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THE ROLE OF THE ENGINEER

IN A FREE ECONOMY

Lecture at the Conferring Ceremony on the 17th
of November 1982, in Tokyo

Professor John F. Coales
The Winner of The Honda Prize 1982

Twelve years ago in 1970 the total population of
the world was about 3.6 billion and 2/3rds or 2.4
billion people in the Third World had a standard of
living only 1/12th of that in the industrially devel-
oped countries. At that time it was recommended
by the United Nations that each developed country
should give 1% of its gross domestic product (GDP)
in aid to the “Third World,” that is the less devel-
oped countries. This 1% would have been approxi-
mately 60 billion US dollars which was then appro-
ximately 5% of the total gross domestic product
(GDP) of the less developed countries. From the
then available statistics relating rates of increase of
productivity and capital investment, one might
have expected a 5% per annum rise in the gross
domestic product (GDP) of the less developed
countries and if this went on for 15 years then the
average gross domestic product per capita (gdp per
capita) would double, providing the population did
not also increase. Even so after this 15 years, i.e.
by 1980, the standard of living as measured by gdp,
(not to be confused with quality of life but fairly
closely related to it), would still have been no more
than one-sixth of that in the developed world.

1)

Unfortunately the amount of aid provided by
the developed countries fell far short of 1% of GDP
but nevertheless the GDP of the less developed
countries has risen by 5% per annum, presumably
due to investment of savings within the less devel-
oped countries. However the population in the less
developed countries increased on average by about
3.0% per annum, and so, although the GDP of the
less developed countries have, on average, risen by
about 5% per annum between 1970 and 1980, the
gdp per capita in them has only risen on average by
2% per annum. From 1976—78 official aid to the
less developed countries only averaged about 20
billion dollars a year but there was an additional
30 billion dollars of capital flowing to the less
developed countries from private organizations in
the West making nearly 50 billion dollars a year for
capital development in accordance with Table 1.
There are a number of paradoxes met when one
tries to estimate the increase in GDP for a given
investment of capital. These are discussed in the
appendix.



TABLE 1

Average Flow of Funds from Developed Countries
to Less Developed Countries 1976 — 78

Outflow of Official Economic Aid:—

From non-communist developed countries

From communist developed countries

Total official economic aid

Private capital flows (from non-communist countries)

Official general flows

It therefore appears that in less developed coun-
tries an increase in GDP rather greater than 10% of
the capital aid provided can be expected but even
so, taking into account population increase, the
annual increase in gdp per capita is unlikely to ex-
ceed about 5% per annum. If maintained this
should enable the less developed countries to in-
crease their gdp per capita to 40% of that of the
developed countries in about 35 years provided
their population does not increase too rapidly.

Analysis of statistics available in the industrially
developed countries, gathered over the past quarter
century, leads to the conclusion that if the gdp per
capita in the less developed countries is to be quad-
rupled then the proportion of their populations
employed in the “productive industries” must rise
to at least 8%. In no way can the average gdp in the
‘Third World be quadrupled by importation of con-
sumer goods from the developed world and, al-
though in the early years much of the capital
equipment will have to be manufactured in the
developed world, eventually each region, if not
each individual country, will have to be mainly
self-supporting. There may be geographical varia-
tions in the mix of industries and services but on
average a figure of at least 8% will have to be
attained.

In recent years thanks to statistics obtained in
various industrially developed countries, and
particularly some obtained in the U.K. census of
1971, it has been possible to demonstrate with
considerable certainty that only those industries

(2

$ mn, % GDP
15,951 032
3614 023
19,565 030
29,610 059
3769 0.08
52,944 0.81

in which at least 3% of the workforce have been
qualified engineers and scientists, have been able
to expand or, in other words, continue to improve
their efficiency sufficiently to combat competi-
tion. Since the world’s natural resources are clear-
ly limited and are continually becoming more
difficult to exploit and utilize, this increasing
efficiency is essential if the capital investment
envisaged above is to be effective. It is now gen-
erally accepted that for each 120 employees in the
productive industries there will need to be on
average four qualified engineers and 16 technicians
in accordance with Table 2.

TABLE 2

1 Manager

1 Leading engineer

3 Engineers and applied scientists
4 Technician engineers
12 Technicians
20 Craftsmen
20 Clerical and administrative grades

Semi-skilled and unskilled

[N
S |3
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Taking these various considerations into account
and bearing in mind the magnitude of the task and
the absolute necessity of continuing growth in de-
veloping countries, if the quality of life in them is
ever to become what we in the developed countries
would deem even acceptable, four conditions can
be seen to be absolutely essential:

1. that population increase be limited to 1 or
2% per annum
that capital investment be at least $25 per an-
num per head of population at 1980 prices
(see below)

. that 8% of the population be employed in the
“productive industries” as soon as possible

.that in the “productive industries” at least
313% of those employed are qualified engi-
neers or applied scientists, and 121/2% are
qualified technicians.

2.

I have not used the term “technologists” because in some countries
this term is used for higher technicians. In the calculations applied
scientists working in the productive industries have been treated as
engineers and in what follows the term engineers includes them.

The term ‘‘productive industries” is used to include all manufactur-
ing industries, whether producing capital or consumer goods, public
utilities such as power, communications and transport and building
and construction but not services such as medical care, education,
domestic and catering or the armed services.

The first requirement in less developed countries
is clearly for improved agriculture but for this to
be successful in many areas irrigation is necessary
and in all better transport and communications are
essential. History demonstrates that as agriculture
becomes more efficient population migrates from
the rural areas into towns and cities hoping to find
work in manufacturing industries and the increased
services that are required by the more prosperous
inhabitants. It has been estimated that by the tum
of the century at least 100 more conurbations the
size of Chicago will have arisen. Unfortunately in
almost every developing country the hopes of
those who leave the rural areas are not realized be-
cause there is no work for them in the cities and
more often than not neither is there any housing.
This only serves to emphasize the need not only for
capital investment to provide housing and public
utilities essential for city life but also manufactur-
ing industry to provide employment on the one
hand and to create the wealth required to finance
the capital investment and services on the other.
All of these activities require engineers in the
approximate proportions set out in Table 2 and as
agriculture becomes more efficient the working
population inevitably has to be transferred into the
productive industries and services such as adminis-
tration, health care and education.

(3)

Some want to turn the clock back and dismantle
the developed countries so that all may live in the
Arcadia of a neolithic or rural culture but, even if
it were desirable, with the population of the world
inevitably rising to 6 billion by the year 2000 it is
now impossible. In 1725 the population of Britain
was about 6 million and, thanks to improved
hygiene and medicine, it doubled in 25 years, i.e.
3% per annum which was less than in many parts
of the developing world today. It was only by im-
proving the efficiency in agriculture and developing
“qutomation” in milling and textiles that this in-
creased population could be fed and clothed and
so, since Necessity is the Mother of Invention, the
Industrial Revolution was born. This in turn led to
the flight from the country to the town and the
consequent poverty and degradation similar to that
seen in most big cities today. The population is
now 56 million and although we are in the middle
of a severe recession with more than 3 million un-
employed, no one is starving and everyone can
have a roof over his head, piped water, electricity,
medical attention and education, comforts which
are considered to be the minimum to which any-
one now born into the world has an inalienable

right.

In the developed world these facilities are only
possible because there has been enormous invest-
ment over two and a half centuries so that the
accumulated capital per head of population is at
least $10,000 (at 1980 prices). This suggests that
the $500 or so per head of population which may
be invested in the less developed countries by the
developed countries in the next 30 to 40 years will
have to be greatly supplemented from the less de-
veloped countries own resources. Even if people
were prepared to go back to the rural type of
life of the 18th century with no electricity, televi-
sion and motor cars it would be quite impossible to
feed and clothe anything approaching 50 million
people living in the British Isles unless millions of
acres of mountainous country were brought into
cultivation, or food factories built on a vast scale
either of which would require capital works of
enormous size for many years.

Certainly life of reasonable quality is much less
costly in real terms in a rural community than in
a big city but the quality has been greatly en-
hanced by electricity, radio, television and modern
transport which has brought education, entertain-
ment, culture and mobility within the reach of all.
Maybe it would be both more pleasant and less
costly if we could all live in relatively small com-
munities rather than large conurbations. Perhaps
someday we shall be able to rearrange our affairs
so that we can do this but for many decades we are



stuck with large towns and large conurbations,
all of which require massive engineering projects to
make them even habitable. The problem of un-
employment and poverty in large cities is economic
rather than technological but whatever the solution
is it will inevitably increase the demand for capital
equipment, consumer goods and services, all of
which involve engineering. For these reasons the
conditions 3 and 4 set out above cannot possibly
be underestimated and lead to the conclusion that
by the year 2000 A.D. at least 16 million engineers
will be required in the “productive industries”
throughout the world with probably an additional
8 million in education, government and the de-
fence services. It is difficult to estimate the total
number of qualified engineers, (qualified applied
scientists are taken as engineers in this context to
simplify the calculations), in the world at the
present time but it is unlikely to exceed 10 million
so an annual increase of at least 5% per annum is
needed, which would not be impossible if the
education and training facilities for some 2 million
engineering students were available now. It is pos-
sible that in the developed third of the world
there may be nearly 1'/2 million places available
giving some 400,000 graduates a year but in the
other two thirds it is unlikely that there are more
than 200,000. Even when a stable equilibrium is
reached an annual output of at least 800,000 will
be needed since this would require an average
working life of 30 years, which is unlikely to be ex-
ceeded, and by that time the less developed coun-
tries will need to be largely self-supporting so that
at least 500,000 of these should be educated and
trained in them. On average this would require a
5% increase each year in the output of engineers in
the less developed countries but in many of them
the number at present being trained is so small
that it will have to be increased very much more
rapidly.

In the British Commonwealth, plans are being
considered to increase the number of engineering
graduates by the use of programmed learning and
case studies in university courses, but there will
still remain the problem of providing adequate
facilities for practical training and experience
in countries which as yet have very little manu-
facturing industry. Just as at present most of the
engineering in the Third World is carried out by
engineers educated in developed countries so also
is the training of most engineers from less devel-
oped countries obtained in other places. This is
most unsatisfactory because the conditions per-
taining in less developed countries differ widely
and the problems that arise are very different from
those experienced in developed countries. For this
reason it is very important that in each less devel-
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oped country there shall be leading engineers with
experience in that country who can solve these
unexpected problems as they arise and bring major
engineering projects to a successful conclusion.

Experience has shown that modern technology
cannot usually be transferred from a highly devel-
oped to a less developed country without modifi-
cation particularly since in the poorer less develop-
ed country resources are likely to be scarce and it
is all important that the most efficient and eco-
nomic solutions be found. More often than not this
calls for the greatestingenuity and engineering skill,
so it is essential that we consider not only the
number of engineers the world will need in the
21st century but, even more importantly, their
ability.

It was for this reason that in 1977 the Com-
monwealth Board for Engineering Education and
Training adopted a definition of a higher category
of professional engineer than that normally recog-
nized throughout the world as being fully qualified
or chartered. This is the category of leading en-
gineer or engineering leader into which we believe
at least one in four of all qualified engineers must
graduate by virtue of their inherent ability and
experience. These are the engineers who can be
relied upon to bring an engineering project to a
successful conclusion in reasonable time and
without unnecessary expense. The leading engineer
must ensure that the solution is the most economic
for the purpose for which it is required, that the
bridge is big enough for future traffic but not too
big, that the power station is fuelled in the most
economic way for the region in which it is to
operate, that the television station can give a
satisfactory service to the area it is to serve or the
computer systern is large enough for its imme-
diate purposes but can be quite easily extended to
meet the expected future needs. He must ensure
that it will operate without undue maintenance in
the environment in which it will be installed, can
be manufactured and installed as economically as
possible by the time it is required, and when ope-
rating will not only be as inexpensive as possible
but will not in any way endanger its environment
or those who have to operate and maintain it.

These considerations must be taken into account
in any engineering work large or small, whether it
be a suspension bridge or a solar panel, a communi-
cations network or a pocket ealculator. It is only in
degree that they differ and they always require
engineering judgement and relatively wise decisions
have to be taken. In general, experience can only
be widened by working on a number of different
jobs in varying circumstances and this inevitably



takes time. On graduation the young engineer
can only have very limited experience and it has
also been found that experience is only effective in
developing the engineer’s critical faculties when it
is gained working on the job. Whenever possible a
young engineer should work with a senior from
whose greater experience he can learn. Under a
senior’s guidance he should be responsible for one
or two smaller tasks which he should be able to
bring to a successful conclusion. This master-pupil
relationship is very important in the early years
and the young engineer who either cannot or does
not get the opportunity to learn from more experi-
enced engineers is unlikely to become a leader.
Usually the young engineer having completed a
relatively simple task will move on to a more com-
plicated one whether it be in development, design,
installation, operation or maintenance and hope-
fully by the time he is 30 years old he will have
successfully completed several different jobs in
varying circumstances.

He should then have broadened his experience
beyond the narrow specialization of his first few
years and, provided his judgement is sound and his
ability high, be ready to take his place as a leading
engineer and be put in charge of a small but impor-
tant project. It is usual then for the leading engi-
neer to take charge of bigger and more important
projects involving a wider range of engineering and
management techniques, for which he may have to
direct a group of engineers of very different experi-
ence and expertise. In this way the leading engineer
gradually broadens his experience so that he can be
trusted to make the right decisions based on the
advice of his supporting staff. If an engineer is to
fulfill his potential, it is essential that throughout
his life he takes every opportunity to increase his
technical competence by study, by widening his
practical experience and, above all, by endeavour-
ing to obtain the best solution to the problem in
hand. It is therefore just as much to his advantage
as to his client’s or employer’s when he strives for
perfection and lets nothing deter him. This calls for
professional integrity and moral courage of the
highest quality from the start of his career, and if
he does not acquire these attributes during his edu-
cation and training (formation as the French call it)
he probably never will. The influence of a good
master can make all the difference in this respect
and is one of the reasons why the master-pupil
relationship in the training period is so important.

In all professions integrity is an essential require-
ment in its members because they are only engaged
to undertake work which their clients cannot do
themselves. The client has therefore no means of
knowing whether or not the doctor, lawyer or

)

engineer is doing his best for him and can only rely
on his integrity as a professional man. In the case
of the doctor or surgeon it is quite certainly a case
of “your life in his hands” but in the case of the
engineer it may mean the safety of thousands or
even the well-being of millions in Ais hands. There
is just no room for complacency and the engineer
must always be on the alert whether it be in de-
velopment, design, installation, operation or main-
tenance. Catastrophe or disaster is never far away
and we cannot foretell with any precision either
the time or nature of it, so the engineer must
expect the unexpected and, because more often
than not the fault when it occurs he will not have
experienced before, he must in a sense be familiar
with the unfamiliar.

It has been said that the engineering profession
differs from the others because most of its mem-
bers are employed by corporate bodies rather than
by individual clients but although this may affect:
the nature of the relationship it in no way reduces
the need for these qualities of integrity and assidu-
ity. As in medicine the success of an engineering
project depends on getting every detail right as well
as the system as a whole. Having planned the pro-
ject so that it not only meets the client’s specifica-
tion of performance but can be made by the time
required at the lowest possible cost, the leading
engineer must watch over the details even when
they lie outside his experience and expertise. As
has been said in another connection this requfres
“inspiration, application and dedication” with a
determination of purpose that most men will only
apply to their own selfish ends; only the missionary
can do it for the glory of God. The professional
man usually gives his best for his client partly for
the fee he will earn and partly in the hope that, if
successful, his work will get known and he will be-
come more and more respected and be able to earn
higher fees, but the individual relationship with the
client undoubtedly plays a part in bringing out the
best in most professional men, which is just as well
since only well qualified members of his profession
can judge when an engineer has been negligent. It is
for this reason that in Britain we believe that each
profession must be self regulating and responsible
for its own disciplinary procedures.

When an engineer is employed in a large organi-
zation the simple relationship with the client be-
comes complex and confused because the client
is now the organization but the engineer has a
moral responsibility for the safety and well being
of the customers of his employers and these inter-
ests may be conflicting. Further, it is now accepted
that a professional engineer must always keep in
mind the national interests and the effect on the



environment in all he does, and these may run
-quite counter to the intentions of his employers.
Professional integrity demands that if he is called
on to do something which would violate these
principles he points it out to his superiors just as he
should to his client when working for an individual.
For several reasons the individual client is much
more easily persuaded of the need to change his
specification and, in any case, if he cannot be per-
suaded the engineer will have other clients and can
much more easily refuse to do the work for him. If
as a fulltime employee he cannot persuade the
management to do what is right the honest engi-
neer has no alternative but to leave the firm, a very
difficult decision indeed and one which could result
in lesser men “‘cutting corners”.

This does not mean that there must always be
conflict between the engineer and the entrepreneur.
That would be most unjustly denigrating the entre-
preneur. No! the successful engineer must be entre-
preneurial because, if he is not, his best work may
never be exploited and will benefit nobody. If it is
exploited successfully and he profits by it, he is
fortunate but, if he is unsuccessful, he must care-
fully consider the reasons and try again.

To many people the role of the engineer in the
large organization appears to be different from
that of the consulting engineer but this is a mis-
conception that must be strenuously resisted.
Because failure to get the details right may cause
a major disaster even the most junior engineer
must display in some degree courageous integ-
rity and not merely do what he is told by his
superiors. The great danger is that if as a young
graduate he goes into a large organization he gets
to look upon himself as just another employee,
there to do what he is told and frightened to argue
with his superiors lest he miss promotion or even
lose his job. Most young men want to do their
best for their employers and in a junior position
it is very difficult to look beyond the confines of
the establishment in which one works and in which
one is paid. This is one of the most important rea-
sons why the engineering profession must hold
together and instill into all its members the essen-
tial need for professional integrity. As I have al-
ready indicated, in the 21st century the world will
need vast numbers of engineers and if they fail in
their duty there will be terrible disasters.

Engineers must therefore live and work without
fear or favour of any man and they must be edu-
cated and trained in such a way that they instinc-
tively believe that in whatever they do only the
best can suffice. In a free and technologically de-
veloped economy there are opportunities for this

(6)

to pertain provided the independence of the profes-
sions can be maintained. The greatest danger to the
professions in a capitalist society is that the love
of money leads to corruption or, worse, to bribery
but I believe that personal relationships with the
clients on the one hand and with professional col-
leagues on the other are the greatest safeguards. In
a controlled economy these have to be replaced by
a sense of working for the community as a whole
but one cannot help feeling that the frustration of
working for a large and usually faceless organiza-
tion tends to dull the edge of integrity, particularly
among lesser mortals. In the less developed coun-
tries there is the added problem that more often
than not training of engineers is inadequate and it
is almost impossible to get any breadth of expe-
rience in the early years. Further, the great short-
age of able and experienced engineers results in
engineers being appointed to relatively high posi-
tions in government departments very young and
after this they will probably get no further prac-
tical experience.

If we are to be successful in developing tech-
nology to save the world from penury in the 21st
century we must develop the engineering pro-
fession to serve the human race with the zeal of
missionaries and this can only be done if we
work together and support each other irrespec-
tive of colour, race or creed or indeed of ideo-
logical belief. As Lord Hailsham, the Lord High
Chancellor of England, said some ten years ago
at the centenary celebrations of my Institution
“I do not know if the professions need the world
but certainly the world needs the professions.
Professions of the World unite.”

APPENDIX

A Note on the ratio of capital invested to
increase in GDP

Estimation of the expected increase in GDP for a
given amount of capital invested involves a number
of paradoxes. In Britain between 1957 and 1966
the GDP rose from £22,000mn to £30,000mn an
average of 3.5% per annum while the average an-
nual investment averaged 17% of GDP. This gives
an increase in GDP of 20% of the value of capital
invested which agrees with Klein’s factor for the
industrially developed countries from 1950 to
1974 but does not take into account inflation. On
the other hand when the GDP of the UK. was
£40,000mn it was estimated that the accumulated



invested capital in the U.K. was approximately
£400,000mn of which fixed assets represented
about £200,000mn and the other £200,000mn
represented intangible investment such as in educa-
tion and health care. This would imply a figure of
10% but would be 20% if only the fixed assets
were taken into account. For this and other rea-
sons I arrived at a ratio of 10 to 1 in 1970.

Klein at the Wharton Institute, Philadelphia has
arrived at a figure of 20% of GDP reinvested per
annum (p.a.)- in the non-communist developed
countries during the years 1950—74 but assumes a
10% p.a. depreciation of capital. In this period
GDP rose 2.89 times or just over 3%% p.a. He
gives the accumulated capital as $2,356 bn in 1950
with GDP as $853 bn, a ratio of rather less than 3
and the annual increase in capital as only about
10% p.a. taking into account depreciation at 10%
p.a. In real terms (1970 = 100) the increase is also
3%% p.a. In the less developed countries from
1960—-1974 GDP rose 2.25 times or on average 7%
p.a. While accumulated capital rose only 43% or
just over 3% p.a. the ratio of accumulated capital
to GDP dropped from 4.4 to 2.8. He believes that
the proportion of GDP invested has risen from 15%
p.a. to 23% p.a. This gives that the rise in GDP has
been approximately one third of the savings.

Another paradox is that manufacturing industry
expects to turn over the capital employed at least
once a year implying a 1 : 1 relationship. However
this takes no account of the capital invested in
education and health care nor in housing, transport

(7)

and communications in which we know the ratio is
high. Further, manufacturing industry only contri-
butes a relatively small fraction, 28%, of the GDP.
In the UK. in 1979 the GDP was £ 189,702mn and
gross fixed capital formation £36,646mn, 18% of
GDP, of which construction was £10,237mn or
30%. Between 1970 and 1979 GDP increased on
average 2.3% and since 1979 there has been no real
increase in manufacturing output although there
has quite certainly been some capital investment so
this points to a 10 : 1 ratio on average rather than
5:1. ’

Klein uses a depreciation rate of 10% for the
developed countries and 5% for the less developed
countries which is no doubt why he arrives at such
a low figure for accumulated capital. Thisis certain-
ly much too high a rate for buildings, roads and
bridges, coal mines and most heavy industry. Even
in manufacturing industry in Britain there are
many machines more than 100 years old and the
average age is well over 20 years. It is probable
therefore that the real rate of depreciation is not
more than 3% p.a., just about the average rate of
inflation in the period, the years 1957—66, in
which case the effect of depreciation can be
neglected.

Taking all these considerations into account it
would appear that the 10 : 1 ratio of capital in-
vested to increase in GDP is probably as good an
estimate as any, both for industrially developed
countries and less developed countries.





