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SUMMARY
The purpose of this paper is to alert ministers to a vacuum that is
developing in the supply of physical scientists and engineers in
technology-advanced western nations. The United States, Canada and the
UK, at a time of increasing demand and falling 21-24 age population,
are all experiencing a swing away from the physical sciences and
engineering (mainly to business studies).
Countries short of highly-qualified personnel are likely to move to
fill the gap by recruiting overseas, and historical data show that the
Commonwealth has been a ready source of supply. A considerable transfer
of assets from the technologically-poor to the technologically-rich
may be taking place. Commonwealth countries could, in effect, be being
punished for having educational systems which are too geared to western
needs, and educating their most able students abroad.
The data that exist are fragmentary and lack direct comparability but
it is possible to discern general trends which show the less developed
countries to be net losers.
The paper makes the point that better information is needed and
ministers are recommended to collect data on flows involving their own
countries, which could be brought together to provide a picture showing
movements within the Commonwealth, and between the Commonwealth and
the rest of the world.
But, bearing in mind decisions often have to be taken on the basis of
incomplete data, a number of policy options are put forward for
ministers to consider.

Paper to be presented to Meeting of Commonwealth Ministers Responsible
for Science and Technology – Malta, 15-16 November 1990.
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Introduction
1.

As a country becomes more adept at harnessing the results of
science and technology, so its requirement for scientists and
engineers increases. Table 1 shows that in the United States,
Canada, UK and France the proportion of research scientists and
engineers in the workforce rose steadily from 1982 to 1986.
Similar growth has occurred in West Germany, the Netherlands,
Sweden and other countries.

Projections
2.

Not only has the demand for scientists and engineers increased,
but it is likely to go on increasing. Projecting future
requirements is fraught with difficulties, but when the Institute
for Employment Research1 (1989) attempted such an exercise for the
UK, shown in Figure 1, it estimated a doubling in the requirement
from 1971 to 1995. A substantial increase (almost 75 per cent)
was projected for the health and welfare professions, but sharp
falls, reflecting the increased automation of work, were expected
in the need for operatives and labourers.

3.

A similar pattern of results was obtained in projections for
occupational employment in the United States, 1988-2000, by the
Bureau of Labor2 (1989). Figure 2 shows that again major growth
areas are expected to be ’scientists and engineers’ and ’medical
and health workers’. But here there is a major projected
requirement for technicians which is a difference from the UK,
which is interesting because a weakness of the UK economy is said
to be under-supply at this level. The categories are however
somewhat different and US statistics include medical support
staff.

Demography
4.

At a time of increasing requirement for scientists and engineers
the number of young people coming on to the labour market in the
developed western economies is falling steeply. Whereas in world
terms the population problem is too many people, in Europe it may
be too few – young ones at least.

5.

In most countries of the continent the number of births and deaths
is in balance at around 12 per 1000. They have been applauded by
the Worldwatch Institute which has pointed out that, with zero
population growth, zero economic growth does not automatically
lead to a decline in living standards. But, in the countries
themselves, there are fears that the decrease in the birth rate
has been so sharp that there may not be enough young workers to
keep the economy going.

6.

Interestingly, as we can see in Figure 3, the downturn came at
more or less the same time throughout most of Europe - around
1964/65. Quite why it should have happened at all or in this way
is not clear, but it was not due to explicit national policies.
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TABLE 1: Research Scientists and Engineers
in the Workforce1

Year

USA

Canada2

UK

France

1982

4.61

1.40

-

1.57

1983

4.71

1.44

2.90

1.61

1984

4.79

1.56

-

1.74

1985

4.87

1.76

2.93

1.84

1986

4.98

1.89

3.17

1.89

1. Full-time equivalents per 1000 of the labour
force.
2. Natural Sciences and Engineering data only.
Source Material: Kavanagh, R (1989) in Canada’s
Future Requirements for Highly Qualified Engineers
and Scientists. Ottawa: Natural Sciences and
Engineering Research Council of Canada.
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Figure 1: UK Projected Occupational Change 1971-95.
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Figure 2: United States Projected Occupational Change 1988-2000.
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Figure 3: Live Births in Selected European Countries
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It seems to have come about cumulatively through many individual
decisions, with children increasingly being seen as an expense
rather than an economic benefit – someone to look after you in
your old age. And improved availability of contraception and the
liberalization of abortion laws provided the means.
7.

The birth curves of Figure 4 show that what might be called the
European demographic pattern is just that: European. But from the
point of view of the mobility of skilled manpower we should note
that the USA and Canada have both experienced a decline in births
which will affect the numbers of scientists and engineers coming
on to the labour market to the end of the century. The birth curve
for Japan is included for comparison but since its education
system provides all the engineers it needs (4.7 applicants for
every degree place) it is not a net importer of skilled labour in
this or other areas.

8.

The birth curve for Malaysia is typical of many Commonwealth
countries, as we can see in Table 2. In case growth rates of one,
two and three per cent do not sound very much, let me remind you
that they are compound and per century they amount to increases
of 270 per cent, 724 per cent and 1922 per cent respectively.

9.

Perhaps in the circumstances it is possible to stand some
emigration, but not if the people going are disproportionately
the gifted who have been expensively educated. The lesson of
demography for those countries with large and increasing young
populations is the need to put in place an education and training
system which best serves their needs rather than one which puts
them in the position of being unrewarded suppliers of scientific
talent to those technologically-developed countries where there
is a shortfall.

Swing Against Science
10. Not only are there fewer young people in developed western
nations, but there is also a swing against science. Figure 5 shows
what is happening at the upper secondary stage in the UK, with
those specialising in the sciences and mathematics decreasing both
in relative and absolute terns. Only 20 per cent of those combining
the sciences with the non-sciences at this stage go in the science
direction: most head towards business studies, accountancy and
psychology. Table 3 shows that over the four years from 1985 to
1988 UK universities experienced a drop of 18.5 per cent in
applications from hone students for engineering places and 7.8
per cent for places in the physical sciences. In contrast,
applications for business and administration, and social sciences,
rose by 18.1 per cent and 11.9 per cent respectively.
11. In the USA the story is similar. Figure 6 adapted from the Journal
of the Johnson Foundation shows that between 1974 and 1988
interest in science majors dropped by half. Mathematics firstyear enrolments fell from 4.6 per cent of the total in 1966 to
0.6 per cent in 1988. Engineering has fallen from 12 per cent in
1982 to 8.6 per cent in 1988. Where are all the students going?
As in the UK, to business studies.
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Figure 4: Live Births in Selected Countries Worldwide
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TABLE 2: Population Trends, 1987

Country

Annual
Growth Rate
(per cent)

Population

Annual
Change
(millions)

India

788.0

2.2

17.3

Bangladesh

103.0

2.4

2.5

Malaysia

13.2

2.7

0.4

Nigeria

101.8

3.4

3.5

Australia

16.2

1.3

0.2

Canada

25.9

1.2

0.3

UK

56.7

0.1

0.1

USA

244.1

1.0

2.4

Source Material: Maddison, A. (1989), The World
Economy in the Twentieth Century. Paris: OECD;
Demographic Year Book 1989. United Nations: New York.
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Figure 5: Trends in Upper Secondary Schooling in England and Wales

Source Material: Statistics of Education, Schools (1988),
London: DES; Smithers and Robinson (1988) The Growth of
Mixed A Levels. Manchester: Carmichael Press.
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TABLE 3: University Admissions1, UK 1988

Subject

Applications

Acceptances

Ratio of
Acceptances to
Applications

Change in
Applications
1985-88
(Per Cent)

11

Biological
Sciences

9727

5877

1.7

0.3

Physical
Sciences

9118

7153

1.3

-7.8

Mathematical
Sciences

8218

5694

1.4

-2.6

Engineering and
Technology

14274

9466

1.5

-18.5

Business and
Administration

13741

3922

3.5

18.1

Social Sciences

27952

11705

2.4

11.9

156981

80496

2.0

-0.1

All subjects

1. Home students only.
Source Material: Annual Report 1987-8, UCCA.

Figure 6: First Year Higher Education Students in USA
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12. In Canada, as we can see in Figure 7, there have also been falls
in the number of enrolments in the physical sciences and
engineering. Since, as in the UK, the proportion of young people
going on to higher education has been rising, these decreases
become even more striking when considered in relative terms. The
percentage share of engineering has gone down from 10 per cent to
8.6 per cent since 1980 and that of the physical sciences from a
peak of 6.8 per cent in 1984-5 to 5.5 per cent in 1987.
13. Since there is a long lead-time in the production of first and
higher degree graduates, it is possible to see some years ahead
what the output of physical scientists and engineers is likely to
be. Figure 8, from the US National Science Foundation, shows how
over a period of sixteen years four million second-year students
in high school reduces to 9,700 Ph.D. degrees in the sciences and
It has been suggested that by the year 2000 the US will produce
12,000 PhDs per year, 5,000 of whom will be from other countries.
The need for science and engineering PhDs is projected to be
18,000 per year so even if all the overseas students were retained
there would still be a shortfall of about 6,000. The appetite for
highly-qualified
scientific
manpower
is
clear.
The
technologically-advanced western nations import talent both as
students and as fully-qualified personnel.
Overseas Students
14. Foreign students are increasingly being seen as sources of income
by higher education institutions in the developed world, which
are actively marketing their courses. Table 4 shows the
considerable increase in overseas enrolments in the US and
Australia, and also Canada and the UK between 1975 and 1985.
Currently, Power and Gertzel6 estimate the total pool is expanding
at an annual rate of 14 per cent worldwide. Most of the students,
we can see in Table 5, come from Asia, with Africa also strongly
represented.
15. Students going abroad for their higher education constitute a
considerable flow of resources from the less developed to the more
developed world. There is first of all the direct transfer of
funds. Power and Gertzel show that for Malaysia an annual sum of
about US$1,460 m (50 per cent by the government and 50 per cent
by private individuals) is sent abroad each year to pay for
students overseas compared to the budgetary allocation for the
seven home universities of US$220 m.
16. But there is also the transfer of resources relating to the skills
that are developed. If they help to meet the personnel needs in
the country of origin then a public benefit will accrue, but the
courses marketed - economics, engineering, computing – seem to
reflect more the ambitions of individuals than the needs of the
economies. Education abroad gives individuals internationally
negotiable qualifications, and it is to such graduates the
science-hungry western world can be expected to turn increasingly.
Kavanagh (1989), for example, Director-General (Scholarships and
International Programs) of the Natural Sciences and Engineering
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Figure 7: First Degree Enrolments1 in Canada

1. Canadians and permanent residents only.
Source Material: See TABLE 1.
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Figure 8: Flows into Science and Engineering, USA
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TABLE 4: Foreign Students Enrolled

Year
Host
Country

Increase
1975 to 1985
(per cent)

1975

1980

1985

UK

49032

56003

59276

20.9

USA

179350

311882

343780

91.7

22700

28443

29496

29.9

8356

8777

16075

92.4

Canada
Australia

Source Material: UNESCO, 1989, Annual Statistical Yearbook.
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TABLE 5: Origin of Foreign Students Enrolled
Per Cent
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Host Country

Europe

Africa

UK
(N = 53694)

19.1

19.2

USA
(N = 356190)

11.2

Canada
(N = 27119)
Australia
(N = 16075)

N. America

S. America

Asia

Oceania

11.4

1.5

48.1

1.3

8.0

11.9

5.2

62.9

1.0

13.7

15.5

16.5

2.3

50.8

1.1

11.7

2.4

3.1

1.5

81.1

0.2

Source Material: UNESCO, 1989, Annual Statistical Yearbook.

Research Council of Canada has suggested that his country should
relax its immigration policy so that employers could recruit
overseas graduates directly without the students having to apply
for immigrant status from outside its borders.
17. These comments are not intended to challenge the long tradition
of study abroad, freedom of movement and mutual exchange. But only
to ask ministers to consider the implications for their countries.
Even where the direct costs are borne by the country providing
the education as part of an overseas aid programme, the actual
advantage may still be to that country if the qualifications
obtained are more appropriate to its economy than that of the
student's country.
Highly-Qualified Personnel
18. An even greater transfer of resources comes with the loss of
highly-qualified personnel. We can take India as an example. The
data of the Centre for Research, Planning and Action, New Delhi8
(1989) shown in Table 6, indicate that physicians and surgeons
working abroad in 1985 are equivalent to about a quarter of the
domestic stock, and engineers abroad, about 10 per cent.
19. The major destinations of the emigrants are shown in Figure 9,
with the movements to the United States and Canada keeping pace
with growth overall. Table 7 shows that about half the emigrants
to the US and over a third to Canada are engineers and
technologists. In contrast, nearly half the emigrants to the UK
are doctors, and flows here (Figure 9) have not kept pace with
movements overall. The Centre for Research, Planning and Action
as calculated that the imputed capital value of the transfer to
the US has been of the order of $51 billion, to Canada $13 billion
and the UK $2.8 billion.
20. The United Nations Conference on Trade and Development9 considered
this ‘reverse transfer of technology’ from developing countries,
or brain drain, on a number of occasions in the late 70s, looking
at flows into the US, Canada and the UK which, at that time
accounted for about three-quarters of the total. For the years
1961-70, it estimated entries to these three countries to be about
300,000, with a further 100,000 to continental Western Europe.
21. UNCTAD analysis of the composition of the flows of skilled
migrants found that physicians and surgeons comprised 58 per cent
of the total, with engineers and scientists the second most
important group. Some developing countries were losing between 20
and 70 per cent of their annual output of physicians and surgeons.
In contrast in the United States, in 1971-72, immigrant physicians
and surgeons accounted for 50 per cent, and engineers for 26 per
cent, of net additions to total stock.
Recommendations
22. The data that have been presented are patchy and a first
recommendation is that ministers should review the collection and
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TABLE 6: Composition of Brain Drain from India 1965-85
Per Cent1
Scientists

Engineers and
Technologists

1960

2.4

3.4

23.4

7.0

5.0

1965

1.8

4.0

13.2

5.3

3.5

1970

2.0

4.9

15.6

13.2

5.1

1975

3.7

8.1

16.2

24.4

8.0

1981

3.8

9.4

23.1

20.3

8.8

1985

3.8

10.5

24.8

24.1

9.5

Year

Physicians and
Surgeons

Other Technical
Professionals

All2

19

1. Indians abroad in relation to domestic stock.
2. All categories.
Source Material: A study of Science and Technology Manpower in India (1989); New Delhi: CRPA.

Figure 9: Destinations of Highly Skilled Personnel Emigrating from India, 1962-85
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TABLE 7: Indian Personnel Abroad by Destination, for the period 1961-1985
Per Cent
Employment
Category

USA
(N=98.71)

UK
(N=25.3)

Canada
(N=33.4)

Western
Europe
(N=37.9)

West Asia
(N=75.4)

Other
(N=53.3)

Total
(N=324)

49.6

24.6

34.8

44.9

16.5

18.6

32.8

Physicians and
Surgeons

16.9

46.9

14.2

15.5

19.6

21.5

20.2

Scientists

10.7

8.9

29.5

20.8

21.4

20.1

20.5

Other Technical
Professionals

13.8

19.6

21.5

18.8

42.5

39.8

26.5

21

Engineers and
Technologists

1. Thousands.
Source Material: See TABLE 6.

analysis of data in their own countries on the inflows and outflows
of highly-qualified science personnel and of science and
technology students.
23. However, bearing in mind that decisions often have to be taken on
the basis of incomplete data, ministers might also want to direct
attention to certain policy issues. It is recommended that
ministers should:
*

take positive action to ensure that the education and training
systems of their countries maximise scientific/technical
personnel where their need is greatest;

*

re-assess the proportion of the education and training budget
that is allocated to the different levels of provision;

*

evaluate the personal and social rates of return on educating
students abroad;

*

consider the
personnel;

*

discuss with countries tempting away scarce talent possible
arrangements for compensation.

incentives

needed

to

retain

highly-qualified

24. On a related but separate issue there is some evidence that
overseas aid, given in the form of grants or for research, appear
to benefit donor countries more than recipients, and ministers
should review conditions for accepting such support.
Conclusions
25. Matching the supply of skilled personnel to economic requirements
is a major issue for the 1990s and beyond. Mobilities between
nations are an important means of exchanging expertise, and only
become a problem if there is a continuing drain in one direction.
The indications are that the less developed countries of the
Commonwealth are net losers. Ministers are urged to review the
position for their own countries and consider what action is
necessary.
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