypothesis can be applied even where there is monopoly
power in markets as long as there are no changes in the degree of
monopoly power. However, K. Arrow and W.M. Capron, "Dynamic
Shortages and Price Rises: The Engineer-Scientist Case", Quarterly
Journal of Economics, May, 1959, pp. 292-308, used a dynamic model
with frictional lags to describe the market for engineers and

scientists.
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A case study of the 1955 graduating class in engineering and science

indicated that in 1965 about 42 per cent of the engineers and over

50 per cent of the scientists were employed in a different province

than the one in which they received their secondary education.%/ The

geographic mobility rate is somewhat higher than that for the

population as a whole or even for the younger age groups in the

population.é/ Rosenbluth also found that regional immobility was not

significanthé/

&/

Department of Manpower and Immigration, Research Branch,

"Geographic Mobility of 1955 University Graduates in Science and
Engineering Courses', to be published soon. Compare also

Department of Labour, Economics and Research Branch, Engineering and
Scientific Manpower Resources in Canada: Their Earnings, Employment
and FEducation, 1959, Professional Manpower Report No. 9, March,
1961, p. 39.

If 1950 is taken as the average year in which secondary education
was received, the annual mobility during this period for engineers,
for example, was about 2.1 per cent. The 1961 Census shows that for
all males, the movers from one province to another from 1956-61
averaged about 0.8 per cent per year. For the age group 25-29, the
annual average during this period as shown in the 1961 Census was
about 1.2 per cent per year. See Dominion Bureau of Statistics,

1961 Census of Canada, Bulletin No. SX-4, September &4, 1964, Table 1.

G. Rosenbluth, '"Salaries of Engineers and Scientists, 1951", in
Cangdian Political Science Association Conference on Statistics,
1960, edited by E.F. Beach and J.C. Weldon, Toronto, University of
Toronto Press, 1962, pp. 179-180.
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Another aspect of the market is occupational mobility. The
special study outlined in Appendix I-B which was based on the
1961 Census, indicated that 34 per cent of engineering graduates in the

sample were reported in occupations other than engineering.

There is little direct evidence of the extent of mobility
among employers. Rosenbluth found some evidence that for engineers
and scientists, industrial mobility was less than regional mobility.z/
The magnitude of the changes in the proportionate distribution of
engineers by industry sector between 1931 and 1961 which was noted in
Table III-4 suggests that such large changes probably could not have
been accomplished without a considerable degree of shifting among
employers. This conclusion is supported by an examination of hiring
and turnover data on engineers and scientists. During 1959, hirings of
"experienced Canadian professional persons'" constituted 5.2 per cent of
total employment of these personnel. Employment turnover for reasons
other than deaths or retirements among engineers and scientists during
1961 was 8.2 and 6.1 per cent respectively of total employment of

engineers and scientists., Mobility among employers for experienced

77
Ibid., p. 180.
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engineers and scientists appears to have been at least 5 per cent per
year in the recent past.8/ This combined with the approximately
similar percentage of new graduates hired per year suggests that
mobility at the margin is sufficient to allow the use of the supply-
demand framework as outlined. In particular, it suggests that salaries
and earnings of engineers can be used along with other data as an index

of the state of the market over time.
2. Supply of and Demand for Engineers, 1931-61

The aim of this section is to ascertain whether a shift in the
demand or the supply curve was the chief factor responsible for changes
in the proportion of engineers to total labour force. The period 1931
to 1961 will be examined first and later in section three a more
intensive analysis will be conducted of the operation of the market
during the 1950's for which much more data are available. The analysis
of the latter period will also provide an opportunity to test the

results derived from the more general and cruder long-term analysis.

8/
Department of Labour, Economics and Research Branch, Employment
Outlook for Professional Personnel in Scientific and Technical
Fields, 1960-62, Professional Manpower Report No. 8, December, 1960,
pp. 3 and 23; Employment Outlook for Professional Personnel in
Scientific and Technical Fields, 1962-64, Professional Manpower
Report No. 13, December, 1962, pp. 23 and 24,
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The analytical apparatus will be a demand and supply
framework, In this case the percentage of engineers to total labour
force will be compared with relative earnings of engineers to all
occupationshg/ This method can be illustrated as follows. In
Chart IV-1 the position El indicates a point where demand and supply
are in equilibrium. When a new equilibrium occurs a rough
determination of whether changes in demand or supply predominated can
be determined. For example, in Figure IV-1, Part B, a drop in
relative earnings of engineers combined with an increase in the
percentage of engineers to total labour force would be shown as a move
from E! to E2, i.e., into the "increase in supply" quadrant. This
would indicate that an increase in the supply of engineers was the
predominant influence as Meltz has demonstrated, but not necessarily
the only one. 1In the above example in Part B in Figure IV-1, an

increase in demand occurred which was outweighed by the increase in

supply.

The long-term trend in relative earnings in engineering and
other occupations as indicated in the 1931, 1951 and 1961 Censuses is

shown in Tables IV-1 and 2. The changes in selected engineering

9/

" For an illustration of the use of this technique in relation to
major occupation groups see N.M, Meltz, Changes in the Occupational
Composition of the Canadian Labour Force, 1931-61, Occasional Paper
No. 2, Economics and Research Branch, Department of Labour, 1965,
pp. 35-39.
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FIGURE 1V-1

AN OUTLINE OF THE SUPPLY . DEMAND ANALYSIS
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Source: N.M. Meltz, op.cit., pp 37 and 38




Averagel/ Earnings of Labour Forceg/ by Selected Occupations, 1931-1961

Table IV-1

. 1951/} 1961/} 152,/
Occupations 1931 1951 1961 1931 1951 1961 1931 1951 1961} 1931 1951 1931
$ $ $ A1l Occupations Professional % % %
= 100.0 Occupations = 100.0
. OCCqutiOHSeee'ccv'eo-ceuoooooe-ooo 847 1,860 3,170 100-0 100-0 100‘0 - - - 11906 70.4 21 +¢3
yfessionaly Totaleccecoesccononcsassns| 1,426F 2,329 4,443} 168.4} 125.21 140.2] 100.0| 100.0] 100.0 63.3 90.8 | 211.6
ATCRIteCTS . cuvscsssconcensssocaccose]| 2,000 3,6641 6,632} 305.8{ 197.0} 209.2} 181.6] 157.3] 149.3 41.5 81.01 156.1
Engineers Tots) (including surveyors)..| 2,469 3,636) 6,623 | 291.5] 195.5] 208.9( 173.1{ 156.1] 149.1 47.3 82.2 4§ 168.2
CL'/:Ll ((r\"»:]. Survdyors)ooecctoeacoen - 3975? 7,038 - 20107 22200 - 16101 158.4 - 87»6 =
FloctTiCe)eo. acvnooosonccroncsesancos] 24431 3,816] 7,316 288.4] 205.21 230.8) 171.3) 163.8] 164.7 56.2 91.7 199.5
Mr-hanical o' Industrialececoceccse} 2,315 3,774 7,001 ] 273.3] 202.9} 220.9] 162.3| 162.0| 157.6 58.7 85.5§ 20:.4
VET2viNasLl 38 r. eoe cossccssocecnoscasce] 2,218 3,669} 6,315} 261.9] 197.3] 199.2] 155.5] 157.5] 142.1 65.4] T72.1 {184.7
Oth%‘_; PrOf{)BSi'ﬂalSQ@eewe eersccecoco e - o- - - et - - - - - - b
D@ﬂtigtSQQo e 6O YD S SO0 8 COAEOOLE0CECOO NS 19915 4y095 6,064 226.1 220‘2 191'3 134'3 175.8 136'5 11308 [_51 2_‘.‘537
Taowy- s “nd [10E-718Scecscocesocenscs 3,214 | 3,916 7,221} 379.5| 210.5] 227.8| 225.4} 168.1] 162.5 21.8 84.4 | 124.7
physi ‘LE e El"((j S'\,‘rge@ﬁc‘osooostesaene 3,095 4,007 69575 36504 21504 207-4 21700 17200 148-0 2905 6461 112:4
Profe-cors and Collen. Prirvcinalases| 2,477 | 3,457} 6,825 292.4] 185.9} 215.3 | 173.7| 148.4| 153.6 39.6 97.4 | 175.5
Teac‘%~zsgCv&3510006§000059.36?(‘0!0.0 19066 1’887 4’040 12509 10105 127.4 74.8 81‘0 90‘9 77.0 114.1 279(,'0
/
Y Ne .anearnings 1981,
2/ 1 5 =104y zv: of sge and over
17, - 14 years of adge and over
1977 « 10 years of s¢e and over.
S e boo Lo sus of Canrda, 1931, Vol. 5, Table 28.
PorSag v us of Can 3e, 1951, Vole 5, Table 21.
e

oo

v

c .
P A IR B Y= 3 L)

- 19615 Bal'eiin 3.2-7, Table 21.
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Relative Earnings, Proportion of the Labour Force and Impact of

Table IV-2

and Demand Changes, Engineering Occupations, 1931-1961

Average Annual Earningsl/

Supply

Proportion of
Labour Force

Impact of Supply and
Demand During Period

19311 1951 1961 1931 ] 1951 | 1961 1931 1951 1961 | 1931/1951 | 1951/1961 1931/1961
$ $ $ % % % % % %
1 OccupationSeecesccooes 847; 1,860) 3,170] 100} 100§ 100] 100.00} 100.00] 100.00 - - -
ytal Engineering.eecssoe 12,469} 3,636] 6,623 291 195 209 0.42 0.66 0.81 ] Increase | Increase | Increase
in Supply | in Demand | in Supply
Civil Engineering
(minus survevors)e.. -1 3,752} 7,038 -] 2021 222 - 0.15 0.19 - Increase -
in Demand
Electrical Engineering | 2,443} 3,816 7,316 2881 205] 231 0.10 0.12 0.14] Increase Increase Increase
in Supply | in Demand } in Supply
Mechanical Engineering | 2,315]| 3,774 7,001 2731 2031 221 0.07 0.16 0.19] Increase Increase Increase
in Supply | in Demand | in Supply

e s

l/ Median earnings in 1951.

Sources:

Vol. V, Table 21; 1961 Census; Bulletin 3.3-7, Table 21.

data supplied by Census Division, D.B.S.

Table 11-2, Chapter 11; 1931 Census, Vol., V, Table 28; 1951 Census,

Unpublished
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occupations as a proportion of the labour force in relation to

relative earnings is given in Table IV-Z.EQ/ These trends are based on

Census data.ll/ Between 1931 and 195112/ relative earnings of

engineers as a group as well as electrical, mechanical and industrial

engineers declined but the proportion of the labour force in these

occupations increased. In terms of Chart IV-1, this represents a

shift into the "increased supply" quadrant and suggests that increased

supply of persons to these occupations relative to others was the

107/

It was noted above that the Census dates correspond to different
phases of the business cycle., A period of high unemployment could
lower the annual earnings by lowering the number of weeks worked.
The possible effect of this was examined by Meltz, op. cit.,

PP. 44-47, and no effect on the results of the supply-demand
analysis between 1931 and 1951 was observed for professional
occupations as a group. In particular, the difference in mean
weeks worked for all occupations was a little over one week, not
enough to alter substantially the trend of engineers' earnings if
we assume as seems likely that the number of weeks worked for
engineers is not less stable over the cycle than for other
occupations as a group.

Only average earnings are available for 1931 and 1961, and only
median earnings for 1951. Therefore, average earnings for 1931
and 1961 were compared with median earnings for 1951. This should
not affect the trends greatly because relative and not absolute
earnings are being compared. As a check, the ratio of median and
average earnings of electrical engineers in relation to non-primary
labourers were compared for 1941 when both were available., The
index was 395 when based on average earnings and 389 when based on
median earnings. Therefore, it was concluded that median earnings
for 1951 could be used without affecting the trend data
substantially.

The year 1941 was not included in this table because of the
possible distortion to trends which would result from wartime

conditions.
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major influence in the decline in relative earnings during these
decades. From 1951 to 1961 in contrast, relative earnings in
engineering occupations as a group and in civil, electrical, and
mechanical and industrial engineering occupations rose along with the
proportion of these occupations to total labour force. This represents
a shift into the "increased demand" quadrant and indicates that demand
factors were dominant during the latter decade. Over the whole period
from 1931-61 increases in supply were the dominant factor in changes in

relative earnings and in the proportion of engineers to all occupations.

The structure of relative earnings in occupation groups and
classes over time may, however, be affected by three factors:
occupational mix, educational distribution and age distribution. Shifts
in occupational structure toward a greater proportion of high level
occupations, for example, the professional occupations or within an
occupational class toward higher levels of education or experience will

tend to raise relative earnings.

Although a shift among occupations has occurred between 1931
and 1951 towards a greater proportion in higher paid occupations such as
professional occupations, this factor has been allowed for by examining
separately the changes in earnings by individual occupation groups and

classes,
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Moreover, it cannot automatically be assumed that a higher
level of median or average educational supply in an occupation will
raise earnings proportionately. Demand factors also play a determining
role. But even if higher education levels are reflected in higher
levels of earnings, this analysis will not be substantially changed. An
examination of Table II-5 revealed that from 1931 to 1951 relative
education rose more rapidly in engineering occupations than in the case
of either professional or all occupations. Thus, the decline in
relative engineering earnings occurred despite the rise in relative
education levels. From 1951 to 1961 the opposite trend prevailed with
relative earnings in engineering occupations rising relatively faster

than all occupations.

Median age on the other hand has declined in engineering
occupations relative to total professional occupations between 1931 and
1951 but has remained relatively constant over the last decade between
1951 and 1961. Between 1931 and 1951 median age for professional
occupations rose from 32 to 34 years and declined from 36 to 33 years
and from 40 to 34 years for electrical and mechanical engineers
respectively. The gap between median age of engineers and total
professionals declined from about 6 years to zero over this period of
time. If we further assume that this would represent about 12 to

15 per cent decline in relative earnings of engineers,lé/ the index of

13/
" Calculated from Department of Labour, Economics and Research Branch,
Employment and Earnings in the Scientific and Technical Professions,

1959-62, Professional Manpower Report No. 14, 1963, Table 5, p. 16.
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relative earnings of engineers in 1951 as shown in Table IV-1 should be
raised by a maximum of 15 per cent. For mechanical engineers for
example, (a similar result would hold for electrical engineers) this
would represent an index of 233 for 1951. The 1931-51 analysis would
still hold but the 1951-61 analysis would be modified. 1Instead of a
widening of the wage differential between mechanical engineers and all
occupations from 203 to 221 it would narrow from 233 to 221. For all
engineers the gap instead of widening from 195 to 209 would narrow

from 224 to 209 between 1951 and 1961. However, it may be noted that
the rate of decrease was much slower between 1951 and 1961 than between
1931 and 1951, Thus, the comparative analysis of the direction of
overall change in the market between 1931 and 1961 is not substantially
altered. For example, one could say that a relative strengthening of
demand forces occurred between 1951 and 1961 which prevented relative
earnings of engineers from declining as fast as they did between 1931
and 1951. The index of relative engineers declined at an average
annual rate of 4.5 points between 1931 and 1951 compared with a decline
of 1.5 points per annum using our adjusted index of 224 rather than

195 for 1951.

How do the conclusions from the demand-supply analysis
articulate with the analysis of supply and demand conducted separately
in Chapters II and III above? The increase in the supply of engineers

from the main source, annual university graduations, rose gradually
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between 1931-51 from 420 to 2,425 and from 8 per cent to over 15 per
cent of total bachelor degrees in 1951.l&/ During this time, from
1931-51, the Great Depression occurred when demand for engineers was
undoubtedly at a low ebb. Despite the rising demand for engineers
which accompanied both the tooling-up for war and the post-war boom, it

would appear that the increase in supply from 1931-51 was sufficient to

dominate the increase in demand.

A second question is: How do the results outlined above
compare with other studies of the long-term behaviour of the
occupational wage structure? A large number of studies have indicated
that occupational relative wage differentials have tended to diminish

over time.lé/

The compression of the occupational wage structure in turn,

is linked with the increase in the proportion of the labour force who

16/

are able to hold higher level jobs.— It was indicated in Chapter II,

14/
See Table I1-11, Chapter II.
15/
See M.W. Reder, op. cit., p. 260, for a list of such studies. The
narrowing of occupational wage differentials in Canada between
1931-51 is discussed in H.D. Woods and S. Ostry, Labour Policy and
Labour Economics in Canada, Toronto, Macmillan, 1962, pp. 422-425.
16/

The positive impact of the rise of the educational level of persons
in the labour force on the supply curve of professional occupations
is discussed in N.M. Meltz, op. cit., pp. 53-61. Between 1931 and
1951, he found that the increase in the supply of workers in the
professional occupation group, and the drop in their relative
earnings, was linked to a large output of educated persons from the
educational system who entered these occupatioms.
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Table II-5, that between 1941 and 1961 the proportion of persons in
professional occupations with 13 or more years of schooling, increased
from 48 to 60 per cent. For electrical engineers, the proportion
increased from 58 to 90 per cent and for mechanical engineers, from

49 to 80 per cent during the same time period. It would appear that
engineering along with other high-level occupations was influenced by
the number of persons with higher levels of education. The relative
increase in the proportion of electrical and mechanical engineers with
13 or more years of schooling was greatest between 1941 and 1951. For
electrical engineers, the percentage rose from 58 to 93 per cent and
for mechanical and industrial engineers, it rose from 49 to 87 per cent.
The proportion of electrical and mechanical and industrial engineers
with 13 or more years of schooling actually declined to 90 and 80 per
cent respectively between 1951 and 1961. The impact of higher levels
of education upon the supply of engineers was therefore greater before

1951 than previously.

A further question is the nature of the process through which
a matching of supply and demand took place, in particular between 1951
and 1961 when increases in demand were dominant, Table IV-3 indicates
that the number of engineers and their earnings rose (or declined less
rapidly) in relation to all occupations between 1951 and 1961. But as
indicated above in Table II-5, Chapter II, the proportion of engineers
with 13 or more years of schooling fell between 1951 and 1961 while

graduates also declined in relation to total graduates. One possible
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interpretation is that a noticeable change in demand or utilization of
engineers occurred between 1951 and 1961. The increase in demand which
was reflected in a higher proportion of engineers to total labour force
and also in their increased relative earnings was paralleled by a
drop-off in graduations. The proportion of engineers with 13 or more
years of schooling also declined. The increase in demand between 1951
and 1961 was therefore met through a combination of offers of higher
salaries to engineers plus the hiring of some persons, native-born or
immigrants, who had less than average qualifications. These adjustments
illustrate the operation of a market for engineers faced by rising
demand and the constraint of a relative decline in the availability of

a supply of persons qualified to enter engineering occupatioms.

This completes the general analysis of the period 1931-61.
In the next section of the chapter, a more detailed examination will be
undertaken of the operation of the market for engineers and scientists
during the 1950's.
3. An Evaluation of the Market for Engineers and Scientists During

the 1950's

The purpose of this section is to examine the working of the
mechanism of the market for engineers and scientists during the 1950's
in order to evaluate the appropriateness of economic theory to explain
these phenomena. The analysis will focus in particular on the

"shortage" of engineers and scientists which occurred in the mid-1950's.
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The importance of an examination of the short-run is two-fold. First,
it helps to keep the long-run in historical perspective, that is, to
differentiate between short-term and long-term phenomena and problems.
Second, the short-run adjustment processes in the market for engineers
and scientists are interesting in themselves because they provide a
basis for assessing the role of the price mechanism as an allocator of

resources.

First empirical evidence of shortages will be outlined. An
examination of market adjustment processes will be followed by an
evaluation of the efficiency of these processes in matching supply and

requirements.

The association of short-term changes in economic activity
and changes in the requirements for engineers has been observed in
several studiesulz/ Canadian experience since 1946 is summarized in
Figure IV-2. The indicators of demand for engineers comprise a non-
price and a price indicator. The non-price indicator is based on ratios
of unfilled vacancies to unplaced applicants for engineering jobs.

These are annual averages based on monthly reports of the Department of

Manpower and Immigration. The price indicator chosen is annual starting

17/
For example, see W.H., Chartener, op. cit., p. 52; Department of
Labour, Economics and Research Branch, Skilled and Professional
Manpower in Canada, 1945-65, Ottawa, Queen's Printer, 1957,
p. 102.
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salaries offered by employers to newly graduating engineers., The
reports on vacancies and applicants do not indicate the quantitative
dimensions of vacancies to applicants because only a fraction were
reported to the Department of Manpower and Immigration. However, they
are useful primarily as an indication of the extent and direction of
changes in the market situation when used in combination with other
indicators. With a more complete reporting of both vacancies and
applicants, the index could become an important indicator of the

supply and requirements for engineers as well as for other occupations.

The starting salaries of engineers were chosen as the price
indicator because they are more immediately responsive to changes in
short-term market conditions than salaries of more experienced

engineers.l§/

The indicators of demand for engineers chosen reveal somewhat
different patterns of timing and amplitude. In Chart IV-3 the actual
monthly vacancies to applicant ratios are compared with business cycle
peaks and troughs. In general, the changes in the vacancies to
applicants ratio tend to lead the business cycle turning points by an
average of about two months although there is a considerable variation

around this average from a lead of twelve months in 1957 to a lag of

18/
" For a discussion of some of the factors behind the responsiveness
of starting salaries, see M.W. Reder, op. cit., pp. 271-276.
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seven months in 1958. This pattern of activity may be associated with
the tendency of firms to hire engineers in order to plan subsequent
investment and other production projects.lg/ A comparison of annual
starting salaries of engineers with the ratio of average annual
vacancies to applicants, in Table IV-A-2 below indicates that the
timing of the salary changes tends to lag the business cycle turning

points.

The amplitude of the changes in demand indicators for
engineers is also illustrated in Figure IV-3. 1In general, the
volatility of the changes in vacancies to applicants and in starting
salaries can be explained in terms of the rapidity of short-run changes
in demand combined with relative inelastic supply. An additional
reason for large variations in amplitude in the case of the vacancy to
applicant series is the tendency of employers to give notification of
vacancies in a time of shortage while job seekers are less prone to do
so. An illustration of the relation between changes in economic
activity and changes in both vacancies to applicants and starting

salaries for engineers is given in Figure IV-4, which relates annual

9/

- Chartener, op. cit., criticises Blank and Stigler for the
conclusion that short-run changes in demand for engineers are not
closely associated with changes in business activity which they
based on relating employment of engineers to changes in sales
rather than to orders received. The analysis here also contradicts

the findings of Blank and Stigler on this point.
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percentage changes in Gross National Product and annual percentage
changes in starting salaries of engineers. The shape of the curves
dramatizes the effect of rapid increases in demand combined with
inelastic short-run supply upon the supply price of newly graduating
engineers. The indicators on the demand side of the market for
engineers suggest that the responses are in the general direction of

our expectations based on economic theory.

A further indication of the state of the market during the
post-war period is given in Figure IV-5., The separate indexes of
vacancies and applicants for engineering jobs provide an indication of
the direction of change in the market for engineers. The large
engineering graduating classes of the early post-war period plus a
slump in business activity in 1949 set the stage for a lower level of
demand relative to supply of engineers at this time but the opposite
occurred in 1954-57 and again in the more recent period since 1961.
The loosening or tightening of the market for engineers as economic
activity moved from business cycle peaks to troughs or vice versa, is

clearly evident.

The non-price indicators of the nature and extent of
surpluses or shortages of engineers provide a bench mark against which
the behaviour of salaries and other variables during this period of

time can be evaluated.
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The question of short-term demand response raises the
question if and how the supply of engineers responds to economic
conditions. Since it is generally held that the largest component of
supply, engineering graduates, tends to be relatively inelastic in the
short-run, a longer period is more suitable for an inquiry into supply
response. The fluctuations apparent in the annual post-war enrolments
of engineering students at Canadian universities have led observers to
suspect that a systematic relationship may exist between engineering
enrolments and the business cycle. It has been suggested that the
portion of beginning university students entering engineering courses
tends to rise during periods of prosperity when the demand for
engineers is high and earning prospects are good., Conversely, the
portion tends to fall when business conditions and earnings and

employment prospects seem less favourable.

In order to determine whether such a relationship does, in
fact, exist, the ideal method of approaching this problem would
probably be that of comparing the dates and amplitudes of the fluctu-
ations in business activity and in the per cent of first year university
enrolment comprised of beginning engineering students. If one discovers
a close correspondence between dates in the two series, and if the
amplitudes of the fluctuations seem to be reasonably large, then one
would have some basis for believing that the enrolments of engineering
students are to a degree affected by the business cycle. Although

reference dates for the Canadian business cycle are available since
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1919, along with some indicators of the magnitudes of the various
fluctuations,zgl no data are available on the annual enrolments of

first-year engineering students for the years prior to 1940, or on the

annual enrolments of beginning university students in all courses.

A general idea of the relationship between engineering
enrolment as a per cent of total university enrolment and business
cycles for the period 1920-60 is given in Figure IV-6 and in
Table IV-A-3 in the Appendix. Engineering enrolments do not correlate
precisely with these business cycle reference dates. However, the
data suggest that the fraction of students in engineering courses does
exhibit fairly long-run cyclical behaviour that corresponds roughly
with long-run cycles in business activity if some allowance is made
for lags in engineering as a percentage of total enrolment due to the
use of average rather than first-year enrolment. Three long cycles can
be discerned in our data, occurring respectively over the periods
1926-35, 1935-52 and 1952-65. The fraction increased gradually from
1926-32, the increase coinciding with the business expansion of the
1920's, and then plunged sharply from 1932 to 1935, corresponding to
the great business decline that occurred during this time. From 1935

on, it begins to climb slowly then accelerates very rapidly from 1943

20/

~  E.J. Chambers, ''Canadian Business Cycles Since 1919: A Progress
Report", in The Canadian Journal of Economics and Political Science,
Vol. 24, No. 2, May, 1958, pp. 180-181; also unpublished data
obtained from the Department of Trade and Commerce for the period
1954-61 by the author.
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to a very high peak in 1948. This coincided with the slow business
expansion of the late 1930's and the rapid expansion of the early
1940's. The fraction then falls off rapidly to a trough in 1952, this
decline representing a return to peacetime conditions. From 1952, the
fraction climbed again, the increase corresponding to the business
expansion of the early 1950's, leveled out over the period 1955-58
which included the rapid business upswing of the middle 1950's and then
fell off steadily from 1958 to 1965. This most recent decline
corresponds with the business decline of the late 1950's and early

1960's.

Thus, despite the limited amount of relevant data available,
it seems that a reasonable case can be made for the hypothesis that the
fraction of beginning university students entering engineering courses
behaves in a cyclical fashion, with the cycles corresponding

approximately to broad cycles in business activity.

The longer run economic indicators as well as the shorter rumn
non-price indicators have suggested that the post-war expansion of the
1950's was characterized by an upswing during the middle 1950's which
tapered off in the latter part of the decade. How did the price, that
is the earnings of engineers reflect, or better interact with these
trends? There is no ideal single series for the annual earnings or

salaries of engineers during the post-war era., It was therefore
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decided to present in Tables IV-4 and IV-5 a number of series for
engineers' earnings which, while different, have tended to move in the

same direction and at about the same time.

Table IV-4 tends to confirm the earnings data based on the
Census information presented above. With 1951 as a base period, the
index of starting salaries of engineers rose to 186 while average
salaries of engineers and scientists reached 213 compared with 163 for
average earnings of supervisors and office employees in manufacturing
which were used as a bench mark., A further comparison with other
selected professional occupations in Table IV-5 indicates that
engineers' earnings increased relatively more rapidly than any selected

occupations except dentists, between 1951 and 1961.

However, there were important changes in the earnings pattern
of engineers relative to other occupations between 1951 and 1961 which
presumably reflected changing market conditions. Between 1955 and
1957, for example, starting salaries of engineers rose by over 27
points from 141 to 168 compared with a rise of 121 to 136 for the
average earnings of supervisory and office employees in manufacturing.
Average earnings of engineers and scientists rose from 153 to 184. As
Table IV-5 indicates, average salaries of engineers and scientists rose
as a ratio of salaries of other selected occupations, from 1,48 to 1.59

of salaries of office and supervisory employees in manufacturing, from
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Indexes, Annual Earnings of Engineers, Selected Series and of Supervisory
and Office Employees in Manufacturing, 1946-1965

Census

Engineers and

Supervisory Engineers Scientists Mechanical
and Office Starting Average and
Employees in Salaries Salaries Total Industrial
Year Manufacturing { (N.E.S. Series)| (N.R.C. Series) | Engineering | Engineérs
Index: 1951 = 100.0
1946¢0ce - - - - -
1951ccee 100.0 100.0 100.0 100.0 100.0
195244 106.6 126.7 126.7 - -
1953.--. 11205 126.7 13204 - -
1954.-00 11609 13303 or 14009 14805 -
1955.ceee 121.1 140.9 152.5 -
19%6ceee 128.1 153.3 169.1 -
1957caee 135.6 167.6 184.1
1958e 0 144.8 174.2 191.1 -
1959, 151.6 175.6 198.3 - -
19600 178.2 205.8 - -
196leeee 162.7 186.2 213.0 182.2 185.5
1962.... - 190.7 223.6 - -
1963444 - 196.0 228.0 -
1964.... - 204.4 -
1965¢ 0. - 215.6 -
Source: Table IV-A-4.
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Indexes of Ratios - Salaries of Engineers to Those in Selected Occupations, 1946-1965
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1957, - - - - - - - - - - - - - - - 1.39 1.01 0.77 { 0.64 | .52
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135 v o0 - - - - - - - - - - - - - - - 1.55 1.11 {0.77 {0.¢2 ] 0.56
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a ratio of 0.58 to 0.64 in relation to lawyers and 0.54 to 0.56 in
relation to medical doctors and surgeons. There was a slight decline

in relation to average salaries of dentists from 0.78 to 0.77.

But the trend from 1957 to 1961 was in the opposite direction
with average salaries of engineers declining in relation to the
salaries of other occupations. Starting salaries of engineers rose
only from 168 to 182 during this 4 year period compared with a rise for
salaries of supervisory and office employees in manufacturing from 136

to 163 in relation to the base period 1951.

The earnings pattern for engineers during the 1950's
coincides fairly closely with both the ups and downs of the business

cycle and with the non-price indicators of the demand for engineers.

The impact of changing demand upon the salaries of engineers
and scientists during the 1950's not only affected the relative
increases of engineers salaries in relation to other occupations but
also had a different impact on engineers with varying amounts of
experience. This is illustrated in Table IV-6. During the years
1953-57 when demand conditions were tightening, average annual starting
salaries of engineers and scientists rose by 7.5 per cent compared with
an increase of 5.5 and 6.3 per cent for engineers with 5 and 10 years of
experience respectively. Between 1957 and 1962 in contrast, starting
salaries rose an average of 2.0 per cent per annum compared with

increases of 7.4 and 2.3 per cent respectively for those with 5 or 10
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Table IV-6

Annual Increases in the Salaries of Research Engineers
and Scientists Employed by Industry by Years of
Experience, 1953-54 to 1961-62

N —————— — e ——— T
Years of Experience
20 and Mean
Year 0 5 10 15 Over Salaries
% % % % % %
1953-54... | (3.8) | (2.9) | (6.2) | (8.5) | (10.5) (7.6)
1954-55... | (3.8) | (2.9) | (6.2) | (8.5) | (10.5) (7.6)
1955"56..' 1202 809 709 7.7 6'7 lOw8
1956-57001 10-2 7.3 4.9 7.9 6-9 8-9
1957‘5800- 106 2.2 3.2 4.1 3-9 3-8
1958*59000 004 009 2.0 201 2-4 3.8
1959-60... 3.2 4.1 2.9 3.1 3.1 3.8
1960‘61000 3-6 1-9 006 104 3‘6 305
1961-62... 1.3 2.9 3.0 4.4 5.7 5.0
1953"57.00 7-0 505 603 801 8.6 807
1957"62... 2.0 7'4 2‘3 300 307 4.0
1953'62000 405 3'8 401 5-3 5'9 5'9

Source: National Research Council, Surveys of Professional
Salaries, Engineers and Scientists, 1952 to 1963,
unpublished data.
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years of experience. The price indicators in the market for engineers
and scientists responded to demand changesgl/ as we would expect and
the greatest response plus or minus occurred precisely in the salaries
of that group in the market most sensitive to demand changes and
recruiting pressures, namely the starting salaries of newly-graduated

engineers.

On the basis of price indicators, the market for engineers
and scientists has responded to changes in underlying supply and
demand conditions. The behaviour of engineering salaries indicates
that there was a notable shortfall between supply and demand in the
middle of the 1950's and that this situation changed quite rapidly

towards the end of the decade.

The above analysis has so far dealt with changes in general
economic conditions, in the demand for engineers and in engineering
salaries during the 1950's. In order to round out the analysis, the
supply of engineers will now be examined. The changes in requirements,

supplies and earnings will then be brought together.

21/

" For a discussion of the rapid increase in the requirement of
employers for engineers in the mid-1950's and the tapering off
later on, see Department of Labour, Economics and Research Branch,
reports on Employment Outlook for Professional Personnel in
Scientific _and Technical Fields, various issues, 1958-60, 1960-62,
and 1962-64, published in February, 1959, December, 1960, and

December, 1962, respectively.
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The behaviour of the supply of engineering manpower during
the 1950's and early 1960's can be assessed more clearly if the main
supply components, graduations, net migration and upgradings are
examined separately since they may not change to the same degree or

even in the same direction over given time periods.

The limitations of these supply components for analytical
purposes were indicated in Chapter II above. Briefly, engineering
graduations are not a precise indicator because of the mobility among
engineers and other specializations and occupations. These movements
seem, however, to cancel out to a considerable degree. Empirical
evidence is lacking on net migration.zz/ However, this would not
affect the analysis over time as long as we assume that the pattern of

total gain and loss from this source has not varied over time.gé/

22/
H.G. Grubel and A.D. Scott, "The Immigration of Scientists and
Engineers to the United States, 1949-1961", Journal of Political
Economy, Vol. LXXIV, No. &4, August, 1966, pp. 368-378.

Partial statistics on Canadians returning to Canada after having
resided in the United States are available. Only Canadian citizens
and British subjects who registered children as Canadian citizens
who were born abroad and who were abroad at least twelve consecutive
months and filled in forms to import persomnal or household goods
were included. This total has remained a relatively constant
proportion of emigrants from Canada to the United States between
1950 and 1963. In 1951 and 1961, for example, annual emigrants
from Canada to the United States increased from 27,300 to 47,600
and Canadians returning to Canada as defined above increased from
3,600 to 6,300. See L. Parai, op. cit., pp. 202 and 219.
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Unfortunately, these data do not completely confirm this assumption and
further evidence is needed. Data on upgrading are scanty, yet this
process represents a possible additional source of supply when market

conditions for engineers change.

Trends in the major engineering supply components between
1946 and 1965 are indicated in Table IV-7 and Figure IV-7. First the
overall trend between 1951 and 1961 is a decline in the major supply
component graduates in engineering from 7.0 to 3.7 per cent of total
labour force. If engineering graduates are added to net engineering
migrants, the proportion declines from 7,1 to 3.3 per cent of total
labour force, Those receiving degrees in science and diplomas in
technology may be regarded as possible substitutes in certain cases for
engineers, If the concept of supply is broadened, therefore, to
include those who received degrees in pure science and diplomas in
technology, the decline in supply between 1951 and 1961 is much less
striking, from 11.3 to 9.1 per cent of the labour force. The
"switching'" of the technologically oriented students into pure science
and technology has virtually offset the decline in engineering degree

recipients between 1951 and 1961,

Second, the changes in graduates as a percentage of the
labour force has tended to occur gradually, Between 1955 and 1957, for
example, engineering graduates as a percentage of the labour force

increased from 2.4 to 2.9 per cent, However, engineering graduates
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GRADUATIONS AND NET MIGRATION, ENGINEERING, GRADUATIONS IN PURE SCIENCE

FIGURE (V-7

AND TECHNOLOGY AS A PROPORTION OF THE LABOUR FORCE, 1946-1965
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Table IV-7

Graduations and Net Migration, Engineering, Graduations in Pure Science znd
Technology as a Proportion of the Labour Force,

1946-1965
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1946.. 4,829 1,893 2,098 - 2,098 2.08 3.92 4.34 - 4.34
194700 4,942 2,195 2,475 - 2,475 2.22 4.44 5.01 - 5001
1948.. 4,988 3,252 3,544 - 3,544 | 3.39 6.52 7.11 - 7.11
1949, . 5,055 4,934 5,249 - 5,249 5.93 9.76 10.38 - 10.38
1950, 5,163 5,401 5,819 3,684 5,914 6.95 10.46 11.27 7.14 11.4%
1951, 5,223 3,996 4,485 2,862 4,922 4.64 7.65 8.59 5.48 9.42
1952.. | 5,324 | 2,990 3,525 | 2,614 | 4,369 | 3.32 B.62 | 6.62 | 4.91 8.21
1953.. 5,397 2,453 3,040 2,865 4,568 2.48 4.55 5.63 5.31 8.45
1954. . 5,493 2,313 2,890 2,445 4,083 2.28 4,21 5e26 4.45 Te43
1955.. 5,610 2,443 3,137 2,037 3,837 2.38 4.35 559 3.63 6.84
1956.. 5,782 2,702 3,567 24329 4,299 2.76 4,67 6.17 4.03 Todd
195744 6,003 | 2,921 3,850 3,579 5,688 2.90 4,87 6.41 9,96 | 9.43
1958, » 6,127 3,200 4,282 2,220 4,572 3.15 5e22 6.99 3.62 § 7e48
1959, . 6,228 3,641 4,832 1,530 4,305 3.30 5.85 7.76 2.46 Z 6.21
1960.. 6,403 3,872 5,407 2,015 5,251 3.39 6.05 8444 3.15 | 8.20
1961.. 6,608 4,301 5,947 2,148 5,683 3.70 6.60 9.12 330 i 372
1962.. 6,737 4,664 6,752 2,524 | 6,839 3.69 7.06 10.22 3.82 | 10.3%
1963.. 6,933 4,837 6,960 2,610 7,324 3.33 7.18 10.33 3.87 ! 10,47
1964.. 7,141 5,498 7,633 3,077 8,288 3.49 7493 11.01 4,44 FaLle@
1965.. - 5,786 8,673 3,554 9,971 3.16 8.10 12,15 4,9y i 13,96
Source: Table IV-A=5.
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plus net engineering migrants increased from 3.6 to 6.0 per cent of the
labour force during this time, Engineering net migration has provided
a source which permits a rapid response of the supply of engineers to
changing market conditions. Engineering degrees, incidentally, did
increase sharply as a proportion of the labour force from 2.8 to

2.9 per cent in 1956 and 1957 to 3.7 per cent in 1961 and 1962, a lag

of about 5 years in relation to the economic upswing of 1955-67.

What about upgrading of those without formal qualifications
to engineering status during this period of time? Theoretically, one
would expect upgrading to constitute a short-run response to a current
shortage situation. Persons without university degrees may be shifted
into engineering jobs, for example, In Table IV-8, there was a larger
amount of such shifting in the "shortage" situation in 1956-57 than
there was in 1959 when the market was looser. This indicates that in
the short-run, upgradings can serve as an alternative source of supply
through a change in the utilization pattern of employees with lower
qualifications. This tends to support the earlier analysis of the
1950's derived from Census data which indicated a decline in the
median education level of engineers during the 1950's. In the face of
increased demand during the 1950's and the relative decline of
university graduates in engineering, employers would tend to utilize

non-university graduates to a greater degree.
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Table IV-8

Upgradings of Employees to Professional Status During
1956-1957 and 1959 by Major Employment Sector

By Membership
Through By Obtaining a in a
Experience University Professicnal
and Ability Degree Association
1956-1957§ 1959 | 1956-1957 | 1959 | 1956=1957{ 1959
% % % % % 4
All Sectors................... 73.0 68.7 9.8 15.6 17.2 15.7
Total Private Industrysececeees 75.0 7344 8.3 13.3 16.7 13.3
Mining and Quarryingeeceeses 93.0 97.3 3.0 - 4,0 2.7
Manufacturing..'.....O....C 73.5 79.0 7.9 10.5 18.6 10.5
ConstructioNeecsossccsccscce 94,2 10000 0.0 - 5.8 -
Transport and Public
Utilities....".‘...."‘ 66.7 47.6 15.3 30.2 18.0 22.2
Trade and Finance.-ooou.oco - - 000 - - -
prOfeSSional SerVice0ooooot 5803 66.4 18.0 15.1 23.7 18.9
Colleges and Universities.ceee - 36.4 - 63.6 - -
Government AgencieSeescsscesse 62.3 47.6 16.7 21.4 21.0 31.0

Sources: Department of Labour, Economics and Research Branch, Employment Outlook
for Professional Personnel in Scientific and Technical Fields, 1958-1960,
Professional Manpower Bulletin No. 5, February 1939, page 29, and ibid.,
1960-1962, Bulletin No. 8, page 24.
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At the same time, a long-term trend was noted in Chapter II
above for a larger proportion of engineers to acquire post-graduate
education.gﬁ/ One possible interpretation is that the long-term trend
towards higher levels of education may be punctuated by shorter-term
periods of shortages when the opposite trend operates and those with
lower levels of education are hired to a greater degree. Another
interpretation is that the market for engineers is not in fact
homogeneous, that is, those with higher levels of education, especially
with post-graduate education, are not readily substitutable for those

without degrees., Two distinct markets may exist.

Some idea of the homogeneity or lack of it in the market for
engineers and scientists may be gained by a comparison of the changes
over time in salaries and in recruitment difficulties for engineers and
scientists with different levels of education, in different industries
and fields of specialization. A greater imbalance in supply and demand
for Ph.D.'s than for those with bachelor's degrees, for example, would
ceteris paribus, tend to result in a change in the structure of relative

earnings of engineers and scientists by level of education.

Table IV-9 indicates that in 1956 and 1957, a considerably
larger increase in starting salaries occurred for engineers and

scientists at the bachelor level than at the Ph.D. level. The overall

24/

See Chapter II, Table II-17.
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Table IV-9

Annual Increases in Starting Salaries of Engineers
and Scientists, 1952-53 to 1961-62

= ~ —
Bachelor's and Bachelor's and
Master's Ph.D's Master's Ph.D's
Year Government | Industry| Government | Industry| Government | Industry| Government | Industry
$ $ $ $ % % % %

19520 0enccennens - 3,370 - - - - - -
1953 cccecersnces 3,529 3,534 4,791 5,508 - 4.9 - -
1954 ccccecnnass - 3,815 - 5,840 - 8.0 - 6.0
1959 cccccccnanss 3,718 3,804 5,082 5,956 - ~0.3 - 2.0
19564t ececencoans 4,189 4,266 5,523 6,515 12.7 12.1. 8.7 9.4
1957 ccccvssacasns 4,690 4,701 6,195 6,955 12.0 10.2 12.2 6.8
19580 cccecarsons 4,775 4,776 6,336 7,500 1.8 1.6 2.3 7.8
1999 ccececccans 4,732 4,797 6,376 7,280 -0.9 0.4 0.6 -2.9
1960ceacosensses 4,923 4,950 6,917 7,981 4.0 3.2 8.5 9.6
196 cecovcocansns 5,099 5,126 7,043 8,550 3.5 3.6 1.8 7.1
1962 cceecascnse 5,187 5,195 7,330 8,490 1.8 1.3 4.1 -0.7
1963 cccecocscnsne 4,995 5,325 75355 8,680 =3.7 2.5 0.3 2.2
Average Annual
Per Cent Chance

1()53“570‘00008 - - - - 8.2 803 703 606

19576240000 - - - - 2.1 2.1 3.7 4.4

Sources Nationzl Research Council, Surveys of Professional Salaries, 1952 to 1963, various issues,
(Unpublished).

0¢c
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tightness of the market at that time appeared to affect bachelor degree
personnel who tend to be concentrated at the "production" level which
is probably more affected by short-term changes in demand. However,
for 1957-62, the opposite result occurred and the starting salaries

of Ph.D.'s in research increased twice as fast as salaries of engineers

and scientists with bachelor's degrees.

Data on annual average or median salaries are not available
for engineers and scientists separately for the earlier part of the
decade. For 1958-63, median annual earnings of scientists excluding
those in agriculture and forestry rose by 29 per cent compared with a

rise of only 20 per cent in salaries of engineers as a group.zé/

In view of the increasing supply of pure science compared
with engineering graduates in the latter half of the 1950's, indicated
in Table IV-7, combined with the more rapid rise in earnings of science
graduates compared with engineers, one would expect that the demand by
industry for those trained in science must have been relatively stronger

than for engineers.

Table IV-10 indicates that the relative increase in employment

of scientists relative to all engineers has declined slightly between

25/
Department of Labour, Economics and Research Branch, Annual Earnings
in the Scientific and Technical Professions, 1963, PM/6,
Professional Manpower Bulletin, No, 6, July, 1964, Table 1.
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Table IV-10

Annual Rates of Change in Actual Employment of Engineers
and Scientists, 1955, 1957, 1959, 1962-196.

e B e
Specialization 1;;5 1;;7 1329 1962ﬁl96h
Engineers Total... +9.9 +10.1 +4,2 +5.9
Scientists Total.. +5,6 | +10,2 | +4.1 +5.4
BiologistS.eeccees - +6.3 +6.7 +5.7
ChemistSeeeacessen - +9.8 | +4.5 +6.0
GeologistSceeecaes - +10.9 +0.9 +3.8
Mathematicians.... - +12.7 +5.3 +10.5
PhysicistSeececees - +13.0 +3.6 +6.3
Agriculture.ceece. - +5.9 +3.0 +3.3
Forestryiecececees - +10.6 +4,0 +2.9

Sourees:

Col. 1 Department of Labour, Economics and Research
Branch, Trends in Profesgsionsl Manpower
Supplies and Requirements, Professional
Manpower Bulletin, No. 1, Aug. 1957, p. 23.

Col. 2 Department of Labour, Economics and Research
Branch, Employment Outloock for Professionsl
Personnel in Scientific and Technical Fields
1958-1980, Professional Manpower Bulletin,
NO- 5’ Feb. 1959’ p‘ 18.

Col. 3 Department of Labour, Economlcs and Research
Branch, Employment Outloock for Professional
Personnel in Scientific and Teghnical Fields
1960-1962, Professional Manpower Bulletin,
No. 8, Dec. 1960, p. 19.

Col. 4 Department of Labour, Economics and Research
Branch, Employment Outlook for Professional
Personnel in Scientific snd Technicel Flelds
1962-196!4, Professional Manpower Report,

No. 13, Dec. 1962, p. 20.
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1957 and 1962-64. However, the "scientists, total" includes
agriculture and forestry scientists with lower than average employment
increases. Since '"pure science'" graduates exclude agriculture and
forestry graduates, a more valid comparison is between "engineers,
total" and "science'" excluding agriculture and forestry. From 1957 to
1962-64, in the majority of cases the average annual increase in the
employment of scientists has been greater than for engineers. There is
some evidence, therefore, that the increased supply of scientists in
the latter part of the 1950's was matched by increased requirements for

scientists by employers.gé/

Some threads of the analysis of supply, requirements and
earnings during the post-war period pulled together in Figure IV-8 and

in Table IV-A-6 in the Appendix. Short-run changes in the market for

26/
It is of course possible that in a shortage situation a limitation
of scientists could prevent increases in the actual level of
employment. However, in the present case there seems to have been
both an increased supply and an increase in requirements for
scientists., In a surplus situation, an increase in employment of
scientists could be interpreted as an increase in the supply, as
it were, creating its own demand. That this does not appear to be
the case is evident from an examination of the difficulties
employers had in recruiting scientists and engineers. Between
1956-57 and 1960-62, the percentage reporting difficulties in
recruiting scientists increased slightly from 16 to 16.8 per cent
while the corresponding percentage for engineers declined from
16 to 13.5 per cent, See Department of Labour, Economics and
Research Branch, Employment Outlook for Professional Personnel in
Scientific and Technical Fields, 1958-1960, February, 1959, p. 22;
Ibid., 1960-1962, December, 1960, p. 22.
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FIGURE 1V-8
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AND OF BUSINESS ACTIVITY, 1946-1965
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engineers during this period of time are evaluated by employing
selected indicators of supply, demand and price. The most sensitive
price indicator of changing market conditions is starting salaries of
newly graduating engineers.zz/ Starting salaries indicate that there
was a slight tightening of the market for engineers between 1950-53
which coincided with the period of the Korean War. This was followed
by a looser market in 1954, followed by a rapid tightening in the
mid-1950's up to 1956-57., This was followed by a looser market in the
latter 1950's and early 1960's with a tightening up from 1961-65., The
non-price indicator of vacancies to applicants confirms this picture.
For example, the index of vacancies to applicants peaked at 5.8
vacancies for every recorded job opportunity in engineering in 1956, a
period with an increase in annual starting salaries of 9.3 per cent.
One year later in 1957, business gross fixed capital information,
which we have seen is a good indicator of general economic conditions
associated with changes in the demand for engineers, peaked at 6.8 to
7.3 billion dollars in 1956-57. At the same time, the ratio of both
engineering degrees to labour force and of engineering and science plus
technical diplomas to labour force reached a low point in 1955 just

prior to the greatly increased demand for engineers thus intensifying

27/

- However, there is a lag of about one year in the average reaction
of starting salaries of engineers to short-run changes in
requirements as indicated by changes in business gross fixed
capital formation and by ratios of unfilled vacancies to applicants.
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the shortage. The ratio of engineering degrees plus net migration
increased sharply between 1955-57 from 3.6 to 6.0 per cent of total
labour force, but it was apparently not sufficient to meet the
increased requirements as indicated by the sharp rise in the ratio of
vacancies to applicants and in starting salaries. Thus, we are
justified in saying that all the indicators pointed to a shortage of
engineers (or rather, of technologically trained persons) in the
mid-1950's due to a combination of a drop in supply and a rise in
requirements, In the early 1960's, there was a considerable increase
in demand as indicated by the increase in business gross fixed capital
formation. But there was also a large increase in the supply of those
trained in science and technology who could presumably be substituted
for engineers. The available indexes suggest that a growing '"shortage"
existed but that it was modified by a relatively smaller change in
demand and by an increase in supply, especially if the supply of those

who can be substituted for engineers is added to engineers.,

Between 1958 and 1962 annual increases in earnings differed
widely among the detailed fields of specialization within engineering
and science. These are shown in Table IV-11., The annual increases
varied from 4.1 per cent for chemists, 2.4 per cent for mining
engineers, 8.5 per cent for mathematicians and 5.0 per cent for
geologists, By employment sector, in the case of scientists, for
example, the annual increase in median earnings between 1959 and 1962
varied from 4.0 per cent in private industry to 6.6 per cent in

universities.
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Table IV-11

Annual Increases in Median Earnings of Engineers and
Scientists by Specialization, 1957-1958 to 1961-1962

—— —

1957/ 1 1958/ | 1959/ | 1960/ | 1961/ | 1957/

1958 | 1959 [ 1960 {1961 | 1962 | 1962
% % % % % %

All EngineerSeeccscecesccsccscnnse 1.3 3.7 3.6 2.2 4,51 3.1
Aeronauticaleseccecceccoccncacse - - - - ~ -
Metallurgicaleceeseosessecscnnes 0 0 5.8 2.2 6.41 2.9
Chemicaleceescecosocsccccnannan 5.3 3.7 3.6 3.4 4.5 1 4.1
Mechanicaleceeeseossssscsacenes -1.2 3.7 2.4 1.2 4,61 2.1
Electricalececesvecssssccssasee 2.5 5.0 1.2 3.5 3.4 3.1
Civileeeneesvosesccrescccvscnnne 3.9 2.5 3.7 2.4 4.6 3.4
Miningeeecevosossccccccecesansscsa -2.2 4.5 6.5 0 3.1 2.4
All ScientistSecescecceccccoccscas 2.8 5.5 5.2 3.7 4.8 4.4
MathematicianSeeecceccocccaccans 12.7 14.1 1.2 3.7 10.6 8.5
PhysicistSecesessseescccococnnss 8.4 4.0 75 10.5 3.2 6.7
BiologistSesesoesecscccasacncns 11.7 765 5.6 2.6 3.0 7.3
ChemistSecavcecessasasssoceceas 2.7 9.3 4,9 1.2 10.31 5.7
Mathematicians and Physicists.. - -1 12.5 3.3 8.6 1 8.l
GeologistSessesesccocscsccncens 6.4 2.4 4.7 5.6 5.3 1 5.0

Sources: (1) Department of Labour, Economics and Research Branch, Engineering

and Scientific Manpower Resources in Canadas, Professional
Manpower Bulletin, No. 7, June 1959, p. 33,

(2) Department of Labour, Economics and Research Branch, Employment
and Earnings in the Scientific and Technical Professions,
1958-1961, Professional Manpower Report, No. 12, September 1962,
pp. 6 and 7.

(3) Department of Labour, Economics and Research Branch, Employment
and Earnings in the Scientific and Technical Professions,
1959-1962, Professional Manpower Report, No. 14, June 1963, p. 1C.
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It would therefore appear that the market for engineers and
scientists is, in fact, composed of a variety of sub-markets which may
exhibit quite different tendencies from time to time. A 'shortage" of
engineers or scientists, for example, is a composite of a variety of
sub-shortages in specific industries, fields of specialization and
levels of education. These specific, as opposed to general, shortages
probably arise out of industrial, occupational and other types of
immobilities and the remedies to them that consequently suggest them-

selves are increases in these types of mobility.
4, The International Market for Engineers and Scientists

Up until now the discussion of the market for engineers and
scientists has been larely confined to the domestic one. However, the
foreign-born represent 19 per cent of all persons in professional
occupations, 33 per cent of engineering occupations and 32 per cent of
physical science occupations according to the 1961 Census.2§/ The
ratio of immigrant engineers to Canadian university engineering
graduates from 1951 to 1960 was 59 per cent, and the corresponding ratid
of engineering emigrants from Canada to the United States was 31 per

cent, which indicates the importance of these sources of manpower

28]
See Chapter IIL, Table II-25.
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flows.gg/ In Chapter II it was found that there is (as far as data

permit us perceive) a substantial two-way process of immigration and
emigration between Canada and the rest of the world but that the
greatest portion of the flow is naturally between Canada and the

United States.ég/

In this section the purpose is simply to indicate briefly
the scope of an adequate study of the international market for
scientific and technical personnel from the Canadian point of view and
the possible implications of this for the Canadian market for such
personnel, The problem of international mobility may be considered
from three aspects: first, the extent of such migration; second, the
factors that seem to be associated with it; thirdly, the reasons why

mobility occurs,

The data on the extent of total migration flows between
Canada and the United States are not complete. Some attempts have

been made on the basis of comparisons of inter-censal stocks and flows

29/

See Chapter II, Table II-28,.

30/
A large number of studies have examined the interdependence of the
Canadian and United States economies. See, for example, R.E. Caves
and R,H, Holton, op. c¢cit., pp. 79-120. For a recent treatment see
George W, Wilson, Scott Gordon and Stanislaw Judek, Canada: An
Appraisal of its Needs and Resources, Toronto, University of
Toronto Press, 1965, pp. 154-209., For a recent study of immigra-
tion and emigration, see L. Parai, op. cit.
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to estimate the unrecorded flows of international migration between
Canada and the United States. The bits of evidence available suggest
that the recorded emigration of the Canadian-born to the United States,
for example, tends to overstate the amount of loss to Canada through
migration chiefly because most Canadians returning to Canada are not

recorded.él/

It was shown in Chapter IL above that the flow of recorded
emigration from Canada to the United States as well as the proportion
which engineers represented of the total has increased somewhat during
the 1950's., Engineers as a proportion of professional occupations have
declined slightly during this period of time. In contrast, the
percentage of engineers to total immigrants has remained steady but the
proportion of immigrant engineers to total professional immigrants has
declined from 26,5 to 11.0 per cent between the first and second halves
of the decade. The flows of engineering migrants moving into and out
of Canada depend not only on the total flow of all immigrants but also
on special factors which have tended especially in the latter part of
the 1950's to decrease the proportion which engineers represent of

total professional immigrants including immigrants to Canada.

1/
P. Camu, E.,P. Weeks and Z.W. Sametz, Economic Geography of Canada,
Toronto, Macmillan, 1964, p. 69, have attempted to estimate total
emigration by using Census data. For a critique of this approach
see B.W. Wilkinson, Studies in the Economics of Education,
Occasional Paper No. 4, Department of Labour, Economics and

Research Branch, 1965, pp. 58-65.
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It could be hypothesized that since the demands for engineers
are particularly senstive to changes in the rate of economic growth,
the slow-down in the rate of economic growth in Canada combined with
the post-war economic resurgence of Europe, Canada's main source of
immigrants have led to the sharp contraction in the percentage of
engineers to total professional immigrants. At the same time, the
pull of the United States has tended to remain steadier due to the
sustained influence of such factors as defense expenditures in that
country. An alternative hypothesis which is perhaps more consistent
with the view that most, possibly eight out of ten Canadian-born
emigrants to the United States return to Canada,éz/ is that a variety
of factors many of them non-economic, account for the two-way flow
between Canada and the United States and that these flows tend to be
less affected by relative economic conditions in the two countries
than the flow across the Atlantic. These two hypotheses are of course

not necessarily mutually exclusive.

A recent study based on tabulations by the United States
National Science Foundation and by data from the Organization for

Economic Co-operation and Development compared the number of immigrant

32/

P, Camu, E.P. Weeks and Z.W. Sametz, op. cit,, p. 69; see also
K.V. Pankhurst, "Migration Between Canada and the United States",
The Annals of the American Academy of Political and Social Science,
Vol. 367, September, 1966, p. 56.

L =
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scientists and engineers who went to the United States between 1957 and
1961 with the stock of engineers and number of graduates both by
country of last residence. Immigrants whose country of last residence
was Canada represented an average of about 30 per cent of first degrees
granted in Canada during this 5 year period, which was the highest of
the twelve countries (mostly European) listed. At the same time, the
proportion of immigrants to the United States who were born in Canada
represented only 50 per cent of those who last resided here, the

lowest for any country shown. Despite this, Canada still ranked second
behind Norway in the proportion of immigrants by country of birth in
relation to total domestic stock of engineers and scientists.éé/ This
indicates first that the recorded flow of engineers and scientists

from Canada to the United States i1s important relative to other sources
of supply such as Canadian university graduates and that Canada appears

to serve as a staging area for re-emigration of those not borm in

34/

Canada to the United States. The 0.,E.C.D. is at present attempting
to accumulate data on international migration on high level manpower by

having various countries simultaneously assess and report on their

33/
H.G. Grubel and A.D. Scott, "The Immigration of Scientists and
Engineers to the United States, 1949-1961", Journal of Political
Economy, Vol, LXXIV, No. 4, August, 1966, pp. 368-378,

This point is also made by B, Thomgs, "From the Other Side: A
European View", The Annals of the American Academy of Political
and Social Science, Vol. 367, September, 1966, p. 69.
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stocks of high level manpower of foreign origin.éé/ Data submitted by
the United States to the 0.E.C.D. from the National Register of
Scientific and Technical Personnel for 1964 indicate that 64 per cent
of the natural scientists (excluding agriculture and forestry
scientists) in the United States National Register whose country of
birth and secondary schooling was Canada, held Ph.D. degrees, 1,103

out of 1,737.36/

According to the most recent tabulation from the Canadian
Register of Scientific and Technical Personnel in 1963, the percentage
of natural scientists as defined above, who held Ph.D. degrees
represented 27 per cent of the total.éz/ It seems that the movement
from Canada to the United States is particularly significant for
scientific and technical manpower at the upper levels of education.

The factors associated with these movements have not been quantified

35/
0.E.C.D., Organization for Economic Co-operation and Development
Committee for Scientific and Technical Personnel, International
Movement of Scientific and Technical Persomnel, STP (65)19, Paris,
August, 1965.

0.E.C.D., International Movement of Scientific and Technical
Personnel, notes on O.,E.C.D. migration study based on the
preliminary analysis of national data, September 23, 1966,
unpublished manuscript.

See Chapter II, Table I1I-8,.

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




UNIVERSITE DDOTTAWA ECOLE DES GRADUES

234

precisely but in addition to possible differentials between Canada and
the United States in income and job opportunities, the large proportion
of those who receive post-graduate education in the United States and
who remain there appears to be an important factor associated with the

movement south of the border.éﬁ/

Some price and quantity indicators of the recent trends in
the market for engineers in the United States and Canada are given in

Table IV-12 and Figure 1IV-9,

The price and non-price series selected for Canada and the
United States exhibit some divergences but frequently move in the same
direction. These similarities of course do not prove that the two
markets interact, because the indicators could be moving parallel in
response to a third more general influence, for example, the business
cycle. It may be hypothesized that if the markets are linked, the
Canadian indicators would tend to move in the same direction as those
in the United States because of the impact of the large United States
economy on Canada. In the case of immigration and emigration of
engineers, by and large they have tended to move together with the

exception of 1959 and 1962-65. 1In 1959 the sharp rise in the

38/

T See National Research Council, After-Graduation Plans of 1960 and
1961 Doctorates and Masters of Science and Engineering, June, 1962,
pp. 10 and 16, Canadian Ph.D.'s graduating from United States
universities according to this survey were about twice as likely
to enter employment in the United States as were Ph,D. scientists
and engineering graduates from Canadian universities.
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Canada and the United States, 1948-1965

Selected Indicators Relating to the Market for Engineers-and Scientists,

—
1 2 3 4 5 6 7 8 9 10 11
Starting Salaries Ratio, Starting Salaries, U.S.A./Canada
All Engineers All Engineers
All Engineers All Engineers and Scientists - and Scientists -
and Scientists - | and Scientists - Engineers|{ B.A.'s and M.A.'s Ph.D.'s in
B.A.'s & M\A.'s Ph.D.'s in Immigrant Emigrant | U.S.A./ in Industry - Industry
Engineers in Industry industry Engineers Engineers { Canada U.S.A./Canada % | U.S.A./Canade "~
Per 100,000 | Per 100,000
Labour Labour Col. 2/ Col. 4/ Col. &/
a2 Canada U.S.A. Canada U.S.A. | Canada U.S.A. | Force 1961 | Force 1961 Col. 1 Col. 3 Col. 5
$ Monthly | $ Monthly $ $ $ $
1948... 205 250 - - - - - - 1.22 - -
1949, ., 215 261 - - - - - - 1.21 - -
19%0... 220 260 - - - - 5.0 3.5 1.18 - -
1951... 225 <270 - - - - 12.4 5.9 1.20 - -
1957 .. 285 305 3,370 - - - 21.8 8.5 1.07 - -
1953.. 288 325 3,534 - - - 32.4 8.3 1.13 - -
1954, ,, 300 355 3,815 - 5,840 - 26.6 7.8 1.18 - -~
T~ s 317 371 3,804 4,954 5,956 7,000 20.7 9.7 1.17 1.2n 1.18
I- .as 345 415 4,266 5,250 6,515 8,3%0 26.6 15.0 1.20 1.23 1.28
1957 377 454 4,701 5,820 | 6,955 8,500 48.9 19.9 1.20 1.24 1.22
195 ... 392 472 4,776 5,964 | 7,500 8,652 15.9 11.4 1.20 1.25 1.15
1929 . 395 480 4,797 6,372 7,280 9,492 12.3 20.7 1.22 1.33 1.30
15 2. 401 - 4,950 6,636 | 7,981 10,068 11.4 13.9 - 1.34 1.26
.ol 413 - 5,126 6,816 8,550 10,500 8.6 12.8 - 1.33 1.23
L Ca 429 - 5,195 7,116 | 8,490 11,172 15.2 13.9 - 1.37 1.32
19¢° 441 - 5,325 7,416 | 8,630 12,096 18.9 13.2 - 1.39 1.39
ST 470 - - - - - 23.3 12.9 - - -
14865... 489 - - - - - 35.5 15.1 - - -
:q_l:‘L« _ 2
Crvy 1 : Teole TV-A-1.

: Fz

ik S, Endicott; "Trends in the Employment of College and University Graduates, 1959". Scientific Manpower, 1958,

"Paper of the Sever '. Conference on Scientific Manpower, National Science Foundation, 1959, p. 12".

6 s

ily Surveys of Professional Sslaries, 1952-1963, unpublished.
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SELECTED INDICATORS RELATING TO THE MARKET FOR ENGINEERS AND SCIENTISTS

CANADA AND THE UNITED STATES, 1948-1965
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emigration of engineers was due chiefly to the large number of
engineers who went to the United States following the cancellation of
the Avro Arrow contract in 1958. The period since 1961-62 in Canada
has been characterized by a substantial rise in job opportunities, and
judging by the vacancies to applicant ratios here and in the United
States, the relative expansion of job opportunities in Canada
increased at a more rapid rate than previously which would tend to

keep engineers at home.

Vacancies and applicants, although based only on partial
data in both countries, have tended to expand and contract together

with the exception of 1963-64,

The data indicate that starting salaries for engineers,
however, have tended to rise more rapidly in the United States over the
longer term. However, the data on which this trend is based
particularly from 1958-63 refer to salaries of engineers and scientists
as a group, many of whom are doing research and development work in
industry. The fact that starting salaries of Ph.D.'s who tend to be
concentrated in research, increased more rapidly in the United States
relative to Canada between 1958 and 1963 tends to support this

explanation.

One can therefore say that the market indicators chosen do
lend weight to the argument that the market for engineers and scientists

in Canada is part of an international one.
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From the evidence available on stocks of Canadians of
foreign origin who formed part of the United States high level manpower
pool, and from the data on recorded flows of immigrants and emigrants,
there can be no doubt that the general openness of the Canadian
economy in the area of foreign trade and capital movements has its
counterpart in an active international market for high level manpower
of which Canada forms a part. What is less clear is the precise amount
and direction of "human capital' flows that are taking place and the

impact of these flows on the market for engineers and scientists.

0f equal importance from a policy viewpoint is the character
of the flows. Engineers and scientists with the highest educational
qualifications seem to be more prone to emigrate to the United States
than those with lower levels of education. At the same time, the
proportion of engineers, for example, who immigrate has fallen in
relation to the total number of immigrants in professional occupations
although the proportion of engineering immigrants to total immigrants
has remained relatively constant during both halves of the 1950's owing
to the rising proportion of professional to total immigrants. It may,
therefore, be suggested tentatively that a policy which would aim at

encouraging/discouraging the immigration/emigration of the most highly

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




UNIVERSITE DDOTTAWA ECOLE DES GRADUES

239

qualified engineers and scientists should not only be concerned with
total percentage of those, say, in high level occupations but also with
special factors which may affect the movements of engineers and

scientists.égl

Possible policies could involve the quality and availability
of post-graduate education and research opportunities for engineers and
scientists. The support of applied research in industry and
universities might be increased. More strenuous efforts can be made to
establish and maintain communications with those Canadians who are
studying or working abroad with a view to encouraging them to return

to Canada.

Any judgments about emigration of such manpower would require
a very careful assessment of the causes and effects of such movements
in relation to Canada's economic and social goals. Scott and Grubel
have pointed out that one possible approach is to calculate the net

effects of such movement on the migrants as well as on those left

39/
H.G. Grubel and A.D. Scott, op. cit., p. 375. Found that engineers
and scientists from the eight countries selected were about ten
times as likely to emigrate to the United States as are people in
other occupations. For Canada the likelihood was twelve times as
great that people in engineering and science occupations would
emigrate to the United States as for people in all occupations.
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behind.&g/ But the "externalities", i.e., the social benefits of these
highly qualified manpower may be important but are not easily
quantified. Even the net economic effects of such migration are by no

means obvious,

No attempt will be made here to derive specific policy
proposals on immigration and emigration of engineers and scientists.
Much more research and in particular more empirical work is required
before this would be possible. But even the limited data available
indicate the importance of developing any policy measures with a full
awareness of the openness of the Canadian market to the internatiomal

market for high level manpower.
5. Conclusion

In the first part of this chapter, the broad supply-demand
analysis based on Census data indicated that during the decade of the
1950's there was an increase in the earnings of engineers relative to
all occupations as a group. This @=adsssis has been confirmed by the
more detailed analysis. In addition, it appeared that the influence of
demand was predominant in the changes that affected the market for
engineers., The detailed analysis suggests that there was indeed a
strong upward surge of demand for engineers during the 1950's as

indicated by relative earnings. At the same time, supply has been

40/
Herbert B, Grubel and Anthony D. Scott, '"The International Flow of
Human Capital", American Economic Review, Vol., LVI, No, 2

May, 1966, pp. 273-274.

b
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maintained or at least prevented from falling as much as it otherwise
would by a relatively rapid rise of immigrants during short-term
periods of shortages and toward the latter part of the decade by the

availability of graduates in science and technology courses.

Moreover, the more detailed analysis reveals important
aspects about the trends in supply and demand components which are
concealed in the broader analysis, for example, how an equilibrium
between supply and requirements was achieved. In the longer term, a
fundamental change in supply seems to have occurred in the direction of
an increasing orientation to science. This is indicated by the
increasing proportion of pure science graduates and also by the rising
number of both engineers and scientists with post-graduate degrees.
The decline in the number of engineering graduates relative to other
graduates has been offset by a rise in the proportion of pure science
graduates, of engineering graduates with post-graduate degrees and of

non-university diploma graduates.

In the short-run an equilibrium of supply and requirements
has been achieved through a combination of increased migration and
increased upgrading of persons without degrees into engineering level
jobs, At the same time, the market for engineers has signalled rising
shortages and surpluses in the traditional way, that is by changes in
average and especially in starting salaries. A more detailed analysis
of possible changes in utilization patterns of engineers at the level

of the firm and the establishment would of course require additional

UNIVERSITY OF OTTAWA - SCHOOL OF GRADUATE STUDIES




UNIVERSITE DDOTTAWA ECOLE DES GRADUES

242

data that would go beyond the scope of this study. The evidence that
is available from business establishments and in particular the
evidence of increased upgrading in times of shortages suggests that

changes in utilization at the micro level probably occurred,

Analysis of the operation of the market for engineers and
scientists iIEessstonaddy. suggests that the adjustments that were made
domestically in response to surpluses and shortages cannot be fully
understood without an examination of the impact of international flows
of engineering and scientific manpower, These manpower flows have
tended to be high in times of rapid economic growth and emphasize the
sensitivity of the domestic market for engineering and scientific
personnel to economic conditions and opportunities abroad and of course

vice versa,

Some implications of the above analysis for educational,
migration and labour market policy may be tentatively suggested. The
various criteria employed suggest that given changes in demand or
requirements, a considerable degree of adjustability and flexibility is
exhibited by the market especially in the longer run, At the same
time, short-run inelasticities on the supply side relative to rapid
changes in demand have tended to create short-term disequilibria, The
mechanism of adjustment or the policy alternatives which are
appropriate may be quite different for a 'chronic-long-run" in contrast
to an "acute-short-run" type of market disequilibrium, In the longer

run, qualitative changes can be made in supply by changing the
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proportion of graduates in one field of specialization versus another,
for example, technicians versus engineers.ﬁl/ But this sort of change
will do little to solve a short-run shortage. Long-run changes may
also occur (or be encouraged) in the proportion of engineers and
scientists who receive post-graduate education, or who simply receive
university degrees rather than non-university type certification. In
the short run, the qualitative adjustments in supply that come most
readily to mind are: changes in net migration, upgrading, and

industrial and geographic mobility.

In so far as education policy is geared to manpower needs,
its influence on the composition of supply must be conceived as a long-
term process in view of the '"gestation period" of human capital, i.e.,
the time needed to turn out highly trained engineers and scientists.
Its contribution to short-term market flexibility is primarily in terms

42/

of producing broadly-trained and adjustable individuals.==

41/
This of course is assuming that an appropriate incentive system is
established which influences the free choice of individuals in the
desired direction.

See 0.E.C.D.,, #The Utilization and Deployment of Scientific and
Technical Personnqgﬁ, a statement prepared by the Economic and

Research Branch, Department of Labour, Canada, for the Committee
for Scientific and Technical Personnel, Paris, June, 1963, p. 7.
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Policies that affect total immigration and emigration can
have an immediate short-term influence on supply. However, the long-
run composition of immigration in terms of the occupational and
educational structure appears to change rather more slowly although not
as slowly as the composition of university graduates. Policies aimed
at‘influencing the flows of particular types of immigrants and
emigrants, e.g., high level manpower may face severe constraints
imposed by the existence of an active international market for these

scarce personnel.

The lack of homogeneity that various indexes indicate exists
in the market for engineers and scientists suggests that there is scope
for policies aimed at improving the operation of the labour market for
these personnel in the short run by means of increasing the level of

information and by removing barriers to mobility of various kinds.

At the same time, it is essential that policies affecting
engineering and scientific manpower be designed to keep the long-run
and short-run developments in perspective since the policy implications
of these may be quite different. TFor example, a policy of increasing
the net migration of less than fully qualified engineers, designed to
solve a short-run problem such as a shortage may exacerbate a long-run
problem such as a need for increased education and training to lessen

the impact of the obsolescence of engineering and scientific educatiom.
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CHAPTER V
ESTIMATES OF SUPPLY AND REQUIREMENTS FOR
ENGINEERING MANPOWER IN 1970 AND 1976

1. Introduction

One of the purposes of the examination of the supply and
requirements for engineering and scientific manpower in Chapters II and
III was to develop a basis for making projections, This chapter will
consist of projections of the numbers of engineering personnel who will
be needed or forthcoming based on certain assumptions, A forecast
should be distinguished from a projection, The former is a statement
of what will occur while the latter is an estimate of what might occur

under certain assumptions,

Projections may be made: to determine a need for the
expansion of educational facilities and activities; to assist in working
out policies relating to the recruitment and utilization of engineering
and scientific workers and the scope of the research programs; to serve

as a background for the guidance of young people in school.

Projections of the supply and requirements for engineers
involve the general problems which are common to all long-range economic
projections as well as some special difficulties. Briefly the general
problems are the lack of a generally accepted theory of economic growth
which can serve as a conceptual basis for the projections; the inadequ-
acies of basic statistics; unpredictable exogenous factors such as wars

and recessions,
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Special problems in estimating the future supply of engi-
neering manpower arise from the concept of the supply of labour to an
occupation, which can be defined as including both those who are
employed in it plus those who are capable and willing to work in it at
current pay and working conditions, This definition of labour supply
raises problems in measuring marginal groups. Some with broad training
and multiple skills may shift from one occupation to another, which

means that the number in those occupations may vary from time to time.

Others, for example, married women (quantitatively more
important in science) and the retired, may enter or leave the labour
force under certain conditions and the number who may do so is hard to

determine.

Finally, the flexibility of employers' standards means that
workers who are considered qualified at one time may not be under
different circumstances., Technicians, for example, may be hired for
engineering and scientific jobs in a tight labour market characterized

by shortages but not when the opposite situation exists,

The main question in projecting the requirements for engineers
and scientists is whether the rapid growth in their numbers in recent
vears will continue into the future., 1In the long-run, the demand for
engineers and scientists appears to be related to factors such as
changes in technology, the rate of economic growth, the size of the
educational sector, and government and private policies concerning the

utilization of engineers and scientists, The demand for engineers and
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scientists arises from various sectors of the economy and it is affected
by the functions performed by engineers and scientists within these
sectors. The availability of data on the employment of engineers and
scientists which can in turn be related to other factors such as labour
force and national income changes is of crucial importance in any study

of requirements,

Despite these difficulties, projections of supply and
requirements are often made in an attempt to reduce the uncertainties

that are involved in plans for future manpower and educational policies.

2, Methodology

a. Supply Projections

A projection of manpower supply involves the measurement of
three variables: the level of current supply, inflows and outflows.
The level of current supply of engineers, for example, can be estimated
from a number of sources including the decennial Censuses, and from the
number of persons with university degrees or equivalent professional
qualifications in the Department of Manpower and Immigration Register
of Scientific and Technical Personnel which is based on a variety of
sources such as surveys of graduates, and membership lists supplied by
professional associations. Another source of information is surveys of
employers conducted by the Department of Labour. A comparison of Census
and register data on the stock of engineers revealed that by adjusting
the Census engineering total to allow for an understatement of those

with engineering degrees who transferred to other occupations plus an
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overstatement of those who had no university degrees, the Census and
register numerical totals could be made quite similar;l/ The current
stock estimate used, however, was based on adjusted totals from the
Register of Scientific Personnel which were inflated to allow for those

not included in the register.

This adjustment in the concept of current supply was in turn
followed in the estimates of inflows and outflows, Allowances were made
for occupational transfers and for those who entered engineering occupa-
tions without university degrees which would make the stock and flow
data consistent with each other. These estimates in turn can be
examined within the broad framework of all occupations in the labour

force as provided by the Census.

Inflows consist of graduations in engineering, immigrants,

graduates in other than engineering fields and non-graduates.

Outflows consist of deaths, retirements, emigration, transfers

to other occupations and an allowance for '"non-entrants'", those

?

graduates in engineering courses who did not enter engineering

occupations.
b. Requirements Projections

Future requirements for engineers involve estimates of both

growth of employment and the number needed to fill existing shortages,

1/
~ See Table II-37 above.
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if any, Although a number of techniques may be used in forecasting the
growth in requirements for high- level manpower,g/basically the limita-
tions of time and resources available for this study plus the available
data and techniques reduced the options to two, First, estimates based
on manpower trends; second, relating occupational requirements to a
variable that can be independently estimated such as population or

output,

A number of studies of future requirements for engineers have
attempted to deal with particular facets of the problem outside of the
general framework of the distribution of labour force by industries and
occupations.é/ One of the problems with this approach to requirements
is that it does not provide a framework for considering the long-term
allocation of engineering manpower in terms of total manpower resources,

The importance of integrating the manpower requirements for engineers

2/
For a discussion of some of these methods, see: Organization for
Economic Co-operation and Development, Forecasting Manpower Needs
for the Age of Science, Paris, Organization for Economic Co-operation
and Development, 1960, pp. 30-37. Also, H,S, Parnes, Forecasting
Educational Needs for Economic and Social Development, Paris,
Organization for Economic Co-operation and Development, 1962,
pp. 17-36; Ozay Mehmet, Methods of Forecasting Manpower Requirements,
Toronto, Ontario Department of Labour and the Centre for Industrial
Relations, University of Toronto, 1965; R,K, Srivastava, Projecting
Manpower Demand, A Review of Methodology, India, Ministry of Home
Affairs, Directorate of Manpower, 1964,

"~ For example, see Blank and Stigler, op. cit,; Department of Labour,
Economics and Research Branch, Skilled and Professional Manpower in
Canada, 1945-1965, Ottawa, Royal Commission on Canada's Economic

Prospects 1957.
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and scientists into the framework of total labour force and productivity
estimates in order to provide consistency with other projections has

4/

been noted by several authors,=

Ideally the following information would be needed to provide
a broad framework for projections of future employment of engineers:

1) projections of the level and distribution of aggregate
demand by industry sector;

2) future production functions, i.e,, the relation
between future inputs and outputs in each industry;

3) future relative prices of different factors of
production including engineering manpower,

Unfortunately data on 2) and 3) are not available,

This reduced the projection method to two options, First, an
estimate may be made based on manpower trends consisting of projections
for the future which are based on past trends in total employment by
branch of industry which have been qualified for expected changes in
the structure of production, Given projected output and productivity
trends in the various industrial sectors of the economy, total manpower

requirements can be calculated., Then a projection may be made of

4/

" See for example G, Bombach, ""Comments On the Paper by
Messrs, Tinbergen and Bos", Organization for Economic Co-operation
and Development, Study Group in the Economics of Education, The
Residual Factor and Economic Growth, Paris, O0,E,C.D., 1964,
pp. 174-179; H, Goldstein, "Methods of Forecasting the Demand for
and Supply of Scientists and Engineers', Paris, O.E,E,C., 1958,
STP(58)1, pp. 33-34 (mimeographed); U.S, National Science Foundation,
Scientists, Engineers and Technicians in the 1960's Requirements and
Supply, Washington, D.C., U,S. Government Printing Office, 1963, p. 5.
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occupational composition by industry sector, The projection may be
based either on past ratios of particular occupations to total employ-
ment or on current differences in manpower structure among different
firms in the industry, for example, "progressive'" versus 'backward"

firms may have different manpower structures,

Second, requirements may be related to an independently
estimated variable,é/ For some occupations such as physicians and
teachers, it has been argued that they are "population related" in the
sense that assuming certain standards of medical care and instruction
as well as organizational structure and technology, future requirements

can be set out.é/

The approach proposed in this study will incorporate elements
of both of the above methods., First, a projection following
Method No., 1 will be made, It was decided to employ a "requirements"

approach as outlined in Chapter III, The occupational structure of the

5/
For an example of a study which used this method among others, see:
Stanislaw Judek, Medical Manpower in Canada, Ottawa, Royal Commission
on Health Services, 1964.

6/

~ There may be exceptions to the predictability in the case of occupa-
tions such as teachers, especially in the short run when parameters,
such as pupil-teacher ratios, may be quite flexible within limits,
See, G, Bombach, "Comments on the Paper by Messrs, Tinbergen and Bos'",
in Organization for Economic Co-operation and Development, Study Group
in the Economics of Education, The Residual Factor and Fconomic
Growth, Paris, Organization for Economic Co-operation and Development,
1964, p, 173,
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labour force, and by inference the number in any occupation such as
engineering in relation to total labour force, is due to changes in the
distribution of employment among and within different industries. This
approach permits the long-term outlook for engineering occupations to
be considered within the framework of the labour force by industries
and occupations. Such a broad framework is available but only to
1970.1/ It was therefore decided to make 1970 the terminal date for the

requirements projections.ﬁ/

It will not be possible at this point to obtain detailed data
by doing a thorough analysis of industry requirements at the level of
the firm.g/ Second, following Method No, 2, the occupational forecasts
of certain types of engineering and scientific manpower, e.g,, those

with post-graduate training, will be done on the basis of industry

7/
In N,M, Meltz, "Occupational Statistics for the Canadian Labour Force,
1931 to 1961 Together with Projections to 1970", a report prepared for
the Department of Manpower and Immigration, 1966, to be published
soon,

8/
Consideration was given to projecting requirements for engineers to
1976, in order to have a longer term comparison of supply and
requirements, This was rejected on two grounds, First, no projection
of total employment by industry to 1976 exists in which the industry
sector is broken out in sufficient detail. Second, one of the
purposes of the study is to test the usefulness of the methodological
framework developed for the projections. This can be done just as
well with 1970 as the terminal date, and once the data for 1975 and
1976 become available the projections can easily be extended,

9/
See U,S, Bureau of Labor Statistics, Scientists, Engineers and
Technicians in the 1960's, Requirements and Supply, for an example
of the limited use of this approach in order to validate and modify

manpower projections by industry sectors.
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sectors which will allow estimates to be made separately for
""population-related" sectors such as education and govermment and

"output-related" sectors such as private industry.

Estimates of the numbers of engineers needed to fill existing

shortages will be included in the final estimate of future requirements,

Consideration was given to conducting a survey in which
employers would be asked to estimate their future requirements for
engineers. This approach was ruled out for the present study on three
grounds. First, such a survey would go beyond the resources available
for the study. Second, there are serious problems in obtaining
unbiassed estimates of future requirements from employers, Experience
indicates that employers' estimates are most useful when they are used
in conjunction with an analytical approach in which projections are
developed on an economy or industry-wide basis by studying factors
affecting future demands.lg/ Third, some information on future require-

ments of employers for engineers and other high-level occupations is

10/

D, Hartle, The Employment Forecast Survey, Canadian Studies in
Economics No. 14, Toronto, University of Toronto Press, 1962, for
an analysis of the employment forecast survey of the federal
Department of Labour; a discussion of the experience of the
United Kingdom and Sweden in surveys of employers' future require-
ments for engineers is contained in H, Goldstein, "Methods of
Forecasting Demand for and Supply of Scientists and Engineers",
Paris, cf. supra, He concludes that information from employers
while useful must be carefully reviewed in conjunction with
"analytical" or "global" methods,
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available for all or part of the period 1961 to 1970.11/ The estimates

developed by our "analytical" method can be cross-checked to some extent

with these estimates derived from employers,

It must be stressed that any estimates of future needs at this

stage will of necessity be tentative and subject to modification on the

basis of additional research, which might be based on improved data at

the macro level of the various broad industry sectors in the economy or

on further information at the micro level of the individual firms.lg/

11/

Department of Labour, Economics and Research Branch, Employment
Outlook For Professional Personnel in Scientific and Technical
Fields 1962-1964, Professional Manpower Report No, 13, December 1962,
Employers made estimates of their requirements for engineers between
1962 and 1967, 8See also B,A, Keyes and H,H, Wright, Manpower
Planning in Industry, A Case Study, Staff Study No, 18, Economic
Council of Canada, Ottawa, August 1966, Employers were asked to
give future requirements for post-graduates, first degree holders
and technical institute graduates for the period 1965 to 1970,

12/

For an interesting treatment of the concept of manpower projections
see W, Lee Hansen, "Labour Force and Occupational Projections", in
Industrial Relations Research Agsociation, Proceedings of the
Eighteenth Annual Winter Meeting, New York, December 28-29, 1965,
New York, Industrial Relations Research Association, 1966, pp. 12-20,
He explains the necessity of obtaining information on "availables",
i,e., supply in the sense used here along with information on
"requirements', He feels however, that the ex post adjustments of
supply, requirements and factor prices which are hard to predict
make ex ante occupational projections of any kind particularly
difficult,
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The projections were made on the basis of some general

assumptions:

1) that there will be no wars, catastrophes or serious
. .
economic recessions over the next 10 years;

2) that relatively high and stable levels of output and
employment will be maintained, i,e,, that the economy
will move closer to the rate of growth needed to reach
estimated potential by 1970 - an average percentage
change in output of 5.5 per cent and of 3.0 per cent in
employment and 3.0 per cent per man-hour;l13/

3) that the scientific and technical advances experienced
in recent years will be maintained and that research
and development expenditures will continue to increase;

4) that there will be no abrupt structural changes in the
economy;

5) that relationships between the salary levels of
engineers and related occupations will continue to
be substantially the same.

3. Projections of the Supply of Engineers, 1970 and 1976

a, Stock

The first step in projecting the supply or requirements of
engineers is to establish the initial stock of engineers, scientists
or other manpower in the base year. The stock in an occupation or
field of specialization in turn depends upon the labour supply concept
which is used. In the case of engineers and scientists, for example,
the stock may be defined to include not only those who are occupa-

tionally employed as engineers or scientists, but also those who have

13/
B.J. Drabble, Potential OQutput, 1946 to 1970, Study No. 2 prepared
for the Economic Council of Canada, Ottawa, 1964,
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:en trained as such, The first concept would exclude those who are
lucated but not employed in the occupations related to their education
ad would include those who, while not formally educated as engineers

r scientists, are employed in that capacity. The second concept would
nclude all those who have been formally trained or who received profes-
ional recognition as engineers or scientists. The stock and supply
lata used for this projection will follow the former concept of

considering only those employed as engineers or scientists.

The most accurate way to arrive at a figure on the stock of
engineers and scientists employed as such at a particular time is
through a comprehensive survey of employers. No survey of employers

in Canada has provided data on the total stock of those personnel.l&/

It was felt that the best estimate of stock that could be
made at this time was that based on the data from the Department of
Labour Register of Scientific and Technical Personnel for those employed
in scientific and technical fields. An allowance was made for a
possible understatement of those without university degrees who are

employed in engineering fields but who may not have been included in

the register,

T4/
The "Survey of Employment and Requirements, Engineering and

Scientific Manpower', conducted by the Department of Labour, covers
mainly those employers with a hundred employees and over with the
exception of some consulting firms, See Department of Labour,
Economics and Research Branch, Employment Outlook for Professional
Personnel in Scientific and Technical Fields, 1962-1964, Professional
Manpower Report No. 13, Ottawa, December 1962, pp. 1-2,
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As Appendix V-A-1 indicates, depending upon the definition
used, the stock of engineers in 1961 may range from a numerical total
of about 30,000 to over 48,000, It is felt that estimates Nos, 1 and
2 are too low. Estimate No, 1 is low because many employers of
engineers and scientists were excluded from this survey while
estimate No, 2 excludes those who have no university degrees,

Estimate No. 6, on the other hand, appears to be too high because it
includes some who are not in the labour force, Estimates Nos, 3 and 5,
while numerically close, are quite different in educational composition
with almost 28 per cent of those in engineering or science holding
university degrees compared with under 5 per cent of engineers and
under 2 per cent of the scientists as indicated in the 1961 Survey of

15/

Scientific and Technical Personnel,=—

It was decided to base the stock estimate for engineers upon
estimate No, 4 with an additional allowance of 8.6 per cent for those
employed as engineers who have no university degrees, giving a stock

figure of 41,100 for 1961,L18/

157
See Table ITI-36 above.

16/
The number of persons employed in engineering fields of employment
specialization in 1961, 37,857, was estimated by adding to the
number of engineers tabulated the number of late replies, those
removed from the labour force, the "no replies'" and the "moved"
who were estimated to be in the labour force., The resulting number
was multiplied by three since the survey covered a one-third portion
of those in the register, An allowance of 8,6 per cent was made for
those who were employed as engineers, but who were not in the
register which increased the total to 41,100, The 8.6 per cent
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b. Inflows

(i) Graduations in Engineering

The largest inflow component is graduation, It was estimated
that for 1952 to 1961, engineering graduations comprised between 60 and
67 per cent of new engineering entrants.lz/ A good part of the burden
of constructing a reliable inflow projection rests on the projection of
engineering graduations. The number of engineering graduations in turn
has been affected in the past by three main variables, total university
enrolments, proportion at university who choose to enroll in engineering
courses, and the proportion of those enrolled in engineering courses who
graduate in engineering, The change in total enrolment in the past has
been the factor most closely associated with long-term changes in
engineering graduations and has accounted for 77 per cent of the net
changes in engineering graduations between the years 1954 and 1964.l§/
However, variations in the proportion who choose to enroll in

engineering and variations in the proportion who graduate have resulted

16/ (Cont'd,)
allowance was arrived at by the difference between those without
university degrees as indicated in the 1961 Survey of Scientific
and Technical Personnel, 4,7 per cent, and the percentage indicated
by the 1962 Employment Outlook Survey of Employers, See Table II-36
above,

17/
See Table II-37 above,

18/
See Table I1II-14 above,
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in a considerable degree of instability in the numbers of engineering
graduates in recent years. Projections of engineering degrees to 1976

19/

were developed in the following manner,==

The main source of data were first the various historical
statistics on education prepared by the Dominion Bureau of Statistics
for university enrolments and graduations, The estimates of engineering
graduations were based partly on projections of bachelor and first
professional degrees to 1976-77 by R.D, Mitchener.gg/ These estimates
in turn were based on the projections of university enrolments to
1976-77 which were made by E.F, Sheffield.2l/ Tt was found that
historically total bachelor and first professional degrees provided
a better long-term basis for estimating engineering degrees than any
other variable including total male university enrolments as well as
first year enrolment in engineering, The latter, however, was used

for the short-term period from 1966 to 1968,

The most difficult variable to estimate proved to be the

proportion of students who were expected to enroll in engineering

19/
See Appendix 2 and Appendix Table V-A-2,

20/
R.D, Mitchener, First Degrees Awarded by Canadian Universities and
Colleges, Projected to 1976-77, Ottawa, Canadian Universities
Foundation, 1964,

21/
E.F. Sheffield, Enrolment to 1976-77 in Canadian Universities and
Colleges, Ottawa, Canadian Universities Foundation, 1964,
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courses, In the projections by Mitchener, the estimated percentage of
students graduating in engineering courses for the period 1964 to 1977
was influenced largely by the decline in the graduations in engineering
between 1958 and 1963, It is assumed that the percentage of all male
(and total) graduates with engineering degrees will continue to decline.
However, recent evidence on first-year enrolment in engineering
indicates that this decline is "bottoming out" and that a levelling

off or even an upturn in the percentage of males who will graduate with
engineering degrees may be imminent, This assumption is reflected in
the two alternative projections of engineering degrees made in this
study, Projection A assumes that the proportion choosing engineering
will remain at the point reached in the recent past, and the other
projection, Projection B, assumes that there will be an upturn in the

proportion after 1968,

Another assumption is that the proportion of women graduating
in engineering will not change substantially, The total number of women
graduates is expected to grow about one-third faster than the number of
male graduates from 1963 to 1977,22/ But since the proportion of female
engineering graduates averaged only 0.2 per cent of all engineering

graduates between 1961 and 1963, even a relatively large change in the

proportion of females enrolling in engineering courses would have a

22/

R.D, Mitchener, op, cit,, p. 12.
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negligible effect on total engineering graduates, Therefore, total

projected graduates in engineering have been related to total male

graduates,

It was shown abovezg/that in the recent past, for example, for
1958-59 to 1962-63, the number of foreign students studying in Canada
was approximately equal to the number of Canadians studying abroad, It
will be assumed that the net effect of student migration on graduations

in engineering will continue to be approximately zero.

It will also be assumed that the number of new graduates in
non-engineering courses who enter engineering fields of employment from
yvear to year will equal the number of engineering graduates who move
into other scientific and technical fields.zﬁ/ However, a "once-and-
for-all" allowance of 15 per cent will be made for engineering graduates
who do not enter engineering occupations.gé/ An allowance will also be
made for the proportion of those in the total stock of engineers in
1961 who are assumed to transfer to other occupations, It was indicated
above in the special study of register and Census data that many of
those who entered engineering specializations subsequently moved to

other occupations, in particular to managerial occupations,

23/
See Table II-17 above.

24/
See Table II-31 above,

25/
See Table II-37 above,
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The final component affecting engineering graduations is the
drop-out rate which has been relatively stable over the past 5 years at
around 46 per cent of first-year enrolment in engineering courses and
it was assumed that this would continue into the future, The year-by-
year results of the projection of engineering graduations to 1976 are

shown in Table V-1 and Figure V-1,

The two variants shown as Projections A and B suggest a rise
in the annual number of engineering graduates between 1965 and 1976
from 2,256 to between 5,100 and 6,300, The percentage increase in
engineering graduations is between 124 and 179 per cent or between
11.3 and 16.3 per cent per annum, Total graduations during this period
of time range between 41,200 and 49,300. An estimate mid-way between
the A and B Projections, Projection C gives a numerical increase in
annual graduations from 2,256 to 5,700, a percentage increase of 152 per
cent, or 13.8 per cent, per annum., The average or mid-point estimate
is 45,200, an average of 4,100 engineering graduates per year between

26/
1966 and 1976,

26/
See Appendix Table V-A-3 for an estimate of the number who will
receive pure science degrees between 1956 and 1976,
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Tabie V-1

Projections of Engineering Degrees to 1976

P —— W
(1) (2) (3)
Total Male
Bachelor
Academic and First
Year Professional Engineering Engineering
Ended Degrees , Degrees Total
Number Numbex Per Cent
1946 5,992 1,006 16.8
47 75250 1,096 15.1
43 10,574 1,690 16.0
49 14,468 2,999 20.7
1950 14,836 3,589 24.2
51 12,554 2,425 19.3
52 10,258 1,770 17.3
53 9,637 1,337 13.9
54 9,190 14252 13.6
55 9,886 1,337 135
56 10,619 1,597 15.0
57 11,324 1,741 15.4
58 12,249 1,930 15.8
59 12,992 2,057 15.8
1960 13,963 2,171 15.5
61 15,029 2,412 16.0
62 16,782 2,437 14.5
63 18,168 2,246 12.4
64 20,716 2,422 11.7
66 24,600 2,4001€)
67 27,700 2.700(e
68 31,000 2.00(e)
(A) () (C) (A (B) (C)
69 34,500 3,100 3,900 3,500
1970 38,200 3,400 4,300 3,900
71 41,600 3,700 4,700 4,200
72 45,200 4,100 5,100 4,600
73 48,500 4,400 5,400 4,900 | 90 11.2 10.1
74 51,400 4,600 5,800 5,200
75 54,000 4,900 6,000 5,500
76 56,200 5,100 6,300 5,700
otal, 1966-76 452,900 41,200 49,400 45,400
ercentage Change, .
1965 to 1976 135.7 126.1 179.3 152.7
verage Annual Percentage
Change, 1965 to 1976 12.3 11.5 16,3 13,9

e) = estimates based on first year enrolment, 1962-63 to 1964-65.

ourcest Col. l: 1946-65, DBS, Survey of Higher Education, various reporgs.
1966=76, R.D. Mitchener, First Degree. Awarded by Cohnadian Univer itic-
and Colleges Projected to 197¢/77, Ottawa,Canadian Universsty
Foundation, 1964.
Col. 2t Col. (1) x Col. (3).
Col. 3¢ Vprlant A, based on engineers s a por cent of total wnl: Laclhesor
and first professional degrees, 1964, Estimaie pased o first
ysar engineering enxolment, 1904-065 as per son’t of (otal enfo.
Variant H, calculated same as A, but based on lyt3-65 exoer.cnce.
Mgz;ggg_g, is an average of & and B,
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It is interesting to compare these graduation projections
with those recently developed in the United States.gz/ A decline in
the proportion of engineering to total enrolment in recent years has
also been experienced in the United States, and it is assumed that the
decline there will level off between 1961-62 through 1968-69 to 1975,
Historically, changes in total and engineering enrolment and degrees
in Canada and the United States have tended to move in the same general
direction even though the actual proportions may be somewhat different

28/

at any one time,—
(ii) TImmigration and Emigration to the United States

The next major source of inflows is net Immigration, The
concept used here corresponds with the available data and refers to
"recorded net migration', that is, the difference between gross

immigration and gross emigration to the United States.gg/

27/
United States, Bureau of Labor Statistics, Scientists, Engineers and
Technicians in the 1960's, Requirements and Supply, Washington, D,C,,
National Science Foundation, 1963, p, 21; United States, Department

of Health, Education and Welfare, Office of Education, Earned Degrees

by Field of Study and Level Projected to 1975, Washington, D.C.,
U.S, Government Printing Office, 1964, p, 5,

28/
See also U,S,, National Science Foundation, Comparisons of Earned
Degrees Awarded, 1901-1962 - with Projection to 2,000,
Washington, D,C,, National Science Foundation, 1964, pp, 8 and 9,

29/

" See Chapter II above for a discussion of this point,
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The historical record of emigration and immigration and net
recorded immigration from 1950 to 1965 is given in Table V-A-4, The
estimates of 125,000 annual immigration and 75,000 emigration with net
immigration of 50,000 per year were based on the levels assumed in
Staff Study No, 1, prepared for the Economic Council of Canada;ég/ It
was decided to relate the projections of immigration and emigration of
engineers to total immigration and emigration respectively rather than
to net immigration since the ratio of engineers to total immigrants and
emigrants respectively is rather different and this in turn can make a
substantial difference in the projected number of engineers who are
net immigrants, For example, from 1961 to 1965, engineers represented
1.3 per cent of all immigrants compared with 1,8 per cent of all

emigrants to the United States.gl/

The results of the projection given in Table V-2 are based

on the respective percentages of engineers to total immigrants and

30/
Frank T. Denton, Yoshiko Kasahara and Sylvia Ostry, Population and
Labour Force Projections to 1970, Staff Study No., 1 prepared for the
Economic Council of Canada, Ottawa, December 1964, p. 5,

1/

- Assuming a constant net immigration of 50,000 per annum and using
the proportion of engineers to total immigration, the net immigration
of engineers could range from 650 with immigration at 50,000 and
emigration at zero to a loss of 100 engineers per annum with
immigration of 200,000 per year and emigration of 150,000, Thus,
the proportion of immigration to emigration itself can have a
substantial influence on the net immigration of engineers,
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Projected

to 1976

Immigrants to Canada 1952-65

- g ———— § -

Srmsiseen S — — e . _
Professional Professional { Engineering Professionql Engineering | Engineering
Total Destined to Tecgggcal Total Total
Periodk/ Immigrants | Labour Force ¥Workers Engineering Total Total Labour Force |Labour Force | Professional
No. No. No. No. % % % % %
1932-56 762,396 409,564 40,640 8,126 5.33 1.07 9.92 1.98 20,00
1937-61 689,743 338,522 45,672 6,167 6.48 C.89 12.53 1.73 13.81
1562-66 552,101 275,4992/ 59,852 7,520 10.84 1.36 21.72 2.73 12.56
1967-71 625,000 - - 8,125 - 1.30 - - -
1972-76 625,000 - - 8,125 - 1.30 - - -
Emigrants from Canada to the United States by Major QOccupational Groups, 1952-65
{~‘ Professional Professional | Engineering | Professional | Enginecring | Engingering
o, Totadl Destined to Ieu%azggcel ) Total Total

avi % Enijrants Labour Force Vorkezs Engineering Total Total Lebour Force | Labour Force | Professional
T | Ho. No. No. No. % % % % %
1250 -2n g 187,8°¢ €5,1i31 20,117 3,129 10,71 1.67 21.15 3.29 15.55

Tt 221,0.) i.&5075 27,260 4,986 12.44 2.26 23.69 4.30 18.13

Lo b 174,139 139,669%/ 33,112 4,841 12.08 1.77 23.711 3.47 14.62
19 "-7i 375,002 - - 6,750 - 1.30 - - -
15, -7 T 375,000 - - 6,750 - 1.80 - - -

L9



Net Migration,ﬁ/ 1952-65

Profes:-ional Professional Engineering | Professional Engineering Engineering
Total and
Net Destined to Technical Total Total
Period Migration Labo 1 Force Workers Engineering Total Total Labour Force | Labour Force] Professional
" No. No. No .« No. % % % % %

1952-56 574,492 314,4- 20,523 4,997 3.57 0.87 6.53 1.59 24.35
1957-61 458,715 240,447 17,172 1,181 3.66 0.25 7.14 0.49 6.82
196266 277,966 135,832 26,740 2,679 9.62 0.96 19.69 1.97 10.02
1867-71 250,00C - ~ 1,375 - 0.55 - - -
197:=7€ 250,077 - - { 1,375 - 0.55 - - -
Sou -y Y I Labe.z, Econorics and hesearch Branch, Professional Manpower Report No. 11, Tie Migraticn of

ate and Outr of Canada, 1946-60, page 93 Imnigration to Canada_ by Intanded Cccupation ard Provirze of

yaz.s 1940-55, inclusive; Department of Citizenship and Immigration; Imrisration 1961, 15952, 1963,

1900-"C - Projectic. ¢ s bascd on engineers as z psr cent of total immigrants during 1953-65. Projection P ig bzs~d o ¢
1%901-c5 paricd.

&/ Lot omin ot lzovrr frmze Loz 1730 was estimzted a5 50 per cent of immigrants and 51 per cent of enigricts, basad en
the znarage . Zol--E,

/ . R . : . . . . .

2103 ool - ~iarazi~ c¢norpiles frem ¢pecial tzbulations prepared by the Immigration srd Haturalization Sarvicz, U.S.
Tigm_ v _ent ~F Just &. The 227 six womihs of 1943 were based on an estimale by the author.
Y o Tz - Prorectie s 3 is bas-d on ¢hz 195365 period end Projection B on the 19561-55 period. Only c¢re variant is shovn for
L-c 2s5: "gi, . . .2 beth bsse perltzs gave nearly identical results.

8/ I-migrac -~ ~%° 5 &7.1gTatl_"n.
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total emigrants in the 1961-65 period, assuming that the net immigrationm
level will continue beyond 1970 up to 1976.22/ From 1966 to 1976,
projected immigration of engineers is 1,625 per annum, emigration is
1,350 per annum leaving net immigration of 275 per annum which compared
with engineering graduations (Projection C) of 4,500 per annum,
Projected net immigration of engineers for 1966 to 1975 is 6.1 per cent
of projected graduations plus net immigration compared with a similar
proportion of 37 per cent between 1951 and 1955, 19 per cent between
1956 and 1960 and 15 per cent between 1961 to 1965.22/ The decline in
net immigrants as a proportion of total supply suggests a continuation
of the long-term trend of the past 15 years and implies that total
projected supply will in the future exhibit greater sensitivity to

changes in engineering enrolments and graduations.

(iii) Other University Graduates

34/

It has been assumed-—-é that the number of scientific and

technical graduates who enter engineering and the number of engineering

32/

" A, Stukel, "Population Projections, Canada, 1961-1991", Appendix E
in T.M. Brown, Canadian Economic Growth, a study prepared for the
Royal Commission on Health Services 1964, p. 379. The population
estimates used by the Royal Commission on Health Services were based
on an assumed net immigration of 50,000 per annum,

33/
Table II-18 and Table V-A-6,

34/
Table II-32 above.
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graduates who enter other scientific and technical fields is approxi-
mately in balance and so this source of engineering supply is not

included,
(iv) Non-Graduates Who Enter Engineering

An analysis of this source of supply was made in Chapter II
and it was estimated that upgradings of non-university graduates to
engineering occupational status amounted to 15 per cent of university

5/

3
graduates,— It was assumed that this source of supply would continue

but at a lower rate beyond 1971,
c. Outflows

Outflows or withdrawals from the supply of engineering
manpower consist of deaths, retirements, emigration and engineering
graduates who transfer to other fields, Allowances have been made for
transfers between fields and for those who do not enter engineering
occupations., No adequate basis exists for making estimates of emigrants
in engineering occupations to countries other than the United States
nor of former emigrants who return home to Canada from other countries,
especially the United States. These flows in any case are in opposite
directions and would tend to cancel out to some extent, Net recorded

migration was treated above under the "inflow" sector, This leaves

357
Table II-37 above,

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




UNIVERSITE DOTTAWA ECOLE DES GRADUES

271

deaths and retirements as the only remaining sources of withdrawals
that shall be considered. These have been calculated for the initial

stock, graduations, and net migrants for the period 1956 to 1976.29/

d., Projection of the Stock of Engineering Manpower, 1961-76

The results of the above analysis of the elements which
constitute or affect the supply of engineering manpower have been
brought together in Table V-3 which outlines the projected stock of
engineering manpower by source of supply for 1966-71 and 1976, The
implications of the projections are a rise in the stock of engineering
manpower from 41,000 to 85,000 from 1962 to 1976. The growth rate will
average about 5,2 per cent per annum from 1962 to 1966, 5.1 per cent
per annum from 1967 to 1971 and 6,1 per cent from 1972 to 1976. The
rapid rise in the rate of increase from 1972-76 reflects the sustained
growth in engineering graduations projected for this period, This is
also reflected in the projected increase in graduations as a proportion
of total new supply from 71 per cent during 1961-66 to 86 per cent for

1972-76.

It is interesting to compare the pattern of graduates in
relation to initial stock for the 1960's with the pattern during the

1950's, During the decade of the 1950's, the 12,400 engineering

36/
Appendix 3 for a discussion of the calculations of deaths and
retirements and also Appendix Table V-A-5,
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Table V-3

Projected Supply of Engineers, 1%61-1976

— e — ===
1

2 3 4 5 6
Source of Supply
Number of Net Total
Year Engineers | Attrition | Graduations Immigrants | Upgradings Supply
961.. 41,000 - - - - -
962,. 42,300 1,021 2,437 87 300 2,824
963.. 44,700 997 24,246 364 300 2,910
964.. 47,100 1,028 2,422 655 300 3,377
965.. 49,900 1,008 2,256 1,294 300 3,854
966, . 51,900 1,035 2,400 275 300 2,979
967.. 54,000 1,094 2,700 275 287 3,262
9684 . 56,200 1,149 2,800 275 , 287 3,262
.963,. 59,000 1,294 3,500 275 237 4,062
970.. 66,100 1,394 3,900 275 207 4,462
1971.. 65,400 1,479 4,200 275 247 4,762
7244 69,100 1,580 4,600 275 436 He311
9D73.. 2,900 1,765 4,900 275 436 5,611
974.. 76,300 1,950 5,200 275 436 5,911
975.. 81,000 2,13% 5,500 279 436 6,711
976.. 5,100 2,305 5,700 27% 436 6,411

0UTrCes:
Cols. 2 and 5: Table [I-36 and V-A-5.
Col. 3 :+ Table V-1.

Col. 4 : Table V-A-4.
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graduates who were estimated to have entered engineering occupations
represented 41 per cent of the initial stock of 29,960 engineers.éz/
The projected graduation for the 1960's of 21,100§§/wou1d represent

51 per cent of an initial stock of 41,000.22/ This difference reflects
the decline in total university enrolment during the 1950's in contrast
to the rising university enrolment in the 1960's, The numerical effects
of the decline in engineering graduations as a proportion of total male
enrolment in the 1960's upon the supply of engineers will probably be
offset by the large rise in total university enrolment including male

enrolment in the 1960's and early 1970's.

Apart from net immigration and upgradings, the accuracy of
the projection depends to a large extent upon the assumption of a
levelling off in the percentage of male university students who will
receive engineering degrees, If the proportion continues to decline

then an adjustment in the projection would, of course, be required.ﬁg/

37/
Table II-37 above,

8/
Using an estimate of 25 per cent non-entrants into engineering
occupations to keep it comparable with the earlier estimate in

Table II-37,

39/
Table V-3 above,

40/

~ For a comparison of the results of an earlier projection with actual
results, see a summary of the results of the projection of the supply
of engineers which was done 10 years ago for the Royal Commission on
Canada's Economic Prospects., Table V-A-6 below.
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Projected '"met immigration" is a long-run estimate based on
a study done by Kasahara for the Economic Council of Canada, (See
Appendix 3, below,) The annual short-run deviations may be large. In
1965, "net immigration'" was high owing to a sharp rise in total immigra-
tion combined with a rise in the proportion of immigrants who were

engineers,

4, Projections of Requirements For Engineers, 1970

Once the current stock of engineers is established, the next
step in projecting future requirements is to estimate the future growth
of engineering employment or labour force, The addition of the net
increase in employment plus estimates of existing shortages if any, is

equal to total future requirements.

a. Trend Projection of Future Requirements for Engineers

The trend in the proportion of engineers to total labour force
as indicated in Census data was examined between 1931 and 1961 to see if
this provided an adequate basis for a projection, The ratio of engi-
neers to total employment as noted in Chapter III exhibited a consider-
able degree of stability intercensally but the closet relationship in
the ratios was between the 1951 and 1961 Censuses. Also in view of the
economic changes such as depression and war which occurred in the 1931-
1951 period, it was felt that the last 10 years would provide the best

basis for a projection based on Census data,
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The next question was the reliability of Census data as a
basis for ratios of engineering to total labour force, Some data are
available on the distribution of engineers by industries in 1961, 1962
and 1965 from three other sources, the Department of Labour Survey of
Scientific and Technical Personnel for 1961, the Department of Labour
Survey of Employment and Requirements for Engineering and Scientific
Manpower 1962, and the Department of Labour Annual Survey of Wage and
Salary Rates, 1965, A comparison of unpublished data from these sources
in relation to the 1961 Census revealed for example, that the proportion
of engineers (not including surveyors) in manufacturing was 40,6 per
cent in the 1961 Census, 37,9 per cent in the 1961 Survey of Scientific
and Technical Personnel, 45,2 per cent for the Requirements Survey and
47.0 per cent for the Wage Rate Survey. Allowing for the fact that the
latter two surveys do not cover very small establishments while the
Survey of Scientific and Technical Personnel is based on a survey of
individuals, it would seem that the most relevant comparison is probably
between the latter survey and the 1961 Census. The distribution of
engineers by industry in the Census seems to be reasonably representa-

41/

tive of the real situation.—

41/

" The data from the 1961 Census were obtained from the Dominion Bureau
of Statistics, Census of Canada, 1961, Vol, IITI, Part 2, Table 15,
Special unpublished tabulations based on the returns to the Survey of
Scientific and Technical Personnel 1961 were obtained by the author,
The data for the Requirements Survey was taken from the Department of
Labour , Economics and Research Branch, Employment Outlook for
Professional Personnel in Scientific and Technical Fields, 1962-1964,
cf. supra, p. 5. The data for the Wage Rate Survey were obtained
from a special tabulation supplied to the author by the Economics and
Research Branch, Department of Labour,
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One explanation is that the proportion of engineers in the
"community service" sector (Table V-4 below), 0.4 per cent of the labour
force of the sector in 1961, would be closer to 1.6 per cent of the
sector labour force if university engineering teachers were included,
However, these are excluded from engineering occupations according to
the occupational definition used in the 1961 Census, The overall effect
of their inclusion in estimates of the requirements for engineers would
be small because in 1961 only 2,6 per cent of those trained in engin-
eering were in universities.ﬁg/ To keep the supply and requirements
estimates consistent, an allowance is made on the supply side for those
who do not enter engineering occupations such as teachers and managers,
That is, they are not included as part of "supply'". Therefore those
not in engineering occupations are excluded from both the supply and

requirements side in the estimates that follow,

A further problem relates to the level of detail available on
the distribution of engineers by industry in 1970. It was observed in

Chapter TIII, Table ITI-A-2 that the finer the breakdown of the

42/

__ Department of Labour, Economics and Research Branch, Engineering and
Scientific Manpower Resources in Canada, Their Employment, Earnings
and Salary Rates, 1960-61, Professional Manpower Report No., 10,

June 1961, p. 17.

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




UNIVERSITE DDOTTAWA ECOLE DES GRADUES

277

distribution of engineers by industry, the greater the observed impact
of changing industrial employment structure on the proportion of engin-
eers in relation to total labour force.ég/ However, it may be observed
that the more aggregative ratios of engineers to total labour force
that are used here do reflect the influence of these factors., And it
was also noted that the influence on engineering employment of the
changing structure of employment by industry tended to decrease markedly
between 1951 and 1961 compared with 1931 and 1951, It may be supposed
that this factor will continue to operate in the 1960's. It is not
possible a priori to estimate how a more detailed industry breakdown
would affect the projections except to say that it would make possible
a more detailed check of the outlook in each industry in relation to

the projection for that industry.

The projections of the number of engineers by industry sectors

to 1970 is given in Table V-4, It is based in turn on a projection of

43/

" Between 1951 and 1961 for all engineers minus surveyors for example,
the changing industrial distribution of the labour force accounted
for 3.9 per cent of the increase in the numbers of engineers when
industry major groups were used compared with 19,1 per cent when the
calculations were done by taking the detailed industry sectors within
manufacturing and service, The effect of such changes in the employ-
ment structure within the industry groups between 1961 and 1970 upon
projected requirements for engineers would naturally depend upon the
direction and degree of such changes,
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Table V-4

Frojection of Requirements for Engineers,l/ by Industry, 1961-1970

A1l Sectors 1961 1362 1963 1964 1265 1966 1967 1968 1369 1970
le Agricultur®eescescscncancaccvecs 19 14 10 5 1 - - - - -
2. Forestry, Fishing, Trapping..... 402 390 379 363 356 345 334 3227 311 300
3. Mining, QUarryingeceesseoecsecss 2,422 1 2,323 2,224 2,125) 2,026 1,928 1,529 1,730 1,631 1,532
4., Manufacturing.escecscesscnacsacs | 17,4561 18,719 19,982 | 21,245 | 22,506 23,772 | 25,035 ] 26,298 | 27,561 | 26,8725
5. ConstruCtioNeeesosssscoecscscess 3,273 3,321 3,371 3,421 3,471 3,521 3,570 3,620 3,670 3,722
6. Transportation, Storage, Comm... 3,323 3,484 3,645 3,806 3,968 4,129 4,290 4,452} 4,613 4,775
7. Electric, Gss, Watlleceoeoconoson 2,576 2,824} 3,070 3,321 3,570 3,819 4,067} 4,316 4,564 | 4,814
B, Tradecesscososevsosacrsnoscasccas 1,960 1,942 1,924 1,906 1,838 1,871 1,853 1,835 1,817 1,799
9, FinanCeeccocesansossvsesscencans 257 273 300 321 343 364 386 407 429 451

10. Community Serviceiseceececocacosa 283 285 238 290 293 295 298 300 303 306
11. Pusiness ServiCeeicessvcaarocscos 5,870 | 6,373| 6,876 7,379} 7,832 8,385 8,888 9,391 9,894 | 10,397
12, Government SeIviCe.cceceacsrcses 4,859 5,094 5,3291 5,%5; 5,300| 6,036 6,271 6,506 6,742 6,373
13, Recrestion Servic@iccosocececcss 22 21 20 20 19 19 18 1l 17 17
14, Personal SeTViCEecccccasccososons 36 38 4] 44 a7 49 52 55 58 61

Totalaeoeeceaccanococasonnssovae | 42,753) 45,115 47,4731 49,830 52,183 54,546 | 56,903 | 59,261 | 61,61c | 43,377

=

Lot includin. surveyors.

Scurces Tables V-A-7 and 8. The yeszrs 1962-1967 were calculated by

interpolation.
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the 1951-61 trend in the proportion of engineers to all occupations by
industry in Table V-A-7, These data are compared with those in
Table V-A-8 which were based on a study by Meltz for the Department of

44/

Manpower and Immigration,—

Since the projections by Meltz were of employment by industry,
an adjustment was necessary in order to convert these into estimates of
the labour force in order to make them consistent with historical trends
which were based on labour force data, This adjustment was done by
pro-rating the assumed unemployment of 3 per cent of the labour force
by industry sector on the basis of employment distribution for 1970 as
estimated by Meltz.éé/ The labour force for the years from 1961 to 1970

was simply interpolated,

The data on the earlier projections of supply are brought
together with the projected requirements in Table V-5. An allowance
for the 6 per cent vacancy rate which was estimated by employers of
engineers for 1962 was added to the estimated requirements for 1970,
The net result is an estimated gap between supply and requirements

- a shortfall - of 2,350 engineers in 1970,

44/
N.M, Meltz, "Occupational Structure for the Canadian Labour Force,
1931 to 1961, together with Projections to 1970", cf. supra,

45/
Unemployment for the target year 1970 was set at 3 per cent by the
Economic Council of Canada, Towards Sustained and Balanced Economic
Growth, Second Annual Review, Ottawa, Queen's Printer, 1965, p. 7.
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Table V-5

Estimates of Supply and Requirenents
for Engineers, 1970

1961 1970

No. No.
Supplyl/tttillt.iﬁ'tiitﬂl 419000 62,400

N/

Requirements™ voveennsnes 41,000 62,250
Unfilled Vacanciesg/..... 24500 2,500
Total RequirementSeeceacas 43,500 64,750
Estimated Shortfall.seeoe 2,500 2,350
l/

Q

Based on Table V-3, with an interpolation

for 1970.

Based on Table V-4. The 1961 estimate of
stock of 42,758 was reduced by 1,730 to match
1961 estimate of supply, and this adjustment
was also made in 1970. This means that the
1961 supply and requirements (less vacancies)
estimates begin from a common base.

Based on a vacancy rate of 6 per cent in 1962.
See Department of Labour, Economics and
Research Branch, Employment Cutlook for
Professional Personnel in Scientific and
Technical Fields, 1962-1964, Professional
Manpower Report No. 13, December 1962, p. &.
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In evaluating the significance of this projection it is
necessary to emphasize that such a difference between supply and
requirements will call for some adjustment of supply in relation to
requirements, A variety of adjustments are possible, for example, a
substitution of another type of manpower for engineers, assuming the
supply of such manpower is available, The projected gap is a small one,
and in view of the assumptions upon which the analysis rests, represents
approximate balance, A small increase in relative salaries of engin-
eers, for example, might reduce the vacancy rate or increase the supply
(via inter-occupational mobility) and convert the shortage into a

surplus,

The possibility of manpower substitution in the case of

engineers will now be examined,

b. Possible Substitutions of Other Types of
Manpower for Engineers

It was observed in Chapter III that between 1931 and 1961
about 40 per cent of the increase in the number of engineers arose from
an increasingly intensive employment of engineers in various industries,
Furthermore, the ratio of engineers to total labour force has risen at
different rates in various industries and has been most rapid in those
industries where the ratio was already high in 1931, This is similar

to experience in the United States.éé/

46/

"~ For the U.S. between 1930 and 1950, Blank and Stigler found that
about 38 per cent of the relative growth of engineers and chemists
was explained by the growth in the industries employing many
engineers and chemists, For Canada the relative growth for engineers
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one supply-related and the other demand-related for the relative rise
in the demand for engineers. On the supply side the relative earnings
of engineers have fallen relatively to all occupations including the
less skilled, This has undoubtedly encouraged employers to substitute
the relatively cheaper labour of engineers for the relatively more
expensive labour with less qualifications., Omn the demand side, changes
" in the technology of production have increased the relative demand for

those with a high-level of technical education,

for other personnel has occurred by direct and also by indirect
substitution, Direct substitution would involve the transfer of tasks
requiring a high degree of technical knowledge from supervisors and
highly skilled workers to engineers, Indirect substitution, which

Blank and Stigler suggest is probably more important, would occur when

282

Blank and Stigler have suggested two possible explanations,

It is also suggested that the substitution of high-trained

46/ (Cont'd.)

between 1931 and 1951 which is explained by the growth of industries
employing many engineers (see above, this chapter) amounted to about
70 per cent, This is calculated by taking the percentage of the
total growth due to industry distribution of employment - 50 per cent
- as a proportion of the growth due to both industry distribution of
employment and changes in the occupational composition, within
particular industries which total 71 per cent, Changes in the
industrial structure were a much more important element in the growth
of engineering employment in Canada than in the United States during
the 1930's and the 1940's. From 1951-61 the increase in relative
growth not explained by changes in industrial structure of emp loyment,
increased to 64 per cent in the case of Canada compared with 62 per
cent for the United States for the period 1930-50. For the U,S. data
see Blank and Stigler, op, cit,, p. 55.
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capital is substituted for unskilled labour, for example, and engineers
or other highly trained personnel are hired to operate and especially

47/

to maintain it,—

There is some evidence that both types of substitution have
also been occurring in Canada, The long-term trend in the earnings of
engineers has been in the same direction as in the United States at
least for the 1930's and 1940's, The strong tendency for engineers to
move into managerial occupations, i,e,, "direct" substitution was
observed in Chapter II, Evidence of "indirect" substitution was found
in a recent study by the Economic Council of Canada, A survey of
17 large and medium-sized companies employing a total of over 350,000
for representing manufacturing, transportation and communication,
distribution and banking, indicated that anticipated requirements
between 1965 and 1970 for persons with increasingly higher educational
requirements was necessary in order to operate and maintain more

48/

sophisticated and expensive equipment,—

The effect of technical and scientific progress upon the
demand for persons with scientific and technical training has been

widely observed, It is commonplace to say that scientific and technical

%77
David M, Blank and George J, Stigler, op, cit,, pp. 62-63.

48/
B.A, Keyes and H,H, Wright, op. cit,, p. 17,
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knowledge is growing and is making production methods more complex and
therefore raising demand for engineers and scientists, One is on much
less certain ground in attempting to translate these technological
considerations into the requirements for engineers where economic
considerations also enter the picture, 1In assessing the future require-
ments for engineers it is necessary to consider not only the growth and
increasing complexity of technology but also economic considerations
which may result in the substitution of engineers for those in other
occupations and vice versa, In the study by Keyes and Wright, employers
forecasted an increase of about 20 per cent in the requirements for
technical and scientific university graduates compared with an increase
of 80 per cent in the requirements for graduates from institutions of

technology;ig/

To the extent that technical institute graduates are
substitutable for some taska done by engineers, the projected require-
ments suggest that potentially . any shortfall of engineering graduates
in relation to total requirements in the latter part of the 1960's
could be overcome by a greater utilization of technicians providing

the supply of the latter is forthcoming. The large recent expansion

in the capacity of technical institutes and enrolments suggests that
this could very well occur, Consequently in view of this, a relatively
small imbalance between projected supply and requirements may be viewed

without alarm. The means for a solution to the shortage by means of

increasing substitution will exist,

49/
B.A, Keyes and H,H, Wright, op. cit., p. 8.
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¢, Analysis of Future Supply and Requirements for

Engineers with Post-Graduate Degrees

The Keyes and Wright study showed that the anticipated
requirements for technical and scientific university graduates with
post-graduate degrees were expected to rise by 50 per cent between 1965
and 1970 compared with a 20 per cent rise for technical and scientific
university graduates with first degrees only, To the extent that the
results of this case study have general validity, in view of the rapidly
rising number of graduates with masters and doctors degrees in engin-
eering it augurs well for the ability of Canadian industry to absorb
the increased number of post-graduates in engineering. It would be
desirable to have a projection of total post-graduate degrees to which
projected engineering post-graduate degrees could be related, This
projection is not available, 1In addition, further analysis would be
needed to determine the requirements by major economic sectors such as
universities, and governments for those with post-graduate degrees in

engineering,

A highly tentative projection of future supply and require-
ments for engineers with post-graduate degrees between 1965 and 1970
is made in Table V-6, This projection is made on the basis of three
key assumptions, The first assumption is that the proportion of the

stock of engineers with post-graduate degrees is the same in 1965 as
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Table V-6

A Tentative Projection of the Supply of and
Requirements for Enaineers with
Post-Graduate Degrees,

1965 to 1970

1965 1970

/

SUPPLYeesnnens 5,200/ 8,2002
Requirements.. 5,2003/ 7,800§/

v

Based on 10 per cent of estimated stock of
52,200 engineers in 1965, in Table V-4,
Assuming that engineers who receive post-
graduate degrees as a proportion of first-
degree engineers will rise from 17 to 24.D0
per cent between 1965 and 1970. Based on
the proportion of foreign born engineers
with post-graduate degrees, 16 per cent,
(see Table 11-30) an allowance of 44 per
year is made for net migration (see Table
V-A-4). Attrition is estimated at 0.8 per
cent per annum. (See Table V-A-5.)

Based on an increment of %0 per cent in
1965 stock. See Table V-4 and B.A. Keys
and H.H. Wright, op.cit.;, p. 1l1l.
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it was in 1961.29/ This has the effect of providing a minimum estimate

of future requirements, since the numerical change in requirements to
1970 was based on a per cent estimated change in employers' requirements
which was applied to the 1965 stock data, The second assumption is that
the proportion of engineering graduates who receive post-graduate
degrees will continue to increase at the same rate as it has in the
recent past.él/ The third assumption is that the requirements for
engineers and scientists with post-graduate degrees as indicated in

the Keyes and Wright study is representative of post-graduate engineers

in all economic sectors as a group.ég/

50/
The stock of engineers with post-graduate degrees for 1961 was about
10 per cent of all engineers, See Department of Labour, Economics
and Research Branch, Employment and Earnings in the Scientific and
Technical Professions 1958-1961, Professional Manpower Report No, 12,
p. 10,

Engineers who received master's and doctor's degrees as a proportion
of those receiving bachelor's degrees rose from 7.1 per cent in 1958
to 14,0 per cent in 1963, It is estimated that this per cent will
rise at a rate of 1,5 per cent per year to about 17 per cent in 1965
and to 24.5 per cent in 1970, See Dominion Bureau of Statistics,
Survey of Higher Education, various issues, In the U.,S, it is
estimated that engineering graduates with master's and doctor's
degrees will rise from 22.5 per cent of bachelor degree receivers in
1955 to 37.1 per cent in 1965 and to 43.1 per cent in 1970, See U,S.|
Department of Health, Education and Welfare, Earned Degrees by Field
of Study and Level Projected to 1975, Bulletin OE-54031 No, 31,
Washington, D.C., U.,S. Government Printing Office, 1964, p, 8,

Employers anticipate an increase in technical and scientific
university post-graduates of 50 per cent in 1970 over 1965, and an
increase of 23,4 per cent in technical and scientific university
graduates without post-graduate degrees, Incidentally, our projected
requirement for engineers as outlined above was just under 23 per
cent between 1965 and 1970, 64,000 in 1970 compared with 52,000 in
1965. B.A, Keyes and H,H, Wright, op, cit,, pp. 8-11,
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The trend outlined in Table V-6 suggested that a considerable
amount of upgrading of the educational level of the labour force would
occur over the next 5 years, provided that post-graduate engineering
education at universities continues to expand at a rapid rate, The
chief source of the increased supply must be domestic rather than
imported if the assumptions made earlier are correct., The outlook for
requirements for engineers with post-graduate degrees during the last
half of the decade appears to be good, It is also interesting to note
that the projected expansion in the anticipated requirements of
employers for graduates of technical institutions in 1970 over 1965 is
almost 85 per cent.éé/ The anticipated demand for those trained in
science and engineering fields appears to be strongest at either end
of the post-secondary educational spectrum, The relatively lower
projected requirements for engineers with bachelor level degrees may
reflect a changing structure of requirements for engineers, with a
splitting off of certain traditional engineering tasks to technicians
and a more rapid growth in the demand for engineers with highly
specialized training, If this is so it could have important implica-
tions for the future requirements and training of first degree

engineers,

However this analysis is suggestive rather than conclusive
and illustrates the need for more specific information on the three key

assumptions made as a basis for the projections,

53/
B.A, Keyes and H,H, Wright, op. cit,, p. 8.
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5. Conclusion

The results of the analysis of supply and requirements
projections for all engineers were brought together for 1970. The
projections indicate that the supply and requirements will be close
to balance in 1970 with a slight overall shortfall of supply in relation
to requirements, The gap will be of a size and nature which can
probably be filled by a slight adaptation on the supply or requirement
side. This might be done for example by a substitution of technicians
or scientists for engineers., The match of supply and requirements
arises out of the double effect of two factors, first, a moderate
increase in requirements for engineers plus a relatively slower increase
in supply both from domestically produced engineering graduates and from

net migration,

In the case of the more highly qualified engineers the
available information suggests that the rapid increase in requirements
could well be matched by a rapid rise in the supply of domestically
produced graduates. However, the matching of supply and requirements
will require a large and continuous expansion of the number of engineers

who continue to the post-graduate level of education,

The change in the structure of demand for engineers including
those such as technicians who are partly substitutable for engineers is
being paralleled by a gradual change in the composition of those trained

for scientific and technical occupations. The trends appear to be

moving in the same direction. The responsiveness of the educational
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system to market demand and vice versa suggests that the immediate
future problem may be partly one of re-structuring the educational
supply side and partly one of ensuring that the linkage mechanisms
which connect the manpower requirements to the educational supply side
as well as the allocative mechanisms in the market for scientific and

technical manpower itself are working flexibly.

However, there is a need for additional longer term informa-
tion on future supply and requirements, on the future labour force and
Gross National Product, 1In addition more information on future
graduates is required, Additional data on the quantitative and qualita-
tive requirements of firms for high-level manpower is needed at a less

aggregative level in order to check these projections,
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CHAPTER VI

SUMMARY AND CONCLUSIONS

The aim of the study was to examine the short-term and long-
term trends in the supply of and demand for engineering and scientific
manpower in Canada with a view to designing better projections of supply
and requirements and to help formulate more appropriate education,

migration and labour market policies.

It was hypothesized that since the most important determinants
of supply and requirements are different, a more precise analysis of
their components would provide a better understanding of the underlying
economic and social factors such as the social demand for education and

the changing economic structure,

The approach differs from the Blank and Stigler study of past
and current supply and demand by attempting to use the analysis of past
and current trends in order to make projections. It differs from the
earlier study of the Department of Labour for the Royal Commission of
Canada's Economic Prospects by attempting to examine future supply and
requirements in a broader framework of the future distribution of

industry by occupations,

The long-term trends in both economic and social demand for
education appear to suggest the need for broader and deeper foundations
in science and engineering education, for example, more science-based

courses in engineering, and a greater amount of post-graduate training
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in engineering as well as in science, 1In addition, at the sub-
professional level of technical education, both supply and requirements
are rapidly rising, Educational planning by universities of the balance
of engineering and science courses as well as the curriculum content of

these courses should take these trends into account.

Moreover in the short-run, the greatest contribution that the
educational system can make in facilitating the adjustment of supply
and requirements is to provide the type of education that will assist

adjustment to different fields and occupations throughout a career,

In the past, international migration has made a net contribu-
tion to the pool of scientific and technical manpower in Canada but this
source will probably become relatively less important in the future.

The reasons are two-fold, first, the expected rapid rise in engineering
and science graduates in the future combined with a less rapid growth

or even levelling off in the rate of net immigration,

Since a high proportion of those who leave Canada have post-
graduate education, attention must be paid to the best balance of the
supply of such highly qualified persons especially new graduates and
the requirements for them which arise mainly from research, development
and teaching in industry, government and universities., It may be that
the emigration of Canadian-born with post-graduate education is

associated with a lack of suitable employment opportunities in Canada,
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The market for engineers appears to interact strongly with
the international market, particularly with the United States manpower

market,

The long and short-run sensitivity of the supply of engin-
eering manpower to changes in its composition indicates that a careful
assessment of inter-occupational and geographic mobility is necessary

for accurate estimates of supply to be made,

The long-run requirements for engineers between 1931 and 1961
were related to the growth of industries which employed engineers and
to the changing utilization of engineers within particular industries.

A rather sharp rise in the utilization of engineers occurred between
1951 and 1961, There appears to be an association between capital
investment and the utilization of engineers which suggests that such
highly qualified manpower is a joint input along with capital investment
in the productive process. This phenomenon appears to have a number of
determinants but additional study is needed in order to assess the
nature of the complex technical and economic factors that may be

involved,

The growing supply of graduates from Canadian universities
expected in the future is the main long-run source of future supply.
But this source of supply tends to be somewhat inelastic in the short-
run, Moreover, although in an aggregative way the market for scientific
and technical personnel appears to work quite well, it does reflect a

certain lack of homogeneity in the broad supply and requirements
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categories which is indicated by different earnings trends in various
fields of specialization, geographical areas or levels of education,
""Demand-side" adjustments, e.g,, changes in utilization patterns
involving the use of more technicians, have been important in short-run

adjustments of supply and requirements,

The operation of the labour market for scientific and
technical personnel during the 1950's suggests that an equilibrium of
supply and requirements was achieved by means of changes and in utiliza-
tion patterns, More engineers and scientists with post-graduate degrees
and at the other end of the education scale a greater proportion of

engineers and technicians without university degrees were employed,

It is important to distinguish between short-run and long-run
imbalances between supply and requirements. The inelasticity of supply
and the elasticity of requirements in the short run may create a
shortage situation as occurred in the mid 1950's. At the same time,
long-run trends seem to indicate a greater demand for engineers who
possess higher levels of education and also for technical support staff
such as technicians. In the early 1960's the market signalled an
increasing "shortage" of engineers, But the increased supply of
scientists and technicians, who are to some degree suitable substitutes
for engineers, helped to ease the shortage. This contrasts with the
mid-1950's when no comparable increase in supply accompanied the rising

demand and the result was an acute shortage.
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The projections indicate that supply and requirements will be
approximately in balance in 1970, However, there will be increasing
requirements for a larger proportion of engineers with post-graduate
education as well as for graduates of technical institutes at the post-
secondary level, This re-structuring of requirements as well as supply
means that optimum utilization will require a labour market which

operates with increasing effectiveness,

A number of education, migration and labour market policy
implications emerge from the analysis. These must be stated tentatively,
subject to the constraints of the data and assumptions used and to the

nature of the partial equilibrium approach used in the study,

The complexity of the supply and the pervasiveness of
substitution and mobility of various types indicate that the concept
of the supply and utilization of engineers' and scientists' services
is more appropriate than any single supply component such as graduates
or highly qualified immigrants. The increased utilization of post-
graduates and the smaller future proportion of highly qualified
immigrants impl}es that careful attention must be paid to measures
which will ensure an adequate supply and best utilization of our

scientific and technical manpower over the longer run,

This in turn will provide a basis for a careful articulation
with domestic supply of that important proportion of the supply of such

manpower which we draw from abroad.
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The increased utilization of scientific and technical persons
in industry suggests that an increased two-way communication between
manpower authorities and business firms would help to link the future

manpower needs of the economy with the education and training system.

The inelasticity of supply of scientific and technical persons
emphasizes the importance of adjustment on the requirements side, e.g.,
changes in utilization, in eliminating imbalances in the short-run.
Moreover, more broadly-trained people will facilitate inter-field and
inter-occupational switching., International migration may also be used
to good advantage to help alleviate a short-run shortage of engineers
and scientists, Public measures to create a more efficiently operating
labour market will require more information on job vacancies and
potential applicants as well as measures to facilitate the occupational,

geographic and industrial mobility of such manpower.

Since there will be a rising demand for those at the sub-
professional and post-graduate level, the needs for the re-training
and upgrading of the present stock of engineering manpower will probably

be greater in the future,

The study revealed gaps in our information on scientific and
technical manpower in Canada and areas where more research is needed,
Better information 1is needed on the stock of scientific and technical
manpower, The simple question: Who is an engineer? has several answers
depending on the definition used, The Census, provided more information

could be obtained on the educational background of persons in managerial
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and technical occupationg,would be a very useful source of information,
A follow-up study of the 1971 Census could be made to compare employ-
ment and educational data for selected occupations, The new Department
of Manpower and Immigration Survey of Professional Scientific and

Technical Manpower will be an increasingly useful source of information

for studies of career patterns.

More knowledge of the factors which determine career
decisions, i.e., choice of university course, occupation, and geographic
area of employment would assist education and manpower authorities to

match economic needs with educational plans,

In addition to death rates, more accurate information is
needed on the working life of those in scientific and technical occupa-

tions in order to establish attrition rates more accurately,

The 1971 Census as well as the new Department of Manpower and
Immigration survey will also provide reference points for a comparison
over time of the industry by occupation data for scientists and
technicians, hitherto available only for the engineering portion of

the scientific and technical manpower pool.

There are numerous gaps in the price and non-price indicators
of the market for scientific and technical manpower, More information

on annual salaries of new and experienced engineers, scientists and
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technicians in relation to other occupations and on job vacancies and
unplaced applicants is needed in order to improve the accuracy of labour

market analysis,

As a basis for better projections there are several gaps that
need to be filled, The factors that have increased the utilization of
engineers within industry should be studied in greater detail at the
level of the firm and establishment, This could be done by multi-
variate analysis which would attempt to correlate the proportion of
engineers and scientists as well as patterns of utilization of
scientific, technical and other types of manpower with factors such
as productivity, capital investment, age and type of capital equipment,
research and development, the size and organization of the firm, type

of product, price of productive factors and so on.

The analysis revealed that the elasticity of substitution
among engineers and other occupations such as managers and within
engineering fields of specialization and occupations is quite large.
This in turn suggests that at the "macro'" level it is essential to
make a projection of scientific and technical persons within the broader
framework of the labour force by industry which will reflect the fact
that an ultimate limit exists to the expansion of scientific and
engineering employment, namely, society's requirements for people to

perform other types of activities and for other occupations, some of

UNIVERSITY OF OTTAWA SCHOOL OF GRADUATE STUDIES




UNIVERSITE DDOTTAWA ECOLE DES GRADUES

299

which are growing rapidly such as health services occupations,
Engineers in turn must be placed in the framework of other types of

scientific and technical personnel,

At the "micro" level, that is, at the level of the business
firm and establishment it is necessary to have additional information
on utilization practices such as the nature and extent of switching of
persons in different occupations and levels of education as requirements
and supplies change over time, It would appear therefore that in order
to carry a general projection of requirements for scientific and
technical persons and in particular of engineers to the level of field
of specialization, more information on detailed requirements at the

"micro" level of the firm would be needed.

No framework of projections of graduations including post-
graduate degrees now exists, This would be a very useful basis for
developing consistent projections of the supply of persons from the

educational system in relation to other potential sources of supply.

The study attempted to explain the long-term and short-term
trends in the supply and requirements for engineering and scientific
manpower in Canada, It is hoped that even though many questions remain
unanswered, something of value was achieved and that a basis for

additional research has been established,
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APPENDIX I-A

An Illustration of the Occupation,
Field of Employment Specialization and
Course Groupings Used

A number of occupations, fields of employment
specialization and university courses in the area of
engineering and scientific manpower have been compared in
this study. The first part of the Appendix indicates the
organization of these occupations and fields in the Depart-
ment of Manpower and Immigration Register of Scientific
and Technical Personnel; the 1961 Census classification of
engineering and science occupations; and the Dominion
Bureau of Statistics university course classification as

compared with the classification of fields suggested by

Wolfle.l/

The fields and occupations used in the Register,
the Census and by the Dominion Bureau of Statistics Educa~
tion Division are outlined. Finally, the composition of the
fields in the Register and Dominion Bureau of Statistics
lists are compared with the Census occupations for
particular time periods in order to show how the fields and
occupations had to be re-grouped to achieve a greater

measure of comparability.

E/ Dael Wolfle, Op. cit., pp. 13-14,
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Professional and Technical Occupations, 1961 Census of Canad

Division 2Z--Professional and Technical Occupations

Occ.
Code
No. Professional engineers
101 Civil engineers
102 Mechanical engineers
104 Industrial engineers
105 Electrical engineers
107 Mining engineers
108 Chemical engineers
109 Professional engineers, n.e.s.
Physical scientists
111 Chemists
112 Geologists
114 Physicists
119 Physical scientists, n.e.s.
Biologists and agricultural professionals
121 Biological scientists
124 Veterinarians
129 Agricultural professionals, n.e.s.
Teachers
131 Professors and college principals
135 School teachers
139 Teachers and instructors, n.e.s.
Health professionals
140 Physicians and surgeons
141 Dentists
142 Nurses, graduate
143 Nurses-in-training (W)
144 Physical and occupational therapists
145 Optometrists
146 Osteopaths and chiropractors
147 Pharmacists
148 Medical and dental technicians
149 Other health professionals

% Occupational Classification Manual Census of Canada, 1961.
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Occ.
Code
No.

151
153

151
163
169

171
172
174
176

181
182
183
184
1856
187
188
191
192
194
195
196
198
199

Law professionals

Judges and magistrates
Lawyers and notaries

Religion professionals

Clergymen and priests, n.o.r. (W)
Nuns and brothers, n.o.r. (W)
Religious workers, n.o.r. (W)

Artists, writers and musicians

Artists, commercial

Artists (except commercial), art teache
Authors, editors and journalists
Musicians and music teachers

Other professionals

Architects

Draughtsmen

Surveyors

Actuaries and Statisticians

Economists

Computer programmers

Accountants and auditors

Dietitians

Social welfare workers

Librarians

Interior decorators and window dressers
Photographers

Science and engineering technicians, n.
Professional occupations, n.e.s.

311

rs

e.s.
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Specializations in Which Bachelor and
First Professional Degrees were Granted®

Agriculture
Architecture
Arts
Pure Science
Chiropractic
Commerce and Business Administration
Dentistry
Education
Engineering
Fine and Applied Arts
Forestry
Home Economics
Interior Design
Journalism
Law
Library Science
Medicine
Music
Nursing
Occupational Therapy and Physiotherapy
Optometry
Pharmacy
Physical and Health Education
Social Work
Theology
Catholic
Protestant
Veterinary Science
Others

Bt DBS, Education Division, Preliminary Statistics
of Education, 1963-64, August 1964, p. 43

(69 pp.)
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Fields of Engineering in Which Bachelor Degrees were Grantedxx

Aeronautical
Agricultural

Ceramic

Chemical
Chemical-Metallurgical
Civil

Electrical
Engineering Physics
Forest

Geological
Geological-Mining
Industrial

Mechanical
Mechanical-Electrical
Metallurgical

Mining

Petroleum

Surveying

Fields of Study in Which Honours Bachelor Degrees
in Arts and Science were Granted®

Biological Sciences

Bacteriology

Bacteriology and Immunology
Biochemistry

Biochemistry and Zoology
Biology

Biology and Chemistry
Biology and History
Biophysics

Botany

Conservation Biology
Genetics

Microbiology

Microbiology and Zoology
Physiology

Physiology and Biochemistry
Physiology and Psychology
Zoology

% DBS, Survey of High Education, Part II: Degrees, Staff
and Summary, 1962-63, October 1964, p. 53-56

(59 pp.)
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Fields of Study in Which Honours Bachelor Degrees

in Arts and Science were Granted® (Cont 'd.)

Physical Sciences

Actuarial Mathematics
Chemistry

Chemistry and Biology
Chemistry and Geology
Chemistry and Mathematics
Chemistry and Physics
Chemistry, Physics, English
Food Chemistry

Geology (Including Geological Sciences)
Geology and Chemistry
Geophysics

Household Economics
Mathematical Physics
Mathematics (Including Applied Mathematics)
Mathematics and Chemistry
Mathematics and Economics
Mathematics and Philosophy
Mathematics and Physics
Mathematics and Psychology
Mathematics and Sociology
Metallurgical Sciences
Meteorology

Physics

Physics and Chemistry
Physics and Geology
Physics and Mathematics
Physics and Physiology
Science

® DBS, Survey of High Education, Part II: Degrees,
Staff and Summary, 1962-63, October 1964,

p. 53-56 (39 pp.)
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Composition of Census Engineering and Science Occupation Classes

Used in Comparisons Over Time

Occupsation Class

ingineering, total

Chemical

Civil

Flectrical

Mechanical

Jther

Science
Biological scientists
Chemists
(Geologists
Physiciats

Physical scientists; n.e.s.

Other

Grouping #1
193161

NA

(Civil eng.)
(Surveying )

(Professional eng.,
( n.e.s.

(Chemical eng.
(Mining eng.

)
)
)

Grouping #2
1931-51

Engineering, total

(Chemical eng.)
(Mining eng.

(Civil eng.)
(Surveying )

Flectrical eng.

(Mechanical eng.)
(Industrial eng.)

Nil

& 8 B ¥ E

=

Grouping #3
1951-61

Chemical eng.

Civil eng.

(Professional eng.,
( n.e.s.
(Mining eng. )

Grouping #3A
1961 Only

Chemical eng.

Civil eng.

Mechanical eng.
Industrial eng.

Mining eng.

Professional eng.,
n'e. S‘

Biological scientists
Chemists

Geologists

Physicists

Physical scientists,
n.e.s.

MA
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Composition of Economics and Research Branch Honours Science and DBS Education Division
University Courses Used in Comparison with Census Data Over Time Period 1940-19063 _

University Courses

Fngineering, total

Chemiecal

Civil
Electrical

Mechanical

Other

Science

Biological

Chemistry
Geology
Mathematics

Physics

Other

Grouping #1

(Chemical, Mining,
(Petroleum, Geological,
(Metallurgical, Other,

(Agricultural Engineering
)

( Physics

)
)
)
)

Grouping #2
Engineering, total
(Chemical, Mining )
(Petroleum, Geological,)
(Metallurgical )
Civil
Electrical

(Mechanical)
(Industrial)

(Other Agricultural)

(Engineering,
(Physics )

(Bacteriology, Biology,)
(Botany, Zoology,
(Biochemistry )
Chemistry

Geology

Mathematics

( Physics, Mathematics)
(& Physics )

Other

Grouping #3

Chemical

(Mining, Petroleun, )
(Geological, Metallurgical,)
(Other, Agricultural )

91¢



Urdversily Course
Englneering, total
Chetdcal
Civil
Elecirical

Mechanical

Other

Science

Diologicol

Chendsinry

Geology
Moo tio o Uimy

Friywien

N

Grouping #1

(Civil, Forest)
(Surveying )

(Chewical, Mining
(Petroleum, Geological
(Muclear, General,
(Metallurgical, Other,
(Agricultursl Engineering
(Physics

Grouping #2 Grouping 73

Engineering, total

(Chemical, Mining, ) Chemical
EPetroleum, Geological,;
Metallurgical
(Civil )
(Forest)
Electrical

(Mechanical )
(Aeronautical)
(Industrial )

(Nuclear, General ) (Mining, Petroleum,
(Other, Agricultural) (Geological, Surveying,
(Engineering Physics) (Nuclear, General,

(Metallurgical, Other,
(Agricultural Engineering
(Physics

Nt et it N vt o

(Bacteriology, Biology)
(Botany, Zoology,
(Biochemistry )

(Cheristry, Chemistry )
(& Physiecs )

Geology
fathenatics
(Physics, Mathematics

(& Physics

(Science,
(Iteta turgical Science

{4 o LAt anan

)
)
(Geosraphy, Genzral )
)
)
\

L1€



Composition of Register of Scientific and Technical Personnel Fields of
Employment Specialization Used in Comparisons with Census Data Over Time Period 1957-1963

Field of
Emnloyuent Specialiszation Grouping #1
Enginesring, total
Chemical NA
Civil (Civil )
(Surveying)
Flectrical Electrical
Fe hanleal (Mechanical )
(Aeronautical)
Other (Chemical )
(Mining )
(Petroleum )
(Metallurgical)
(Other

Science
Biologicsl
Chemigtry
Geology
Matheumatics

Physics

Biological Sciernce

Chemistry

Geological Science

Mathematics

(Physics &

(Engineering Physics)

Geography

Groupi. 2

Engineering, total

(Chemical, Mining, )
(Petroleum, Metallurgical)
(Ccivil )

(Surveying)

Electrical

(Mechanical )
(Aeronautical)

Other

Grouping #3

Chemical

Civil

Electrical

(Mechanical )
(Aeronautical)

Mining
Petroleun
Metallurgical
Other
Surveying

TE
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1- Outline Used by Wolfle

General Areas and 2 - Register of Scientific
Specialized Fields used Subjects of College Study and Technical Personnel, 4 - Adapted from D.B.3.,
in Analyzing and Included in Each Fields of Employment 3 - 1761 Census, Education Divis:on,
ReportinghInformation Specialized Field Specialization Occupation Classes University Courses
Architecture Architects
Town Planning
Engineering Enginesring Professional Engineers Engineering
Engineering Engineering Aeronautical Civil Aeronautical Vechanical
AerTonautizal Cherical Mechanical Agricultural ‘echanical-Zlectr.ocal
Chenical Civil Industrial Ceramic Mats’ i r-oazal
Civil Electrical and Electronic Electrical Chemical-letallurgical ‘111pa
Electzical Industrial Mining Civil Petroleln
Mechan.cal Mechanical Chemical Electrical Surveyirg
Military or Naval Metallurgical Professional Engineers, Engineering Physics
Science Mining n.e.s. Forest
Qther Engireering Patroleun Geological
Otrer Engineering and Geological-Mining
Screntific Fields Industrial
tlatural 3Scien =s Matlural Sciences Physical S:ientists Phys:zal Sciences
Che—y *ry Chemystry Cheristry Chemists Cnemistry
Oth = btnys.. 2l atnematice bathemat_cs Geoloay .
Scisncec Metallur Mathemat}vs
cienc eta gy ) I
Physics Physics & Engineering Physicists lathematics and "hysics
Physi Other Sciences
ysics
Ear » .ziencec Astroncry
Geograpny Geograony
Geology Geoscience (Geology, Geologists
het. 70.03y Geocnemistr,, Physical Scientists,
Geoprys.cs) n.e.s.
2o .-al Scie .es Apelcmy Entemology Biological Sciences Binlogists 2 Agriculiural | Biological Sciences
Bacter.ology Professionals Bacteriology
BiocheT_sioy Biolog:ical Scientists Biochemistry
SBio0loz/ Pnysiology Biology
n.e.c,) Zoology Botany
Botar, Zoology
Pental S:i-epces Biological Science, n.e.c.
fae b Scrences, Natura’ “ciences (n.e.c.) | Scierce, Geaeral and
Unc ssified Other Science
* tlied Birlngicsl Fiel =
£y e Ttuae T wAgrlculm_re Agriculture Agricultural Professiorals,
Animal kusbandry Nee.S.
Forestry Forestry
Pome %2, ¢ rfone Fcoo isies Veterinary Medicine Veterinarians
Sou-cec: Cole ls Dael Wolfle, Amcr ca's Resources of Speciali-ed Talen:, New York, Harper, 1354.
Cod 7o Sen tpoz -ty TeL (35) ber-
Col. 3: Dominton Bureau of Statistice, Orcupationszl Tlassafication Manual, Census of Carada, 1961.
€ 1. 4+ Do “rion 1. cau £f State, ics; Sumvey of hy oL Tdvo_vion, Part IT, 1962-63, p. 53; Dominion Bureau of Statistics, Survey of Higher Tducatiou

(es TiF: 1851€5).
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APPENDIX I-B

Comparison of Data from the 19061 Census
with the Department of Manpower and Immigration
Register of Scientific and Technical Personnel

1. Selected Data from the Census and the Register

Professor D.N. Solomon and Mrs. A. M. Fergusson
have discussed the possibility of making a comparison of
data from the 1951 census with data from the 1957 cycle
survey based on the Register of Scientific and Technical
Personnel of the Department of Manpower and Immigration.
It was concluded that the differences precluded such a

comparison.l/

It should be noted at the outset that the
difference in concepts used in the Census as opposed to the
Register - occupation or work done in the case of the
Census compared with scientific and technical education in
the case of academic field in the Register - would tend to

lead to differences in coverage between these two sources.

David N. Solomon and Agnes M. Fergusson, "The Distribution
and Functions of Canadian Engineers and Scientists",
Canadian Political Science Association Conference on
Statistics, 1900, Papers, E.F. Beach and J.C. Weldon,

Editors, Toronto, University of Toronto Press,
1962, pp. 183-210.
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When the article by Solomon and Fergusson was
written, the 1961 Census data were not available. They
pointed out the desirability of making a comparison of
Census and Register data when the latter were available.
The distribution of engineers by occupation in the Census
and by field of employment specialization in the Register
indicates in this respect the Census and Register data are
fairly similar.g/ For example, according to the 1961 Census
(see Table I-1, Chapter I) civil engineers represented
about 28 per cent in both the Census and the Register. 1In
electrical engineering there were 23 per cent according to
the Census and 20 per cent according to the Register. 1In
the case of total engineers, the numbers were 43,099 in the

19561 Census and between 38,000 and 45,000 according to the

In the case of Table I-1 above "field of employment
specialization'" is used in the case of data from the
Scientific and Technical Personnel Register. This is
possible because the engineers or scientists with
Academic training in these specialties, but who are not
currently employed in these specialties, can be removed
and those who are employed in these specialties can be
shown separately.
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register, depending on whether the "field of employment
specialization'" or '"academic specialization'" concept,

respectively, is used to designate an "engineer".i/

In the Census a substantial group of engineers and
scientists who report other occupations, for example,
managers and university professors, would not be included in
the occupational class of "engineer"., In the Register these
persons would be included as long as they had an education
or association membership background in scientific and
technical fields, so the Census would tend to give a down-
ward bias to the numbers of engineers and scientists

reported. On the other hand, in contrast to Register

From the Survey of Scientific and Technical Personnel in
1961, estimates were made of the total engineers in the
Register by field of employment specialization and the
estimated total is 38,000 in 1961. However, a higher
estimate results 1if the concept of academic course is
used to designate an engineer. This total is estimated
from a hand count of the Register in 1961. At that time
48,500 engineers were listed. However, this total
includes some who were retired, not Canadian citizens,
non-technical personnel or persons who were working out-
side of Canada. It is estimated that about 60 per cent
of the retired - 700 - were engineers. In addition, on
the basis of the 1961 Survey of Scientific and Technical
Personnel about 1,100 engineers probably should have been
removed from the Register because they were deceased,
non~technical personnel or non-~Canadians. An additional
1,300 - based on an estimate of the above survey ~ were
probably Canadians working outside of Canada. If these
are removed, it would leave a net total of about 45,400
engineers in Canada in 1961 using the academic
specialization as an indication of who is an engineer.
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procedures which use graduation or equivalent qualification
in scientific or technical fields as criteria for entrance
into the Register, the Census would include anyone reporting
in an engineering or science occupation regardless of
educational background.f/ This would tend to give an upward
bias to the numbers of engineers and scientists as reported
in the Census. Although it is not possible to measure
precisely the result of these two biases which operate in

opposite directions, the net result appears to be a gross

number of "engineers"S/ from the two sources which are not
too far apart but whose composition in terms of occupation

and level of education may be somewhat different.

A further indication of the composition of Census
and Register data can be obtained by looking at the com-

position by industry and by level of education in 1961.

f!The inclusion of such persons in the Census is made only
after certain checks in the coding procedures. It is not
possible to determine the extent to which this is a result
of persons being enumerated and coded as "engineer" or
"scientist!" in the Census who should not have been. There
is no evidence to indicate that the coding procedures
would give a bias in this case one way or the other.

E/It was decided to use engineers to illustrate the point
since they are reported in both the Census and the
Register. In the case of natural scientists, some
specializations, for einample, mathematics, were not re-
ported separately in the 1961 Census. It would beo
possible to make selected comparisons of these fields or
occupations for the Register and the Census but this was
not attempted here.
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The industry distribution is discussed more
fully in Chapter III. Generally, a comparison by industry
of the two sets of data for engineers results in a rather
close correspondence. For example, in the 1961 Census
34.4 per cent of the engineers are shown being employed
in the manufacturing sector. However, if surveyors are
removed the percentage of engineers in manufacturing is
around 41 per cent, compared with 38 per cent in the
Survey of Scientific and Technical Personnel in 1961. 1In
another case, however, "transportation, storage and
communication", the percentage in the Survey of
Scientific and Technical Personnel in 1961 was around 7
per cent, whereas the proportion in the 1961 Census not
including surveyors was 10 per cent of engineers in this
industry. One of the reasons for this difference is
suggested by the difference in educational level of
engineers in the Census compared with those in the
Register of Scientific and Technical Personnel,. A
comparison of the level of education of those employed as
engineers by industry in January, 1962, shows that there
were a larger number of engineers without university degrees

in the "transportation and communication' industry. For
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example, the proportion was approximately 13 per cent in
all industries, compared with 25 per cent in this

industry.g/

However, in Chapter II, Table II-4, a comparison
by level of education indicates that the composition of
those in engineering in the Census and the Register by
level of education was somewhat different. Those with no
university degrees represented 28 per cent in the case of
the 1961 Census and only 5 per cent in the case of the
Register, based on data from the 1961 Survey of Scientific
and Technical Personnel. In civil engineering those with
no degrees made up 19 per cent in the Census and only 4 per
cent in the case of the Register. In electrical engineer-
ing the no-degree proportion was 26 per cent in the Census

and 6 per cent in the Register.

See Department of Labour, Economics and Research Branch,
Employment Outlook for Professional Personnel in
Scientific and Technical Fields, 1962-1964, Professional
Manpower Report No. 13, December, 1962, p. 25. The
tendency of such persons to be included in the Census
but not in the Register would account for at least some
of the difference in the proportion of engineers in

this particular industry.
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2. Match of Information on Engineers Using Data from the
1961 Census and the Department of Labour Survey of
Scicntific and Technical Personnel, 1961

The purpose of this study was to make a direct
comparison between the data on individuals by occupation in
the 1961 Census and by field of academic as well as by field
of employment specialization in the 1961 Survey of

Scientific and Technical Personnel which was based on the

Register of the Department of Manpower and Immigration

(formerly the Register of Department of Labour). It was

felt that a direct comparison of the data on individuals in

these two sources of information, the Census using an

"occupational'" and the Register using a "field of employ-

ment'" or '"field of academic specialization" concept, would

reveal differences and similarities which would in turn
indicate to what extent the data from these two sources
could be used interchangeably. It was decided to compare
those individuals whose academic specialization was

"engineering" in the 1961 Survey of Scientific and

Technical Personnel with their occupational classification

in the 1961 Census.
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a. Method

Those who reported in the 1961 Survey of
Scientific and Technical Personnel as "engineers", i.e.,

all whe had an engineering degree or its equivalent, were

divided into two groups, one group who said they were in

scientific and technical fields - the "technical" group -
and another group who said they were not - "the non-
technical". A stratified random sample of 225 out of

9,054 engineers was selected: 108 out of 864 non-
technical and 116 out of 8,190 technical, and the results
were then matched directly with the individual returns

from the 1961 Census.

The actual matching was done internally by the
Dominion Bureau of Statistics and the results released
statistically in such a way that individuals could not be
identified. Of the 225 individuals in the sample, 169 were
traced in the 1961 Census records, a success rate of 75 per

cent,

b. Limitations

(L) First, the sample was limited of necessity to
engineers in the 1961 Survey of Scientific and Technical

Personnel since this provided the basis for selection.
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The survey was based on the Register, so the vast majority
of engineers in the survey had university degrees. It was
not possible to examine the occupational status of
engineers without university degrees, Since these persons
would have been classified as "engineers" on the basis of
Census occupation or field of employment in the Register,
their inclusion in the sample would have raised the pro-

portion of "technical" engineers.

(2) Some information was available on the 25 per cent
in the sample who could not be located. Those who were
located and those who were not located were compared to see
what bias, if any, those who were not located would have on
the results. Those who were not located tended to be a
younger and presumably more mobile group. These
individuals would have the effect of raising the proportion
of engineers who were reported occupationally as "engineer"
in the Census by about 1 or 2 percentage points, 1 percen-
tage point in the case of the technical and 2 percentage

points in the case of the non-technical group.

These first two limitations suggest that the
estimated proportion of engineers who were veported
occupationally in the Census as "engineers" -~ 70 per cent
of the technical and 16 per cent of the non-technical =

which is based upon this sample is probably a minimum

estimate.
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(3) The timing of the data collected, June, 19561, in
the case of the Census, and early 1962 in the case of the
Survey of Scientific and Technical Personnel, meant that
the information was over six months apart in time. The
information requested in the Survey of Scientific and
Technical Personnel covered the calendar year 19561, so this
would tend to bring it more in line with the Census. In
the case of occupational comparisons, it is believed that
this diiference in time would probably have very little
influence. It might possibly exert a slight upward bias
on the proportion who would have been reported occupation-
ally as engineers in the Census since there is a tendency
for those trained as engineers to move out of this

occupation as the level of experience increases.

c. Conclusion

The results in the following table show that
about seven out of ten individuals in the Survey of
Scientific and Technical Personnel who reported that they
were in "technical" fields were also reported occupationally
as "engineers'" in the Census. On the other hand, less than
two out of ten who reported in the Survey of Scientific and
Technical Personnel that they were "non-technical'" were
reported as being in engineering occupations in the 1961

Census. This suggests that "field of employment"™ in the
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case of the Register data is best for comparisons with
Census data since seven times out of ten an engineer in the

Register is also reported as an engineer in the Census.

The degree of confidence attached to these
estimates can be estimated by applying the formula for the
variance of a proportion p,

s§=pq (1-f), where P=0.70. ¢=0.30, N=116 and f= 0.0143
N-1 )

Sp = = = 0.042
m// Pq % (L-T) 0.70 % 0.30 % (I<0.01%3

N-1 116-1
/!

The 0.95 confidence interval is P + 1.96 sp, that is,
0.70 + 0.082. Thus, the probability is 19 chances out of
20 that the proportion of engineers in the Register of
Scientific and Technical Personnel who were also reported

as "engineers" in the Census is between 62 and 78 per cent.

In the case of "technical" engineers who
graduated after 1950, 80 per cent were found to be in
"engineering" occupations in the Census. A recent U.S.
study found that 80 per cent of the engineers who took
undergraduate work were in engineering occupations two

years later.’/

7/

~ U.S. National Science Foundation, Two Years After the
College Degree, Washington, D. C., U.S. Government
Printing Office, 1963, p. 199.
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Occupations Reported in the 1961 Census by
Engineering Graduates in the Survey of
Scientific and Technical Professions, 1961

-Engineering Graduates, Occupations Reported in 1961 Census
Survey of Scientific and Other A1l Other
Technical Professions, 1961 Total Managerial jineeri Professional Occupations
No. 4 No. % No, % No. 4 No, 4

Employed in a Secientific
or Technical Field 87 100 1L 16 61 70 A 5 8 9

Not Employsd in a
Scientific or
. Technical Field 81 100 55 68 13 16 5 6 8 10

Source: Department of Labour, Economics and Research Branch, Survey of Scientific and Technical
Professions, 1961 and Special Comparison by Dominion Bureau of Statistics of Register
and Census information.
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Sazgle Counts of GBngineers by “car of CGraduation and
Occuptuou, Matah of Mnm fmm m@ 1961 Ccmms with

Zotal
1930 and Before by 7 2 2 3
1931-1940 14 12 2 0 G
1941-1950 34 2 6 2 2
After 1950 19 12 3 1l 3
Total & 55 13 5 8
Per Qsaf
19” and Before 100 50.0 u-3 MOB zlok
1931-1940 100 85.7 5.3 0.0 0.0
1941-1950 100 70.6 17.6 5.9 5.9
After 1950 100 63,1 15.8 5.3 15,8
Total 100 67.9 16.0 6.2 9.9
1930 and Before [ 1l b 1 (0]
1931-1940 10 1 5 1 3
1941-1950 36 9 2 1l 2
After 1950 35 3 3 1 3
Total 87 1k é1 N 8
Eer Cent
1930 and Before 100 16,6 66,7 16.7 0.0
1931-1940 100 10.0 50.0 10,0 30.0
19411950 100 25.0 66.7 2.8 5.5
AfSer 1950 100 8.6 80.0 2.8 8,6
Total 100 16.1 70.1 ko6 Gl
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APPENDIX 2

A Basis for Estimating Engineering Graduations

In an attempt to develop a basis for the
projection of engineering enrolments and graduations, a
number of variables were examined to determine their
possible use as predictors of engineering enrolments and
degrees. These included: total male and female enrol-
ments, total male undergraduate and post-graduate enrol-
ments; total male undergraduate enrolments; total bachelor
and first professional degrees; total male bachelor and
first professional degrees. These variables were also
examined over a variety of time periods. The closest
association historically was found to be between engineer-
ing degrees and total male bachelor degrees. The regres-
sion equation based upon the 1953-63 period, however, was
characterized by considerable plus and minus deviations
and the results for the three-.year projection period
1966-68 were too high when examined in relation to the more
reliable estimates based on first-year engineering enrol-

ments in the 1963-64 to 1965-66 period.

It was therefore decided to rely instead upon
first-year engineering enrolments as the basis for

estimating engineering graduations for 1966 to 1968 and to
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assume that the 1969-76 trend in engineering graduations as
a percentage of total male bachelor graduations would fall
somewhere between the experience of the immediate and more
distant past. 1In Table V-A-2, a comparison is made of the
results of the 1953-63 projections, the estimates in the
present study and the projection made by Mitchener for the
years 1971 and 1976. It is apparent that the projection

in this study falls between the average of Mitchener's
projection and that based upon the 1953-63 trend. 1t is
felt that Projection B, while more conservative than that
based on the historical trend, will be the most likely
possibility if the cyclical pattern of engineering enrol-
ments repeats itself and if engineering enrolments and
degrees consequently increase as a proportion of total male

enrolments and bachelor's degrees.
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APPENDIX 3

Method of Calculating the Estimated Supply of Engineers to
1976
The stock of engineers at some future date 1is
equal to the stock at some initial date plus gross
additions minus gross withdrawals occurring between the

initial and terminal dates.i/

1. Initial Stock
The initial stock comprises the estimated

41,000 engineers who were employed in Canada in 1961.

2. Gross Additions

Gross additions to engineering manpower come from
graduation of engineers from Canadian universities,
Canadian graduates of engineering faculties abroad and
graduates of other than engineering faculties who enter
engineering occupations, immigrant engineers and upgradings
to professional status of those who have no university
degree. Only three of these flows are considered here,
graduates of Canadian universities, immigration and up-

gradings.

1/
T The terminal date for graduations is 1976 and for
immigration, emigration and net migration, 1975.
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a. Graduations

It is assumed that Canadians who graduate abroad
in engineering are approximately matched by foreigners who
receive engineering degrees here. However, on the basis of
an examination of Canadian data,g/ and of data in United
States,i/ it is assumed that only 85 per cent of the
engineering graduates enter engineering occupations. It
is also assumed that graduates in other faculties who enter
engineering are matched approximately by those who enter
engineering occupations and later move to other occupations

after a period of time.

b. Gross Immigration

The estimate by Kasahara of gross immigration of
125,000 per annum up to 1970 was accepted and assumed to
4/

continue to 1976.— 1t was assumed that engineers would

continue to constitute the same percentage of total annual

2/
T gee Table II-32 above

3/

~ gSee U.S., National Science Foundation, Scientists,
Engineers and Technicians in the 1960's, Requirements
and supply, cited above, p. 23.

4/
~ F.T. Denton, Yoshiko Kasahara and Sylvia Ostry,
Population and Labour Force Projections to 1970, Staff
Study No. 1 prepared Lfor the Economic Council of Canada,

Qttawa, December 1954, p. 5.
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immigration as in the 1961-65 period, 1.3 per cent. This
proportion was applied to estimated gross immigration in
order to derive the estimates of gross immigration of

engineers.

c. Upgradings

It was estimated that upgradings would represent
15 per cent of university graduates in engineering from
1962~66,2/ In view of the long-term trend towards fewer
engineers without university degrees it was decided to
reduce assumed upgradings to 10 per cent of university
gsraduates for the period 1967 to 1976. The net effect is
to reduce upgradings from 10 per cent of engineering
entrants (including graduates and net migrants in

engineering) in 1962-66 to & per cent from 1967-75.
3. Vithdrawals

The withdrawals considered here are deaths and
retirements, emigration and transfers out of engineering to

other occupations.

Department of Labour, Economics and Research Branch,
Professional Manpower Report No. 13, Employment Outlook
for Professional Personnel in Scientific and Technical
Fields, 1962-64, Ottawa, December 1062, p. 25.
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a. Deaths and Retirements

Deaths and retirements have been calculated for
the initial stock, for engineering graduates who enter
engineering occupations in the projection period, for net
migrant engineers and for those upgraded to professional

status who enter engineering during this period of time.

(i) Losses from Initial Stock

The stock of engineers in the 1961 Survey of
Scientific and Technical Personnel was distributed by
single years of age. To those aged 46 or less the

Canadian Life Tables 1960-62 (males) were appliecd to

determine the number of survivors by 1966, 1971 and 1976.

Next, Life Tables were used to determine how many of those

47 years of age and older would survive to the retirement
age of 65 years thereby comprising withdrawals due to
retirement, The remainder comprised withdrawals due to
deaths and these were added to deaths among the group 46
yvears and younger in 1961 to yield total deaths occurring
within each of the terminal periods. Appendix V-A-5
summarizes the results of these operations. Withdrawal
rates represent the average annual withdrawals during a
period as a percentage of the average stock during that
period of time. These rates were then applied to the

estimated stock of 41,000 engineers in 1961.
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(ii) Losses from Graduations
The average age of graduate engineers is
assumed constant at 24 years. Canadian Life Tables were

used to determine how many of the graduates added to the

stock would survive by 1966, 1971 and 1976. Since average
age of graduation is 24 years even the 1965 graduates would
be under retirement age by 1976, no calculation for retire-

ment is necessary for this group.

(iii) Losses from Net Immigration and Upgradings

The average age of net migrant engineers 1is
assumed constant at 27 years and the same technique is
applied as was used for graduate engineers in calculating

withdrawals.

b. Emigration

The estimate by Kasahara of a gross emigration of
75,000 per annum was used and assumed to continue to
6/ . .
1976.= It was assumed that engineers would continue to
constitute the same percentage of total annual emigration
as in 1961-65, 1.8 per cent. This proportion was applied

to the assumed gross emigration in order to derive the

estimate of gross emigration of engineers.

6/

—"See F.T. Denton, et. al, op. cit., p. 5.
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¢c. Transfers
It was noted above that an estimated 15 per cent
of engineering graduates do not enter engineering
occupations and these were deducted from projected
engineering graduations in estimating this source of
supply.z/

In addition, in estimating the withdrawals from
initial stock during the projection period, it was assumed
that 0.5 per cent per annum would transfer from engineering
to other occupations.é/ No allowance. was made for subm-
sequent transfers of engineering graduates who entered
engineering occupations nor of net migrant engineers nor
of those upgraded to professional status. Any upward bias
that this would have on the supply from these sources would
probably be at least partially offset by transfers into

engineering from other occupations.

4, Projected Stock of Engineers
The results of these calculations are given in

Table V-A=5.

7/
™ See Appendix Table V-A-5.

E/See Table 1I1-38 above and U.S., National Science
Foundation, Scientists, Engineers and Technicians in the
1960's, cited above, pp. l4 and 15, for a similar
Estimate.
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Table IT~A-1 - Numerical and Percentage Distributfon of Males and Females in the Labour Forcel/ by
Selected Profeasional Occupation's, Canada,?/ 1931-1961

Per Cent of Professional
Total Number Per Cent of All Occupations Occupations
Occupation 1931 1941 1951 1961, 1931 1941 1951 1961 1931 1941 1931 1961
All OCCUDALIONSsroecvestocsssacsosssoseovnsrossasone 3,917,612 4,195,951 5,214,913 | 6,342,289 100.0 100.0 100.0 | 100.0 - - - -
All professional occupations.eeecssvvosscsveseccas 238,366 282,766 387,797 634,284 6.1 6.7 7.4} 10.0 100.0 100.0 100.0 | 100.0
ATCRItECtSeaatsneorvnvasssasesscascsosasaccvssnnn 1,298 1,202 1,740 2,940 Y & 2] o.1 0.5 0.4 0.4 ] 0.5
Engineers (including SUIVeyors)ieseecesescvccncee 16,387 19,791 34,385 51,370 0.4 0.5 0.7 0.8 7.0 7.0 8.9 8.1
Engineers (excluding Surveyors)esescccecnsocsass s .. 29,960 42,990 .o . 0.6 0.7 . .o 7.7 6.8
Chemical engineeISicesosviccossorsuscsssrcesaan .. .o 2,572 2,995 .e .. 0.1 0.1 .o . 0.7 0.5
- Civi% engineers (including SUTveyors)eeeceececs 7,524 6,721 12,168 20,257 0.2 0.2 0.2 0.3 3.2 2.4 3.1 3.2
Civil engineers (excluding SUTveyors)...oseve. . . 7,743 11,877 . .. 0.2) 0.2 .o .. 2.0 1.9
SUTVOYOTSesasssoncacearrssoccssaesscaseaanovons . . 4,475 8,380 . . 0.1 0.1 .o .- 1.1 1.3
Electrlcal engineerSsccesesacssceassccscossanans 3,937 4,557 6,349 8,758 0.1 0.1 0.1 0.1 1.7 1.6 1.6 1.4
Mechanical engineers (including industrial).... 2,859 4,518 8,328 12,091 0.1 0.1 0.2 0.2 1.2 1.6 2.1 1.9
Mechanical engineers (excluding industrial)... e .o . 8,130 .. .e ., 0.1 oo .o .o 1.3
Industrial engineersS.cecscsceccescccrarsaesassaa e .o . 3,961 . . .o 0.1 .o .. .o 0.6
Mining eAgineers.scscscscecscsccerosscccacssccs | ) ) ) 2,336 |) ) ) &) ) ) 0.2
OLNET @NGIiNEETSeeencsorreeancernccasanssasnanne | ) 2,267 ) 3,995 13 4,968 4,933 |) Ol ]y 0.1y 0.1y 590y 094y l.ady 1.3} 43
VEtariNaTianSescsnsorccossosonsscnorsoconsnssnnnes 1,046 1,050 1,205 1,524 & & .o & 0.4 0.4 0.3] 0.2
Othczlpzofessicnalsu..g........r...o.....c....... 219,435 260,723 350,467 578,450 5.6 6.2 6.7 9.1 92.1 92.2 90.4 1§ P1.2
DentistSeesocrsssccsncsooncocnsonossesosecsasace 4,039 3,740 4,608 5,463 0.1 0.1 0.l 0.1 1.7 1.3 1.2 0.9
LaWocooasenersarssesaovencnssnonsovsocensvososass 8,602 8,398 9,635 12,899 0.2 0.2 0.2 G.2 3.6 3.0 2.5 2.0
NUF'SES.eossovostassnsesncsasnorasssevenscaroncoes 31,898 38,509 50,761 84,546 0.8 0.9 0.9 1.3 13.4 13.6 13.11 13,3
Physicians and Surgeons$sseiscccceaseavecssnoaess 10,020 10,723 14,325 21,266 0.3 0.3 0.3 0.3 4,2 3.8 3.7 3.4
Piofgssers and gollege princlpalf.ecesecavacacce 3,200 4,135 5,422 11,145 0.1 0.1 0.1 0.2 1.3 1.5 1.4 1.8
f Teacher$auesevoasossassscocosnsrassnasonsrsavacs |- 82,983 86,453 105,118 | 167,694 2.1 2.0 2.01 2.6 34.9 30.6 27.1{ 26.4
OthersFasoseeocasoseseonsssnasssnsavvansnancsoos 73,693 108,765 160,598 275,437 2.0 2.6 3.1 4.4 33.0 38.5 41.4 1 43.4
1
# Less than 0.0b per cent = nil or zero .. not available or not appropriate or applicable.

l/ 14 years of ageé and over for 1931, 1941 and 19513.15 year§Fof age and over for 1961.
hut inciuding Yukon and Northwest Territories. Ingludes Newfoundiand in 1951 and 1961. Persons on active service excluded from 1931, 1941, 1951 and 1961.
3/ Persons 1n occupations which were not comparable over time ‘afe included here. ’

.
N.PF.: The 'gainfully occupied” raiher than the "labour force™ concept was used prior to 1951 for determining lapour force status. The lasbour force includes a few
persons seeking work who ha.e never been ewployed. Occupetions for 1931, 1941 and 1961 were arranged on the 1931 classification basis.

Sources: Canada, Dominion Bureau of Statistics; NinthCensus of Canada, 1951, Yol. X, Table 63.
Do inion Bureau of Statistics, QOccupation znd Industry Trend in Canada, 1954, SP-8; Labour Force, Qccupations by Sex, 1961 Census of Canasda, 1963.
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1931~ 1941 - 1951 - 1931 -

Occupation 1931 1941 1951 1961 1941 1951 1961 1961
ALl OCCUDZLIONSecasesrsneresosasesoasssssassensnses 3,917,612 | 4,195,951 | 5,214,913 | 6,342,289 7.1 24.3 21.6| 61.9
All professional occupationSceceecevesvcoscccssscos 238,366 282,766 387,797 634,284 18.6 37.1 63.61 166.1
ATChitectSuisteeaencoecacsccssnecsasssacnscansases 1,298 1,202 1,740 2,940 -7.4 44,8 69.0] 126.5
Engineers (including surveyors).ccecsscescccesces 16,587 19,791 34,385 51,370 19.3 73.7 49.4| 209.7
Engineers (excluding SUTVEYOTS)eceeesesavasarass . . 29,960 42,990 . . 43.5 .-
Chemical eNgINEerSeiceccecossvcosscossscsnvensos .o .o 2,572 2,999 .. .o 16.4 .
Civil engineers {including SUTVEYOTS).eeaccecss 7,524 6,721 12,168 20,257 -10.7 81.0 66.5] 169.2
Civil engineers (excluding SUTVEYOTS)ecessesos s .e 7,743 11,877 .e .o 53.4 .o
SUTVEYOT Secosnsssseecsosocnscssconesncororcras .o .o 4,425 8,380 .o .o 83.4 .o
Electrical engineerS.eeesvescsosscoscscsasessas 3,937 4,557 6,349 8,758 15.7 39.3 37.9| 122.5
Mechanical engineers (including industrial)e... 2,859 4,518 8,328 12,091 58.0 84.3 a45.2] 322.9
Mechanical engineers (excluding industrial)... .o .e . 8,130 .o .o .e ..
Industrial engineerS..eescecceeccvocecsenssons .o .o . 3,961 .o .o oo ) -

Mining engin@erSececesccsescscsscocsecrcrcncsnes ) ) 2,336 | ) ) )

Other enginesrSeesesssceccssossnsssosssssssonne 2,267 ) 3,995 ) 4,968 4,933 {) 76.2 ) 24.4 ) 46.3 )220‘6
Veterinariansecesececeesecscosocesescssaccoonons 1,046 1,050 1,205 1,524 0.4 14.8 26.5] 45.7
OtheT ProfeSSionalSececeseessseocessconsonannens 219,435 260,723 350,467 | 578,450 18.8 34.4 65.1] 163.6

DEALiSEtS s coceoneoneosaonsonensssaceanssnsnosnns 4,039 3,740 4,608 5,463 7.4 23.2 18.6] 35.3

LaAWoeooocosossovcosasossocecmsoscsosnssansessocs 8,602 8,398 9,635 12,899 ~2.4 14.7 33.9 50.0

NUTSCScoecsocssonecoevstoscsoocecsscovssscrsnnss 31,898 38,509 50,761 84,546 20.7 31.8 66.61 1€65.1

Physicians and SUTgE€ONSccecoctscecsosssccosaras 10,020 10,723 14,325 21,266 7.0 33.6 48.5} 112.2

Professors and college principalSeccocseccossse 3,200 4,135 5,422 11,145 29.2 3l.1 105.6¢ 2435.3

T@acheg”.a..........e..n..‘s...o.a..,.......... 82,943 86,453 105,118 167,694 4.2 21.6 59.5] 102.1

Others®eceoessecscsecossoccorscsssscnoccrocsovone 78,693 108,765 160,598 275,437 38.2 47.7 71.5] 250.0

# Less than 0.05 per cent - nil or zero

«» Not available or not

appropriate or applicable.

Y 14 years of age and over for 1931, 1941 and 1951; 15 years of age and over for 1961.
2/ Not including Yukon and Northwest Territories. Includes Newfoundland in 1951 and 196l. Persons on

1931, 1941, 1951 and 1961.

74 Persons in occupations which were not comparable over time are included here.

active service excluded from

N.B.: The "gainfully occupied” rather than the "labour force" concept was used prior to 1951 for determining labour force status.

The labour force includes a few persons seeking work who have never been employed.

were arranged on the 1951 classification basis.

Sources:

Canada, Dominion Bureau of Statistics, NinthCensus of Canada, 1951, Vol. X, Table 63.

Occupations for 1931, 1941 and 1961

Dominion Bureau of Statistics, Qccupation and Industry Trend in Canada, 1954, SP-8; Labour Force, Qccupations by Sex,

1961 Census of Carada, 1963.
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Table 11-A~3 ~ Numerical and Percentage Distribution of the Male_}abour Forcel/ by

Selected Professional Occupations, Canada,

2/ 1931-1961

Per Cent cof Professicnzl
Total Number Per Cent of All Occupations Occupaticas
Occupation 1931 1941 1951 1961 1931 1941 1951 1961 1931 1941 1951 1961
All OCCUPEtiONSeceascssvavsoacnsessscrcaccsansnnnss 3,252,310 3,363,111 4,051,020 | 4,581,839 100.0 100.0 100.0 | 100.0 - - - -
All professional occupatlonS.ccecocseccocsocansens 120,582 152,690 220,023 360,488 3.7 4.5 5.4 7.9 100.0 100.0 100.0 {1"".0
ATCHItECES aeneennarnsesnsocssoavssoesaasannscnonn 1,296 1,186 1,697 2,874 & & ] 0.1 1.1 0.3 0.8] o.8
Engineers (including SUTVEYOTS)seeesesseessssvane 16,587 19,791 34,341 51,196 0.5 0.6 0.9 1.1 13.8 13.0 15.6 14.2
Engineers (excluding SUTVEYOTS)eeesesevecscssass . .. 29,937 42,874 .e . 0.7 0.9 . . 13.6 | 11.9
Chemical engineersS..ccuiceceseessaceccccesnscsns .. .o 2,569 2,981 .. . 0.1 0.1 .e . 1.2 0.8
Civil engineers (including SUTVEYOTS)eseessssns 7,524 6,721 12,147 20,170 0.2 0.2 0.3 0.4 6.2 4.4 5.5 5.6
Civil engineers (excluding SUIVEYOIS)e..esssss .e .- 7,743 11,848 .. .o 0.2 0.3 .. .. 3.3 3.3
SUTVOYOIScoerroossosnossseassosocarnsnssnnnsases . .o 4,404 8,322 e .. 0.1 0.2 .o ve z.0 .3
Electrical engineerSeceavesisstovievavesnsossnns 3,937 4,557 6,338 8,718 0.1 0.1 0.2 0.2 3.3 3.0 2.9 2.4
Mechanical engineers (including industrial).... 2,899 4,518 8,319 12,074 0.1 0.1 0.2 0.3 2.4 3.0 3.8 3.4
Mechanical engineers (excluding industrial)... .e .o . 8,115 .e .. .o 0.2 .o .o . 2.3
Industrial engineers.i..cccee. tereecsorcanavan .o .o . 3,999 v .. .. 0.1 .o .. . 1.1
Mining engineers...ceeveseecsove vosocnnsasnens ) 2,334 |) 0.1 - 0.6
Other engineersS..iccsvessescrreessosorocssossaca 2,267 ) 3,995 4,968 4,919 {) 0.1 0.1 0.1 0.1 1.9 2.6 2.2 l.4
VelerinarianSesceoecesacsncsrosvsaarccsvasaonaaans 1,046 1,050 1,178 1,498 & -4 -4 -4 0.9 0.7 0.5 0.4
Other professionalsS.ivecrsasessarssacnes Cercsveans 101,653 130,663 182,807 304,920 3.2 3.9 4.5 6.7 84.3 85.6 83.1 1 384.%5
DErEiStS e uecraararacasaensrosososassanasnonnsnns 4,007 3,695 4,540 5,228 0.1 0.1 0.1 0.1 3.3 2.4 2.1 1.5
LaWa e e s secsrennuonescnnnsoascensaosssosnssennnos 8,543 8,268 9,433 12,573 0.3 0.2 0.2| 0.3 7.1 5.4 4.3 2.5
NUFSESe.esovooscsvesasersssscacsnnsccossonsoasss - 226 910 2,678 - & & 0.1 - 0.1 0.4 0.7
Physicians and SUTgeONS..ceoasscosasencosnevoseess 9,817 10,339 13,665 19,814 0.3 0.3 0.3 0.4 8.1 . 6.8 6.2 5.5
Professors and college principals.c.cesscencencss 2,941 3,858 4,610 8,779 0.1 0.1 0.1 0.2 2.4 2.5 z.1 2.4
Teache§7......‘.......‘..,..... ....... terasenas . 18,274 21,988 29,322 54,281 0.6 0.7 0.7 1.2 15.2 14.4 13.3 | 15.1
OUHeYSTe st vovanosessonseorvsacanecsssssnaseasoss 58,071 82,289 120,327 201,567 1.8 2.5 3.0 4.4 48.2 53.0 £4.7 55.9

A Less than 0.05 per cent - nil or zero

.. not available or not

appropriate or applicable.

%/ 14 years of age and over for 1931, 1941 and 195); 15 years of age and over for 1961.

z/ Not including Yukon and Norchwest Territories.

3 Includes Newfoundland in 1951 and 1961.
3/ Psrsons in occupations which were not comparable over time are included here.

Persons on

active service excluded from 1931, 1941, 1951 and 1961.

f..B.: The "geinfully occup.ed” rather than the "lapour force" concept was used prior to 1951 for determining labour force status.
Occupations for 1931, 1941 and 1961 were arranged on the 1951 classification basis.

personz secking work who have never been employed.

Sourness

Canada, Dominion Bureezu of Statistics,Ninth Census of Canada, 1951, Vol. X, Table 63.
Doriin’an Purez 1 of Statistics, Occupation snd Industry Trend in Canada, 1934, SP-8; Labour Force, Occupations by Sex, 1961 Census of Canads, 1963.

The labour force includes 3 faw
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Occupation

1931

1941

1951

1961

1931~
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1951

ALl occupationS.veseecevsececsncanoscecassscocccssres
All professional oCcCUPEtiONSecosesvacsevsnasnssons

ATCHiteCtSeccvorosascasconsrvsoascoosssscassonnne

SUTVEYOIS) tvacsooncononsrsos

Ennineers (in:luding
Engineers (excluding SUTVEYOTS)esesrrscoonsonans
Chemical engineefSeececsscacasorsacsssscaoscnns
Civil engineers {1ncluding surveyors).....c.....
Civil enailnesrs (excluding surveyors).....see.
S VEY OT S ervevorsosrocssvocscasnossnssscssasasens
Electrisal engineersS.eaesesss
Mechanical engineers (inrlud:-1 industrial)....
"echanlzzl eng.neers {e- -luding industrial)...
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“ining 2T 3ineers.see-s.
Cthe: lagor

essevesecreviarsea

?ea s P 06v 0090000885 20
L R R I I I I I S P

R I I R I N N L IR I I )

r

3,252,310
120,582
1,295

16,587

ve

3,937

2,059

<

2,267

3,363,311
152,690
1,156

r 19,791

1,050

130,663
3,692
$,268

226
10,339
3,858
21,988
82,289

o

4,051,020

220,023

Ny

—
-3 P 1O D
= J L

2@y 5%
w W

1,178

182,807
4,540
9,423
910
13,663
4,610
29,322

120,327

4,581,839
360,483
2,074
51,156

42,874

304,920
5,228
12,573
2,673
19,814
8,779
54,231
201,567

]

.

H
[N
WM

.

-

1o G
= Q=W
.
~N WA W

I

N
1Y
£~

s
(X
.

N

5

W
B WA N
WO RN I

. .

.

.
Y B ) = e OO

27.2
6.8
15.2
33.3
02,3
43.0
30,4
83.1
67.5

-

o0 7
B
.
162,
s
e
L4
% 7.7
3.7,
.
e

v
v

r
—t
.

1
&
.
n

(SRR
\
(el

(-
“
(@]

SRS
i%d.-
197.0
247,

appropriate or applicable.

Includes Newfoundland in 1951 and 19%).

[ BT AT IANS . iceesvsrcsesrssscecesvesnacaonrecane 1,046

Otr 2. 2rofe 7 0nElScseasanseascoonsonsorononnnans 101.053

T L3t s e e st reesnsecenerrsasecnnennsoaraea 4,007

L2 ssiss-v20cncoovoesornasscsosoocnaoscssssoccoes 8,543

NUT SCS5 0. cacvu-cns-scasasa-csscssuvonessscscanacns -

Phyolzicic 2rd SUIZGEINS anecasnnscssaacaronassa 9,817

Professcers -nd coliess principelesconsseseenrss 2,941

Te*vﬁc;§a<..¢..,n,...,.....,,,5,,,.=,.....,..,. 18,274

2 =

O herSimcccocvssercoossessscaoovcsscnsoensecasnsa 58,071
% Teoss then J.05 per cent - nil or zero .. not avzilable or not
Lo s yea~s 2% 232 and -ver for 1931, 1921 and 1951; 15 ysars of age and over for 1961.
- Stoinc. . oing juits- gne tiorth 2st Territories.
R th1, 19430 193 z2nd 1961.
X rsops 1 oJscunat.ons whisn were not comparable over time are included here.
LT The "grinioliy occup:el” rzther then the "labour force™

The lewour forcs ircludes a few persons secking work who have never been employed.

weTe zrranged on the 19s1 classification basis.

Seurtess

I'~inion Burezu of Sta. stics,

1951 Census ¢ Coansd., 1963,

Persons on

Canada, Dominion Burezu of Siaztistics,Ninth Census of Canada, 1951, Vol. X, Table 63.
crupation ord Indu-try Trend in Canada, 1954, SP-8; Labour Force, Occupations by Sex,

active service excluded frorm

concept was used prior to 1931 for deterrining labour force status.
Occupations for 1931, 1941 and 1961
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Breakdown ol Year-to-Year {hanges in fngineering Bachelor Graduations by Associated Factors:
Changes in Total Male Undergraduate Enrolment, Per Cent Enrolled in First Yeor
Engineering Courses and Drop-Out Rates in Engineering Courses, 1950-54 to 1960-64

(1) (20 1 G (W (5) 4 (6) (7) (8 1 (9) | (10) | (11) | (22) | (13) | (14)
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> 89 |47 [ S4A|7S by [ b E: mm o m.(.m“um.)mwﬂ
RS RELES S Sa b S E I Eck s RETARBE ] §) 1 1L P
15 e By |Fsdldi |2y |ANsal3T 50| 2, |SESBE |5AT)EAT
98 |27 |4F |Bed|3dec |afen |StE8| 88 (58|88 |a08|9:8 55|07
g S loed [TE=[508n |oo™ & 03Bl |88 ok [P 8l o ClEc]
_um .mw & t.m_u mnc HEoH Sensles i 23 | $od o]l wo Cmbum
3% | B9 |59 |Eeddayy |94y |FBECIE5 | pR|EE B Biclidsls:
Year & & SE |88 | D88 AE8E2 S5 SHEL5 88 EHE| 88 |8§358|83E 331258
L %
1950-54 | 55,028 1 1,815 3.30 1,252 | 31.0
1951554 50,170 | 2,062 {+247 | 4.1%. | 1,656 -159 +#06 11,337 |35.2 | +85 | <103 | +263 | 75 | +1es
195256 | 46,602 | 2,676 {4614 | 5.74 | 1,915 -147 761 1,597 | 40.3 | 4260 | -88 | K454 | -106 | 4348
195357 | 46,821 | 3,001 |+4325 | 6.41 | 2,688 +12 4313 [L,741 [42.0 | 4L |+ 7 | H82 | -45 | H37
1954-58 | 47,798 | 3,432 |+431 | 7.18 | 3,064 + 63 4368 §,930 | 43.8 | +189 | + 35 | 4207 =53 | 54
1955-59 | 51,083 {3,589 |+157 | 7.01 | 3,668 +236 - 79 12,057 [ 43.0 | 417 | 135 | - 45 | +7 |- 18
1956-60 | 54,545 | 4,150 |+561 | 7.61 3,824 +235 4326 [R,171 l47.7 | K24 | 123 | AA71 | -170 [+ 1
1957-61 | 58,713 | 4,682 {4532 | 7.97 b, 468 +318 1L 12,132 148.5 | 4241 | 4164 | +130 | =33 |+ 77
195862 | 64,303 | 4,625 |- 57 | 7.19 | 5,125 1,3 500 |2,437 |u6.8 | +50 | +236 | -266 | 480 | -186
195963 | 69,770 | 4,156 | <469 | 5.96 | 5,017 4392 -861 2,246 |45.9 | 212 | 4212 | 466 | 2 | -421
1960-61, 1 73,909 | 4,176 |+ 20 | 5.65 | 1,405 +24,9 -229 2,367 {43.3 | H117 | 1 | =230 |+H06 |- 24

So..cas. L. Col. (1
2. Col. (2

earre, acermedrraone n e

- Ergivoring Institube of Canada, The Engineering Journal, Vol. 25, Nos. 1 and 12, Voi. 26-

12, Vol. 45, No. 12, Vol. 47, No. 1, January, 1942, December, 19,2.1960, January, 1962.
.B.S.; Survev of Higher FEducation, Ibid., 1952-54, 1950-52.

- Col. (2) - Col. mmmsw Col. (27.

- D.B.S., Survey of Higher Education 1954-1961, Ottawa, August, 1963, Table 15, p. 3h.
T
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Total, Professional, and Engineering Immigration to Canada, 1946-1963

Table IT-A-6

avvrran

346

mﬁ?ﬁﬁon(l) meession?l Engineer Professional | Engineering ! Engineering
to Labour Force |Immigration(2) | Immigration(2) Total Total Professional
5 No. No. No. 4 % #

w375 1,423 29 9.9 1.9 18.9
39,77 2,040 383 5.1 1.0 18.8
75,204 2,126 18 3.2 0.6 18.5
52,934 1,937 367 3.7 0.7 18.9
10,123 1,686 318 b2 0.8 18.9
113,386 Jy, 200 781, 3.7 0.7 18.7
85,029 7,203 1,382 8.5 1.6 19.2
91,133 8,585 2,057 9.4 s 2.3 24.0
81,376 8,350 1,687 9.9 2.0 20.2
57,987 7,159 1,315 12.3 2.3 18.4
91,039 9,313 1,685 10.3 1.9: 18.0
151,511 16,040 3,103 10.6 2.0 . 19.3
63,078 7,553 1,010 12.0 1.6 13.4
53,551 6,947 783 13.0 1.5 D 1.3
53,573 7,436 725 13.9 1.4 9.7
34,809 6,696 547 19.2 1.6 ! 8.2
36,748 8,218 967 22.1 2.6 5 il.8
45,866 9,640 1,198 21.0 2.6 12.4
131,911 35,497 7,225 8.2 1.7 20.1,
112,752 47,319 7,306 11.5 1.8 9.8
84,663 82,816 14,531 0.8 1.7 17.5

louis, Immigration and Emigration of Professional and Skilled Marnpower Dusing the

~ Period, Special Study No. 1 prepared Ior {he Economic Council of Canada s June
ible A-14, D. 142,

ouis, ibid., p. 172.



Tavw.e IT-A-7

Total, Professional and Engineering Emigration from
Canade to the United States, 1950-1963

— —————

Emizizzion Pr9fess?on?l Engineerin ﬁ Professional | Engineering | Engineering

to Labour Force(l) | Emigration 2) Enigratiom 2 Total Total Professional

No. No. No. 4 % %

11,912 2,811, 223 23.6 1.9 7.9
13,185 2,931 347 2.2 | 2.6 11.8
17,688 3,797 538 21.5 3.0 1.2
18,111 3,525 529 19.4 2.9 15.0
17,378 3,352 K94 19.3 2.8 14.7
19,412 4,166 615 21.5 3.2 14.8
22,512 5,277 953 23.4 L.2 8.1
26,143 6,251 1,264 23.9 L.8 0.2
19,463 L,78L 720 24.6 3.7 15.1
21,623 5,593 1,310 25.9 6.1 R34
25,338 5,587 881 22.0 3.5 15.8
23,508 5,285 811 22.5 ! 3.4 iv.3
21,723 5,833 880 23.6 3.6 15.1
26,220 6,344 834 24.2 3.2 3.1
85,804 17,771 2,523 2.7 2.9 ? 14,2
115,079 27,492 5,128 23.9 L.5 E 13.7
200,883 45,263 7,651 2.5 | 38 ; 16.9

(1) Parai, Louis, Immigration and Emigration of Professional and Skilled Mannowor Durize
the Post-War Pericd, Special Study No. 1 prepared for the Economic Councii of Cenudé
June 1965, Table A-j1, p. 202.

(2) parai, Louis, ibid., Table A-k4, p. 208.




Tavle IT-A-8

Total, Profussional and Eagireering Net Migration(l), 1950-1963
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Total Net Professional | Enginsering
Migration Net Net Professional |Engineering :Engineeriag
to Labour Force Migration Migration Total Total Professional

No. No. No. % 4 4
28,211 - 1,128 95 - 4.0 0.3

100,201 1,269 L37 1.3 0.4 3hody
67,341 3,406 84, 5.1 1.3 24.8
72,992 5,060 1,528 6.9 2.1 30.2
66,998 4,998 1,193 7.5 1.8 23.9
38,575 2,993 700 7.8 1.8 23.4
68,527 3,066 732 5.9 1.1 18.0

125,368 9,789 1,839 7.8 1.5 18.8
43,615 2,769 290 6.3 0.7 10.5
31,928 1,354 - 527 L2 - 1.7 -38.9
28,235 1,849 - 156 6.5 - 0.6 L - 8.4
11,301 1,411 - 264 12.5 - 2.3 E -18.7
12,025 2,385 87 19.8 0.7 | 3.6
19,646 3,296 364 16.8 1.8 11.0

346,107 17,726 4,702 5.1 1.4 25.5

297,673 19,827 2,178 6.7 0.7 1i.0

643,780 37,553 6,880 5.8 1.1 : 8.3

i |

(1) Total immigration to Canada minus emigration to the United States.

See Tables II-A-6 and 7,



Comparison of Bachelor Graduations, Immigration, Emigration and Net Migration,(l)
for Professional and Engineering Occupations, 1951-1960

(1) (2) (3) (4) (5) (6) (7) (8) (90 | (o)
Total Total
(Gradua~ | Per Cent | Per Cent Per Cent (Gradua~-
tion Plus | Gradua- | Immigra-~| Per Cent Net tion Plus
Occupation Gradua~ | Immigra- | Bmigra- Net Net tions of | tion of | Emigration| Migration Het
and Year tions tion tion | Migration| Migration) Total Total of Total of Total | Migratic 1
Professional
and Technical
1951 ececescces | 15,754 4,200 2,917 1,283 17,037 92,5 4.6 17.1 75 100,0
1952ceccoosoas | 13,288 | 7,203 | 3,797 3,406 16,694 79.6 43.1 22,7 20.4 100.0
1953 ecccaecns | 12,575 8,585 3,525 5,060 17,635 71.3 48.7 20.0 28.7 100.0
195hccseceosse | 12,083 8,350 3,352 4,998 17,081 70.7 48,9 19.6 29.3 100.6
1955 cccececess | 12,967 7,159 4,166 2,993 15,960 81.2 4.9 26,1 18,8 100,0
195hcccancasos i 13,770 | 9,343 5,277 l, 066 17,836 77.2 5244 29,6 22,8 100.0
1957 censoocese | 14,783 | 16,040 6,251 9,789 24,572 60,2 65.3 25.4 39.9 100,06
1958 ccocceaca | 16,062 75553 L,78L 2,769 18,831 85,3 40,1 25,4 14.7 100.0
19599“""""’ 17)080 6’9!4-7 5,593 1,3514' lB,l{.BL} 9207 37-7 300 7314- lO0.0
1960 ceoevosse | 18,7201 7,436 5,587 1,849 20,569 91.0 36.2 27,2 9.0 106,0
Engineers ’ 1
1950 cececsoeae |~ 2,425 78L 3L7 L37 2,862 8.7 27.4 12,1 15.3 100.0
19520000 ecoscs 1,770 1,382 538 84ty 2,614 67.7 52.9 20,6 32.3 100.0
19530 ceccoeeas I 1,337 2,057. 529 1,528 " 2,865 46.7 71.8 18.5 53.3 100.,0
195h e veosocnsoe 1,252 1,687 4oL 1,193 ; 2,445 51.2 69.0 20,2 48,8 100.,0
195500necere¢e 1,337 1,315 61‘5 700 2,037 65.6 6)—.]..6 30.2 3[,_.}_" lOO¢O
1956ccececcee | 1,597 1 1,68 953 732 2,329 68.6 72.3 40,9 31.4 100.0
105 cosnsccson 1,741 3,102 1,264 1,838 3,579 48,6 86.7 35.3 51.%4 100,0
1958 cococacce 1,930 ! 1,010 720 290 . 2,220 86.9 L5.5 32.4 13.1 100,0
1-959 R R EEES 2,01}7 783 15310 ""527; o 11520 ~ lBLl-o'z 5105 86.2 "3‘!‘-07 loo,o
1960 ecenennon 2,171 725 881 =156 2,015 107.7 36.0 L3.7 7.7 100.0

g tramn
(1) Totald

Soeves: 1.

24

Q-
[

Tablecs

Tio 2 A 40

€.

inmigratio:n less exmlzaralinn to the United States.
See Table I1-13,

6h¢
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Table II-A-10

Males and Females in Selected Occupations with University Level Education, Total and Foreign Born, 1961

A1l Grades Some Univeraity A1]1 Grades Some injversity
of Education University D.ogree of Education University Jegree
Total in | Foreign Total in | Foreign Total in [ Foreign Total in | Foreign Total in | Foreign Total in |Poreign

Occupation Occupation Born Oceupation Born Oceupation Born Cccupation Born Occupation Borm Occupation; 3orm

No, No. Yo. No, No, No., F4 3 F4 4 s T
Professional EngiR®ers..c.csesccsssss 43,066 14,216 4,595 1,834 3,122 9,489 100,0 100.0 10.7 12.9 72.2 66.7
Civil Engineers.s.cecsecsceccassenc 11,917 3,736 1,169 401 9,656 2,883 100,0 100,0 9.8 10,7 81.0 77.?
Mechanical EngineerS....eccescosacs 8,137 3,406 908 487 5,370 2,055 100.0 100.0 11,2 4.3 66.0 60,3
Industrial Engineers.cccescescesces 3,962 1,313 549 225 1,772 549 100.0 100.0 13.9 17,1 b7 41.8
Elsctrical EnginesrsS....seeeeeecsser 8,763 2,850 938 376 6,473 1,926 100.0 100,0 10.7 13.2 73.9 67.5
Mining ENglneerS,cuce ivceassescosen 2,349 592 25 52 1,889 476 100,0 100,0 9.6 8.8 80.4 30.4
Chemical ENgineerS..ccoccseccssaceos 2,996 816 230 69 2,608 686 100.,0 100.0 7.7 8.5 87.0 8L.0
Professional Enginesrs n.e.8.eacess 4,942 1,503 576 224 3,354 914 100.0 160,0 11,56 14.9 67.9 60.8

Physical Sclentiobs.c.ouecossocsesenss 11,062 3,583 1,367 L& 8,087 2,754 100,0 100.0 12.4 12.3 73.1 To.
Chemnlists,scoocessncsconcaunansncans 6,14, 2,081 916 318 4,071 1,468 100.0 100.0 14,9 15.3 06.3 70.5
Ge0logistBesosrcercnsossssvossarvas 2,770 878 279 Th 2,366 769 100,0 100,0 10.1 8.4 85.4 &,
PhysicistS.saeccssecncacssasessances 699 242 30 8 635 227 100.0 100.0 4.3 3.3 90.8 93.8
Physical Scientishts N.8.S.eevcccaee 1,449 387 42 Lo 1,015 290 100,0 1¢0,0 9.8 10.6 70.0 749

Blologists and Agricultural

Professlon2ls..coeocsescocnssnsacsns 5,936 1,182 730 116 4,216 883 100,0 100,0 12.3 9.8 72.0 Th.7
Bislogleal ScienmtistS..noeseecennse 1,666 458 187 45 1,355 376 100.0 100,0 11.2 9.8 81.3 3Z.1
Velerini ians.scvecceecacccosecsss 1,52, 328 110 14 1,300 287 100.0 100,0 7.2 4.3 85.!1 87.5
Agricultural Profeasiorals n,e.s... 2,7h6 396 433 57 1,620 220 100.0 100,06 15.8 lhob 55,0 535
ArchitectSe,cecienccsnnscsoscsrececcce 2,940 1,249 268 118 2,315 945 100.0 100.0 9.1 E 78.7 75.7
Total - Profzssioral and Technieal... 628,911 119,410 110,071 20,964 195,245 42,619 100,0 100.0 17.5 17.5 31.0 35.6

Sour:-3, 1, Dominfon Bureau of Statistizs, 1961 Census of Canada, Labour Foree Bulletin 3 1-9, Table 17.
2. Dominion Bureaa of Statistics:, Unpubldished tabulation of Foreign Born in Professional

Occupations by Level of Scheoling.

06¢
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Disccibution of Total Labour Force and Ingineers by Industry, 1931, 1951 and 1961

Engineers, Including
Total Lahour Force Surveyors
Industry 1931 1951 1961 1931 1951 1961
tal AlL Industriesl/................. 3,921,833 5,214,913} 6,342,289 16,587 | 34,34% 1 51,370
ricultureceesieeriacescecneneacaesn.s 11,123,988 827,030 639,619 7 108 35
restry, Fishing, Trapping....covevenn 97,503 180,512 143,073 204 642 €53
ning, Quarrying, Oil Wells.cevoeessnee 71,836 103,848 118,788 1,143 2,365 3,204
AUFACHUTING e e vevanoaneansasncensanaon 723,627 1,360,701 | 1,466,840} 4,157 13,325 17,721
Fonds and BeverageSecsssesvssessocens 84,155 153,170 196,887 143 39C 473
TobACCOssosseesccsacsssnsssasaneninnnns 7,511 8,474 8,833 12 25 24
RUDDEY et ssiveeerroanrsnntnonssssonnns 13,904 21,627 18,844 81 289 234
Leatherieceecesecssscescossasessncnns 32,578 38,338 37,069 11 26 35
Textilessearseoceroorsasesorosssrsanes 44,819 78,688 62,252 72 318 365
Knit GooOdSeseeesescaannccensnncansnee 9,832 23,018 19,746 7 34 13
Clothingeseesasescncosacscssscasascnsss 66,241 97,987 96,503 5 32 25
WOOdeasaaeaeaesosssssscsnsansasannnnns 55,643 116,948 100,084 106 231 231
FUrNitUT@eeeeascaassscesssonsnanannns 19,678 29,462 34,682 13 36 58
PaPerceecsesssnssaccrsosnsassnrarosses 41,556 89,700 101,640 445 1 1,141 1,371
Printing, Publishing.ceecscsceccaccrs 39,634 62,963 84,239 28 49 77
Iron and Steel2 veeevereoecscnsacsnes 144,743 320,630 352,271 2,220 | 6,513 8,386
Transportation Equipmentececccaasness 106,772 186,782 175,623 452 | 1,771 2,679
Non-metallic Minerals.ceeeeseeencs)sy 27.318 35,708 44,970 95 358 475
Petroleum and Coaleseseesseoesasas) ’ 14,001 16,891 132 543 913
ChemiCalecesseassosscsosvescaveananae 15,837 51,143 70,075 249 | 1,212 1,817
MiscellaneouSseeserscsrsscnssscsanscanss 13,406 32,062 46,231 86 317 545
MNSETUCLiONeseevessensscesscssacnnanas 249,789 350,762 465,976 2,370 | 3,502 | 5,302
‘ansportation, Storage, Communication. 277,169 402,707 456,633 § 1,865 | 2,289 | 3,617
iblic Utilities.eeseeacessncescsssenas 25,370 61,814 70,317} 1,542 2,484 ) 2,980
- 387,692ﬁ/ 710,005 949,312 3821 1,994 1,990
Wholesaleueeassesoescssacncosassencns 60,767 195,468 292,730 151 1,%44 ) 1,359
Retailecessassearossssssasscvancoanens 326,766 514,627 656,582 231 450 131
.nance, Insurance, Real Estate.ceceeas. 92,320 143,985 228,811 51 169 285
STViCeaaresannacanns Ceeteceesanansions 703,298 1,005,902 | 1,644,747 | 4,694 | 7,416 | 15,296
Community.secececaccenssnssasossas 371,736 639,892 180 197 304
Business..........................)é/ 249,454 58,874 119,1191 2,365 | 3,463 | 7,Ji-
GOVEINMMENtessasancconssssscssocnsanse 113,772 232,859 404,479 7 2,093 | 3,062 7,109
RecreatioNecssecesas Ceiressssesaevenna 17,670 28,703 39,810 15 oy on
Personalececsscscsscsacecscsscasosens 322,402 313,726 441 ,447 4] 69 41
specified.sseeevenn cecetessenescsroana 169,241 67,557 158,173 172 &0 DL

31 and 1961 adjusted to 1951 industrial classification.
zludes non-ferrous metal products and electrical apparatus and supplies.
j-metallic mineral products and products of petroleum and coal cannot be separated for 1$31.

~ludes 137 males and 22 females that could not be assigned for either wholesale orretail trade.
nmunity and business services cannot be reported for 1931.

es:

Dominion Bureau of Statistics: Seventh Census of Canada, Vol. VI, Table 5&;

Ninth Census of Canada, Vol. IV, Table 23;
Tenth Census of Canada, Voi. III, Part 2, Table 19,

Unpublished data obtained from the D.B.S. were used
supplement the above sources.



Table III-A-2

Sources of Changes in the Number of Engineers, Sum of Main and Detailed
Industry Sectors, 1931-1951, 1951-1961 and 1931-1961

Distribution| Occupational Distribution | Occupational
of Labour Structure of Labour Structure
Total of Aggregations Total | Labour . Force of Each Total Labour. Force of Each
Industry Change | Force | by Industry Industry Change Force by Industry Industzy
No. No. No. No. Per Cent{ Per Cent Per Cent Per Cent
1931-1951
Engineers, Including Surveyors
Totaleecososeoonnnceeanas | 17,798 5,469 -153 12,482 100.0 30.7 -0.8 70.1
Sum of Main GroupSeeses.. | 17,798 | 5,469 5,122 7,207 100.0 30.7 28.8 40.5
Sum of Detailed Sectors.. | 17,798 | 5,469 8,649 3,680 100.0 30.7 48.6 20.7
1951-1961
Totaleeovosseonsocaconsse | 16,985 7,434 40 9,511 100.0 43.8 0.2 56,0
Sum of Main Groupsceeceess | 16,985 7,434 1,225 8,326 100.0 43.8 7.2 49.C
Sum of Detailed Sectors.. | 16,985 7,435 3,516 6,034 100.0 43,8 20,7 35.0
1951=-1961
Engineers, Excluding Surveyors
Totaleoocsoscswerscsnsnecss | 13,030 6,477 =286 6,339 100.0 43.7 ~2.2 52.5
Sum of Main GroupSeesssss | 13,030 6,477 511 6,042 10C.0 49,7 3.9 46,4
Sum of Detailed Sectors.. | 13,030 | 6,478 2,484 4,068 100.0 49,7 19.1 31.2
1931-1961
Engineers, Including Surveyors
Totale-veveessncscssscsac { 34,783 | 10,237 -136 24,732 100.C 29.4 =05 71.1
Sun of Main GIoupSsesss.s | 34,7331 10,238 7,750 16,795 100.0 29.4 22.3 48,3
Sum of Detailed Sectors.. | 34,783 | 10,236 10,270 14,277 100.90 23.5 29.5 41.0
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Tavle 1V-A-y

Indicators of Demand for Engineers and of Business Activity. 17246-196%

! 1 2 3 4

‘ 5 (& 7
Average

7 nnual of Job Index of Business

Starting Vacancies Real Gross

Salaries Starting to Unplaced | Employees, Domestic Fixed Annual

of . Salaries, Applicants, | Manufac- | Products at | Capital { ¥ Change
ar Enqinoorsi/ Engineers Engineers turing Factor Cost | Formation | G.i.P.
$ Annual % (Millions){ (1949 = 100)| (Billions)
Change

6... 2,124 - - 1.06 89.8 1.4 -
Tens 2,148 1.1 - 1.13 93.8 2.1 1.3
B... 2,460 14.5 - 1.16 97.1 2.6 1.9
9 2,580 4.9 - 1.17 100.0 3.0 3.9
0., 2,640 2.3 0.4 1.18 106.4 3.3 6.9
l... 74700 2.3 0.8 1.26 114.6 4,0 6.2
Zees 3,420 26.7 0.7 1.29 122.7 4.5 8.0
3... 3,420 0.0 1.0 1.33 126.7 5.0 3.8
Auee 3,6002/(3,804)2/ 5.32/(11.2)§/ 0.8 1.27 123.9 4.8 .9
B 3,804 5.7 2.2 1.30 136.3 5.7 8.6
B 4,140 8.8 5.4 1.3% 147.7 6.8 8.6
1Tens 4,524 9.3 1.8 1.36 147.0 7.3 1.3
W e 4,704 4.0 0.5 1.29 148.9 7.0 1.2
WG 4,740 0.8 0.8 1.30(1.29) 156.5 6.9 3.5
N... 4,812 1.5 1.1 1.28 158.5 6.7 i 2.4
1) I 5,082 5.6 0.7 1.27 16} .4 6.6 . Tau
2 e 5,148 1.3 1.2 - 171.4 7.0 i 6.7
E TN 292 2.8 1.2 - 150.3 7.5 N
Y 9,5/0 4.3 2.0 - - .t
3w 5,600 5.4 4.0 - - Dl
Median, 1646-19%4, Average, 1954-1965.
Median.
! verage.
ces:
.ole 1: 174A-19%4, Department of Labour, Technical Pe1.onnel Rulletin, Tirst Quarie., 19, .

(Mimeoyraphed). 19%54-1965, National Employment Service, “Suppiy and Demand, Univer-it
Graduate”, various issues, 1994 to 1965.

.ol. .t Bas«d an Col. 1.

), 3: UGRS3, Labour Demand and Supply, various issues, 1946 Lo 196%. (Mimmaqraphpo).

Jole 4 1946-1963, D.B.S., Canada Yeal ook, 1965, p. 6H7, 1964 and 104,

ol. &. D.F.5., Ibid, p. 1017.

Zol. G: D.P.S., Hational Arcounts, Income and Expenditure, 1920-1950, iable %45 Ipid, 1907,
Table 7%; Canada Yeaxr Boolk, 1765, p. 1010,

wile 78 126614673, Basic data taken froi DS, Canada Ye-r Book, 17949, pe 100Y9; 1904 and 1265,

o

Lattorn | bccountog Income and Expenditure, 1964, p. 165 Ibid, p. 13.




Table IV-A-2

Unfilled Vacancies and Unplaced Applicants, Engineers,
Wweek Ending Nearest June 1, 1947-1966

Unfilled Vacancies Unplaced Applicants
Year Number Index: 1947 = 100 | Number Index: 1947 = 100
1947.... 432 100.0 505 100.0
1948.... 210 438.6 467 92.5
1949.c40 193 44,7 638 126.3
1950 . 0ss 178 41.2 1,269 251.3
1951e0es 385 89.1 5738 114.4
1952.... 408 94.4 637 126.1
1953.... 548 126.9 424 84.0
1954.... 563 130.3 932 184.5
19554000 1,283 297.0 449 88.9
1956400 1,948 450.9 282 55.8
1957 cees 1,608 41845 604 119.6
1956ecss 628 145.4 907 179.6
1999.... 1,235 286.3 943 186.7
1960..0. 1,208 280.1 746 147.7
196l.c. 1,009 233.6 936 185.3
1962444 508 117.6 435 86.1
1963.... 650 150.5 749 148.3
1964.... 795 184.0 493 97.6
1965.... 1,305 302.1 318 63.0
1966.¢... 942 218.1 265 52.5
Source: D.B.5., Labour Demand and Supply, various issuesy; 1947 to

1966 (Mimeographed).



Table IV-A-3

Indicators of Long-Run Supply of Engineers, 1920-1960

.

1 2 3 4 5 6
New and Repair
Construction Expenditures
Total Immigrant Immigration| Engineerinn
Estimated | Arrivals Millions of As % ;5 of
Population in Constant 1949 of Total Total
Year of Canada Canada Dollars 1935-39 = 100 | Population Enrolmenti/
(000's)
1920... 34336 138,824 - - 1.62 12.5-P
1921... 8,738 91,728 - - 1.04 12.5-T
13204, 3,919 64,224 - - 0.72 11.1
1923... 9,010 133,729 - - 1.49 10.2-P
1924... 9,143 124,164 - - 1.36 we2-T
1325... 9,294 84,907 - - 0.91 8.5
1926... 9,451 135,982 1,430 111.1 1.44 Dol
1927... 3,637 153,386 1,633 126.9 1.65 8.6
19204, 9,035 166,783 1,892 147.0 1.70 9.0
1329... 10,029 164,993 2,034 158.0 1.65 9.6-p
1930... 10,205 104,806 1,378 145.9 1.03 10.3
1731... 10,376 27,530 1,624 126.2 0.27 11.3
1937...] 10,510 20,591 1,107 86.0 0.20 11.4
1933...| 10,633 14,382 899 69.9 0.14 11.2-T
1934...| 10,741 12,476 1,022 79.4 0.12 10,6
1335... 10,545 11,277 1,114 86.6 0.10 10.0
1936...| 10,930 11,643 1,210 94.0 0.11 10.1
1937... 11,045 15,101 1,395 108.4 0.14 i 10.7-P
1938...] 11,152 17,244 1,343 104.4 0.1% o 11.6-T
1239... 11,267 16,994 1,379 107.1 0.15 IR
1740... 11,381 11,324 1,510 117.3 0.10 1244
1%41... 11,507 9,329 1,870 145.3 0.07 1248
194Zv0. | 11,654 7,576 2,009 156.1 0.07 foila
1943... 11,795 8,504 2,073 161.1 0.07 15.2
1944... 11,946 12,801 1,732 134.6 0.11 14.1
1945... 1 17,072 22,722 1,772 137.7 0.19 100
1v46... 12,292 71,719 2,124 165.0 0.98 17.6-7
1947. .. 12,551 64,12 2,399 136.4 0.51 17.3
19458, .. 12,623 125,414 2,652 206.1 0.98 1H.1-F
1949, .. 13,4472/ 95,217 2,931 227.7 0.71 17.0eT
1950... | 13,712 73,912 3,110 241.6 0.54 Poa.s
1951... 14,009 194,391 3,235 251.4 1.39 | 18.1
1952...| 14,459 164,494 3,527 274.0 1.14 [ 125
1953... 14,045 164, 8648 3,704 287.8 1.14 § 13.5-¢
1754... 15,207 154,227 3,707 285.0 1.01 i 14.9-T
195%... | 19,698 109,946 3,967 308.2 0.70 P 15.8



Table IV-A-3 (Continued)

220

1 2 3 4 5 6
New and Repair
Construction Expenditures
Total Immigrant Immigration| Engineering
Estimated | Arrivals 'illions of As % ¥ of
Population in Constant 1949 of Total Total
Year of Canada Canadas Dollars 1935-39 = 100 | Population | Enrolment
(000's)
1956... 16,031 164,857 4,596 357.1 1.03 16.2
19574, 16,610 282,164 4,823 374.7 1.70 16.9-F
195s... | 17,080 124,851 - - 0.73 17.0-T
193%... 17,483 106,928 - - 0.61 15.0
1360. .. 17,870 104,111 - - 0.58 14.6-P
1961... - - - - - 13.6
262... - - - - - 12.0
963ean - - ~ - - 10.6
364... - - - - - 10.1
965.. . - - - - - 9.3

/
Col. 6: P and T = business cycle peaks and troughs.

/ The population o

Jurces:

Cals. 1-9:

Col. 6

f Newfoundland is included beginning in 1942,

Puckley, K.A.H. and M.C. Urquhart, (Eds.), Historical Statistics of

Canada, Toronto; Macmillan, 1965, pp. 1423 and 503.

: D.B.S., Survey of Higher Education, 1962-63, Part 11, p. 36.

Ibid. 1936-38, p. 79; 1938-40, p. 35; 1940-42, p. 38; 1942-44,

9

1944-46, p. 763 1946-48, p. 503 1748-50, p. 633 1950-52, p. 553

19%2-%4, p. 57; 1954-61, p. 29; 1962-63, p. 31; unpublished data
from Higher Education Section, Education Division, D.B.S.
cases, revised figures from unpublished documents of the Higher
Education Section were used in place of published figures.

In some
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ye 4,772 4,70 7,33 - - - 8,000 7,445 1,376 toy ¥
. 43¢ 4,742 7,6 ¢ - - - 3,300 7,279 13,798 | 1:,:3r“
A 2,217 —-,ycl ~,96C - - - 3,600 3,474 11,‘94 bo1Z,514
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. ) R 2 - - - - - - 9,068 - l -
- ! - 5,82n - - - - - - l -
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~ tot available.

S 12, 13de-1954, Av rage, 1 -4-19£5.
23 2N,
foe age
S~ . s
Zo i 1-40 ¢ , D B.5.,, Ge-=rzl Pavie of tne ‘anufacturing Industries of Canada, 1960, p. 84; 1960 and 19cl, Ibia. 191, o. 3=,
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oY) Z ¢ . 3Se- T=2*le IV-1.
- . - . - . Ae .10~
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o v : D .5, Salarie nd malificatinns of Teachers in Universities and Colleges, 1963-64, p. 33.
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Table IV-A-5

Graduations and Net Migration, Engineering, Graduations in
Pure Science and Technology as a Proportion
of Labour Force, 1946-1965

1 2 3 4 )
Uraduations
Total Technical Met
Labour Pure Institute { Migration,
Year Force Engineering Science | Diplomas Engineering
No. No. No. No. No.
1946.... 4,829 1,006 887 205 -
1947.... 4,942 1,096 1,099 280 -
1946.... 4,988 1,690 1,562 292 -
1349.... 5,055 2,999 1,935 315 -
19%0.... 5,163 3,589 1,812 418 95
1951.... 5,223 2,425 1,571 489 437
1952.... H,324 1,770 1,220 535 044
1953.... 5,397 1,337 1,116 587 1,528
19%4.... 5,493 1,252 1,061 577 1,193
195%.... 5,610 1,337 1,106 694 700
1956.... 5,702 1,597 1,105 865 732
1957.... 6,003 1,741 1,180 929 1,838
1958. ... 64,127 1,930 1,270 1,082 290
1953.... 6,228 2,057 1,584 1,191 -527
1960.... 6,403 2,171 1,701 1,535 ~-156
1961.... 6,518 2,412 1,839 1,646 =264
1962.... 6,608 2,437 24227 2,088 87
1963.... 6,737 2,246 2,591 2,123 364
1964.... 6,933 2,422 3,076 7,135 655
1965.... 7,141 2,256 3,530 2,887 1,298
Sources:
Col. 1 + Department of Labour, Annual National Data from the

Labour Force Survey, Canada, 1949-1965.

Cols. 2 and3: D.B.S., Survey of Higher Education, v.r.

Col. 4 : D.T. Wright, "Survey of Enrolments in Technical
Institutes" diplomas swarded in engineering -
related courses, unpublished data obtained by the
author and used with the permission of Dr. Wright.

Col. 5 : See Teble V-A-4 below.
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Table IV-A-

359

Indicators of Demand and Supply, Engineers, and of Business Activity, 1945-1965

1 2 3 4 5 6
Annual Ratios of
Per Cent Engineering,

Ratios of | Changes Ratios of Net Migration, | Business

Unfilled | Starting | Ratios of Engineering Science and Gross

Vacancies | Salaries |Engineering and Net Technical Fixed

to Unplaced | (N.E.S. Degrees to |Migration to Diplomas to Capital

Year Applicants Series) | Labour Force | Labour Force | Labour Force | Formation

1946... N.A. - 2.08 - L.34 1.4
1947... N.A. 1.1 2.22 - 5.01 2.1
1948... N.A. 4.5 3.39 - 7.11 2.6
1949... N.A. 4.9 5.93 - 10.38 3.0
1950,.. 0.4 2.3 6.95 7.1 11.45 3.3
1951... 0.8 2.3 L6k 5.48 9.42 4.0
1952... 0.7 26.7 3.32 4.91 8.21 L.5
1953... 1.0 0.0 2.48 5.31 8.46 5.0
1954... 0.8 5.3 2.28 Lol 7.43 4.8
1955... 2.2 5.7 2.38 3.63 6.8L 5.2
1956... 5.8 8.8 2.76 4.03 Tobls 6.8
1957... 1.8 9.3 2.90 5.96 9.48 7.3
1958... 0.5 L.O 3.15 3.62 7.46 7.0
1959... 0.8 0.8 3.30 2.h6 6.91 6.9
1960... 1.1 1.5 3.39 3.15 8.20 6.7
1961... 0.7 5.6 3,70 3.30 8.72 6.6
1962... 1.2 1.3 3.69 3.82 10.35 7.0
1963... 1.2 2.8 3.33 3.87 10.87 7.5
1964... 2.0 4.3 3.49 Lobd 11.95 N.A.
1965... 4.0 5.4 3.16 L.98 13.96 N.A.

N.A., = Not Available

Sources:

Cols. 1 and 2:

Cols. 3 - 5

Col. 6

See Table IV-A-1,

See Table IV-A-l,

Calculated from Table IV-A-5,




Source Engineers
Number
1. Employment Outlook Survey, 1962 29,196

2.

Table V-/.-1

Estimates of the Stock of Engineering and
Scientific Manpower in Canada, 1961

1961 Census (incl. only those with 31,122

university degrees)

3.

4.

1961 Census 43,066

Survey of Scientific and Technical 37,857

Personnel, 1961 (incl. those

3.

employed in engineering and science
fields)

Survey of Scientific and Technical 41,544

Personnel, 1961 (incl. those who

have university degrees or other

professional recognition)

6.

Special Hand Count of the Register 48,476
of Scientific and Technical

Personnel, 1961

[
o
o

Engineers and

§gigntists(1) Scientists
Number Nunber
13,052 42,248

( 11,062 ( 42,184

( (12,363)(2)  ( (a3,485)(2)

( 15,474 ( 58,540

( (16,998)(2)  ( (60,004)(2)
18,376 56,233
23,994 65,538
29,284 77,760

(1) 1Inci. agriculture, forestry and veterinary medicine.

Incl. veterinarians.

Sources:

No. 1 - Department of Labour, Economics and Research Branch, Professional
Manpower Report No. 13, Employment OQutlook for Professional Personnei
in Scientific_and Technical Fields, 1962-64, December 1962, pages 5

No.
No.
NOA

No.
No.

and 6.

2 - Census of Canada 1961, Vol. III, Part 1, Tablie 17.

3 - Ibid.

4 - Department of Labour, Economics and Research Branch, Professional
Manpower Report No. 12, Employment and Earnings in the Scientific and
Technical Professions, 19%8-61, September 1962 and special tabulations.

5 « Ibid.

6 - Department of Labour, Economics and Research Branch, Professional

Manpower Report No. 10, Engineering in Scientific Manpower Resources

in Canada, Their Employment, Earnings and Salary Rates 1960-61,

June 1951, page 63.
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Table V=-A-2

Alternative Estimates of Annual Engineering
Graduations, 1971 and 1976

Histor;C3l
Trend, (3
Academic Year Mitchener(l) This Study(z) 1953-63
"Number(a) Number Number
1960-61 (Actual) 2,496 2,412 2,412
1970-71 (Projected) 3,487-4,263 35744-4,659 5,758
1975-76 (Projected) 4,567-5,581 5,058=6,294 7,725

{a) 1Includes engineering and architecture, Architecture accounts for
about 4 per cent of the total.

Sources: (1) R.D. Mitchener, First Degrees Awarded by Canadian Universities

and Colleges Projected to 1976/77, Ottawa, Canadian Universities
Foundation, 1964.

(2) Teble V-1.

(3) Based on a regression of bachelor engineering degrees (Y)
and total male bachelor degrees (X), 1953-63. The equation
is: Y = 152 4 0.13475 X.



Table V-A-3

Projections of Pure Science Degrees to 1976

P —————— Ao p———— T e —— —
(1) (2) (3)
Total Male
Bachelor
Academic and First
Year Professional Pure Science Pure Science
Ended Degrees Degrees Degrees
Number Number Per Cent
1946 5,992 887 14.8
47 7,250 1,099 15.2
48 10,574 1,562 14.8
49 14,468 1,935 13.4
1950 14,836 1,812 12.2
51 12,554 1,571 12.5
52 10,258 1,220 11.9
53 9,637 1,116 11.6
54 9,190 1,061 11.5
55 9,886 1,106 11.2
56 10,619 1,105 10.4
57 11,324 1,180 10.4
58 12,249 1,270 10.4
59 12,992 1,584 12.2
1960 13,963 1,701 12.2
61 15,029 1,889 12.6
62 16,782 2,227 13.3
63 18,168 2,591 14.3
64 20,716 3,076 14.8
65 23,840 3,530 14.8
(a) (B) (c) (n) (B) (0)
66 24,600 3,600 4,400 4,000
67 27,700 4,100 5,000 4,600
68 31,000 4,600 5,600 5,100
69 34,500 5,100 6,200 5,700
1970 38,200 5,700 6,900 6,300
71 41,600 6,200 74500 6,900 | 14.8 18.0 16.4
72 45,200 6,700 8,100 7,400
73 48,500 7,200 8,700 8,000
74 51,400 7,600 9,300 8,500
75 54,000 8,000 . 9,700 8,900
76 56,200 8,300 10,100 9,200
Total, 1966-76 452,900 67,100 81,500 74,600
Percentage Change,
1965 to 1976 13547 135.1 186.1 160.6
Average Annual Percentage
Change, 1965 to 1976 12.3 12.3 16.9 14.6

Sources: Col. 13 (same as Col. 1, Table V-1).

Cole. 23 Col. (1) x Col. (3).

Col. 3: Variant A based on pure science graduates as a per cent of total male
bachelor and first professional degrees, 1964 and 1965.
Variant B is based on an extension for 1971 of the average annual incregws
in pure science as a per cent of total male bacheloxr and first
professional degrees between 1960 and 1965, 0.5 per cent per year.
Variant C is an average of A and B. .



STL miyiaLluily MY LAUENUEa Uccupation LyK-65, Projected to 1976

Immigrants to Canadal/

1
Professional Professional | Engineering | Professional | Engineering | Engineering
Destined and
Total to Labour Technical , Total Total
Year Immigrants | Force Workers Engineering Total Total L.F. L.F. Professional
No. No. No. No. % % % % %
1950 73,9121 40,123 1,686 318 2.28 0.43 4.20 0.79 18.86
51 194,391 | 113,386 4,200 784 2.16 0.40 3.70 0.69 18.67
52 164,498 | 85,029 7,203 1,382 4,38 0.84 8.47 1.63 19.19
53 168,868 1 91,133 8,585 2,057 5.08 1.22 9.42 2.26 23.96
54 154,227 | 84,376 8,350 1,687 5.41 1.09 9.90 2.00 20.20
55 109,946} 57,987 7,159 1,315 6.51 1.20 12.35 2.27 18.37
56 164,857 | 91,039 9,343 1,685 5.67 1.02 10.26 1.85 18.03
57 282,164 § 151,511 16,040 3,102 5.68 1.10 10.59 2.05 19.34
58 124,851 | 63,078 7,553 1,010 6.05 0.81 11.97 1.60 13.37
59 106,928 | 53,551 6,947 783 6.50 0.73 12.97 1.46 11.27
1960 104,111 53,573 7,436 725 T.14 0.70 13.88 1.35 9.75
61 71,689 | 34,809 6,696 547 9.34 0.76 19.24 1.57 8.17
62 74,586 | 36,748 8,218 967 11.02 1.30 22.36 2.63 11.77
63 93,151 | 45,866 9,640 1,198 10.35 1.29 21.02 2.61 12.43
64 112,606 § 56,190 11,965 1,476 10.63 1.31 21.29 2.63 12.34
65 146,758 | 74,195 16,654 24254 11.35 1.54 22.45 3.04 13.53
Projections (a) (B) (A) (B) (a)  (B)| (A) (B) () (B)
1966 125,000 62,5003/ 9,125 13,37%| 1,375 1,625 7.3 10.7| 1l.1 1.3 15.1 12.1
67 125,000 9,125 13,375 1,375 1,625 7.3 10.7] 1.l 1.3 15.1 12.1
68 125,000 9,125 13,375 | 1,375 1,625 7.3 10.7} 1l.l 1.3 15.1 12.1
€9 125,000 9,125 13,375| 1,375 1,625 7.3 10.7] 1.1 1.3 15.1 12.1
1970 125,000 9,12% 13,3751 1,375 1,625 7.3 10.7] 1.l 1.3 15.1 12.1
71 125,000 9,125 13,375| 1,375 1,625 7.3 10.7] 1.1 1.3 15.17  12.1
72 125,000 9,125 13,375| 1,375 1,625 7.3 10.7] 1.1 1.3 15.1 12.1
73 125,000 9,125 13,375 1,375 1,625 7.3 10.7} 1. 1.3 ’ 15.1 12.1
74 125,000 9,125 13,375} 1,375 1,625 7.3 10.7§ 1. 1.3 15.1 12.1
75 125,000 9,125 13,375} 1,375 1,625 7.3 10.7] 1.1 1.3 15.1 12.1
1976 125,000 9,125 13,375| 1,375 1,625 7.3 10.7] 1.1 1.3 15.1 12.1
1967-71 625,000 45,625 66,875 ] 6,875 8,125 | 7.3 10.7] 1.1 1.3 15.1  12.1
1972-76 625,000 45,625 66,875 | 6,875 8,125 7.3 10.71 1.1 1.3 15.1 12,1
1967-76 | 1,250,000 91,250 133,750 | 13,750 16,250 | 7.3 10.7} 1.1 1.3 15.1 12.1
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Emigrants from Canada to the United Statesg/

Professional Professional | Engineering | Professional | Engineering| Engineering
Destined " and
Total to Labour Technical Total Total
Year Emigrants Force Workers Engineering Total Total L.F. L.F. Professional
No. No. No. No. % % % % %
1950 23,2511 11,912 2,814 223 12.10 0.96 23.62 1.87 7.92
51 27,277} 13,185 2,931 347 10.75 1.27 22,23 2.63 11.84
52 37,848} 17,688 3,797 538 -10.03 1.42 21.47 3.04 14.17
53 35,842 18,14] 34525 529 9.83 1.48 19.43 2.92 15.01
54 32,941} 17,378 3,352 494 10.18 1.50 19.29 2.84 14.74
5% 37,206 19,412 4,166 615 11.20 1.65 21.46 3.17 14,76
56 44,061} 22,512 54277 953 11.98 2.16 23.44 4.23 18.06
57 50,057 26,143 64251 1,264 12.49 2.53 23.91 4,83 20.22
58 35,687 19,463 4,784 720 13.41 2.02 24.58 3.70 15.05
59 41,3951 21,623 5,593 1,310 13.51 3.16 25.87 6.06 23.42
1960 48,682 25,338 5,587 881 11.48 1.81 22.05 3.48 15.77
61 45,209 | 23,508 5,285 811 11.69 1.79 22.48 3.45 15.35
62 47,597 24,723 5,833 880 12.25 1.85 23.59 3.56 15.09
63 51,511} 26,220 6,344 834 12,32 1.62 24.20 3.18 13.15
64 49,9981 25,307 6,171 821 12,34 1.64 24.38 3.24 13.30
65 50,029 | 25,169 5,764 956 11.52 1.91 22.90 3.80 16.59
Projections (a) (B) (A) (B) (a) (B)
1966 75,000 38,2502/ 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
67 75,000 9,000 1,425 1,3%0 12.0 1.9 1.8 15.8 15.0
68 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
69 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
1970 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
71 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
72 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
73 75,000 9,000 1,425 1,3%0 12.0 1.9 1.8 15.8 15.0
74 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
75 75,000 9,000 1,425 1,350 12.0 1.9 1.8 15.8 15.0
1976 75,000 9,000 1,425 1,350 12.0 1.9 1.8 -115.8 15.0
1967-71 375,000 45,000 7,125 6,750 12.0 1.9 1.8 15.8 15.0
1972-76 375,000 45,000 7,125 6,750 12.0 1.9 1.8 15.8 15.0
1967=76 750,000 90,000 14,250 13,500 12.0 1.9 1.8 15.8 15.0

79¢



Professional Professional | Engineering | Professional| Engineering| Engineering

Net Migrationﬂ/

Total Destined and

Net to Labour | * Technical Total Total

Year Migration Force Workers Engineering Total Total L.F. L.F. Professional
No. No. No. No. % % % % %

1950 50,661 28,211 -1,128 95 =2.23 0.19 -4.00 0.34
51 167,114 | 100,201 1,269 437 0.76 0.26 1.27 0.44 34.44
52 126,650 67,341 3,406 844 2.69 0.67 5.06 1.25 24.78
53 133,026 72,992 5,060 1,528 3.80 1.15 6.93 2.09 30.20
54 121,286 66,998 4,998 1,193 4.12 0.98 7.46 1.78 23.87
55 72,740 38,575 2,993 700 4.11 0.96 7.76 1.81 23.39
56 120,796 68,527 4,066 732 3.37 0.61 5.93 1.07 18.00
57 232,107 125,368 9,789 1,838 4,22 0.79 7.81 1.47 18.78
58 89,164 43,615 2,769 290 3.11 0.33 6.35 0.66 10.47
59 65,533 31,928 1,354 =527 2.07 -0,80 4.24 ~1.65 -38.92
1960 55,4291 28,235 -1,849 -156 3.34 -0.28 6.55 =0.55 - 8.44
61 26,480 11,301 1,411 =264 5.33 -1.00 12.49 -2.34 -18.71
62 26,989 12,025 2,385 87 8.84 0.32 19.83 0.72 3.65
63 41,640} 19,646 13,296 364 7.92 0.87 16.78 1.85 11.04
64 62,608 | 30,883 5,794 655 9.25 1.05 18.76 2.12 11.30
65 96,729 | 49,026 10,890 1,298 11.26 1.34 22.21 2.65 11.92
Projections , (a) (8) (A) (B) | (A) (B) { (o) (B) () (B)
1966 50,000 24,250 125 4,375 | = 50 275 1 0.25 8.75 | =0.1 0.55 =40.0 6.29
67 50,000 | 24,250 125 4,375 | - 50 275 1 0.25 8,75 [ =0.1 0.55 -40.0 6.29
68 50,000 | 24,250 125 4,375 | - 50 275 | 0.25 8.75 { =0.1  0.55 «40.0 6.29
69 50,000 | 24,250 125 4,375 | - 50 275 | 0.25 8475 | =0.1 0,55 -40.0 6.29
1970 50,000} 24,250 125 4,375 | - 50 275 | 0.25 8,75 | -0.1 0.55% -40.0 6.29
71 50,000 | 24,250 125 4,375 | - %0 275 |1 0.25 8.75 | =0.1 0.55 -40.0 6.29
72 50,000 | 24,250 125 4,375 | - 30 275 | 0.25 8.75 {=0.1 0.55 -40.0 6.29
73 50,000 24,250 125 4,375 | - 50 275 10.25 8.75 | =0.1 0.55 -40.0 6.29
74 50,000) 24,250 125 4,375 | - 50 275 10.25% 8.75 | -0.1 0.35% -40.0 6.29
75 50,000 24,250 125 4,375 | - 50 275 | 0.25 8.75 | -0.1 0.55 -40.0 6.29
1976 50,000}) 24,250 125 4,375 | - 50 275 10.25 8.75 [|-0.1 0.55 -40.0 6.29
1967-71 250,000 | 121,250 625 21,875 | =250 1,375 }0.25  8.75 |-0.1 0.55 -40,0 6.29
1972-76 250,000 | 121,250 625 21,875 | =250 1,375 ]0.25  8.75 |=0.1 0.55 -40.0 6.29
1967-76 500,000 | 242,500 1,250 43,750 | =500 2,750 |0.25  8.75 |-0.1 0.55 -40.0  6.29

G9¢



Sourcess l/ 1950-65 - Department of Labour, Economics and Research Branca,
Professional Manpower Report No. 11, The Migration of
Professional Workers Into and Out _of Canada, 1946-60, page 93
Immigration to Canada by Intended Occupation and Province of
Destination, calendar years 1940-55, inclusive,
Department of Clitizenship and Immigration, Ismigration 1961,
1962, 1963, 1964 and 1965.

1966-76 - Projection A is based on engineers as a per cent of

total immigrants during 1953-65. Projection B is based on the
1961-65 period.

g/ Number destined to labour force for 1966 was estimated as

50 per cent of immigrants and 51 per cent of emigrants, based
on the average from 1961-65.

3/ 195065 = Emigration compiled from special tabulations prepared
by the Immigration and Naturalization Service, U.S. Department

of Justice. The last six months of 1965 were based on an
estimate by the author.

1966-76 - Projection A is based on the 1953-65 period and
Projection B on the 1961-65 period. Only one variant is shown

for professionals because both base periods gave nearly
identical results.

5/ Imnigration minus emigration.



Withdrawals

Source of Supply Survivors 196266 _1962-71 1962~76
of Engineers 1961 1966 1971 1976 No. % Rate No. & Rate No. & Rate

1. Stock, 1961 11,000 37,720 33,620 28,085
Initial Stogk 41,000 41,000 41,000
Withdrawals(a) 3,280 1.6 7,380 1.8 12,915 2.3
Survivors 37,720 33,620 28,085

2. Graduate Engineers - 9,972 24,410 46,198
Total 9) 997 21}, 532 h6) 51+7
Withdrawals(b) 25 0.1 122 0.1 349 0.1
Survivors 9,972 24,110 46,198

3. Net Immigrants - 2,666 4,05, 5,429
Total . 2,679 4,054 5,429
Withdrawals(b) 13 0.2 11 0.2 8l 0.2
Survivors 2,666 4,013 5,348

L. Upgradings - 1,492 2,907 5,038
Total 1,500 2,936 5,115
Withdrawals(P) 8 0.2 29 0.2 7 0.2
Survivors 1,492 2,907 5,038

5. Total Supply 41,000 51,850 64,991 84,750
Total
Withdrawals
Survivors

(a) Deaths, retirements and transfers to other occupations.
(b) Deaths and retirements.
Sources: Line 1, 1961 table is based on estimate in Table V-A-l.
Line 2, Based on data in Table V-1, Projection "C", minus an allowance of 15 per cent for graduates
who do not enter engineering occupations.
line 3, Based on data in Table V-A-5.
Line L, Based on data in Table II-36, in which upgradings were estimated to equal 15 per cent of
enginecering graduations from 1961-66 and 10 per cent thereafter.
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Year

Projection: (1)

1956-60
1961-65

Actual: (2)

1956-60
1961-65

Year

Projection: (1)

1956-60
1961-65

Actual:(2)
195660
1961-65

36¢

Table V-4-6

Royal Commission on Canadats Economic Prospects
Comparison of Proportion of Graduations, Immigration, Emigration and

Net Immigration of Engineers, 1956~65, with Actual Resgults

Sources:

(1)

(2)
(3)

Net
Graduations Tmmigration Total
10,200 4,700 14,900
15,300 3,400 18,700
9,486 2,177 11,663
11,773 2,140(3) 13,913(3)
Emigration Net
Imnigration to_the U.S. Jmmigration
7,820 3,150 4,670
6,800 3,450 3,350
7,305 5,128 2,177
6,442 4,302 2,140

Royal Commission on Canada®s Economlic Prospects,
Sidlled and Professional wer in Canada, 1945-1965,
Ottawa, Economics and Research Branch, Department of
Labour, July 1957, pp. 88 and 89.

Tables V-l and VeA=i.

The last six months of 1965 have been estimated by

the author.



Talble V-A-7

rrojection to 1270 of Engineers as a Per Cent

of Occupations, by Industry

e e P

Engineers

Less Surveyors

Industries

1991

1961

1770

10,
11.
1..
13.
14,
15.
16.
17.
14.
19.
20.
21.
22.
23.
4.
25.
26.
27.
2d.
29.
30.
31.
32.
23.
34.
35.

AGTIiCUltUrCeeeesonssvecessscsnscsosasne
Forestry, Fishing, Trappingesecececsecoss
Mining, LUATTYINgeevesoossoccscscsnsasns
MNanufacturingecereseccocacsacosnnsssssnss
Foods and 3everageSieeessecesescscasas
TOLACCOvessssasessnsscscaceansncnnsnas
RUDDer veeeescececnscarsnctessssncacoas
= o o 1D ol
Textileeeeeeseosaacsscncacsascanonsnsns
FNnit GoodSeeeoseseevasnssessasscnseasnss
ClothinNGeecescsesssessessscascssnnsense
JOOOeeeseossoassecsnsanssassscsncsnse
FUINitUreseeseessassosnsencsacccsossse
PApPerescssecescecssscssenssncccanasnsne
Printingececcececesscetssescacsonnens
Iron ana Steel EtCel iiieeinnnieenann
Transportationeeecesssosecsecssseccnss
iion-metallic MineralsS.eecececesssooens
Fetroleum, Coalesseeescsccsssasoscces
Chemical.ceeesoacssnsosssesssassvsasoce
Miscellaneous MineralSeeeecescscasese
ConstruCtioNeeeeescscesseccccnescssonsns
Transportation, Storage, Community.....
Electric, Gas, Viatereecseeccveocosasanes
Tradeeeeeescasoocsossnsssoscsccsvsasnssnse
Wholesaleeeesvsoaoosessossacnscsanssne
Retaileseeessccsossesssscscscsanscsanns
FINANCeeoseacnssaonsesscessosccansoscenne
S ETrVICPeceevseenconsseessossscnsosscscas
CommuUNityeeesceesvsesososssssoasesaanns
BUSLINESSesecocaaosossossscesssnssscsna
GOVverNMENtecaeseeroeccsesasvasessscacae
RecreationNeeeveseseossessccsscscssanse
Forsonglecesecesseccscessscosccascvsne

Unspecified.................-...-......

TOtal...--o.-o..-...--......-.-o..-..

Percentages

.01
.24
1.60
.96

[p]=
yae)

7
1.32
.07
.40
.15
.03
.12
12
1.22
.08
2.02
.94
.99
3.92
2.35
.99
76
52
3.54
20
.78
.09
.10
.55
05
4.44
1.1%
.08
.01
.05

57

002
2o
2.04
1.17
.24
27
1.24
.C9
Do
.07
.03
217
.17
1.30
.09
2.35
1.52
1.0%
5.08
2.58
1.17
.70
.73
3.66
.21
.63
.02
.11
.67
.04
4.93
.20
.06
.01
.15

'68

.32
2444
1.40

.73

.27
1.15

<11

.74

.03
2z
22
'3\J
.10
2.67
2.04
1.11
6.13
2.78
1.33
.62
.92
3.77
.14
.49
-1z
.78
.03
5.37
1.25
.04
.01
.22

70

1/

Includes Iron and 5Steel, llon-Ferrous Metals, and Electrical
Apparatus.

Sources: Dominion Bureau of Statistics: I!inth Census of Canada,
1751, Vol. IV, Table 23. Tenth Census of Canada, 1761,
Vol. I1I, Pl 7, Table 15. Unpublished data obtzined from
the D.B.S., was uced to supplement the above sources.



Table V~-A=8

Total kmploywent and Estimated Labour Force, 1970

1 2
Employment, Labour Force,
1970 1970
Thousands

1. 39TICUlTUYCeeernosevoesesensnanss 543 559
<. Forestry, Fishing, Trappingesec... 94 96
3. Nining, QUATTYiNTJeeereeosccsssnce 61 62
4, HanufactuTingeescsssesosssacscscnse 1,929 2,05
D¢ ConNstruCtioNeecescscssssesessscnss 533 600
6. Transportation, Storage, Comm.... 504 519
7. Public UtilitieSeseeseesccsconces 124 127
Be TTadCuseceescesonsrssoccnssassasae 1,248 1,285
Qe FinanCe@eeeeesesoesasassncssssssnsns 365 375
10. Community Service.ececescocsosansen 993 1,022
11. Business ServiCleiscessessesccecscs 133 193
12. Government Serviceesssecsscsccssns 542 558
13. Recreation ServiCeeessssssccsscan 42 43
14, Personal ServiClesescsescsscacses 59¢ 615
Totaleeeoeoococnasonessossncocases 7,883 d,119

Sources:

Col. 1: Il.M. Meltz, "Occupational Statistics for the Canadian
Labour Force, 1931 to 1961 Together with Projections
to 1970", a study prepared for the Department of
Manpower and Immigration, 1966, to be published soon.

Col. 2: Employment, 1970 plus estimate of 3 per cent
unemployment.



