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NOTE

The proceedings of the United Nations Interregional Seminar on the Employment.

Development and Role of Scientisis and Technical Personnel in the Public Service of

Developing Countries, held at Tashkent, Union of Soviet Socialist Republics. from 1 to

14 October 1969. are published in three volumes, as follows:

Volume I: Report of the Seminar

Volume II: Country papers

Volume III: Tech Mcal papers

The papers contained in this volume are prescnted in the language in which they were

submitted and have been shortened to provide basic data only. Editorial changes have

been made to ensure the continuity of the texts. Opinions expressed in signed papers are

not necessarily those of organs or Members of the United Nations.

The designations employed and the presentation of the material in this publication do

not imply the expression of any opinion whatsoever on the part of the Secretariat of the

United Nations concerning the legal status of any country or territory or of its
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CAREER PLANNING Arr CAR.FR DEVELOMENT CF SCIENTPIC
,,NI) TECHNICAL PERSONNEL, INCLUDING DIFROVE1TENT OF

THEIR 1.1_AN1\GERIAL SKILLS

Geormbeeyi Adali-Mortty*

The cereer enviroment

It may be argued with some justification -..thether, in the context of the
enormous development problems of Africa, priorities are not being mixed up when
so much attention is devoted to such a relatively peripheral factor of economic
and social growth as the employment and development cf scientists and technical
personnel, that to say, to the apparent relegation of middle-level and
lower-level manpo,.ier to a subordinate degree of emphasis.

There is a question whether there is a danger of plaLing unwarranted emphasis
on advanced training in sophisticated skills at the level of nigher institutions
of learning and technology tc the detriment of education and training, at lower
levels. This question, which is soon to be dismissed in this paper, does need
to be put, if one is tc examine the issues raised this interregional seminar
with a sense of proioortion and in their proper perspective.

It has been observed by one author that the results of a series of studies
conducted in countries of Africa for the purpose of determirdrig the countries'
requirements" for skilled manpower show that the current capacity of the economies
of the countries to absorb new university graduates in any year does not exceed
1 Der cent of the number of young people reaching the age of twenty-one in the
year in question. .1./ This author explains that a number of reasons account for the
low absorptive capacity, the relative cost of educated people in the developing
countries of Africa and the high expectations of this class of Africans being two
of the reasons. University graduates lock dcwn on secondary school teaching; and
those who obtain secondary school certificates scorn taking up primary school
teaching, or being agricultural assistants cr nurses. For one thing, while it
costs the United States 3f merica less than 1 per cent of its national income to
provide universal primary education, it would cost Nigeria in excess of 3 ner cent
of its rational income tt: provide this basic education.

'ith 9 er cent of national income ,:not including defence) the United
Kingdom cf Great Britain and North,rn Ireland and the United States of America
have been able to offer -excellent administrative services - education, health,
roads, etc.- To provide less than half of these services, most countries of
Africa need to spend much more than this percentage of national income.

Lecturer in Fnman Resources, University cif Ghaila, Legon, Ghana; formerly
Special Commissioner for Pelenly:-..e_.nt of Labour (196E-19e).

1/ :Irthur Lewis. Some As:ect:: of Economic Development (Accra-Tema,
Gh-na Futlishing +27-poraticr., 1=69).



The comrarative rate of atorption 1 uni,-.--roit:; graduates in the ULite

':inri:.n1 is E per cent: in the Unitd 3t 3 -er cent ana in 7-i.eria

-1;.:_s than 1 per c,-,nt of the ane Th ft2lswini: observation hac teen .nadr

in ted,

major difference between the United States of America ani th

developing countries is the ap7arently unlimited American capacity to absorb

the products uf schools. In the southern regions of Nigeria where only three

rer cent of children finish secondary school, unemployment of secondary school

leaverc is already causing concern, as it has done for years in India, Jhere

only tn per cent of children customarily finished secondary schcol...- 2/

hat has teen said cf the United States of America in the matter of absorptive

capacity is even truer in the centrally planned economy cf the Union of Soviet

Tecialist Republics. Equally true is the situation of Nigeria with respect to

capacity to absorb the small number of persons finishing its elementary and

secondary schools appAes alsc fcr Ghana and for other countries of Africa. This

1-eing so, the question arises whether the developing nations of Africa should

abandon the twentieth century concept of social justice as expressed in terms of

the riaht of each child to equal opportunity whether these societies should revert

to the situation tht existed in the early days of development of education in

-estern Furore, when primary education was a privilege reserved fcr the children

of a few families and further education was, as it were, rationed to meet the

narrow needs of clerical and administrative skills. One may ask whether any

pditician, even the conservative or semi-feudal rulers in :,frican today could

continue to stem the tide of rising expectations cf the people with regard to equal

sportunity for universal, formal edwation.

The dilemmas make a choice difficult - wilLher, because lack of knowledge is

the cause fcr poor countries remaining poor, to exnand education, thus, at the

same time, satisfying expectations for social justice; cr whether to ulan expansion

on basis of need, that is to say, on the basis cf what a country can afford and can

absorb. Thus, one comes face to face with the vexing question cf priorities in

social and econemic develcrment. Ascertainment cf priorities is: of course, a

function of planning.

Sincethe Second World War, it has become the vrgue for Governments in

developirg countries to draw up develorment nlans and even to set up organizations

to take care of manpower planning. Enthusiasm for planning is matched only by the

disastrous failure, invariably, of the plans.

Relevant though it is to take note at this stage of the causes of failure cf

such plans, it is enough tc say here that in many countries of ;-frica, the

Establishment of manpower planning bureaux is toc recent to make any significant

impact on educational and training policies and programmes. The considerable

achievement of Ghana in the development of education, as in other countries of

Africa, has been attained in spite of, rather than because cf, any objective

projections, forecasts, plans or rrogammes. Eefore leavina the matter of

j Ibid.
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...ent .ilannin: will c_r.ci..ue be, mention Lust
Le !.ade tr..csui.erc 71: L,ee'pticisr.-1 ti:at surrounds it. In the absence of the
essential yarible.J such as administrative ahl orzanizational
expertise, control of capital and ;.:f orcrotion of al.,toilc:rous

control c busi..ess a.ni industry, and availal-Ality of statistics and
personnel, it is to he expected. that manuower plannir.; is _.enerally rudimentary.

i:etwittstandinr7 -ivalit-T of the rer..ort on the first national manpower
survey in Ghana as well 3S the possibilities thot tlie report discloses,
the difficulties under whici the survey was corducted were immense. The following,
.)ara..;raph sums up the problem: "...:hen this Survey was undertaken, no statistics on
labour lad een outlishel for 1.') and the 1J_=0 Census of Population was just
startin-z. Tierefore, in the atsonce of up-to-date fi:ures, the l95E Labour
Statistics were used as the basis for 7lanning the Survey coverage."

It is hot surprisin3 that the idea of central planning in a setting of' a
command economy and cnzanizational expertise, as exemplified by the Union of
soviet :k.cialist Republics, exists only as a source of disillusionment rather than
a source of inspiration fcr frica. No country of Africa has anything like the
tzarist cast experience, ncr e discipline to operate total planning with
efficiency ani nonesty, and the patience to postpone consumption to some future
time. conditions are in almost every country of Africa, with the possible
exception of Guinea, -overnment planninF can he only in the public sector. In a
mixed. economy. decisions and colicies cannot be made for orivate enterprise. Nor
can central Jannin:; really plan for them. The most that development plans can lp
for t: e priva te sector is to provide it with the necessary infrastructure,
services, utilities and institutional framork to stimulate autonomous development
in the sector.

Under the ccnstraints of foreign exchange resources, the Government's exchange
control system turns out tc Ce, in effect, the most powerrul source of' economic
control. these means, th,- Goverrment makes decisions on the allocation of the
limited exchan-:e resources thus, ti e Government rakes the decisions concerning
prierities and the canalization of resources to the desired. priorities, de facto.

Er.cu-lt has been said tc provide a backgzround for a realistic study of the
seminar theme - :he employment, development and role of scientists and. technical
:ersonnel in the public service of developiniT countries. The moral that would
appear tc erere is not necessarily that, at the current level of develcbment,
scientists an.1 technical personnel should. not be produced, employed and. developed
ac i.ontinucus speration. Rather, there is need for balance in this respect. No

elaborate statistical data are needed. to establish the truism that the human mind
Las brcuott about economic pro.ress. To raise the level of education in any
ccuntry rE-....:uire.s even 1-i.;:er knowleite on ti.e part of the educators. if the
frican farmer Produces only 7 instead of 50 hundredweizht of maize, or if' half

the calves 1-orn to his cows die within the first ei. teen r_onths, the cause is
lack of

d-1 3ur7ey- cf Kancower in Gina .Accra, Government Printer, l96



Basis of career planning

Career planning and development begin with the recognition and ranking of

manpower needs. On the basis of past performance and current showings, estimates

of tomorrow's skill needs are made. Such estimates are, of necessity, projections

made under assumptions of future growth of skill-utilizing operations and of

expansion of intake of categories of skills.

Hitherto, manpower needs and priorities have been determined on an ad hoc

basis. They were no more than "guesstimates", that is, attempts at rational and

objective projections of manpower requirements for future years are quite recent.

As a result of the newness of this form of planning on a national scale,

methodology, systems and programmes of manpower planning are still experimental.

As the free enterprise, developed economies are in far less need of national

manpower planning than are the developing countries, there are no patterns - no

methods - of proved efficacy by which to test and measure practice. It is arguable

whether the planning experience of the centrally planned, developed economics is

applicable to developing countries with mixed or centralized economies.

Many countries of Africa, however, like their counterparts in Asia, have

established national manpower planning agencies. For example, in the report on

the 1960 national manpower survey of Ghana, the need for a manpower bureau is made

clear. The report urges that such a bureau should be set up and should proceed to

formulate manpower policies, programmes and a comprehensive manpower development

plan ix) serve as the operating agency of the Government for all public organs and

training institutions concerned with manpower. In fact, the report asserts that
the resulting manpower guidelims should influence the award of scholarships and
the ranking of priorities among the various personnel categories, the scarcest of

which, at the time, were medical and health personnel, engineering and technical
personnel, agriculturalists and secondary school teachers.

In connexion with the occupational projections for the period 1960-1965, the

report states:

"The presence in Ghana of scores of expatriate professional and scientific
personnel attests to the shortage of trained Ghanaians in these high-level

occupations. The Goverrment is overcoming these shortages by the
establishment of the two colleges and by the adoption of an extensive local

and overseas scholarship programme. These are now beginning to bear fruit

and, in the next five years, Ghana will be producing sizable numbers of
engineers, doctors, lawyers, physical and social scientists and other
professional personnel." 111

Ibid., p. 29.

-4-
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The total labour force of Ghana in 1960 is reported to have been distributed
as follows:

Non-farming , 293,000

Estimated employment in agriculture 21 586,000

Total labour force 879,000

Percentage

High-level occupations 58,000 20

Unskilled labour 235,000 8o

Total non-farming labour 293,000 100

High-level occupations included in
survey 54,000 92

4,000 8

High-level occupations not included
in survey

Total high-level occupations 58,00c loo

Source: Survey of High-level Manpower in Ghana (Accra, Government Printer, 1961).

a/ Not included in survey.

The manpower profile of Ghana in 1960 that emerged from the survey findings
serves more as a model for subsequent surveys and as being representative of those
countries of Africa which have been able to afford s.)me efforts in manpower
programming.

Concerning the existence of large and increasing unemployment, on the one
hand, and shortage of strategic skills, on the other, the Nigerian Federal Minister
of Economic Development states that Nigeria "suffers from an acute shortage of
most of the scientific and technical skills which are vital to establish and
ensure the success of a modern economy". 2/ In the Minister's opinion, therefore,
programmes for manpower development and training "must accordingly constitute
major considerations in any effective system of economic planning". 5/

The list of national science policy planning institutions in Africa given
in annex II to this paper illustrates the popularity of the idea of economic and
manpower planning.

2/ Nigeria, National Manpower Board, Manpower Situation in Nigeria,
Manpower studies series, No. 1 (Lagos, 1963), preface.



Output of scientists, engineers and other technical personnel
from institutions of higher learning

There are two major problems in connexion with the production of high-level

skills by national and oversea institutions of higher education and training.

First, there exists an imbalance in the matching of supply with demand, largely

owing to inadequate determination of skill requirements for future years. This

is a result of organizational gap. The result of the imbalance appears in the

form of over-supply of certain skills and shortage of other skills for which there

is active demand in the labour market. If the problem is not remedied by better

forecasting and more rational application of limited resources, it will tend to

have a multiplying effect on middle-term and long-term manpower needs. Secondly,

there is a lack of a firm policy as to whether (and if so, to what extent),

education should be oriented towards development needs.

What job-oriented educeLon means within the context of the developing

economies of Africa is clearly described in a publication prepared by the United

States Agency for International Development under a contract with the Nigerian

Government:

"By employment-orientation we mean a system which is geared to the
realities and needs of the labour market. Due recognition must be made of

early school termination by most children and the very limited absorptive

capacity of the high prcrbIctivity sector of the economy. Such an

employment-oriented edp ;nal and training system assigns to formal

educational institut7: r *q.31-7 responsibility for the general education

needed to produce resvoi,:_w,a tsitizens and trainable workers. The employing

sector takes major resp.c.,,t-bility for providing specialized occupational

training. By providing this training close to, or at the point of employment,

(either through in-employment training or through formal occupational training
closely linked to employer demands) the supply of and demand for trained

manpower can be more easily regulated and adjusted." 6/

From the statistical tables Vrovided in the annexes to the present paper) based

on the employment situation in Ghana and some other countries of East and West

Africa, it will be seen that the local educational institutions have not caught up

with the manpower requirements of those countries. But it should be stressed that

it is only a matter of time before output catches up with demand, in absolute terms.

The more difficult problem is that of planning and programming in such a way that

effective co-ordination will exist between manpower development agencies and

economic development planners. If educational planners are to take their
guidelines from economic development planners, then both had better be

organizationally adequate. Meanwhile, planning or no planning, determination of

the needs of the labour market or no, pdblic financial sponsorship of education

through scholarship awards and bursaries is a form of control of the type of

training that educational institutions provide. Such financial awards do have

directive controls of the types of disciplines and courses that student

6/ United States Agency for International Development, Nigerian Human Resource
Development and Utilization (New York, Education and World Affairs, 1967).
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beneficiaries pursue. Such controls have an underlying presupposition that the
sponsoring autLority knows wtat the labour market requirements are. Thr: question

is whether it really does.

International co-operation in the promotion of research
and training in ildrica

The specialized agencieo of the United Nations, notably the International
Labour Organisation (ILO) and the United Nations Educational, Scientific and
Cultural Organization (UNESCO), have a proud record of achievement in the promotion
of manpower training and development, and the stimulation of scientific activity
in tropical Africa.

Some of the critical precursors of international co-operation in the matter of
research and training are as follows:

(a) General Assembly resolution 1219 (XII), which recognizes the need for
internat- ional focus on the field of public administration and the importance of
training institutes as areas for technical assistance;

(b) The United Nations Conference on Science and Technology for the Benefit
of Less Developed Areas, which was held at Geneva in February 1963. That

Conference was reportedly the first time that scientists, engineers and
technologists from over one hundred nations assembled to discuss the role of
science in development;

(c) The Lagos Conference on Organization of Research and Training in Africa
in Relation to the Study, Conservation and Utilization of Natural &sources, 7/
which addressed itself to fundamental questions of organization and planning:
national scientific policy; organization and implementation of policies for
research on natural resources; scientific and technical personnel; finance and
research economics; international co-operation. By focusing attention on action
areas in which national programming could subsequently be done, the Conference's
usefulness, judged by results reported at the Yaounde Symposium, must have exceeded
by far expectations of the sponsors and the participating countries;

(d) The Yaounde Symposium on Science Policy and Research Admdnistration in
Africa (10-21 July 1967), wlaich was held under the auspices of UTIESCO as a part
of its series on science policy. It was the first meeting of its kind to be held

in tropical Africa. Its purpose was "to hasten the establishment of governmental
science policy structures, as well as to increase the efficiency of existing
scientific institutions". Because it crystallizes national scientific objectives
and programmes, thus tending to give these some order and system, the report of
the Symposium 8/ has special relevance for the theme of the present interregional
seminar. It was observed at the Symposium that scientific activity, just as the

2/ The report of the Lagos Conference was published by the United Nations
Educational, Scientific and Cultural Organization (Li4ge, 1964).

8/ United Nations Educational, Scientific and Cultural Organization, The Promotion
of Scientific Activity in 1Yopical Africa, UNESCO science policy studiJ!s and
documents, No. 11 (Paris, 1969).



case with economic activity, provided opportunities for the end-use of scientific

and technical personnel. The country papers submitted to the Symposium, which
outline the stage of national organizaticns in science and research, and the

programmes contemplated and in existence, make promising reading. Some of the data

reported serve as objective indicators of the level of development attained by the

participating countries.

Problem of technical and academic obsolescence

In the environments of technologically disadvantaged countries, where exposure

to modern advances in knowledge and technology is slight, if existent and where

there is an absence of lively academic atmosphere of learned debate, discussion,

publications and library facilities, a relapse into virtual semi-literacy is not

only possible, but very real indeed. This is eve!. flore the case for scientists,

engineers and technical personnel. Lack of application in technologically
well-equipped settings and lack of demanding practice tend to diminish technical

competence. In his contribution to the journal of the Ghana Institution of

Engineers, a Ghanaian engineer defined "technical obsolescence" as a condition in

which "technology out-distances the capabilities of engineers who have been out of

school for some time and have not had the opportunity of keeping themselves
technically informed and near abreast with developments in th2ir fields of

specialization". 2/ It may be seen that the problem of keeping abreast with change
and modernization concerns not only the upgrading of qualifications, but the

updating of knowledge and skills. This matter is related to the question of

professional standards.

The most desirable form of policing professional standards is that which is

self-imposed. Self-respecting professional associations realize this fact, and

of their own accord, or under pressure from the larger society of which they are a

part, draw up codes of behaviour and standards by which their professional

performance shall be measured.

In realization of this fact, the Ghana Institution of Engineers was formally

established on 1 June 1968. Among its declared objectives are the maintenance of

professional standards, the encouragement of research, the dissemination of

publications and new ideas, and the safeguarding of the welfare of members. Other

informal ways by which professional interests and standards can be served include

the publication of technical journals and the exchange of these with similar

professional bodies elsewhere.

In technically deprived communities such as the developing countries of' Africa,

professional bodies like the Ghana Institution of Engineers can help their

Gove rnments to reduce expensive importation of foreign experts by demonstrating

local competence and responsibility through voluntary offers of consultancy

service on given national technical problems and by overseeing the conduct and

performance of indigenous professional firms.

9/ M.N.B. Ayiku, in The Ghana Frwrineer (Accra), Vol.11 No.1 (1968), pp.31-34



Availability to serve on national bodies or State organs arid, the
organization of seminars, symposia and conferences dre other obvious ways of
self-improvement on the part of members of professional organizations, particularly
Ntlien participants in such meretings are required to submit special papers on given
subjects, or when reports on research or occupational experiences are read.

Communication between professional colleagues within Pfrical and even within

national boundaries, does constitute special problems. If ideas could flow freely
among members of the professions and if common efforts were pooled on regional or
international levels, efficiency would rise and some economy in the Use of
resources could be achieved.

Upgrading of qualifications of serving officers

Despite the fact that free, universal (and compulsory) education at the
primary and secondary levels remains an ideal to be worked for in most countries of
Africa, post-graduate training is usually tax-supported. This is certainly the

case in Ghana. People are encouraged to take up pure and applied sciences and
agriculture. Scholarships are available for university courses overseas, provided
these are not available in Ghana. These courses include dentistry, forestry,
veterinary medicine and mining engineering. Selections are made in accordance with
regular public service procedures. Successful candidates are then sponsored from
the training votes of the departments in which the candidates serve and to which
they will return.

As a result of official stringency in the allocation of limited foreign
exchange resources, private students whose sponscirs can afford the cost of training
overseas are not normally permitted to travel abroad for education, with the
exception of those in certain fields, such as nursing, where trainees earn
allowances for their maintenance in the host country's currency.

Supplementary to the efforts of countries of Africa in meeting the cost of
education and training locally and abroad, various foreign Governments providr:
educational awards in mutually agreed fields. In Ghana, such foreign awards are
increasingly being made for certain strategic post-graduate programmes.

In addition to the more orthodox educational facilities, such as colleges,
schools and universities, a number of countries of Africa hove supplementary
institutions for relatively less formal development of skills and knowledge of
personnel in the Public Service and the private sector. Two such institutions
in Ghana deserve mention. One is the Institute of Public Administration,
established by the Government of Ghana in association with thc United Nations
Special Rind and situated in Accra, the capital of Ghana. The Institute provides
pre-entry induction and preparation to newly recruited senior staff for the
Fublic Service. It also recalls serving officers for further training in specific
skills and fields. It presents lectures on general subjects and conducts seminars
and conferenceL. The Conference on Research and Consultancy in Public
Administration in Africa (January 1966) 1.0/ was attended by pr ticipants from
seven idrican countries - Ethiopia, Ghana, Liberia, Niger, Nigeria, Somalia and
Sudan.

1.21 In this connexion, sce Institute of Public Administration, Research and
Consultancy in Public Administration in Africa (Greenhill, Achimota, 1966)

9
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The Ghana Institute of Public Administration is being expanded to

incorporate a staff college ohich will be known as the College of Advanced

Hanagement. It will cater for the development of top executives and policy-makers

in the hierarchies of the Civil Service, public corporations, the armed forces and

private enterprise.

The other institution operative in manpower development outside of the

regular educational stream is the Management Development and Productivity

Institute, 11/ a management consulting and training agency. It was established in

1967 and has the support of the United Nations Development Programme and the

International Labour Cffice. Among other functions, the Institute has organized

training courses, conferences and seminars for personnel from all sectors of

industry in Ghana, covering such fields as general management, industrial

engineering, financial and management accounting, marketing and sales. It provides

consultancy to business and industry, and conducts special studies into problems

of business in the country.

Question of remuneration for professional
expertise and services

Questions of equity in relation to other professional classes and of how to

reward certain professional groups in short supply in order to attract talent into

the said professional training programmes present numerous difficulties in every

country of Africa. The situation in Ghana, not being unique, should serve to

represent the over-all problem.

One may assume, for purposes of argument, that the ideal determinant of

professional remuneration is that which the price mechanism of the open market

dictates, given free play of the laws of supply and demand. In such an

environment, prices seek and find their own level, including the price of expert

service. Even under those conditions, there is bound to be a lag between what an

cxpert earns for service and what the price mechanism would settle for at any

given time. In this respect, reward for service as a price differs from the price

of material commodities, which fetch what the market will bear at the time of

purchase. If this is true in the private sector, it is even more so in the public

sector. Even under conditions of imperfect competition, prices in the private

sector respond more promptly to the market than those in the rather relatively

sluggish public sector. What is more, the built-in mechanism of accommodation to

the realities of economic factors - for example, ability to pay - which one finds

in profit-oriented operations are generally lacking in public employment. In the

Public Service, if the revenue cannot bear the cost of administration, so much the

worse for the taxpayer who must pay more in taxes to meet the budget gap. It is

not the efficiency of administration, as such, that dictates the increases.

Given a condition of the open market in a private enterprise, the

relationship of one scale of salaries and other incentives received by a class

of professional personnel to that received by another class of professional

11/ See Management Development and Productivity Institute (Accra-Tema, 1968).



personnel is arrived at through the operation of the market competitioL for th._

particula classes of professionals. In the Public Service, on the other hahd. the

relativities must be determined by the management. :Ince the variatles t() ie

in the evaluation of positions and in the ranking of various posts is ncctssarily

arbitrary, human error is inevitable. No way has been found to equatc classes of

professional expertise. The situation with respect to the determination of

remuneration for the categories of professional personnel with which this paper is

concerned is as set forth in the Report of the Commission on the Structure and

Remuneration of the Public Services in Ghana (see annex VI).

J4,13 against the official presentation of the situation concerning the

remuneration of engineers, scientists and medical practitioners, the reuarks of a

Ghanaian engineer, concerning conditions of employment of engineers in tht Civil

Service, are of interest:

"Ghanaians by nature are very sensitive to incentives and tend to aim

at attaining levels with the highest incentives. In this connexion it is

interesting to note that the newly established Ghana Medical School will turil

out about forty graduate doctors next year. This is far more than the total

number of engineers produced by the University of Science and Tt,chnology

within the first nine years of its existence, and it will certainly be more

than the number which Kumasi will turn out next year. It is again worth

noting that the Faculty of Law of the University of Ghana turned out

thirty-one graduate Lawyers. The above situation is obviouvly due to the

fact that the training of an Engineer is both rigorous and exacting and the

practice painfully unattractive in pay and terms of service.

"Recommendations

"In order that we might look forward to a more prosperous future for

Ghana, it is important to devote more resources to the training anu.

utilization of engineering manpower. The following recommendations, if

seriously considered and implemented, will go a long way in improving the

situaticn:

nika) The planninj, design and execution of projcots with high engineering

content should be managed such that Ghanaian Engineers (including the

young) are identified with these projects to ensure that there is a

sense of decisive purpose and something worthwhile and challenging to

work for. This will also induce Engineers to keep up to date.

"(b) University of Science and Technology must be given every assistance in

expanding and updating their facilities for trailling of Engineers.

If/kc) The Government must be more willing to involve Engineers in national

issues by ensuring that on all technical matters and at all stages the

Ghana Institution of Engineers is not only consulted but invited to

participate in the discussions.

"(d) The Government should not discriminate against Coctors and Enginecrs,

as compared, for example, to Lawyers in pay and terms of service.

Medicines and Engineering are rigorous disciplines, and young men and

women need to be encouraged to undertake them. The Government, as the

15



principal employer, must use its pay scales as umrket incentives to

direct the flow of talented people where they are most needed.

"(e) Probably, the most important suggestion is that the Ghana Institution

of Engineers must identify itself more fully with political,

sociological and economic matters with high technological content and

thereby ensure that its professional advice is recognized at the highest

councils of state.

"(f) Engineers must he engaged in managerial positions in factories and other

industrial establishments. The need for this has been recognized in

industrially advanced countries.

"(g. ) Professional Engineers must be employed in organizations that need them

/SO, for example, Ministries of Industries, Works, etc." 12/

To illustrate the above-described situation of engineers in Ghana, the salary

scales for lawyers, medical doctors and engineers as of June 1968, as well as a

graph of the progression of these personnel in the Ghana Civil Service, are given

below.

12/ Ayiku, 22...tLtt.
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Loss of trained Personnel

Ci the several causes of loss of personnel - death, retirement, failure to
keep up-to-date, emigration and low productivity (known also as under-employm-nt) -
the most serious, in terms of the categories of skills under consideration here,
are the last three. Passing reference has been made to the dangers of intellectual
rust", that is, failure to keep up-to-date with scientific and technological

developments, and of the problem of doctors trained abroad refusing to return home
upon completion of their training.

The size of the proble.I of outflow of trained personnel from developing
countries has been effectively delineated in a report by the Secretary-General of
the United Nations. 13/

For developing countries, the problem of "brain drain" is serious not in terms
of the absolute number of emigrant high-level personnel, for the numbers are small,
but rather in terms of the strategic or critical skills that are skimmed off.
Critical skills are thinly spread. Tb train a medical doctor overseas costs from
L41000 to L61000. Those specialists who emigrate are usually engineers, medical
personnel or scientists - categories of personnel of which scarcely any of the
developed countries, with the possible exception of the Union of Soviet Socialist
Republics, have sufficient supply. Other categories of scarce personnel lost
to developing countries are administrators, economists and agriculturalists. Of
this group, scme leave to take up employment with international agencies; and
while the number of such international employees is even smaller than those
otherwise lost, their loss to national development is unfortunate. This is not
to saylhowever, that had they remained in their posts in their home countries.
they would have been given an opportunity to utilize their expertise to the
fullest degree. As an exponent of the Ghana Scholarships Secretariat stated
recently, "Fer professional men, Ghana fil7nd that goes for other developing
countries tog in the foreseeable future, even if she strains her economy to pay
world-market salaries, cannot provide the conditions of workIthe equipment, the
infrastructure that exists in the affluent countries where the students have been
trained".

Remedies can be found only through a clear appreciation of the hard facts of
the economic and social factors that are underlying causes of intellectual and
technical exodus, much as a medical doctor's treatment and prescription are
preceded by the diagnosis.

Appeals to coascience and to a sense of patriotism are wholly beside the
point. As a former Special Commissioner for Redeployment of Labour in the
Government of Ghana, the author became well aware of the problem of misuse and
under-use of high-level manpower. Such specialists are either given jobs that are
not sufficiently challenging, or are placed in office posts when they should be
active in the field, or are assigned to posts having requirements that are not
remotely related to their qualifications.

13j Official Records of the General Assembly, TWenty-third Session, Annexes,
agenda item 47, document A/7294. See also documents E/4483/Add.1 and
E/4485/Add.2.



Other conditions that are frustrating to talented, high-level personnel in

developing countries are those concerning the virtual non-existence of capable

support staffs and technicians, without whom high-level personnel become rather

impotent. Ad to this the shortage of well-trained supervisors; productivity is

depressed because the importance of supervision is not sufficiently recognized.

These are factors that cannot be overcome by an appeal to national consciousness

or to a se3se of mission.

Conclusions

Important though the role of the State may be in providing the avenues and

conditions favourable for the career prospecta of scientists and technical

personnel in the Public Service, the onus of bringing about a recognition of the

career needs of scientific and technical personnel, and the crucial contribution

that these professional categories can make to national development rests on the

professional associations themselves. Members of the professions must organize

themselves. Having done so, they must then bend their efforts to the raising of

their professional status in the community. Respect for individual professions

is a function of their collective quality of performance and service in their

home societies. High salaries, in themselves, will not engeLder social respect

or acceptance; high standards of technical qualifications and of service are the

secrets of success.
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ANNEX I

SURVEY OF HIGH-LEVEL MANPOWER IN GHANA

Table 2. Employment, by group and by occupation, 1960

Number reported employed Vdcant posts
as of March 1960 1960

Professional group

49 13Architects and town-planners
(0-01)

Engineers (0-02)

Civil engineers (0-02 02-22) 234 70

Electrical engineers
(0-02 24-36) 84 20

Mechanical engineers
(0-02 38-58) 181 25

Chemical and metallurgical
engineers (0-02 60-72) 5

Mining engineers (0-02 74-82) 42

Total engineers a/ 546 115

Law officers (L-81) 1/ 33 2

Editors (0-92) 62 2

Accountants (0-Y110) 391 33

Social scientists

Econcmists (0-Y420) lo 3

Statisticians (0-Y440) 9 4

Sociologists (0-Y920) 7

Total social scientists 26 7

Physical scientists

Chemists (0-11) 12 6

Geologists (0-19, 30) 13 314

Other physical scientists 13 -

Total physical scientists 47 4o

Biological scientists

Botanists (0-22, 20) 19 2

Zoolcgists (0-22, 30) 12 3

Total biological scientists 31 5

Medical doctors 310 161

Dentists 16 5

Pharmacists 300 27

Agriculturalists (professional) 167 22

-17-
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ANNEX I (continued)

Number reported employed Vacant posts

as of March 1960 1960

Teachers

Primary and middle schools 12,900

Secondary schools 700 200

Technical Institute 181 30

Teacher Training College 348 25

University College staff 142 -

Kumasi College staff 74 -

Total teachers

Librarians (0-Y3)
Surveyors (0-03)
Auditors (0-Y1-20)

141345

20
183

37

255

5
.

_

Other professionals 10

Total 16)573 -675

Administrative-managerial
group

Government and local officials
(1-01) 1)680 63

Mining) manufacturing, construction)
electricity) water-supply etc.

(1-11) 881 -

Wholesale and retail trade (1-11) 523 -

Banks) financial institutions
(1-13) 370

Transport) storage and
communications (1-14) 113 -

Service industries (1-15) 59 .

Other industries 403

Total --IFTE,f -65

Subprofessional and technical

group

Agricultural technicians
Draughtsmen (0-X1)
Engineering and science technicians

385

339

(0-X9)
11262 -

Medical technicians 350 4

Nurses and midwives 2)600

Engineering and deck officers
(ocean transport) (6-01-02) 147

Aircraft pilots (6-21) 20

Designers
Total 5)003

Source: Survey of High-level Manpower in Ghana) (Accra) Gmernwnt Printer, 1961))

p. 13) table IIA. -18-

a/ Including n.e.c.
b/ Government only.



T
a
b
l
e
 
3
.

D
i
s
t
r
i
b
u
t
i
o
n
 
o
f
 
s
e
n
i
o
r
 
s
a
l
a
r
i
e
d
 
p
e
r
s
o
n
n
e
l
y
-a
/
b
y
 
o
c
c
u
p
a
t
i
o
n
a
l
 
g
r
o
u
p

O
c
c
u
p
a
t
i
o
n
a
l
 
g
r
o
u
p

N
d
m
b
e
r
 
a
s
 
o
f

N
U
m
b
e
r

A
d
d
i
t
i
o
n
a
l

R
e
p
l
a
c
e
m
e
n
t
s

A
d
d
i
t
i
o
n
a
l
 
p
g
r
s
o
n
n
e
l

p
r
o
j
e
c
t
e
d
 
b
y

M
O
r
d
h
 
1
9
6
0

1
2
2
1
1
1
2
1
1
1
E

L
o
s
s
e
s

&
p
a
t
r
i
o
t
s

r
e
q
u
i
r
e
d
 
b
/

J
a
y
 
1
9
6
5

A
r
c
h
i
t
e
c
t
s
 
a
n
d
 
t
o
w
n
-
p
l
a
n
n
e
r
s

4
9

6
3

1
4

1
4

1
8

4
6

S
u
r
v
e
y
o
r
s

1
8
3

2
4
6

6
3

2
9

6
9
8

23
2

30
9

7
7

4
3

2
4

14
4

I
S
i
E
t
t
E
E

C
i
v
i
l

2
3
4

3
3
0

96
65

6 
5

2
2
6

E
l
e
c
t
r
i
c
a
l

8
4

1
7
8

9
4

1
9

2
9

1
4
2

M
e
c
h
a
n
i
c
a
l

1
8
1

2
6
3

8
 
2

4
9

2
0

1
5
1

C
h
e
m
i
c
a
l
 
a
n
d
 
m
e
t
a
l
l
u
r
g
i
c
a
l

5
2
 
0

1
5

2
0

1
7

M
i
n
i
n
g

4
2

5
6

1
4

1
1

6
3
1

5
4
6

3
4
7

3
0
1

1
4
6

1
2
0

5
6
7

S
c
i
e
n
t
i
s
t
s

C
h
e
m
i
s
t
s

2
1

3
4

1
3

5
4

2
2

G
e
o
l
o
g
i
s
t
s

1
3

5
5

4
2

4
2
6

7
2

O
t
h
e
r
 
p
h
y
s
i
c
a
l
 
s
c
i
e
n
t
i
s
t
s

1
3

1
4

1
4

6
1
1

B
o
t
a
n
i
s
t
s

1
9

2
3

4
4

8
Z
o
o
l
o
g
i
s
t
s

1
2

1
0

2
4

2

7
8

1
3
6

5
8

2
1

3
6

1
1
5

S
o
c
i
a
l
 
s
c
i
e
n
t
i
s
t
s

E
c
o
n
o
m
i
s
t
s

1
0

1
2

2
3

2
7

S
t
a
t
i
s
t
i
c
i
a
n
s

9
2
9

2
0

2
9

3
1

S
o
c
i
o
l
o
g
i
s
t
s

7
8

1
1

2

2 
6

4 
9

2
3

6
1
1

4
o



T
a
b
l
e
 
3
 
(
c
o
n
t
i
n
u
e
d
)

i
k
i

i
4
4
6

/ n
.
) 0 I

O
c
c
u
p
a
t
i
o
n
a
l
 
g
r
o
u
t

N
u
m
b
e
r

N
U
M
b
e
r

A
d
d
i
t
i
o
n
a
l

R
e
p
l
a
c
e
m
e
n
t
s

A
d
d
i
t
i
o
n
a
l
 
p
e
r
s
o
n
n
e
l

1
1
W

p
r
o
j
e
c
t
e
d
 
b
y

p
o
s
i
t
i
o
n
s

L
o
s
s
e
s

E
A
p
a
t
r
i
a
t
e

r
e
q
u
i
r
e
d
.
 
I
D
/

J
a
y
 
1
9
6
5

c
L
a
w
y
e
r
s
/-

E
d
i
t
o
r
s

A
g
r
i
c
u
l
t
u
r
e
,
 
f
o
r
e
s
t
r
y
,
 
f
i
s
h
i
n
g

O
t
h
e
r
 
p
r
o
f
e
s
s
i
o
n
a
l
s
 
(
e
.
g
.
,

a
c
c
o
u
n
t
a
n
t
s
,
 
a
u
d
i
t
o
r
s
,

l
i
b
r
a
r
i
a
n
s
)

A
d
m
i
n
i
s
t
r
a
t
i
v
e
-
m
a
n
a
g
e
r
i
a
l
 
g
r
o
u
p

3
3

6
2

1
6
7

4
5
8

5
4

1
0
1

3
1
7

5
9
6

1
,
0
6
8

2
1 3
9

1
5
0

1
3
8

4 6

2
0

8 -

5
7

6
0

3
3

4
5

2
2
7

2
8
8

7
2
0

3
4
8

1
2
0

1
2
5

5
9
3

8
8
1

5
2
3

3
7
0

1
1
3 5
9

4
0
3

1
,
 
6
8
0

9
7
3

6
2
4

5
6
8

1
3
3
9
8

5
3
6

2
,
 
2
1
9

9
2

1
0
1

1
9
8

2
0

3
9

1
3
3

5
3
9

1
3
7
8
6

5
6

2
1 7

4
 
3

1
4
0

- - - - - 3
1

2
2
9

1
8
7

2
5
4

4
1 4
6

1
7
6

7
1
0

M
a
n
u
f
a
c
t
u
r
i
n
g
,
 
c
o
n
s
t
r
u
c
t
i
o
n
 
a
n
d

m
i
n
i
n
g

W
h
o
l
e
s
a
l
e
 
a
n
d
 
r
e
t
a
i
l
 
t
r
a
d
e

B
a
n
k
i
n
g
 
a
n
d
 
f
i
n
a
n
c
e

T
r
a
n
s
p
o
r
t
 
a
n
d
 
c
o
m
m
e
r
c
e

S
e
r
v
i
c
e
 
i
m
i
u
s
t
r
i
e
s

O
t
h
e
r
 
i
n
d
u
s
t
r
i
e
s

G
o
v
e
r
n
m
e
n
t
 
a
n
d
 
o
t
h
e
r
 
o
f
f
i
c
i
a
l
s

M
e
d
i
c
a
l
 
p
e
r
s
o
n
n
e
l

4
,
0
2
9

5
,
1
5
1

ai
l=

1
,
2
1
0

3
3

3
6
0

1
,
1
2
2

Z
IN

IE
=

C
11

16

9
0
0

1
7 6
0

4
9
0

S
IM

IM

3
0
0 o

l
o

3
1

1
,
6
4
3

=
=
=
s
i
s

3
1
0
1
6

3
0
0

M
E

M

1
2
5

- -

M
III

IIM
IIM

M

1
,
3
2
5
1
7
7
0

D
e
n
t
i
s
t
s

P
h
a
r
m
a
c
i
s
t
s

6
2
6

1
,
6
0
3

9
7
7

3
1
0

1
2
5

1
,
4
1
2

'
D
o
t
a
l

6
,
2
5
7

9
,
1
6
3

2
,
9
0
6

1
,
1
3
6

4
7
2

4
,
5
1
4

S
o
u
r
c
e
:

S
u
r
v
e
y
 
o
f
 
H
i
g
h
-
l
e
v
e
l
 
M
a
n
p
o
w
e
r
 
i
n
G
h
a
n
a
 
(
A
c
c
r
a
,
 
G
o
v
e
r
n
m
e
n
t
 
P
r
i
n
t
e
r
,
 
1
9
6
1
)
,
 
p
.
 
2
2
,

t
a
b
l
e
 
I
V
A
.

a
/
 
P
o
s
i
t
i
o
n
s
 
r
e
q
u
i
r
i
n
g
 
u
n
i
v
e
r
s
i
t
y
 
d
e
g
r
e
e
 
o
r

t
h
e
 
e
q
u
i
v
a
l
e
n
t
.

b
/

I
n
c
l
u
d
i
n
g
 
r
e
p
l
a
c
e
m
e
n
t
s
 
o
f
 
p
e
r
s
o
n
n
e
l

l
o
s
t
.

s
i
 
G
o
v
e
r
n
m
e
n
t
 
s
e
r
v
i
c
e
 
o
n
l
y
.



T
a
b
l
e
 
4
.

E
M
p
l
o
y
m
e
n
t
 
i
n
 
1
9
6
0
 
a
n
d
 
f
u
t
u
r
e
 
p
r
o
j
e
c
t
i
o
n
s
,
 
b
y
p
e
r
s
o
n
n
e
l
 
g
r
o
u
p

P
e
r
s
o
n
n
e
l
 
g
r
o
u
p

N
U
M
b
e
r

P
r
o
j
e
c
t
e
d
 
n
u
m
b
e
r
 
r
e
q
u
i
r
e
d
 
t
o
 
b
e

r
e
p
o
r
t
e
d

e
m
p
l
o
y
e
d

e
m
p
l
o
y
e
d

A
s
 
o
f

A
s
 
o
f

A
s
 
o
f

M
a
r
c
h
 
1
9
6
0

J
u
1
y
 
1
9
6
1

J
u
l
y
 
1
9
6
3

J
u
1
y
 
1
9
6
5

E
s
t
i
m
a
t
e
d

l
o
s
s
e
s

1
9
6
0
-
1
9
6
5

E
s
t
i
m
e
d
n
e
e
d
,

1
1

5
 
c

P
e
r
c
e
n
t
a
g
e

N
U
m
b
e
r

o
f
 
1
9
6
0
 
l
e
v
e
l

P
r
o
f
e
s
s
i
o
n
a
l

4
9

6
2

6
2

6
3

1
4

2
8

5
7

A
r
c
h
i
t
e
c
t
s
 
a
n
d
 
t
o
w
n
-
p
l
a
n
n
e
r
s
 
(
0
.
0
1
)

E
n
g
i
n
e
e
r
s
 
(
0
-
0
2
)

C
i
v
i
l
 
e
n
g
i
n
e
e
r
s
 
(
0
-
0
2
0
2
 
-
 
2
2
)

2
3
4

3
0
9

3
4
7

3
3
0

6
5

1
6
1

6
9

E
l
e
c
t
r
i
c
a
l
 
e
n
g
i
n
e
e
r
s
 
(
o
-
c
e
 
2
4
 
-
 
3
6
)

8
4

1
2
1

1
6
6

1
7
8

1
9

1
1
3

1
3
4

M
e
c
h
a
n
i
c
a
l
 
e
n
g
i
n
e
e
r
s
 
(
c
-
c
e
 
3
8
 
-
 
5
8
)

1
8
1

2
1
8

2
6
4

2
6
3

4
9

1
3
1

7
3

C
h
e
m
i
c
a
l
 
a
n
d
 
m
e
t
a
l
l
u
r
g
i
c
a
l
 
e
n
g
i
n
e
e
r
s

(
o
-
c
e
 
6
0
 
-
 
7
2
)

5
6

2
0

1
0

2
7

3
4
0

, w )
-
-
.

i

M
i
n
i
n
g
 
e
n
g
i
n
e
e
r
s
 
(
o
-
c
e
 
7
4
 
-
 
8
2
)

I
n
t
t
1
 
e
r
e
n
e
e
r
s
 
e
/

P
h
y
s
i
c
a
l
 
s
c
i
e
n
t
i
s
t
s

4
2

5
1

6
9
5

5
3

5
6

1
1

2
5

5
9

5
4
6

8
5
0

8
3
7

1
4
6

4
3
7

8
2

C
h
e
m
i
s
t
s
 
(
0
.
1
1
)

2
1

2
9

3
3

3
4

5
1
8

8
6

G
e
o
l
o
g
i
s
t
s
 
(
0
-
1
9
,
 
3
0
)

1
3

4
7

5
5

5
5

4
4
6

3
5
4

O
t
h
e
r
 
p
h
y
s
i
c
a
l
 
s
c
i
e
n
t
i
s
t
s

1
3

1
4

1
4

1
4

4
5

3
8

T
t
I
i
-
a
l
 
p
h
y
s
i
c
a
l
 
s
c
i
e
n
t
i
s
t
s

4
7

9
0

1
0
2

1
0
3

1
3

6
9

1
4
7

B
i
o
l
o
g
i
c
a
l
 
s
c
i
e
n
t
i
s
t
s

B
o
t
a
n
i
s
t
s
 
(
0
.
2
2
,
 
2
0
)

1
9

2
3

2
3

2
3

4
8

4
2

Z
o
o
l
o
g
i
s
t
s
 
(
0
-
2
2
,
 
3
0
)

1
2

1
3

1
0

1
0

4
2

1
7

T
b
t
a
l
 
b
i
o
l
o
g
i
c
a
l
 
s
c
i
e
n
t
i
s
t
s

3
1

3
6

3
3

3
3

8
1
0

3
2

T
O
t
a
l
 
s
c
i
e
n
t
i
s
t
s

7
8

1
2
6

1
3
5

1
3
6

2
1

7
9

1
0
1

A



T
a
b
l
e
 
4
 
(
c
o
n
t
i
n
u
e
d
)

P
e
r
;
o
n
n
e
l
 
g
r
o
u
p

N
u
m
b
e
r

P
r
o
j
e
c
t
e
d
 
n
u
m
b
e
r
 
r
e
q
u
i
r
e
d
 
t
o
 
b
e

E
s
t
i
m
a
t
e
d

E
s
t
t
7
_
i
n
m
.
e
d
s
s
n
e
e
d
,

1
1

5
 
c

r
e
p
o
r
t
e
d

e
m
p
l
o
y
e
d

l
o
s
s
e
s

1
9
6
0
-
1
9
6
5

e
m
p
l
o
y
e
d

A
s
 
o
f

A
s
 
o
f

A
s
 
o
f

B
U
m
b
e
r

P
e
r
c
e
n
t
a
g
e
 
o
f

1
9
6
0
 
l
e
v
e
l

M
a
r
c
h
 
1
9
6
0

j
u
l
y
 
1
9
6
1

J
U
l
y
 
1
9
6
3

J
u
l
y
 
1
9
6
5

P
r
o
f
e
s
s
i
o
n
a
l
 
(
c
o
n
t
i
n
u
e
d
)

33 6
2

3
9
1 9 7

46 7
8

4
4
1 8

53 9
2

4
8
9

1
2

2
4
. 8

54

1
0
1

5
°
4 10 2
9 7

4 6 82 3 2 1 6

2
5

4
5

1
9
5 5

2
2 2

76 73 5
0 50

2
4
4

2
9

L
a
w
 
o
f
f
i
c
e
r
s
 
(
0
-
8
1
)

E
d
i
t
o
r
s
 
(
0
-
9
2
)

A
c
c
o
u
n
t
a
n
t
s
 
(
0
-
Y
1
1
0
)

S
o
c
i
a
l
 
s
c
i
e
n
t
i
s
t
s

E
c
o
n
o
m
i
s
t
s
 
(
0
-
Y
4
2
0
)

S
t
a
t
i
s
t
i
c
i
a
n
s
 
(
0
-
Y
4
4
0
)

S
o
c
i
o
l
o
g
i
s
t
s
 
(
0
-
Y
9
2
0
)

T
b
t
a
l
 
s
o
c
i
a
l
 
s
c
i
e
n
t
i
s
t
s

O
t
h
e
r
 
p
r
o
f
e
s
s
i
o
n
a
l
s

A
g
r
i
c
u
l
t
u
r
a
l
i
s
t
s
1
2
1

M
e
d
i
c
a
l
 
d
o
c
t
o
r
s

D
e
n
t
i
s
t
s

P
h
a
r
m
a
c
i
s
t
s

2
6

39
44

48
29

1
3
2

=
IM

M
O

1
0

1
6
7

3
1
0

1
6

3
0
0

1
2

1
9
0

3
7
2 3
4

3
2
6

1
2

2
5
0

4
5
0

3
9

3
4
9

1
2

3
1
7

60
0

4
7

3
8
0

1

3
8

1
2
0 6

6
0

3

1
8
8

41
0 37

1
4
7

1
1
2

1
3
2

2
3
1

4
9



T
a
b
l
e
 
4
 
(
c
o
n
t
i
n
u
e
d
)

P
e
r
s
o
n
n
e
l
 
g
r
o
u
p

'
U
m
b
e
r

P
r
o
j
e
c
t
e
d
 
n
u
m
b
e
r
 
r
e
q
u
i
r
e
d
 
t
o
 
b
e

E
s
t
i
m
a
t
e
d

E
s
t
i
m
a
t
e
d
 
g
r
o
s
s
 
n
e
e
d
,

r
e
p
o
r
t
e
d

e
m
p
l
o
y
e
d

1
9
6
0
-
1
9
6
5

c
/

l
o
s
s
e
s

e
m
p
l
o
y
e
d

A
s
 
o
f

A
z
 
o
f

A
s
 
o
f

n
U
m
b
e
r

P
e
r
c
e
n
t
a
g
e
 
o
f

1
9
6
0
-
1
9
6
5

M
a
r
c
h
 
1
9
6
0

J
U
l
y
 
1
9
6
1

J
U
l
y
 
1
9
6
3

J
U
l
y
 
1
9
6
5

1
9
6
0
 
l
e
v
e
l

S
u
b
p
r
o
f
e
s
s
i
o
n
a
l
 
a
n
d
 
t
e
c
h
n
i
c
a
l

S
u
r
v
e
y
o
r
s
 
(
0
-
3
)

1
8
3

2
2
5

2
4
2

2
4
6

2
9

9
2

5
0

D
r
a
u
g
h
t
s
m
e
n
 
(
0
-
X
I
)

3
3
9

4
4
0
2
.

4
3
4

4
4
3

2
4

1
2
8

3
8

E
n
g
i
n
e
e
r
i
n
g
 
a
n
d
 
s
c
i
e
n
c
e
 
t
e
c
h
n
i
c
i
a
n
s
 
(
0
-
X
9
)

1
,
2
6
2

1
,
5
0
2

1
,
6
8
6

1
,
7
1
2

2
2
4

6
7
4

5
3

A
u
d
i
t
o
r
s
 
(
0
-
Y
1
-
2
0
)

3
7

3
9

4
1

4
3

4
1
0

2
7

L
i
b
r
a
r
i
a
n
 
(
0
-
Y
3
)

2
0

2
8

3
4

3
7

3
2
0

1
0
0

E
n
g
i
n
e
e
r
i
n
g
 
a
n
d
 
d
e
c
k
 
o
f
f
i
c
e
r
s
 
(
o
c
e
a
n

t
r
a
n
s
p
o
r
t
)

(
6
-
0
1
-
0
2
)

4
7

9
4

3
2
8

1
3
1

1
8

1
0
2

2
1
7

A
i
r
c
r
a
f
t
 
p
i
l
o
t
s
 
(
6
-
2
1
)

2
0

2
2

2
2

2
2

6
8

4
0

r" ,,
D
e
s
i
g
n
e
r
s

0
0

2
2

2
2

0
2
2

A
g
r
i
c
u
l
t
u
r
a
l
 
t
e
c
h
n
i
c
i
a
n
s

3
8
5

5
4
0

8
0
0

1
,
0
0
0

4
6

6
6
1

1
7
2

, m vs 1

N
u
r
s
e
s
 
a
n
d
 
m
i
d
w
i
v
e
s

M
e
d
i
c
a
l
 
t
e
c
h
n
i
c
i
a
n
s

2
0
6
0
0

3
5
0

2
,
9
2
4

3
9
4

3
,
3
6
1

4
8
1

4
0
1
0
0

5
3
0

5
0
0

1
0

2
,
0
0
0

1
9
0

7
7 5
4

T
b
t
a
l

_
_
.

5
,
2
4
3

6
,
1
7
0

7
,
2
5
1

8
,
2
8
6

8
6
4

3
,
9
0
7

7
5

A
d
m
i
n
i
s
t
r
a
t
i
v
e
 
a
n
d
 
m
a
n
a
g
e
r
i
a
l

G
o
v
e
r
n
m
e
n
t
 
a
n
d
 
l
o
c
a
l
 
o
f
f
i
c
i
a
l
s
 
(
1
-
0
1
)

1
,
6
8
0

2
,
0
1
2

2
,
1
3
9

2
,
2
1
9

1
4
0

6
7
9

4
0

M
i
n
i
n
g
,
 
m
a
n
u
f
a
c
t
u
r
i
n
g
,
 
c
o
n
s
t
r
u
c
t
i
o
n
,

e
l
e
c
t
r
i
c
i
t
y
,
 
w
a
t
e
r
-
s
u
p
p
l
y
 
e
t
c
.
 
(
1
-
1
1
)

8
8
3
.

9
3
0

9
4
7

9
7
3

1
3
7

2
2
9

2
6

W
h
o
l
e
s
a
l
e
 
a
n
d
 
r
e
t
a
i
l
 
t
r
a
d
e
s
 
(
1
-
1
2
)

5
2
3

5
4
3

5
8
1

6
2
4
.

8
6

1
8
7

3
6

B
a
n
k
s
,
 
f
i
n
a
n
c
i
a
l
 
i
n
s
t
i
t
u
t
i
o
n
s
 
(
1
-
1
3
)

3
7
0

5
0
6

4
8
0

5
6
8

5
6

2
5
4

6
9

T
r
a
n
s
p
o
r
t
,
 
s
t
o
r
a
g
e
 
E
n
d
 
c
o
m
u
n
i
c
a
t
i
o
n
s
 
(
1
-
1
4
)

1
1
3

1
2
7

1
3
1

1
3
3

2
1

4
-
1
.

3
6

S
e
r
v
i
c
e
 
i
n
d
u
s
t
r
i
e
s
 
(
1
-
1
5
)

5
9

7
6

9
3

9
8

7
4
6

7
8

O
t
h
e
r
 
i
n
d
u
s
t
r
i
e
s

4
0
3

4
7
4

5
0
5

5
3
6

4
3

1
7
6

4
4

T
o
t
a
l

4
.
,
o
2
9

4
,
6
6
8

4
,
8
7
6

5
,
1
5
1

4
9
0

1
,
6
1
2

4
0



T
a
b
l
e
 
4
 
(
c
o
n
t
i
n
u
e
d
)

P
e
r
s
o
n
n
e
l
 
g
r
o
u
p

R
U
m
b
e
r

1
2
.
2
2
n
1
1
_

e
m
p
l
o
y
e
d

W
i
r
t
h
 
1
9
6
0

P
r
o
j
e
c
t
e
d
 
n
u
m
b
e
r
 
r
e
q
u
i
r
e
d
 
t
o
 
b
e

e
m
p
l
o
y
e
d

A
s
 
o
f

A
s
 
o
f

A
s
 
o
f

J
U
l
y
 
1
9
6
1

J
a
y
 
1
9
6
3

J
a
y
 
1
9
6
5

E
s
t
i
m
a
t
e
d

l
o
s
s
e
s

Z
E
U
:
1
9
6
5

E
s
t
i
m
a
t
e
d
 
g
r
o
s
s
 
n
e
e
d
,
'

1
9
6
0
-
1
9
6
5
 
c
/

P
e
r
c
e
n
t
a
g
e
 
o
f
 
1
9
6
0

l
e
v
e
l

a
m
b
e
r

E
d
u
c
a
t
i
o
n

P
r
i
m
a
r
y
 
a
n
d
 
m
i
d
d
l
e
 
s
d
h
o
o
l

1
2
,
9
0
0

1
4
,
2
6
6

1
6
,
9
3
5

1
9
,
2
5
0

1
,
5
9
5

9
,
0
5
0

7
0

S
e
c
o
n
d
a
r
y

7
0
0

1
,
0
0
0

1
,
6
0
0

2
,
2
0
0

3
2
5

1
,
8
2
5

2
6
0

T
e
c
h
n
i
c
a
l

1
8
1

2
1
2

2
3
8

2
6
1

4
5

1
7
6

9
7

T
e
a
c
h
e
r
 
t
r
a
i
n
i
n
g

3
4
8

5
6
0

3
8
0

3
9
8

6
0

7
5

2
1

U
n
i
v
e
r
s
i
t
y
 
C
o
l
l
e
g
e

1
4
2

1
4
9

1
4
9

1
4
8

1
7

2
3

1
6

K
U
m
a
s
i
 
C
o
l
l
e
g
e
 
o
f
 
T
e
c
h
n
o
l
o
g
y

I
L
L

1
5
2
.

l
a

a
l

.
1
.
1
1

1
.
4
1
1

T
o
t
a
l

1
4
,
3
4
5

1
6
,
1
0
1

1
9
,
4
5
4

2
2
,
4
1
6

2
,
0
1
1
4

1
1
,
1
9
0

7
8

S
o
u
r
c
e
:

S
u
r
v
e
y
 
o
f
 
H
i
g
h
-
l
e
v
e
l
 
M
a
n
p
o
w
e
r
 
i
n
 
G
h
a
n
a
 
(
A
c
c
r
a
,
 
G
o
v
e
r
n
m
e
n
t
 
P
r
i
n
t
e
r
,

1
9
6
1
)
,
 
p
.
 
2
3
,
 
t
a
b
l
e
 
I
V
C
;
 
p
.
 
2
4
,
 
t
a
b
l
e
s
 
V
-
1
 
a
n
d
 
V
-
2
;

p
.
 
2
5
,
 
t
a
b
l
e
s
 
V
-
3
 
a
n
d
 
V
-
4
;
 
p
.

2
6
,
 
t
a
b
l
e
 
V
-
5
.

a
/

I
n
c
l
u
d
i
n
g
 
n
.
e
.
c
.

b
/

I
n
c
l
u
d
i
n
g
 
f
o
r
e
s
t
r
y
 
o
f
f
i
c
e
r
s
.

c
/

E
x
c
l
u
d
i
n
g
 
r
e
p
l
a
c
e
m
e
n
t
 
o
f
 
8
,
0
0
0
 
u
n
q
u
a
l
i
f
i
e
d
"
p
u
p
i
l
 
t
e
a
c
h
e
r
s
"
.

I
f
 
i
t
 
i
s
 
a
s
s
u
m
e
d
 
t
h
a
t
 
"
p
u
p
t
l
 
t
e
a
c
h
e
r
s
"
 
w
i
l
l
 
b
e
 
r
e
p
l
a
c
e
d
 
a
t

t
h
e

r
a
t
e
 
o
f
 
9
0
0
 
p
e
r
 
a
n
n
u
m
 
f
o
r
 
t
e
n
 
y
e
a
r
s
,
 
t
h
e
 
r
e
q
u
i
r
e
m
e
n
t
s
 
f
o
r
 
t
h
e

p
e
r
i
o
d
 
1
9
6
0
-
1
9
6
5
 
v
o
u
l
d
 
a
b
o
u
t
 
e
q
u
a
l
 
t
h
e
 
e
x
p
e
c
t
e
d
 
s
u
p
p
l
y
.

T
h
e

i
n
t
r
o
d
u
c
t
i
o
n
 
o
f
 
c
o
m
p
u
l
s
o
r
y
 
p
r
i
m
a
r
y
 
e
d
u
c
a
t
i
o
n
 
w
o
u
l
d
 
r
e
q
u
i
r
e
 
1
2
,
0
0
0
a
d
d
i
t
i
o
n
a
l
 
t
e
a
c
h
e
r
s
.



A
N
N
E
X
 
I
I

P
R
O
M
O
T
I
O
N
 
O
F
 
S
C
I
E
N
T
I
F
I
C
 
A
C
T
I
V
I
T
Y
 
I
N
 
T
R
O
P
I
C
A
L
 
A
F
R
I
C
A

T
a
b
l
e
 
5
.

N
a
t
i
o
n
a
l
 
s
c
i
e
n
c
e
 
p
o
l
i
c
y
 
p
l
a
n
n
i
n
g
 
i
n
s
t
i
t
u
t
i
o
n
s
 
i
n
 
i
n
t
e
r
t
r
o
p
i
c
a
l

c
o
u
n
t
r
i
e
s
 
o
f
 
A
f
r
i
c
a

C
o
u
n
t
r
y

I
.

N
a
t
i
o
n
a
l
 
s
c
i
e
n
c
e
 
p
o
l
i
c
y
 
p
l
a
n
n
i
n
g
 
i
n
s
t
i
t
u
t
i
o
n

I
I
.

N
a
t
i
o
n
a
l
 
d
e
v
e
l
o
p
m
e
n
t
 
p
l
a
n
n
i
n
g
 
i
n
s
t
i
t
u
t
i
o
n

L
e
g
a
l

D
a
t
e
 
o
f

C
o
n
t
r
o
l
l
i
n
g

e
s
t
a
b
l
i
s
h
m
e
n
t

e
s
t
a
b
l
i
s
h
m
e
n
t

D
a
t
e
 
o
f
 
f
i
r
s
t

e
v
a
l
u
a
t
i
o
n
 
o
f

s
c
i
e
n
t
i
f
i
c
 
a
n
d

t
e
c
h
n
i
c
a
l

L
o
t
e
n
t
i
a
l

B
u
r
u
n
d
i

I
.

-

I
I
.

M
i
n
i
s
t
a
r
e
 
d
u
 
P
l
a
n
 
e
t
 
d
u
 
d
g
v
e
l
o
p
p
e
m
e
n
t

1
9
6
4

C
a
M
e
r
o
o
n

I
.

O
f
f
i
c
e
 
n
a
t
i
o
n
a
l
 
d
e
 
l
a
 
r
e
c
h
e
r
c
h
e
 
s
c
i
e
n
t
i
f
i
q
u
e

M
i
n
i
s
t
f
r
e

e
t
 
t
e
c
h
n
i
q
u
e

L
o
i
 
i
l
d
i
r
a
l
e

M
a
y
 
1
9
6
6

d
u
 
P
l
a
n
 
e
t

M
a
y
 
1
9
6
6

d
u
 
d
e
v
e
l
o
p
-

p
e
m
e
n
t

I
I
.

M
i
n
i
s
t
a
r
e
 
d
u
 
P
l
a
n
 
e
t

iii
u
d
i
v
e
l
o
p
p
e
m
e
n
t

D
d
c
r
e
t

l
i
t
s
y

19
66

P
r
k
s
i
d
e
n
t
 
d
e

l
a
 
*
o
b
l
i
q
u
e

a
d
d
r
a
l
e

C
o
n
g
o

(
B
r
a
z
z
a
v
i
l
l
e
A
/

I
.

C
o
n
s
e
i
l
 
n
a
t
i
o
n
a
l
 
d
e
 
l
a
 
r
e
d
h
e
r
c
h
e
 
s
c
i
e
n
t
i
f
i
q
u
e

D
d
c
r
e
t

1
9
6
6

I
v
o
r
y
 
C
o
a
s
t

I
.

I
I
.

M
i
n
i
s
t
a
r
e
 
d
u
 
P
l
a
n

D
a
h
o
m
e
y

I
.

I
I
.

M
i
n
i
s
t
b
r
e
 
d
e
 
l
'
e
c
o
n
o
m
i
e
 
e
t
 
d
u
 
P
l
a
n

E
t
h
i
o
p
i
a

I
.

I
I
.

M
i
n
i
s
t
r
y
 
o
f
 
P
l
a
n
n
i
n
g
 
a
n
d
 
D
e
v
e
l
o
p
m
e
n
t

.
I
m
p
e
r
i
a
l

D
e
c
r
e
e

G
a
b
o
n

I
.

-

I
I
.

C
o
m
m
i
s
s
a
r
i
a
t
 
d
u
 
P
l
a
n

19
59

D
d
c
r
e
t

1
9
6
0

M
i
n
i
s
t
A
r
e

c
h
a
r
g
e
 
d
u
 
P
l
a
n

J
a
n
u
a
r
y
 
1
9
6
3

M
i
n
i
s
t
r
y
 
o
f

E
d
u
c
a
t
i
o
n

G
h
a
n
a

I
.

G
h
a
n
a
 
A
g
a
d
e
m
y
 
o
f
 
S
c
i
e
n
c
e
s

E
X
e
c
u
t
i
v
e

I
n
a
t
i
-
u
s
e
n
t

U
p
p
e
r
 
V
o
l
t
a

K
e
n
y
a

I
I
.

M
i
n
i
s
t
r
y
 
o
f
 
E
c
o
n
o
m
i
c
 
P
l
a
n
n
i
n
g

I.
I
I
.

M
i
n
i
s
t
a
r
e
 
d
u
 
P
l
a
n

I.
/
/
.

M
i
n
i
s
t
r
y
 
o
f
 
E
c
o
n
o
m
i
c
 
P
l
a
n
n
i
n
g
 
a
n
d

D
e
v
e
l
o
p
m
e
n
t

19
60

1
.
9
6
5



T
a
b
l
e
 
5
 
(
c
o
n
t
i
n
u
e
d
)

C
o
u
n
t
r
y
,

I
.

N
a
t
i
o
n
a
l
 
s
c
i
e
n
c
e
 
p
o
l
i
c
y
 
p
l
a
n
n
i
n
g
 
i
n
s
t
i
t
u
t
i
o
n

L
e
g
a
l

D
a
t
e
 
o
f

C
o
n
t
r
o
l
l
i
n
g

D
a
t
e
 
o
f
 
f
i
r
s
t

I
I
.

N
a
t
i
o
n
a
l
 
d
e
v
e
l
o
p
m
e
n
t
 
p
l
a
n
n
i
n
g
 
i
n
s
t
i
t
u
t
i
o
n

e
s
t
a
b
l
i
s
h
m
e
n
t

e
s
t
a
b
l
i
s
h
m
e
n
t

.
i

e
v
a
l
u
a
t
i
o
n
 
o
f

s
c
i
e
n
t
i
f
i
c
 
a
n
d

t
e
c
h
n
i
c
a
l

p
c
:
:
r
a
n
t
i

L
i
b
e
r
i
a

-

I
I
.

D
e
p
a
r
t
m
e
n
t
 
o
f
 
N
a
t
i
o
n
a
l
 
P
l
a
n
n
i
n
g
 
a
n
d
 
E
c
o
n
o
m
i
c

A
f
f
a
i
r
s

A
c
t
 
o
f

l
e
g
i
s
l
a
t
u
r
e

1
9
6
0

S
e
c
r
e
t
a
i
*
 
o
f

N
a
t
i
o
n
a
l

P
l
a
n
n
i
n
g
 
a
n
d

S
t
a
f
f
 
o
f

D
e
p
a
r
t
m
e
n
t

M
a
d
a
g
a
s
c
a
r

I
.

C
o
m
i
a
 
n
a
t
i
o
n
a
l
 
d
e
 
l
a
 
r
e
c
h
e
r
c
h
e
 
s
c
i
e
n
t
i
f
i
q
u
7

D
i
c
r
e
t

1
9
6
1
;

r
i
c
e
-
P
r
4
s
i
d
e
n
c
e

e
t
 
t
e
c
h
n
i
q
u
e

p
r
i
s
i
d
e
n
t
i
e
l

r
e
o
r
g
a
n
i
z
e
d

i
n
 
1
9
6
3

d
u
 
g
o
u
v
e
r
n
e
m
e
n
t

I
I
.

C
c
e
m
i
s
s
a
r
i
a
t
 
g
e
n
e
r
a
l
 
a
u
 
P
l
a
n

D
e
c
r
e
t

p
r
i
s
i
d
e
n
t
i
e
l

J
U
l
y
 
1
9
6
0

P
r
i
s
i
d
e
n
c
e
 
d
e

l
a
 
R
e
p
u
b
l
i
q
u
e

M
a
l
a
w
i

I
.

-

I
I
.

M
i
n
i
s
t
r
y
 
o
f
 
P
l
a
n
n
i
n
g
 
a
n
d
 
D
e
v
e
l
o
p
m
e
n
t

-

M
a
l
i

I
.

C
o
n
s
e
i
l
 
n
a
t
i
o
n
a
l
 
d
e
 
l
a
 
r
e
c
h
e
r
c
h
e
 
s
c
i
e
n
t
i
f
i
q
u
e

e
t
 
t
e
c
h
n
i
q
u
e

L
o
d

3
0
 
J
a
n
u
a
r
y

1
9
6
7

P
r
e
s
i
d
e
n
c
e
 
d
u

C
h
e
f
 
d
e
 
l
'
E
t
a
t

N
i
g
e
r
i
a

I
.

N
i
g
e
r
i
a
n
 
C
o
u
n
c
i
l
 
f
o
r
 
S
c
i
e
n
t
i
f
i
c
 
a
n
d

F
e
d
e
r
a
l

D
e
c
e
m
b
e
r
 
1
9
6
6

F
e
d
e
r
a
l

I
n
d
u
s
t
r
i
a
l
 
R
e
s
e
a
r
c
h

G
o
v
e
r
n
m
e
n
t

G
o
v
e
r
n
m
e
n
t
 
o
f

D
e
c
r
e
e

N
i
g
e
r
i
a

R
w
a
n
d
a

I
.

-
-

-

I
I
.

N
i
n
i
s
t
a
r
e
 
d
u
 
P
l
a
n
 
e
t
 
d
e
 
l
a
 
c
o
o
p
e
r
a
t
i
o
n

I
n
t
e
r
n
a
t
i
o
n
a
l
e

D
e
c
l
a
r
a
t
i
o
n

g
o
u
v
e
r
n
m
e
n
t
a
l
e

N
o
v
e
m
b
e
r
 
1
9
6
6

S
e
n
e
g
a
l

I
.

C
o
n
s
e
i
l
 
i
n
t
e
r
m
i
n
i
s
t
e
r
i
e
l
 
d
e
 
l
a
 
r
e
c
h
e
r
c
h
e

s
c
i
e
n
t
i
f
i
q
u
e
 
e
t
 
t
e
c
h
n
i
q
u
e

D
e
c
r
e
t

O
c
t
o
t
e
r
 
1
9
6
6

P
r
e
s
i
d
e
n
c
e
 
d
e

l
a
 
R
e
p
u
b
l
i
q
u
e

I
I
.

M
i
n
i
s
t
4
r
e
 
d
u
 
P
l
a
n
 
e
t
 
d
u
 
d
i
v
e
l
o
p
p
e
m
e
n
t

D
e
c
e
m
b
e
r
 
1
9
6
2

P
r
e
s
i
d
e
n
c
e
 
d
e

l
a
 
R
e
p
u
b
l
i
q
u
e

T
o
g
o

I
.

-
-

I
:
.

H
a
u
t
 
C
o
m
m
i
s
s
a
r
i
a
t
 
a
u
 
P
l
a
n

D
e
c
r
e
t

P
r
e
s
i
d
e
n
t
i
a
l

1
9
6
4
/
1
9
6
5

P
r
i
s
i
d
e
n
c
e
 
d
e

l
a
 
M
p
u
b
l
i
q
u
e

Z
a
m
b
i
a

I
.

N
a
t
i
o
n
s
:
I
 
C
o
u
n
c
i
l
 
f
o
r
 
S
c
i
e
n
t
i
f
i
c
 
R
e
s
e
a
r
c
h

A
c
t
 
o
f

A
i
l
l
 
1
9
6
7

A
u
t
o
n
o
m
o
u
s

P
a
r
l
i
a
m
e
n
t

I
I
.

O
f
f
i
c
e
 
o
f
 
N
a
t
i
o
n
a
l
 
D
e
v
e
l
o
p
m
e
n
t
 
a
n
d
 
P
l
a
n
n
i
n
g

P
r
e
s
i
d
e
n
t
i
a
l

1
9
6
5

G
o
v
e
r
n
m
e
n
t

D
e
c
r
e
e

1
9
6
7

a
/

N
o
w
 
k
n
o
w
n
 
a
s
 
t
h
e
 
P
e
o
p
l
e
'
s
 
R
e
p
u
b
l
i
c
 
o
f
 
t
h
e
 
C
o
n
g
o
.



ANNEX III

SCIENTIFIC MANPOWER IN GRAM

Table 6. Ghana: estisateA number of graduate scientists, December 1966

Biological sciences

Agriculture
a/

Agriculture- 430
Forestry 34
Fisheries 14
Veterinary 15
Soil science 10

Medicine b/
562Medical practice-

Dentistry 37
Pharmacy 82
00hthalmic optician 12
Physiotherapy 9
Other medical specialties 35

General
NutriAdon, food science and biodumdstry 26
Botany 32
Zoology 48
Biology c/ 11

Total biological sciences

Physical sciences

Eflgineering di
Engineering-I 361
Architecture 46
Physical planning and design 70

Earth sciences
Geology 22
land surveys 8

General

=11

Meteorology 9
Chemistry 43
Physics 72
Mathematics 48

503

737

117,

LAI

477

174

Total physical sciences 681

Total all sciences 2412

Source: Ghana, Report of the Conmittee of EXperts to Ad1,1se on the FUture of the Ghana Academy
of Sciences (Accra, Ghana Information Services, 1967)2 p. 29.

Note: These data represent only those scientists included in the calendars of the universities
in Ghana, the staff list of the senior Civil Service Commission, estimates for the
private sector and registers of occupational groups. Scientists employed 6y specialized
agencies of the United Nations, in tedhnical assistance programmes of foreign Governments
and 6y religious bodies are excluded unless listed in the above-mentioned sources.

.s,/ Including specialists not clearly Shown in the sources.

b/ Including specialists.

c/ Including hydrobiology.

d/ Including all types of engineers.
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Table 7. Ghana: distribution of scientists by field of specialization, December 1967

(Figures in parentheses indicate Ghamaian personnel)

Scientific field

Bpctor

General Higher Business

Governnerrt education enterprise
Total

Natural sciences

Physical sciences
Mathematicians 40

Physicists 37

Geologists, earth scientists,
geophysicists 44

Chemists 34

Mb-total 155

Biological sciences
Botanists a/
Biologists b/ 19

Zoologists c/ 36

NUtritionists, food scientists,
biochemists 28

Sub-total 95

General science graduates and
unspecified specialist degrees

Group total

Engineering
wisineera: till type

Group tots'

347

597

291

Medical science
Physicians 502

Dentists 22

Pharmacists (graduates) 20
NUrses (graduates) 5

Group total 349

Agriculture
Agronomists and rural scientists 116

Forestry scientists 33
Soil scientists 10

Fishery scientists 11

Veterinarians 11

Grcup total

Grand total

181

1,418

( - ) 34 (16)

( 7) 34 (16) 1

( 16)
28 0 1;( 10)

IMM

( 33) 101 (43) 20

16 5) 1
9 6)

( 18) 19 3)

( 25) 15 ( 5) 5

-- --
( 57) 59 (17) 6

(108) 8

(198) 160 (60) 34

(153) 62 (37) 262

49 (39) 197
18 11
20 21 (13) 8
5 4 ( 1)

aMIMIN 11
(200) 74 (33) 216

(116) 48 (36) 25

( 33)
10) 3 ( 2)

11)
11) 4 ( 3)

(739) 351 (191) 537

(181) 55 (41) 25
=1.1.

- 74 ( 16)
( 1) 72 ( 22)

3
56 ( 19)
74 ( 24)

( 5) 276 ( 81)

( 1) 29 ( 14)
28 ( 10)
55 ( 21)

( 2) 48 ( 34)

--
( 3) 160 ( 77)

( 4) 355 (112)

(72) 791 (270)

(126) 615 (316)

49) 548 245
11) 33 29

5) 48 38
9 6

6.0.0M

( 65) 639 (318)

( 25) 189 177)
33 33)

- 13
- 11 11
- 15 14

( 25) 261 (247)
MIIIMMOM

(128) 2,306 (1.151)

Source: Peter Nonkoh, "A survey of scientific high-level manpower in Ghana", unpublished

manuscript.

a/ Including mycologists and plant geneticists.

b/ Including hydrobiologists.

c/ Including entomologists and parsitologists.

51/ Mainly electrical, civil, mechanical and chemical engineers.
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ANNEX IV

DISTRIBUTION OF STUDENTS AT UNIVERSITIES IN GHANA

Table 8. University of Ghana, Legon: number of students enrolled, by course, 1961/62-1965/66

Course 1261/62 1962J6 1963/64 126.4a2 1965/66

Arts 340 540 629 786 818

Law (Bachelor of Arts) 68 94 75 96

Law (Bachelor of Laws) - - 43 41 146

Economics 70 47 75 98 129

Administration (Bachelor of Science) - 38 92 133 145

Agriculture (Bachelor of Science) 33 42- 27 25 42

Science 93 78 93 136 181

Medicine - 51 71 82 102

Education 33 36 33 -

Social administration 30 31 33 37 ,37

Diploma in nursing - - 20 4o 44

Licentiate in theology - 5 8 8 9

Non-degree courses of the Institute of African Studies - 4 25 70 130

Non-degree courses of the School of Administration . . - 183 73 120 145

Special admission 9 8 5 8 5

Special course in law - - 24 24

Master of Arts - 14 39 48 36

Education (Master of Science) - - 1 -

Master of Science - 3 19 16 9

Research students 6 3 11 5 8

Post-graduate diploma - 2 7 5

Other hiOer degrees - - - 12 10

Tbtal 682 1,174 1,397 1,793 2l00l

Source: Ghana, Report of the Committee to Advise on the FUture of the Ghana Academy of Sciences (Accra, Ghana
Information Services, 1967), p. 58.
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Table 9. University of Ghana: provisional enrolment by faculty 1966/67

First year Second year Ihirlymar Total

Undergraduates

Arts and social stulies

Special admdssian 6 1 -

Bachelor of Arts 368 289 249

Economics.
52 75

Administration 60 46 48
_-_

.454 388 372 1,194

Agriculture (Bachelor of Science) 21 14 5 40

Science

Bachelor of Science 122 56 46

Pre-medical 62 - -

lay

Medical school

Post-Graduates

184 56 46 286

36 36 35
a39I-

36 36 74 146

101 101

Arts and social studies

Master of Arts 10 15 -

Research 7 . -

Diploma 6 - -

Science

Master of Science

Research

23 15 38

4 8

1

5 8

Agriaulture
2

Research '1

3

Diplomas and certificates

Arts and social studies 171

Agriculture 9

Total number of students

115

13

3

49 335

9

2,170

Source: Ghana, Report of the Committee of Experts to Advise on the Future of the Ghana Academy of Sciences

(Accra, Ghana Information Services, 1967), p. 59.

a/ Practiced..

34 -
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Table 10. University of Science and Technology, Kumasi:
student enrolment, by faculty, 1960/61-1966/67

Faculty/department 1960/61 1961/62 1962/63 1963/64 1964/65 1965/66 1966/67IN
Agriculture 74 71 59 47 414. 51 141

Architecture 79 95 ull. 125 189 153 200

Fine arts and crafts 22 34 30 51 80 324 136

Thvgineering 135 2014 276 276 321 357 302

Pharmacy 29 22 14.9 59 86 94 71

sciencel/ 194 228 208 250 379 543 362

Liberal and social studies - 55 - - - 118 88

Total 533 709 736 808 1,099 1,411.0 1,300

Source: Mama, Report of the Conunittee of libcperts to Advise on the Future of the Ghana
Academy of Sciences, (Accra, Ghana Information Services, 1967), p. 61.

a/ Preliminary science course: Two-year courses in biology, chemistry, physics, mathematics,
leading to G.C.E. "A" level; first year.= 55; second year = 206.

Degree courses: Four-year courses in applied biochemistry, applied physics, chemical
technology, leading to degree of Bachelor of Science:

Course First year Second year Third year Fourth year

Applied biochemistry 15 9 6 10

Chemical technology 7 3 - 2

Applied physics 29 14 5

Total 51 26 U 12
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ANNEX VI

ENTRY POINTS FOR PROFESSICNALS IN THE PUBLIC SERVICES IN GHANA*

".:41. The very clear and logical rules laid down by a working party on salaries of
graduate and professional grades in the Civil Service in 1960 seem to have become
obscured over the years. These rules are as follows:

'18. For posts which require a graduate qualification, which may normally
be obtained in three years, candidates should enter at the minimum point
of the appropriate scale.

119. Ne consider that where a post requixes post-graduate training as a
condition precedent to appointment, a candidate should be granted two
inmmental credits for every year of sudh training. Thus where a candidate
for appointment is required to have one year's post-graduate training before
appointment he should be eligible to receive two incremental credits and
enter at the third entry point.

20. Serving officers who undertake post-graduate or post-qualification
training should not, in our view be eligible for the credits recommended in
paragraph 19. Such officers will be receiving a salary and earning pension
and will be acquiring seniorfty while undergoing such training. Those who
are required to spend additional years to acquire post-graduate qualification
lose these benefits by comparison with their contemporaries who enter the
Service immediately after graduation. The two incremental credits
recommended for each year of necessary post-graduate training are intended
to compensate them for this loss.

121. Where a course lasts more than three years, two increments should be
awarded for each additional year. Thus a candidate who enters the Civil
Service with a degree whidh normally requires four years' training, i.e.,
one year in excess of the normal three-year degree course, would receive two
incremental credits and enter at the third entry podnt.

'22. For those persons who may have obtained a degree or qualification
in a University or Institution "outside Ghana the entry point in the relevant
scale should be calculated on the length of time the corresponding
qualification could have been attained at an institution in Ghana".

"3/42. We recommend that these rules be applied to determine the entry range for the
following types of post: Engineers, Surveyors, Architects, Geologists, Veterinary
Officers, Agricultural Officers, Scientific Officers, Forestry Officers, Fisheries

Material in this annex is excerpted from Ghana Ministry of Infornation,
Report of the Commission on the Structure and Remuneration of the Public
Services in Ghana (Accra, 1967), pp. 52-54.
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Officers, Statisticians (First or Upper Second Class Honours degree or a post-

graduate diploma), Economists (First or Upper Second Class Honours degree),

Professional Accountants, Game Wardens, Inspectors of Mines, Factories and

Machinery, Town Planning Officers, Meteorologists.

"343. Subject to their satisfying a strict test of professional and managerial

competence and performance on somewhat the same lines as for Administrative

Officers; Professional Officers would qualify for advancement to the main operative

grade - NO2,580-3,984 - after three years' satisfactory service or practical

experience. 1.ri those professions (e.g., Architecture) in which there is a

recognized full professional qualification (as opposed to academic degree) which

may be awarded after a specified period of practical experience (which should not

be less than two years), then the acquisition of that qualification should be

accepted as qualifying for advancement to the main professional grade.

"344.Advancement beyond the grade above the main professional grade should be by

competitive selection (subject to the existence of vacancies) after five years'

satisfactory service (or practical experience outside the service) as a fully-

qualified Professional Officer.

"345. The Salary ranges for the professional classes listed in paragraph 342 would

be:

Entry grade
Ranges from NO1,812
upwards according to
the rules quoted in
paragraph 341.

Main Professional Grade . .
Range NO2, 580-NO3,984.

Senior Professional Grade Range NO4,260-1\104,848

(Regional Professional
Officers, Assistant
Directors, etc.)

"346. At all levels, Professional Officers would be eligible to apply for Chief

Executive appointments with District or Regional Authorities and they would also

be eligible to be considered for vacancies in the Principal Secretary posts. To

make a reality of this proposal, it will be necessary to provide managerial

training for those Professional Officers who seek this avenue of advancement.

Legal Officers

"347.We have commented elsewhere on the salary award made in July 1967 to Legal

Officers. We recommend the following salary structure:

"Assistant State Attorney NO2, 040 - N9,12, 388

State Attorney
Senior State Attorney )

NO2,580 - NO3,984



Principal State Attorney )
Chief State Attorney

N04,26o - N04,848

Director of Prosecutions ) NV6,180 - NV6,972

Chief Parliamentary
Draftsman

Solicitor-General NV6,564 - NO7,404

"348.It will be observed that we have recommended the deletion of two of the

grades in the existing hierarchy. We can see no functional reason for such a

large number of distinct grades and titles.

Medical and Dental Officers

"349.We have been made aware of the great dissatisfaction among Medical Officers
about their conditions of service. This has been exacerbated by the decision on

legal salaries to which we have referred earlier.

"350:At the date of our establishment survey, there were reported to be 167
vacancies for Medical Officers/Senior Medical Officers out of a total

establishment of 472. Of the 305 officers at post, about half were expatriate.
The wastage of Ghanaian doctors by resignation is at the rate of about 12 a year -

almost 10 per cent. "There are reported to be about 200 Ghanaian doctors
practising overseas who cannot be attracted back home under prevailing conditions.

It will be some years before the output of the new medical school makes any

appreciable impact on the position. Meanwhile as the population grows, the need

for medical services increases. The overall shortage of doctors imposes long
and irregular hours of work in conditions which must in many cases be incompatible

with anytiormal professional standards. In these conditions, there is a real threat

of imminent break-down in this important social service.

"351.Whatever improvements we may make in conditions of service for doctors are

unlikely in the short term to bring the supply/clemand ratio into balance. The

output does not match the growing need and will not do so until the medical school

is fully developed. We do not think it will be possible to attract more than a

few of the Ghanaian doctors working overseas. We hope for no more than a gradual
improvement of the present situation, and in our recommendations to make a realistic

and sympathetic acknowledgement of the very heavy load of work and responsibility

and the difficult, if not intolerable, working conditions in the medical service.

These conditions are likely to prevail for a number of years and in our view are

unique in the Public Service.

"352.We have considered the possibility of re-introducing in some form or another
the right of Government Medical Officers to practise privately and to charge fees

for their skills. In the present situation, an attractive case can be made for
this measure since it would improve the remuneration of doctors proportionate to

the amount of their own efforts and skills without imposing a burden on the public

budget. The weight of opinion of all bodies enquiring into this issue in recent

years is against it. The practical difficulties of administering such a scheme

equitably and of controlling abuses are great. Moreover, such a system would

-35
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appear to pre-empt a decision on the comparative importance of curative and
preventive medicine . We have therefore_ decided_ not_ to_ recommend the re7introduction
of srivate practice for_ povernyent.Medical Officers.

"353. We do, however, feel that the situation demands that members of the publf.c
should pay more for the scarce medical skills which they demand. We hope therefore
that the Government will see fit to recoup at least some part of the cost of our
proposals by higher hospital fees.

"354.We recorainend_that Government Iv!edical Officers.should be_entitled to_charge
fees for such services as the pr.ovision of insurance certificates_ and other non-
Governmental Medical_ Reports. This _recommendation we would hope could be Riven
immediate effect.

"355. We recommend the following salary scales:

Houseman NO2,580 for one year

Medical Officer 43,468-NO3,984

Senior Medical Officer
(after five years) N04, 404-N05 , 820

Regional Medical Officer Consultant,
Deputy Director N05 , 652-N06 , 372

Director 46,564-N07,404

"356..The Regional Medical Officers are new posts which we recommend should be
created now to provide for the Medical Officers in charge of Korle Bu, Kumasi and
Affia Nkwanta hospitals and subsequently for the creation of the new Regional
Authorities.

"357.1.Te_c.onsider it is highly desirable.. to create...a. post_ of consultant so_ as_to
proyide equitable career prospects_ for_ spec.ialistdocto.r.s_ who_wish to_ continue_ in
practice rather_ than go into_ administration.

"358. In addition to salary, we recommend the following professional allowances:

Medical Officer NO1,500 p.a.

Senior Medical Officer NO2,500 p.a.

Regional Medical Officer/Deputy
Director/Director 43,000 p.a.

Consultant NO3,500 p.a.

"359. We strongly recommend that the new rates of professional allowances should be
int r_oduced. effect_ from the 1st January. 196.53.:._ as a.practical. recognition of
the. diffic.ut position_ of .Medical. Officers_at the_pre.sent. time."



THE ROIE OF SCIENTIFIC AND TECHNICAL PERSONNEL
IN NATIONAL DEVELOPMENT, WITHIN THE FRAMENORK

OF THE FUBLIC SECTOR

Jorge A. Sabato*

While this paper is intended to analyse generally the role of scientific and
technical personnel in national development, within the framework of the public
sector, as the question relates to developing countries at large, the author's
expertise in the subject derives fram his experience and knowledge of Latin
American countries. The scientific and tedhnical personnel considered here are
those with a university degree or equivalent qualifications. Technicians,
librarians and other auxiliary personnel are not included in the present analysis.

To inaderstand the frame of reference within which the role of scientific and
technical personnel in national development is examined in this paper, it is
necessary to review briefly several important concepts.

Scientific and technical infrastructure

In any given country, the very complex world of research and development
activities in science and technology defines the scientific and technical
infrastructure of the cauntry, which comprises the follawing camponents:

(a) The educational system that produces, with the necessary quality and quantity,
the persons who assist, direct and/or perform research and development: scientists;
technologists; assistants; technicians; administrators; librarians;

(b) The institutes, centres, laboratories, pilot plants and other facilities where
research and development are conducted;

(c) The institutional system of planning, promotion,-co-ordination and sttmulation
of research and development (national research council, national academy of science
and engineering, science foundations etc.);

(d) The legal-administrative mechanisms that regulate the operation of the
institutions and activities described above in (a), (b) and (c).

(e) The economic and financial resources utilized in the above-mentioned systems
and facilities.

The analysis of the scientific-technological infrastructure as a whcae and
of each of its components provides a useful method of describing and evaluating
the state of science and technology in a country, and of comparing it with others.

National Atomic Energy Commission, President's Office, Buenos Aires, Argentina.
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In some developing countries, the scientific-technological infrastructure is very

weak because each of its components is very. weak. In cthers, however, smme

components are rather strong; but the resulting infrastructure is weaker than

expected because other components are not in good dhape. This is the case for

Argentina, where component (c) is quite developed, but as component (d) is always

in difficulty, the scientific-technological infrastructure of Argentina is not as

good as it could be. It is common that more attention is given to components

(a) and (b) (and in many respects they deserve it); but experience shows that if at

the same time the other components are neglected, the results can be quite

disappointing.

A simple model

Science and technology will play an important role in national development

only if there is a concerted effort, an explicit target, a co-ordinated action of

three fundamental elements of society, namely: (a) the Government; (b) the

productive structure of the ecanagy, and (c) the scientific-technological

infrastructure.

To descrfbe the complex set of relationships among these three elements, a

very simple model may be used: a triangle in whidh each vertex or angular point

corresponds to one of the three elements and eadh side to the corresponding

interactions.



Productive structure
of the economy

Government

Scientific-technological
infrastructure

Source: J.A. Sabato, "The influence of indigenous research and development
efforts on the industrialization of developing countries", paper submitted to the
International Conference on Interdisplinary Aspects of the Application of
Engineering Technology to the Industrialization of Developing Countries,
Pittsburgh, United States of merica, October 1968.
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The Covernment vortex ccnsists cf all the instituticmal ccmpcnents
respcnsible for the ftmulation cf policies and the correspcnding mobilization of

res:urces with respect to both the productive structure and the scientific-

technological infrastructure.

The productive-structure vertex is the set of all the productive sectors that

provide the goods and services demanded by the society. It is obvious that each

vertex represents a point of convergence of multiple institutions, decision-

making agencies, production units and various other activities. In the triangle

there are relations established within each vertex, which shall be called

intrarelations; and relations between vertices, called interrelations. There are

also relationships established between a triangle or between each of its vertices

with the external environment (that is, external to the triangle), which shall be

called extra-relations.

Using this model, the successful incorporation of science and technology into

development would be expressed in terms of the success or failure to establish
"triangles" corresponding to different sectors of the economy, to different branches

of one sector, to two or more sectors having a common target, and so forth. The

maximum degree of success would be obtained when it became possible to establish a

"large triangle" corresponding to the society as a whole. Consequently, in this

context, the degree of development of a society (or of part of it) would be measured

by the "relative perfection" of its corresponding triangle; and comparisons could

be made among different countries and also among different sectors of the same

country. Thus, a "well-developed country" would be one where the existence of many

well-established triangles could be recognized, including one corresponding to the

whole country. Inside this country however, "less developed sectors" might exist

side by side with "very well-developed" ones.

Through the analysis of the vertices and sides, a ranking can be establidhed

among countries, differences can be evaluated and technological gaps can be

measured. From among Latin American countries, some examples may be cited which

would illustrate how the model helps to describe complex situations:

(a) Vertices acceptable, but sides very poor. This is the case where the

productive-structure vertex is reasonably good, and the scientific-technological

vertex is acceptable; but the Government vertex is weaker than the other two (it

has not yet been able to define scientific, technological and industrial policies),

although likely to work. The sides (the interrelations) however, are practically

non-existent (at the vertices also, the intrarelations are rather weak).

Consequently, the incorporation of science and technology into industry is far

below socio-economic possibilities, and modern technology is therefore incorporated

mainly through the extra-relations of the productive-structure vertex with foreign

industry. The situation may be different for the agricultural sector, where

interrelations and intrarelations are developed enough to counteract the weakness

of the Government vertex;

(b) Vertices and sides very poor or non-existent;

(c) Vertices taking shape, but sides still practically non-existent;



(d) Vertices and sides in development: this may be the case where budgets for

research and development have been increased, scientific policy is being established,

and intrarelations and interrelations are being improved.

As is shown below, the triangle is a very useful model for study of the role

of scientific and technical personnel, because it provides terms of reference

which are always related to the interactions of science-technology-development.

The public sector and. the_ model

During the past fifteen years, the importance of the public sector in

developing countries has grown considerably, not only quantitatively (as expressed,

for example, as a percentage of the gross national product), but qualitatively

through the incorporation of new activities with a high content of science and

technology. In the majority of the developing countries, the Government, in

addition to its traditional duties,now performs a very complexset of functions that

years ago were non-existent or in the hands of private concerns, mainly foreign.

And this happens not only in the centrally planned economies - where it is, of

course, a natural consequence of a political system - but in many free enterprise

economies, where it can be seen that the Government, going far beyond the classic

administrative boundaries, is now a very large (if not the largest) producer,

distributor, buyer and seller of goods and services as varied as oil and sugar,
electricity, vitamins and houses, iron and telephone calls, water and railway

tickets, cement and books; where it can also have the control or property of the

banking system and the monopoly of the export-import trade, of the communications

system and of many industries (such as fuel, iron and steel, cement, petrochemistry,

even tobacco and salt). At the same time, typical Government responsibilities,
such as education, welfare and defence, have achieved a rather high degree of
sophistication; and science and technology are becoming an important part of

national development plans.

It follows that if one uses the triangle, it will be seen that the public

sector is not localized exclusively at the Government policy-making vertex; but
that some fractions of it (for example, a State oil company, a State railway
system, a State book-printing house) belong to the productive vertex, while others

belong to the scientific-technological vertex (national research council, national
institute of agricultural research, national astronomical observatory etc.).

Moreover, fractions of the public sector could belong to two or three vertices at

the same time, e.g., an atomic energy commission may be'responsible both for
research in nuclear physics and for the production of nuclear raw materials
(uranium, heavy water, graphite etc.), or a ministry of industry that dictates
the country's policy concerning the motor-car industry may own the State motor-car
company and do research on motor-car manufacture problems in its own research

laboratories.

Consequently, while the research and development that the public sector
performs to satisfy society's needs would be neatly localized at the "scientific-

technological vertex" (such as universities and national research institutes), the

research and development for the public sectorts own needs could be institutionally
distributed in two or three vertices. And so the scientific and technical
personnel in charge of research and development in the public sector would not all
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belong to the same "class": a scientist doing puae research at a central

electricity board does not have the same status as a scientist doing exactly the

same kind cf research for a national research council, in spite of the fact that

both are employees of the public sector. This is an unfortunate situation, one

that affects the definition of the role of scierrUfic and technical personnel and

the coupling of science and technology to the socio-economic reality of the country.

The scientist institutionally located at the scientific-technological vertex

considers himself a true scientist, one concerned with the progress of science. His

colleague, who is institutionally located at the productive vertex, is regarded as

a kind of second-class scientist, just dedicated to simple, practical things.

This important problem could be solved using the triangle mcdel, where all

perscnnel engag:d in research and development belong,
by definit4=1, to the same

vertex; both therefore have the same status regardless of the fact that the

institutions where they are employed are located at different vertices. In

developing countries, the major portion of the total research and development

investment comes from the public sector. In Latin America, for example, the public

sector accounts for near 96 per cent of the total money spent for science and

technology; 1/ for some Latin American countries, the number are as follows:

Argentina, 98 per cent; Brazil, 98 per cent; Colombia, 94 per cent; Peru,

93 per cent; Venezuela, 99 per cent. Tt follows that the majority of the research

and development scientific and technical personnel are employed in the public

sector, or its salaries come from it, as in the universities. In a developing

country, the scientific-technological infrastructure of the country is practically

equal to the scientific-technological infrastructure of the public sector; therefore,

the main problems related to scientific and technical personnel must be solved in

the public sector.

Yet, to deal with the new and complex kinds of demands described above, the

public sector requ:res the following categ riesofhighly trained scientific and

technical personnel in addition to those engaged in research and development.

(a) Professionals: personnel at the operating or productive level, such as a

metallurgical engineer in charge of a rolling-mill, a medical doctor at a hospital,

a chemist in charge of production control at a brewery, or a civil engineer at

the Ministry of Public Wbrks. The scientific and technical capability of this

category of personnel makes it possible for the public sector to perform efficiently

a vast number of social and economic functions;

(b) Eanagers: top personnel at the decisicn-making level of organs and

institutions, such as ministers, members of planning councils and committees,

boardsof directors, general managerTs office, industrial boards, public service

boards. The scientific and technical capability of this category of personnel is

very important when decisions are taken in a wide spectrum of problems.

In the mcdel given here, these two categories of personnel are not located at

the scientific-technological
infrastructure vertex; they are therefore outside

the score of this report. Nevertheless, as they interact strongly with the research

and development category, due consideration should be given to their mutual

relationships.

l' Organization of American States, Department of Scientific Affairs,

Caracteristicas de los Instituto.s..Latinoamericanos. de. InvestiaacOn

aecnolOgica (Washington, D.C. 1965 .
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The main problems

With respect to scientific and technical personnel in developing countries,
two main problems must be considered: (a) procurement of human resources, both
in quantity and quality; (b) efficiency in the use of the available personnel.

To date, much more attention has been paid to the first problem than to the
second one, and for a simple reason no one worries much about how to use something
until he has it. Thus, while the first problem has not yet been solved everywhere,
its existence has at least been recognized. The second problem - which in a number
of developing countries is already more serious than the first one - has not yet
passed the "understanding stage"; and it currently needs much more analysis and
study. The following data on Latin America show the relative importance of both
problems.

Like other developing countries, the Latin American countries invest too
little in science and technology: for 1965, such investment amounted to about
0.2 per cent of the gross national product. For Argentina, perhaps the country
with the most developed research and development infrastructure in the region, it
was a mere 0.3 per cent of gross national product.

Scientific and technical personnel are scarce in Latin American countries, as
is shown by the following table:

Scientific and technical personnel, selected countries

Country
Proportion of the proportion of

total
Graduates_ per
10 000 population economically active

(percentages)
population population

United States of America 4.7 2.7 1.1
France 2.0 1.9 0.8
Germany (Federal Republic) 1.0 1.9 0.9
Spain 0.6 - -
Argentina 0.8 0.9 0.3
Costa Rica 0.3 0.7 0.2
Venezuela 0.5 0.6 0.2
Peru - 0.5 0.2
Ecuador 0.2 0.3 0.1

Source: Organization of American States, Inter-American Cultural Council,
SituaciOn actual del desarrollo cientifico y technolOgico:
implicaciones al nivel de olitica y de estrater22:73.1"
(Washington, D.C., 1969).

2/ Organization of American States, Department of Scientific Affairs Meeting
of the Inter-American Ad Hoc Science Advis= Committee (Washington, D.C., 1966) /-

;-
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In absolute numbers, Argentina - with a population of 2.-5 million - has

4,500 scientists and technologists working full time in research and
development, ..3./ as compared with 242,300 in the United States of America, 4/
and 45,000 in France. 5/

Yihile in 1967, in the United States of America, 173,200 persons graduated in
Eciences and engineering, y in all Latin America, in 1965, only 12,000 persons

graduated in the same branches; v but in 1966, the total number of students in
sciences and engineering was 165,000, out of a total of 831.000 university
students. 8/

The "brain drain" is high in Latin America: 9,159 university graduates
emigrated from Latin America to the United States of America during 1962-1966, of
which 37 per cent were engineers and scientists (2,423 engineers and 967
scientists). W

With respect to the procurement of human resources for science arid technology,
these few data show that Latin America as a whole produces scientific and
technical personnel (graduates per 10,000.population) at the same level as that
for Spain, and that the level for Argentina - the most developed country in this
respect - is near that for the Federal Republic of Germany; In stock (as a

proportion of the economically active population), Argentina, Uruguay and Costa Rica
have about half of what the Federal Republic of Germany has. At the same time,

and with respect to how efficiently these personnel is utiliTed, the brain drain
indicates that there are not good opportunities for the available personnel. This
conclusion is confirmed by the following available Information:

5/ Informe presentado a la 2a PeuniOn de la Conferencia Permanente de Dirigentes
de 1,-.2s Ccnsejos Nacionales de Politica Cientifica y de Investigación de lcs
Estados nembrcs de America Latina, Cr.racas, Vonezue:a, December 1968.

4/ National Science Foundation, American Science Manpower. NSF 68-7 (Washington,

D.C., 1966).

5/ Rapport du Comité consultatif de la recherche sCientifique et technique:
prospective de la recherche scientifique et technique en France (1968).

6/ United States of America, House of Fepresentatives, Committee on Government
Operations, "Scientific brain drain from the developing countries", 27,rd
report, 28 March 19(8.

7/ United. Nations Economic Commission for Latin America, Education, Human
Resources and Development in Latin America (United Nations publication.
Sales No . : E .68. II .G .7) .

8/ Inter-American Development Bank, Socio-Economic Progress in Latin America
(Washington, D.C., 1968).

9/ United States of America, The Brain Drain of Scienti sts. Engineers And
Physicians from the Developing Countries into the United States, hearing
before a sub-committee of the Committee on Government Operations, House of
Fepresentatives,Ninetieth Congress, Second Session, 23 January 1968
(Washington, D.C., Government Printing Office, 1968).

-
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(rk) In Colombia, a recent study made by the Colombian Institute for Advanced
training shows that enough engineers are being produced by Colombian universities
to meet future development needs, but their proper utilization will be a serious
problem; 10/

(b) A study of high-level manpower in the economic development of
Argentina 11/ shows that although engineering is the third largest profession and
is growing at the most rapid rate, many engineers are not employed in the
engineering field, but are in political, executive and administrative positions.

(c) In Mexico, over 20 per cent of the engineers trained by Mexican
universities work in sales and management positions rather than in engineering
poslitions.

The situation is clearly stated in a recent report by the Executive Committee
of the Inter-American Cultural Council (Organization of American States): "The

scientific and technical personnel existing in Latin America are not properly
utilized in the scientific and technological systee. 13/ There is, then, in
Latin America, a definite lack of efficiency in the use of the scientific and
technical personnel. This lack originates from a lack of understding on the
part of both the public sector and the scientific and technical personnel of their
mutual role in the development process.

Some "illnesses"

For the majority of developing countries,the support given to science and
technology is more rhetorical than real. At every possible opportunity, Heads of
States, ministers, senators, generals, businessmen and even scholars emphasize
that science and technology are absolutely vital for the health, wealth and
security of the country. But the hard facts that usually follow these bright words

10/ Colombian Institute of Technical Training Abrof,d, Colombian Institute for
Advrnced Training, Human Resources Department, Resources and Requirements
for Highly Trained Personnel, 1964-1975 (1966)

11/ M.A. Horowitz, "High level manpower in the economic development of
Argentina", in Frederick Harbison and Charles A. Myers, eds., EdAlcation,
Manpower arid Economic Growth: Strategies of Human Resources Development
(New York, McGraw-Hill, 196)-).

12/ "The influence of the avai]ability of desirable human resources", paper
submit,ted to the International Conference on Interdisciplinary Aspects of
the /Application of Envineering Technology to the Industrialization of
Deyeloping Countries, Pittsburgh, United States of America, October 1968.

13 Organization of American States, Inter-American Cultural Council, Situaci6n
actual del desarrollo cientifico y tecnológica: implicaciones al nivel de
polltica v estrategia (Washington, D.C., 1969).
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show that science and technology are not given more than a minimum of support -

far less than the economy would actually permit. The general economic situation

of the country can be used as a pretext for the low investment in science and

technology, and is used to explain what is the rather common behaviour of the

public sector with respect to scientists and technologists: rigid Civil Service

rules and antiquated administration procedures; total indifference when a research

institution is destroyed by political action or by simple oblivion; lack of

capability to guarantee continuity of the research activity; poor salaries;

political "patronage"; restrictions to academic freedom; lack of flexibility and

imagination to utilize resources already available.

A good example of this rhetorical support is the attitude towards the problem

of brain drain; "More attention is paid to the brain drain in the Lnited States

of America than in Latin American countries, as measured by such indices as the

number of studies on the subject, by press and magazine stories, and by official

inquiries. The reasons for this are not ciearibut the general tendency in Latin

America to undervalue the contribution of scientists, engineers and physicians

national development may provide part of the answer not only for their relative

complacency but also for migration itself". 14/

The situation is even worse for the personnel not institutionally located at

the scientific-technological vertex. To the public sector administrators, they

are just "Civil Semants", and thus do not deserve the benefits that are

occasionally given to "official" scientists, those who belong to the vertex. The

fact that they undertake research and development is more of a nuisance than

anything else, and they are usually victims of the change of organizations (the

so-called "restructuring") so frequent in the public sector of developing countries.

They end by being used in low-productivity, bureaucratic, administrative work

which has very little relationship to their training and aspirations. In the

majority of developing countries, the public sector has poor understanding of the

role of science and technology in development. This is a direct consequence of a

poor understanding of the development process itself. It is usually not understood

.Lhat development is an integrated process involving both the accumulation of

material, human, and intellectual resources, and the promotion of their efficient

use.

It is not surprising then that the current situation of the scientific-

technological infrastructure is far from satisfactory. A recent report states:

"The Latin American technico-scientific infrastructure is weak, particularly

in quantity and quality of human resources. Even worse, it is greatly

disconnected (very thin intra-relations) totally isolated (almost non-

existent inten-relations) and increasingly alienated (its extra-relations

with the foreign technico-scientific infrastructure are more important than

its intra-relations). Lacking concrete demands from the other two vertices

and incapable of defining its socio-economic role, its components self-define

their role in the abstract and devote their efforts tothe general progress of

14/ Statement by Charles Kied, Executive Secretary of the Federal Council for

Science and Technolo6y, before the United States Senate, Immigration and

Naturalization Sub-committee, 6 March 1967.



Science and Technology, that are considered from an intellectual point
of view and not as development tools of their own society. It results then
that the Fesearch Councils - whenever they exist - accomplish successfully
their mission of reinforcing the infrastructure but are of little efficiency
in using that infrastructure to solve concrete problems of the society". 15/

The foregoing description is a good summary of the following typical situations
that greatly affect the performance of scientists and technologists:

(a) There exists strong isolation from the other two vertices;

(b) Isolation leads to alienation from the concrete socio-economic needs of
the country;

(c) From such alientation, anxiety and frustration follow as well as
resentment, bitterness, weariness, mediocrity, obstructionism and/or emigration.

Consequently, the efficient use of scientists and technologists is rather
poor, and the net results of their action is less than expected. It has been
already pointed out that administraUons in the public sector have a responsibility
in this process. But they are not the only ones to be blamed; scientists and
technologists themselves must recognize that they are also responsible and must
try to define this responsibility. It is usually said that scientists and
technologists are responsible only for carrying out good science and technology.
This may be true in a developed country; but in a developing country, it is not
enough: it is the main function of scientists and technologists, but, unfortunately,
not the only one. Again, one confronts the problem of understanding the real
nature of the development process itself. Development means more than stepping
up growth of national income. It means eventlly transforming a traditional
society into a modern one. Development is costly and painful; it is not a gift of
God or nature.

A developing country is, then, a country in crisis, and it will remain in
crisis as long as it remains "developing". Scientists and technologists usually
tend to forget this simple fact and to believe that a developing country is a
country already built, a country where science and technology can flourish as well
as in a developed country. They request an order, a security and a continuity
that a country in crisis, by definition, cannot give to them or fcr that matter to
anyone else. They dream of a "strategy for order" when the only realistic one
is a "strategy for chaos". In a country in crisis, their own responsibility cannot
end with good research and development: they must also help to build up the frame
of reference where good research and development can be accomplished.

15/ Organization of American States, Economic Commission for Latin America,
Informe para el Comité Asesor para la Aplicación de la Ciencia y la
Tecnologia al Desarrollo, de las Naciones Unidas, en relación al Plan Mundial
de AcciOn en Ciencia y Tecnologia, March 1969.
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Poles of scientific and technical personnel

A review of the various effects that research and development would produce

in a developing country would help to define what that country could expect from

its scientists and techno:Ingists. Provided that proper "triangles" have been

established where, throug. :he right kind of interactions, science and technology

are linked to the sc,cio-economic reality, research and development gives

capabilities to the country that it could not otherwise have and, at the same time,

it helps to produce socio-economic changes and to open new roads for development

in the following ways:

(a) Mainly through interTelations with the other two vertices, research and

development give the capability to evaluate natural resources, including human

resources, and to design strategies and policies for its development and

exploitation;

(b) Through interrelations with the other two vertices, research and

development also give capability to make decisions in such problems as:

(i) Introduction of new technologies (nuclear energy, petrochemistry,

micro-electronics);

(ii) Investment priorities - foreign and/or domestic among several sectors

of the economy;

(iii) Armaments to be produced or imported;

(iv) Technologies to be imported and how this can be done;

(v) Technologies to be locally developed and haw and where this can be done.

Mainly through its relations with foreign scientific and teohnological

infrastructures, research and development give capability to forecast technological

changes and thus make it possible to design better development strategies, taking

into account those forecasted changes.

At different stages of the development process, research and development

perform the following functions:

(a) Improve the capability to Ldapt, of a particular importance at the

stage of substitution of imported goods;

0) Produce capability for sustained creation, of a particular importance at

the stEge when substitution of imported goods has been ended;

(c) Strengthen the capability to find specific answers to specific problems,

particularly important in relation to national programmes for housing, food, health,

etc.;

(d) improve the capability to obtain and to abrofb externa3 aid;



(e) Strengthen the countervailing power of the country in its negotiations
with other countries;

(a)

Improve the technological balance of payments;

Help to design better development strategies.

As concerns social Changes research and development can accomplish the
following tasks:

(a) Generate confidence in a country's own forces and a clim te more
favourable to absorb and to produce change;

(b) Create a social awareness of the tmportance of science and technology;

(c) Improve the quality and quantity of human resources;

(d) Increase the probability -mainly through a "demonstration effect" -
that executives, administrators and managers would employ analytical techniques
and objectives criteria for decisions;

(e) Act us a powerful deterrent to brain drain, not only because research
and develoi,ment provide more opportunities to work, but because - through the
triangle - scientific and technical personnel are given a sense of belonging to a
socio-economic structure.

In the present context, and closely related to the role of scientific and
technical personnel, a research and development system interacting with other
elements of society is what really matters. A strong, but isolated, research and
development system would certainly produce good science, but its impact on
development would be rather weak.

It is now simple to realize that the "professional" role of scientists and
technologists - to produce good research and development - can be transformed into
the "social" role of active participants in the development process only if proper
triangles are established. As an example, one may examine the contributions of
scientists and technologists to a country's decision-making capability.

In matters related to industrialization, a developing country must take
scores of decisions involving scientific and technological variables; some of
these decisions may even shape the future of the country for many years ahead. It

is therefore important for a country in such a position to be able to analyse,
to judge and to decide according to the best interests of the country. There is,
of course, plenty of available foreign advice(such as consultants, international
and regional agencies), which can be hired, bought or even obtained without charge.
But in any case, the final decision is up to the local personnel, and they must
take into account parameters that are better evaluated by indigenous advice. This
is, at any rate, what the developed countries always do, and what the developing
countries prefer to do, if only for self-respect. The local scientists and
technologists must then fully participate in the decision-making, and this would
be possible only if they have a fluent interrelation with the decision vertex.

sa



Such problems as the installation of the first nuclear power-station, the

establishment of a fully integrated steel industry, the uses of new energy sources

as the most efficient exploitation of mineral ores require the existence of as

perfect a triangle as possible. Only in this way could the research and development

system be mobilized and employed at its full capacity,and the decision would then

really be controlled by the country.

Efficient use of scientific and technical rersonnel

In this analysis, the key element in achieving the role just outlined for

scientific and technical personnel in a developing country is to establish a

complete system of interactions between them and the socio-economic reality of

the country. This must be explicitly understood by both administrators (in the

broad sense of the word) and scientists and technologists, and must be defined

as the precise target to be obtaining a very complex process that every

particular society must work out according to its own particular characteristics.

As concerns improving the efficiency in the utilization of scientists and

technologists it is not possible to give "recipes" which will be valid for every

country. In all cases, however, there are various aspects that must be carefully

considered:

(a) The problem itself must be studied with the full participation of

scientists and technologists. They must be aware of the difficult nature of the

problems and must have a permanent c alogue with administrators;

(b) The status of scientists and technologists must be defined by the

kind of work they perform and not by the kind of institution to which they belong.

In the triangle, all must be considered to be at the scientific-technological

vertex. There would be no problems with the personnel working at an institution

belonging to that vertex; but certainly some administrative problems (salaries,

promotion, working hours) would originate at the institutions belonging to one of

the other vertices. These problems, however, must be uelcome because they would

be concrete cases through which administrators would learn what a scientist

really is. When all scientists achieve the same status, a very important obstacle

to fluent intrarelationship at the scientific technological vertex will be

eliminated;

(c) Channels of communication established between the three vertices must

include mobility of personnel, so that scientists and technologists would be

included in the boards of directors of national or State companies (such as

railways, oil and electricity); and administrators would be included in the

councils of scientific organizations;

(d) It is particularly important to establish ways and means to interact with

managerial personnel and with professionals at the operating or productive level.

These two categories must be the best links between scientists and technologists,

and the concrete problems of the public sector;



(e) National Civil Service policies and procedures for recruitment,

promotion, training, professional development and retention must be designed with

the aim of maximizing the interactions among the vertices. This approach would

also permit designing the right kind of incentives for scientists and technologists.

It is usually believed that good salaries are the best incentive. The problem is

not so simple, however, and there is evidence that for scientists and technologists

a variety of incentives is necessary (intellectual challenge, social rewards and so

forth).

In brief, in the majority of developing countries, scientists and technologists

are currently just "spectators" of the national development drama. The central

issue is not how to increase their numbers, but how to transform them into "actors".



NATIONAL SCIENCE POLICIES AFFECTING CAREER
STATUS AND WORKING CONDITIONS OF SCIENTIFIC
AND TECHNICAL FERSCFNEL IN TEE ICFLIC SECTOR

Norman Kaplan*

Scientists and engineers and becoming increasingly important members of the

public service in more and more countries. There are more scientific and
technical personnel than ever before and much more is expected of them. In
connexion with the increasing employment of such personnel, numerous questions
are raised. Some of the questions with which this paper deals are as follows:

(a) Whether scientific and technical personnel are contrfbuting as much as
they could (or should) towards the realization of national objectives related
to science and technology;

(b) Whether these personnel are organized in such ways that they are
encouraged to produce their best and most creative work;

(c) Whether there is a basic conflict between the necessity to organize
scientific activities and the apparently equal necessity of suientists to be
unfettered by organization, that is, to be autonomous in their work;

(d) Whether organizations can be fashioned so as to provide a climate -
psychological, physical, administrative etc. - that will enhance the creativeness
and productivity of each of its members; and if so, determination of the policies
and practices that are most likely to achieve such results;

(e) In determining the above-mentioned policies and practices, whether to
look towards national science policies and objectives, and the ways in which
different States have organized their scie.tific establishments and activities;
or to concentrate on general factors affecting recruitment, career opportunities,
performance and productivity in any sector of the public service;

(f) Whether scientists (and possibly engineers) should be considered a
group significantly different from others in the public sector so that separate
policies and practices should apply to them;

(g) If differences exist between scientists and engineers in the Public
Service and those in other sectors, what those differences are; or, to put it
another way, whether one should expect (and encourage) differences among scientists
engaged in research in a laboratory located in a Government agency building, in an
industrial or factory compound, in a university building, in a hospital, or in a
building of a scientific academy.

Proferisor, George Washington University, Washington, D.C., United States of
America. This paper was prepared under the auspices of the Science Policy
Divislan of the United Nations Educational, Scientific and Cultural
Organization.
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The answers to the foregoing questions, as will be seen, are rarely readily
at hand. No one has discovered a "magic formula" for putting together a
research organization, and there is still much to be learned which will require
much more study than has previously been the case. Before seeking some answers,
however, it is necessary to make sure that the right questions are being asked.

The concern here is with scientists and engineers engaged primarily in
research and development activities within the public sector of a society. Each
of these categories must be examined. It cannot be assumed that all scientists
are alike, and that, as a consequence, there is one type of organization that is
most appropriate for all scientists or, for that matter all scientific activities.
It cannot be assumed that all engineers are like all scientists or that
engineering activities require the same kind of organization. The utility of
research and development as an undifferentiated category must also be scrutinized.
Finally, one must ask whether the public sector is unique in so far as the
conduct of scientific and engineering activities is concerned.

One begins with the questions whether scientific work in the public sector
is inherently different from such work elsewhere, and whether scientists are
different from other Public Servants, and if it is believed that they are,
whether current notions of Public Servants should be re-examined. National
science policies must then be considered - especially those which seem to be
most relevant for the working conditions and the output of national laboratories
and other public sector research establishments. From this level, one can move
to that of the research organization, considering a range of factors that may
affect the research climate and the output which may be expected. In doing so,
particular attention is paid to a variety of types of organization, depending
not only upon the nature of research conducted, but (perhaps more significantly)
upon the nature of the organizational objectives and leadership. Next to be
considered are scientific and engineel-ing careers, as well as a number of
attributes of a more individual nature, which may be one set of pre-conditions
for achieving an effective research effort. One ends with the essential
beginning - namely, with good people; but this is no longer sufficient. Good
people can lose their drive and motivation in a poor organization or with poor
leadership, or with ambiguous organizational goals functioning in the context
of inadequate national science policies.

Iddle some observers feel that there are serious difficulties and conflicts
between the needs of individual scientists and organizations generally, most
people feel that this is particularly true for Government bureaucracies. The
reasons for this view are not difficult to fathom, particularly when one is
thinking of a stereotyped Government organization. The system is seen as full
of rigidities, almost all of which stifle individual creativeness and encourage
mediocrity. In this view, the typical bureaucrat "plays it safe" and avoids
any unusually risky undertakings. In going by the book, the bureaucrat protects
himself and his job security. He is less likely to incur the wrath of his
superiors and is more likely to receive increases in salary and promotions in
an orderly and regular fashion. Not only is the individual bureaucrat discouraged
from engaging in risky or creative behaviour, but the organization itself is cast
in a similar mould. The organization may have to turn away a very bright and
potentially creative recruit because there does not happen to be a post for him.
On the other hand, the organization may hire a rather mediocre recruit to fill



an orening which may be lost if it remains urnMlled for too long a period.

Because of job security the organization may find it difficult to transfer, or

even to dismiss, a man who is no longer producing adequately. Th.e role of

seniority in the promotion system may make it difficult for an organization

to reward a particularly promising young man for his performance ahead of that

of colleagues with longer tenure. At other times, people may be promoted

simply because new posts exist and may be lost to the organization if not used

promptly. It may oe difficult to undertake new projects, however promising

they may appear, until these have been approved and appear as line items in

the next budget cycle. By the time that happens, the initial enthusiasm for

the idea may have waned considerably. By the same taken, it may be difficult to

halt further work on a project which has a secure line in the buciget, even though

it is felt that the project is not progressing satisfactorily or has reached a

dead end. Gne could undoubtedly extend the list of stultifying characteristics

of many bureaucracies, whether in the public or the private sector. To the

extent that such rractices characterize an organization, they would be clearly

inimical to the conduct of an effective, much less a creative, research enterprise.

While the degree of tnacertainty and the amount of risk involved varies from

project to project, much of scientific research inevitably involves some risks

and uncertainties. This situation alone would make it difficult to reconcile

the rigidities and red tape of bureaucracy with the requirements of research.

This is not to say that research cannot, or should not, be organized. Indeed,

it is difficult to conceive of many research undertakings that could be carried

out without some form of organization. This is particularly the case, of course,

for any area requiring complex instruments and equipment or the active

co-operation of scientists from a number of different disciplines. So the

question again is what kinds of organizations seem most appropriate for what

kinds of scientific and engineering activities.

Thus far, it has only been asserted that most scientific research is

probably incompatible with a rigid bureaucratic form of organization. The

question now arises whether. this means that such scientific work is inherently

different from all the other activities undertaken by most national Governments.

At one level, the answer would have to be affirmotive, tut it nmy be euggested

that perhaps much more attention should he given to the natre of Government

organizations in general. It may well be that the old-style Government

bureaucracies are an inappropriate form of organization for maw of the

activities carried out by modern Governments, with science as a prime, but

not an exclusive, example. It is beyond the scope of this paper to develop

this point in any detail, but it is the basic contention here that the prevalent

ideas about national Government organizations are still largely of the nineteenth

century. There has been a failure to adjust the ideas about such organizations

to the realities and requirements of the second half of the Urentieth century.

To the extent that this is true, it must be concluded that research activities

do, indeed, require a more modern and appropriate form of organization. It is

hoped that the recognition of the need for new organizational forms and new

practices and policies for the conduct of creative research activities may

lead to a re-examination of and, ultimately, changer in other spheres of

Government organization. It is in this sense that the so-called "unique

requirements of scientific research" may one day be seen as L,6z,,,tial and

desirable requirements for many other types of activity which require as

much creativeness, risk-taking and flexibility.



Cne may asi: whether scientific work and research in the public sector are
sicnificantly or necessarily different from the same type of work carried out

in the 1,rivate sectors. 'This is an important question, and, yet, the answer

is a deceptively ;Ample "no". There may well be differmces between the public
and private sectors in many countries, but in the context of this paper, such
differences are both artificial and irrelevant. For example, there may well
be differences in salary scales, either at the beginning or at other points

in a scientific career. There may well be differences in status, so that
working in a Government laboratory gives one higher or lower status, compared
with the other possibilities. There may well be differences in working

conditions: the hours, for example, may be more inflexible in a public

laboratory. Nevertheless, the fact that such differences may exist in some
countries does not necessarily mean that these differences are either essential

or desirable. Eoreover, such differences are not inherent to the research

process itself, although it is readily admitted that such differences and

distinctions may affect the final outcome. This could, for example, occur
through the inability to attract the best people or even to hold them; the

"climate" in the laboratory could be so affected that the morale of its
scientists would be something less than it should be, with the result that they

would not work at optimal effectiveness. It may be much more important to

learn how a research activity is organized, how problems are chosen, how
priorities are reviewed and what criteria are used in taking decisions on
whether to continue a project, to bring it into the pilot stage and the ii14e,
than to stop at the laboratory door of a private industrial firm because they
are ostensibly a profit-making enterprise while the Government laboratory may

not be. Such ideological differences between public and private enterprises
may turn out to be largely irrelevant for most research activities much of the

time.

The most relevant and most eignificant fact about any research organization
(whether in the public or the private sector) is the objective of that
organization. One of the great difficulties with most of the traditional
analyses of research organizations is that they have tended to treal the
category of Government or public laboratory as a single homogeneous entity,
but the fact that the employer is the same does not mean that all the laboratories
are necessarily the same. In the United States of America, for example, there
are Government laboratories that differ very little in any significant way from
a number of university laboratories engaged in the same kind of research. There
are also some whose objectives are not unlike many industrial laboratories in
so far as both are interested in developing improved or new products. The

objectives are quite different in these two Government laloratories, despite
the fact that the scientists in both have the same employer, receive their
salaries from the same source and may be even operating under the same Civil
Service regulations with respect to tenure, salary levels and a host of other
related personnel practices. Alat is crucial, as is shown below, is, first,
the clear recognition of the differences in objectives; and, secondly, the
formulation of internal policies and practices consonant with the objectives.
Thus, there may be much of value to be learned (and perhaps even to be tried)
from a private industrial laboratory, even though one is considering a laboratory
in the public sector. In the remainder of this paper, the concern is not co
much with whether a particular laboratory is located in the public or the private
sector, but with its stated objectives and goals. An attempt is made to apply

5

56
AMM=Olm.



uhat is knon about laboratories of different types, irrespective of where they

are located, with the major criteria being the similarity of objectives, in

the first instance, and how effectimely these objectives are being met, in the

second.

Relevance of national science tolicy

It goes without saying that the first requisite of a national science

policy is clarity of objectives. It is not enough to state the general hope

and conviction that the pursuit of science and its /Irogress are essential goals

of the country. There have been a nudber of eloquent and ringing affirmations

of the importance of science to a country when, at the same time, that countxy

might be losing some of its best young scientists to other countries and might

be unhappy with the achievements of its scientists because there had not yet

been any cash return from its investnent in research. If the primary objective

of the country in question is to harness science to the task of economic

development, then the policies should be more explicit and the organization of

the effort should reflect such objectives.

Clarity and, indeed, candor are especially important in formulating policies

with respect to the role of scientific research in economic development. In

fact, it might be more realistic and is bound to have a salutary effect if

scientists and engineers, on the one side, and economists and other Government

officials responsible for major national policies, on the other, all worked

together to formulate and to review periodically national science policies.

All too often, scientists may be given responsibility for formulating national

science policies without a very clear understanding or without clear and

co-operative relationships with other parts of the Government or the economy

which those policies are supposed to affect. This situation results in policies

that exist in a vacuum, operating at cross purposes with the very ends they

are trying to achieve. If the scientists have had an opportunity tc participate

at that stage of the process, it is much more likely that the country's

scientists as a whole will have a much better understanding of the objectives

and what they mean for them in their own work. Ituould be less likely that

scientists could complain, for example, that a general science policy statement

implies much more support for basic research and less "pressure" to work on

applied problems.

Such general statements are of crucial importance because their character

should have a direct and determining effeci; on the structure of the scientific

enterprise which is created. They are also important because of their potential

effect on the motivations and aspirations of a country's scientists.

In a similar vein, the hierarchy that attributes the highest prestige (if

.:(2r(10 ) to pure or basic research, less to applied and least to

developmental research, is also a product of a past age, although, of course,

this was not the case when modern science first began to flourish in the

seventeenth century. As long as this hierarchy, which is often an implicit

part of the baggage of scientists, is left unchallenged, there will be difficulties

in attracting first-rate people to work on applied problems. No sirgle country

can, by itself, secure a complete change in scientists' attitudes towards thi.

Bat. Li tti.tude C on th:i.L; qur-!:; Li J re 1(ij;1111,-,; u Cr :-,4 L.;

11,1 re i! e Cur ;IL 111 further Cfli n the re 1;

Ai.ro,fi.i.LJni- of tni:: LienyVI:/ Lor CCIC nti Lic etiorLL: in ir n 1 01: LA :,-.
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A clear statement and conception of national objectives would also affect

the actual structure and location of scientific enterprises. Thus, a laboratory
operated by (or under the jurisdiction of) a research council, a science ministry
or a university cannot be expected to do effective applied work that will have a

direct impact on, for example, the country's steel industy. There may well bo a

need for laboratories at the university, at particular Government ministries, and
at hospitals and industrial establishments, as well as for some that are, perhaps,

independent of any of these institutions. But its institutional location should

tell much about the objectives of a parti:ular laboratory. There are still

differences of opinion as to whether it fc.s better to have a particular industrial

labo:atory located physically vithin the factory gates or whether some slight
degree of physical detachment is not more desirable. There seems to be little
doubt that comIl-Ae physical separation and isolation are less likely to result

in work of relevance to that particular industry. Again, there is no universally

accepted dictum concerning the optimal location of laboratories, but current
thinking leans more towards some kind of proximity, physical and otherwise, with

respect to the major objectives of the laboratory. The maih point here is that

proximity reinforces for the scientist the importance of the objectives, while

distance and isolation may make it easier for him to forget the original intent

of the laboratory's research efforts.

Aat is being stressed is the vital importance of clarity and the continuing
involvement of scientists and engineers in formulating national science policies.
But the really crucial problem of the substantive nature of such policies,
especially for developing nations, is beyond the scope of this paper. The
relationship between science and economic development is complex and still little
understood. There is beginning to be appreciation and understanding of some
aspects of some policies and practices which seem (do not seem) to work in

specific situations. At the extremes, however, it seems clear that where there
is a heavy emphasis on basic research and an isolation of scientists from
agriculture and industry, tangible returns on research will not be the likely
result in the short run. At the same time, merely emphasizing applied research,
without a direct and continuing relatimship to economic policies, is likely to
be equally unproductive. It is futile to encourage scientistF to try one course
and then to abandon them because of impatience or poor economic planning. 1,

For some of the reasons already mentioned, as well as for some which are
developed below, very few, if any, special policies dealing specifically with the
conditions of work would appear to be necessary. Because of the differing and
evolvim objectives of different laboratories and research organizations, a
maximum of flexibility and local autonomy is likely to produce the best results.
It seems ludicrous to specify particular hours of work when one type of research
may require constant attention for twenty-four or forty-eight hours at a time,

or another can only be done during hours of darkness. 'Jithin broad guidelines,

The United Nations and the United Nations Educational, Scientific and Cultural
Organization have sjonsored a number of international and regional conferences
on this subject, the proceedings of which may be consulted with profit. See

also C.H.G. Oldham, "Science, technology and economic development: science
policy and science aid", in l'ard iorehouse, ed., Science and the Human Condition
in India and Pakistan (New York, The Rockefeller University Press, 1968),
pp. 15-137. In this volume, there are also a number of other highly relevant
papers, especially those by Hoelscher M.G.K. tenon and Y. Nayudamma.
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each laboratory, and perhaps even sections of a laboratory where this is
appropriate, should be free to set whatever policies are deemed appropriate
for the effective conduct of research in that particular setting. This may
well result in the rractices being much more "liberal" in one laboratory than
in another. Such differences should be examined, along with other factors, to
see whether - and, if so, in what ways - they affect the productivfty and even
the creativeness of the laboratory. This examination must, of course, be done
with great care and, ideally, should be part of the continuing programme of
research on research. In all probability, some degree of diversity would be
essentia7 simply because of the diverse nature of the research, on the one hand,
and of the scientists involved, on the other.

As has already been argued, special or different policies for science
and scientific research are or should be largely unnecessary. Again, a maximum
of flexibility and even deliberate experimentation with organizational forms
and practices is much to be desired over the rigidities of a neat and centrally
managed enterprise. There may be, however, special problems in specific
situations, especially in connexion with policies on remuneration and promotion.
Such a problem may arise in two respects: first, in relation to other high-level
professional, non-scientific categories within the public sector; and, secondly,
in relation to other scientific occupational categories in the private sector
in those countries where it exists.

There is a continuing problem concerning the criteria for promotion. It is
fairly well-accepted practice that promotion should not be a matter of
organizational resronsibility. That is, promotion should not be based upon,
nor should it necessarily entail, responsibility over a number of subordinate:
Scientists should be promoted with appropriate titles without having to assume
administrative responsibilities for which they may not be at all suited. This
dual ladder of upward mobility within an organization is now fairly common
practice in many of the more progressive research organizations and takes into
account the fact that not all scientists are good administrators; and, yet,
they may need increased recognition and preetige through promotion.

A second, perhaps slightly more complicated problem lies in the relationship
of seniority to promotion, as well as to increments in salary. The old notion
that seniority alone automatically entitles one to regular increments and
promotion no longer seems an adequate rationale, whether for scientists or for
any other highly skilled occupational categories. The criteria should be more
nearly related to the objectives of the organization and the extent to which the
particular person is instrumental in helping to meet those objectives. Thus,
increased seniority by itself, must leau to a diminution in the effectiveness in
meeting the organization's objectives and goals. The answer does not rest in
rewarding an employee simply because he has been in the organization for a long
time; but, rather, in finding a situation in another organization in which that
person can make an even greater contribution precisely because of his seniority.
In such a situation, seniority is not only valued, but is of value. The solution
will differ for different persons in different situations and in different
organizations. A man who has been engaged in research for a considerable period
of time may iind it more exciting and be more usefully engaged in teaching for
another period.



Grganizing research orranizatidns

Numerous "recipe" books have been written to tell how to run a research

organization. There have been the "nine dilemmas" and the "ten myths", plus

a spate of books and articles, some based on research, but more based on

personal experience and anecdotes, all of which purport to be knowledge about

research organizations. g, The plain truth is that very little is known in

any hard and fast sense.

Part of the accepted dogma holds that scientists and organizations are

antithetical to each other. The scientists need freedom and autonomy to do

their best work. The organization, by definition, deprives the scientist

of at least some measure of his autonomy; and, therefore, it is argued that

there is an inherent and irreconcilable conflict. This is nonsense.

At one end of the spectrum are those activities usually labelled "applied"

or "developmental", engaged in by scientists and engineers. Such activities

are subject to reasonably good estimatez as to prdbable costs, number of

personnel required and the time needed for completion of the target. Such

activities can be progrmnmed, to use the computer jargon, and the job of the

organization is not only to facilitate pertormance, but to ensure that there

shall be some reasonable adherence to the estimates of time and money.

At the other end of the spectrum are those research activities whose

outccme can scarcely be predicted. Costs cannot be estimated with any great

precision; instead, it is necessary to work within an agreed budget. Fairly

specific schedules and budgetary allocations make much less sense at this end

of the spectrum, while they may be essential at the other end. Neither type

of activity is in and of itself more important, or less, to the organization;

and the fact that greater control is and can be exercised in one case is a

function of the nature of the activity and not of its prestige value.

Regardless of whether the end-results of certain activities can be predicted

in advance, the organization's main task is to facilitate the conduct of

research activities. Its job is to provide the scientists and engineers with

the equipment and supplies necessary to the conduct of their work, within

budgetary limits and, in some cabes, subject to the availability of the

instrwnents or supplies. This activity sholald be viewed as a co-operative

undertaking by the scientists, ths supply officers and the organizational

leadership. It is understood that supplies, for example, should not be

wasted; but it is not the main purpose of e research organization to maintain

rigid control and constant vigilance so that it takes, for example, three

vcuchers and six forms in triplicate to dbtain a pencil or a chemical vital to

the conduct of an experiment.

2, See Herbert A. Shepard, "Nine dilemmas in industrial research", Administrative

Science Quarterly, Vol. 1, No. 2; (Fall 1956), pp. 1-20; K. Guy, Laboratorx

Organization and Administration (London, MacMillan and Company, Ltd., 1962);

Charles D. Orth, III, Joseph C. Bailey and Francis 'I. ?.olek, Administering

Research and Development: The Behaviour of Scientists and Engineers in

Orranizations (Homewood, Illinois, Richard D. Irwin, Inc. and Dorsey Fress,

1964). See also a short annotated bibliography by George P. Bush and

Lowell H. Hattery, "The 1967 research administration bookshelf", Research/

Develoment, Vol. 18, No.11 (November 1967), pp. 34-37.
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Lureaucratic requirements, as well as the failuie to review the efrieaey of

past i.olicies and 1:rocedures, often result in a situlon in yhieh frore and more

of the organization's time and eneri;y are devo ted to the maintenr,ne- CT Ivecedures

and controls and less and less to the performance of the actikiiis -Thiel' were

thought to be the -ten raison dl'Otre of the organization.

In thc last analysis, the quality of leadership up and down the line in nny

organization is probably the sincle most important variable in the situation.

Here again, one must rely on personal reminiscinr and other anecdotal :aterial

rather than on hard data. It seems fairly safe to assert that the outstonding

scientist does not necessarily make an outstanding organizational leader. Very

often, the organization has succeeded in losing a good scientist -and his outrut -

while acquiring a poor leader who has a negative effect on the output of many

other scientists as well. The current folklore continues to maintain that the

leader of a research and development organization chould be, at least, a

respectable scientist, rather than a layman or even a mediocre scientist. 'this

folklore has rarely been challenged, so it would be difficult to consider

alternatives, although it should be noted in passinc that even the lay

administrators of today are likely to have at least some science background

and, in general, to have a greater appreciation of the problems of science and

research than would have been the case several generations ago. ,4!ain, the

contrast appears to be between the administrator turned out in the British

"two culture" tradition (which was certainly a factor in the past), compared

with the greater emphasis currently placed on science in the educational systems

of most countries even that of the United !Angdem of Great Britain and i!orthorn

Ireland.

The term "leader" is used here deliberately in contradistinction to the

usual notions about a director. It is a commonplace to observe that the old-style

director who actually "directed" in a completely authoritarian fashion is probably

on the way out everywhere. It is not simply the change in terminology, however,

that is important, but the change in style and its implications. The effective

leader today certainly puts the stamp of his ideas on the organization, but

he does that by giving the people nominally under him more autonomy rather than

less. Athin established goals, the man at the bench is usually given

ccnsiderable autonomy with respect to how he is to move towards achievement of

a mutually accepted goal. Mille his work may be reviewed from time to time, the

scientist is not "told" what to do and how to do it, nor is he supervised on a

daily and continuing basis. In these circumstances, the scientist well understands

that he must produce; if he does not, he must certainly take rart of the

responsibility. Since the scientist chose to come to the particular organization

and has had a hand in settling tne kinds of problems on which he irs enred, he can

in effect, enjoy all of the autonomy said to be essential to bring out the best

in him.

The scientific leader of a research organization must aJso be an effective

advocate for his organization with the organizations and 1,eco.lo to whom be is

ultimately responsible, whether this be the finance winistry or SM.(' other

cabinet minister, a legislative body, or another institution. From them, the

scientific leader must obtain the resources needed by the laboratory to carry

out its mission (within the context of vhat is reasonably and realistically

available). He must, also act as a buffer between the layman and "his" scientists,

explaining to each group what the other needs and wants.
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Hhether the scientific leader assumes directly all or most of the

realunsibilities for purely administrative matters is difficult to asses:; in
ae rbstraet. It depends, in tart, upon the extensiveness of administrative
duties characteristic of public sector laboratories in a particular country;
end, in rart, ulon the rersonality and predilections of the particular
r;cientific lader. orile thrive on a bit of administrative responsibility,
while others detest it. Some have found it helpful to work in tandem with

a chief administrator who is responsible for all non-scientific matters in the
organization, utile others find it impossible to make this accommodation.

ill research organizations are, by their very nature, plagued by the problem
often referred to euphemistically q.s "hardening of the arteries" or, more
simily, aging. The general reason is that research is innovative and often
rvYolutionary in its implications, while organizations tend to be more
eoliceNaJdve, once they come into being. The problems are exacerbated when
an old. olTanization is dominated by or predominantly made up of the "old-timers"
who were involved with its inception. The problem is further exacerbated when
such an organization is in the public sector, at least so it is generally
believed.

There are still other manifestations of this problem. It may be that the
director is too old or has been in the job too long and has thus lost some of
his vitality or flexibility. It is also rossible that the director finds ix.
imi.ossible to chance with changing needs or changing goals. Very often, it is
not a matter of acing as such, but of the appropriateness of a particular style
of leadership at a rarticular stage of development in an organization. Thus,

the kind of charismatic leader who may be the best possible choice for an
or()anization that is just being formed may turn out to be the proverbial
square per in a round hole" at a later stage when the organization may need
stability and consolidation. The problem may be concerned less with the nature
of the leadership and more with the inability to do anything about some of the
personnel who may no longer be productive or who have become obsolete. This

is a particularly trying situation when seniority and tenure regulations make
it virtually impossible to effect any change. Still another kind of related
situation arises when there is a distinct change in the objectives of the
organizi_ttion or in their emphasis; people originally hired to fulfil given
kinds of objectives may not be appropriate in a newly defined situation.

T2hile the foregoing examples by no means exhaust the types of situation
that have been encountered in various organizations, they are at least
illustrPtive of a wide range of problems encountered. Again, solutions are not
simple, but at least there is indication of where one should be heading.
OrEaniz'atione, no less than the individuals within them, should review
themselvo y.oriodically to see whether goals are still meaningfUl and whether
the orcmation is effectively working towards their accomplishment. This

could be a matter for continuing self-appraisal, or a variety of other techniques
cou)d be elaployed, including the use of visiting committees of outsiders.

Organizations faced with a declining interest in their original goals need
not necessarily cease functioning. They can shift their goals to those
considered more significant to the society, and, in the process, bring about
a change in the type of work done and, over time, perhaps even in the character
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of the personnel employed. Such efforts should be studied very carefully to

see uhether they yield any generalizations, since it is not clear whether it

it better for an organization whose original purposes are no longer relevant

to quietly cease to exist or whether an effective organization should turn its

energies in other directions.

Several points are, however, clear: first, the importance of early

recognition of the declining significance of original objectives so that

appropriate action can be planned; secondly, appropriate action may be to

shift the emphasis of the organization or it may be to let the organization

cease to function, but, in either case, early recognition permits an orderly

transition and avoids the kinds of crises that are destructive to the morale

and productivity of all concerned; thirdly, such periodical appraisal by

insiders, as well as outsiders, of both the nature of the organizational

objectives and the effectiveness with which these are being carried out can

also provide an early warning for those organizations whose major problem is

simply old age. In all cases, a good degree of flexibility is obviously

essential and must therefore be a constituent element in the system. Lastly,

it scarcely needs be re-emphasized that rigid and static organizations are a

crucial element in determining the careers and opportunities of a country's

scientists and engiaeers, and the results which may be expected frcm them.

1:hile the aging of an organization is a persistent problem, once it has

been in existence for a long time, the size of a laboratory is a question that

must be faced from the very outset. Size is, in part, a function of the work

to be undertaken and the equipment necessary to perform such work. It is

inconceivable to try to operate an accelerator in a physics laboratory with

only a handful of men. It is possible to maintain a laboratory in some

branches of chemistry or biology with perhaps as few as a dozen workers.

Research that requires very expensive equipment, such as an electron microscope,

must seek to achieve some optimal utilization of the equipment, which has

implications for the size of the unit. It is not very likely that any country

can afford to provide every one of its biologists with his own electron

microscope.

But beyond these more or less technical limitations on the size of the

laboratory, there are a number of other equally significant considerations.

One of the most important of these factors is the often unexamined tendency

to permit lauoratories to become larger and larger in the mythical expectation

of achieving economies of scale. ?line it may be true that, up to a point,

centralized and large-scale purchasing or maintenance of experimental animals

or some other service ccmponcnL t. be u.oru economic...1, thi.: 'point is often

exceeded as sections of an organization gain a vested interest in extending

and maintaining their own existence. The economy realized may turn out to be

largely mythical; and, in fact, other costs often not taken into account may

actually vitiate the financial savings. The inconvenience, the loss of time,

and bureaucratic red tare and other cumberscme procedures may actually result

in a diminution of the over-all effectiveness of the laboratory's main tasks.

Any organizational practices of this nature, hich obstruct rather than

facilitate the conduct of research, affect the morale and productivity of the

scientific workers and may be self-defeating in the end.
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There is, ho,rever, the continuing problem of the critical mass needed for a
research undertaking in order to ensure at le-st - minimal amount of helthy
interaction and an avoidance of isol-tion and stagnation. Related to this
problem is the question of how m-ny disparate types of activities are best
carried on within a single organization. One solution that has been tried by
a number of industrial firms in the United States of America is to try to keep
the staff of any single laboratory at somewhere around 1C0-125 people. Lhen a
laboratory begins to exceed this limit, consideration is given to forming a new
unit. Each unit enjoys considerable autonomy, but all participate in setting the
over-ull objectives of the firm. A number of these units may be located on the
same "campus" so as to enjoy some of the advantages of centralized library
facilities and other services, but each is quite autonomous with respect to its
own special requirements and objectives.

It must be emphasized ugain that such solutions are more a matter of
conventional wisdom and pragmatism. Luch better studies and data are needed
before any particular pattern of organization is accepted as optimal. At this
point, much more conscious und deliberate experimentation might well be undertaken.

Although budgeting practices may seem at first glance to be the prime concern
of a laboratory director and a finance ministry, such practices inevitably exert
considerable effect on the style and "climate" in a laboratory. And, to the

extent that th4.s is so, these practices have an effect on the careers, the
productivity and even the mobility of the scientists and engineers in the
laboratory. Some form of budgeting is obviously essential in any organization
and, properly utilized, can be a valuable tool in planning and maintaining some
degree of organizational flexibility. Difficulties usually arise, however,
because of the tendency of many Government official to view the budget primarily
as a mechansim of control. When viewed in this fashion, the budget tends to be
akin to a strait jacket. 31

3 In its most rigid forms, the typical national budget tends to be on an annual
cycle with each individual item broken down into minute details and regarded as
"line items". Line items tend to be considered inviolate, and the possibility
of shifting some funds from one line to another is usually surrounded by a maze
of restrictive and discouraging regulations. The expenditure of time and
effort, even money, in any attempt to obtain a change makes one wonder about
the function of the budget as a mechanism for getting the job done. It is not
at all clear that such rigid conceptions of the budget actually do result in
greater control or even in greater savings. As was just mentioned, an enormous
amount of time and energy may be expended in an effort to circumvent these
rigidities, the cost of which is unfortunately hidden and does not appear
openly in the budget itself. Secondly, such budgets are often accompanied by
u stringent rule, variously stated, which, in effect, prohibits the carry-over
of unexpended funds from one budget period to the next. The usual consequence
of this rule is a tremendous flurry of activity just before the end of the
particular budget period in an effort to expend all the remaining funds. Such
a last-minute spending spree may not be very economical or even productive;
yet, it is often regarded by the organization in question as an essential
activity lest the budget for the following year be cut because some official
may interpret unexpended funds as a sign that too much funding had been
requested previously.
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Mi.:3 type of control is most certainly counter-productive in any kind of

research and development organization. The uncertainties that are .A,n inhere,it

part of the research process make such a budget particularly inappropriate. Ihe

lack of flexibility and the discouragement of ,rly kind of creativcness wwld r.,kc

such budgeting procedures almost disastrous for any research orgz.lni7it1on.

The budget of a research organization should facilitate and not hamper the

attempt to achieve accepted objectives. Considerable flexibility can be 'tchieve,i

with virtually no loss in accountability by relying on fewer fixed lines; by

providing only very broad categories instead of minute and detailed breakdovus;

and by e_sing the process so that funds may be shifted from category to category,

as deemed necessary during the actual operation of the organization. Nee the

over-all level of the budget has been agreed upon, most, if not all, of the

responsibility for actual expenditures and for allocations to particular

subcategories should be in the hands of the director of the reserch organition,

The director may well wish to delegate this responsibility further dovn the line

in his own organization, again within guidelines agreed for each unit within

the organization. Thus, the project leader would have the main responsibility

for the allocation of the over-all sum allotted to him and would have to learn

to abide by the decisions he makes. Such a system provides no less accountability

or responsibility, but it does introduce considerable flexibility and even the

ability to exploit new developments within the available resources with a minimum

of delay and red tape. This is essential for the maintenance of a reasonably

dynamic atmosphere within the laboratory and for the encouragement of wIntever

creativeness there may be within the laboratory.

One further point might be mentioned in connexion with budget problems. Until

recently, the annual cycle seemed to be an almost inviolable practice in most of

the world. Even this bastion is beginning to fall, however, as the disadvantages

of this process become mcxe and more manifest. As a recent British experience

indicates, it is not merely the fact of an annual cycle that is dicadvantageons.

A recent paper comments on the difficulties experienced by the Naf.ional ihysical

Laboratory (United Kingdom) when it shifted from the annual to the quinquennial

plan in 1954. Mille the quinquennial plan avoided many of the difficulties of

the annual cycle and provided considerable flexibility by permitting the carry-

over of unexpended balances from one year to the next within the fiire-year period,

it suffered from other rigidities. The most important one seems to have been

the difficulty of drawing up a meaningfUl and sufficiently specific plan for

what turns out to be a period of almost seven years (this because of the lad

time necessary to draw up the plan and to move it through the prope- channelt1).

In this connexion, the author of the report states:

"Shortly after the second quinquennium began, it became clear th:J

a fixed quinquennial plan was unworkable and in 1961 the concept of a

trolling' five-year plan or 'five-year forward lookt was intrcduced...

under this scheme the National Physical Laboratory revIews its five-year

plan annually. It is underatood that, the plan agreed for the first year

of the quinquennium is quite realistic in terms of staff complement

and expenditure on equipment and services. For the succeeding L '0

the plan is regarded as less firm and the provisional allocations for its

fulfilment are understood to be subject to some revision in the light c,f
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unku Juges in the financial or scientific situaticn. Thc plalts
two years are accepted by both sides (the Treasury and the

to the tentative estiaates which will become progressively
1-y year. Each roll ing five-year plan assumes a constant value

it. -11d any adjusLments for increased costs are made when the
(..t t U..LhT e ,a1.! s pi an ic agreed

"

purticular scheme that has evolved at the National Physical
irti.t,:itratott;/ tit fact, the ideal solution for all types of laboratories in
oil s 1.:.7 an etnpirical question to be examined very closely. All
that (2an ;1;:, this point is that it seems to be a very defir-te improvement
over the rirriiities of a fixed budgetary cycle. But the fact that .he nature of
the. cycle and the practices surrounding the actual oierntion of the
budget atrect the pieductivity of the laboratory and the effectiveness of its
scienti stt_, and en!, n9e1's can no longer be denied. It is to these twin problems
of cretativene::, ;:ti productivity in the laboratory that attention is now turned.

,:NLIveness and roductivity in research organizations

ttt Air Vt2I1esb and productivity are obviously highly interrelated, they
are not and sueh studies as have been made have attempted to treat these
two in .1 d istinct fnshien. Underlying this tendency is an assumption,

,)-ted itnplicit, that productivity is easier to drtal with than
,t),;tJs. Amon,, those who have studied the problem, there is a general

tR2.11.tit-r,:, hut by no means univ3rsal ag.,reetrient, that productivity in a research
1;4;01.a-tory does not differ too significantly from productivity in any other kind

otgani:atio:11. Creativeness, on the other hand, is often felt to be a special
;Attribute lith special problems unique to science and other activities. Be that
'Is it the study of creativeness in research laboratories, in particular, is
still in infancy.

Pefore it i.s possible to say with any degree of confidence what factors in
the labccatory, its orgardzation or even in the larger environment may affect
tho f.treutivettes,i of scientists and engineers, it is obviously necessary to be
able to .i_dentify .,:hat is meant by creativeness. Even if creativeness could be
identlf5.ed satisfactorily, it would still be difficult, given the stage of
clutrent Icnowitge, to be able to isolate with sufficient rigour the precise
lactor:: and their specific contribution. If such factors could be isolated, it
is ,toncelyable that ex.periments could be conducted in which such factors Tiould
be intr(y1,71-ed in a controlled fashion. This step is still quite distant; and

o: the people who have ever been involved th research feel they have
quite a tJYikl idea about what creativeness is and sometunes even who the creative
people are, although this is, admittedly) tr.ostly a matter of intuition.

Thero iL3 a further difficulty with Thith and. intuition in so far as no one
knowt;, Lin(; the,r,,; is a tendency to pay little attention to all the potential
creativeness whIch is lost or not fully awakened. In the last analysis,
reativeneEs, at the extreme ends of the scale (the very creative and those who

seem completely uncreative), is reasonably easy to detect - though not necessarily

-_

Gordon Sutherland, "The National. Physical Laboratory", in Gir John
GGelccroft, ed., The Organization of Research Establishments (Cambridge,
Cambridge University Press, 1965
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and not vely often before the fact - but it is with the great mass which lies

between these two extreme:7, that there is the most difficulty and the most

opportunity. As a reasonable lqorking hypothesis, it may be suggested that the

truly creative scientist at the very top of the scale win_ probably express his

creativeness almost iirespective of anything in the environment, human or

otherwise. The environment may, however, prove to be decisive for all who are

below the very top. The degree of encourament or inhibition may influence a

person's realizing his maximum creativeness .

Cne of the main results that emerges from studies to date J is the

complexity of the process of creating. There is also a strong suggestion that

creativeness is a product of tensions rather than of their absence. Investigators

do not agree on which particular factors should be in a state of tension, but

they all seem to agree that some state ef .pushing acd pulling on these factors

J. most conducive to creativeness: order, but a good deal of disorder at the

same time; detachment, but a good deal of attachment at the same time; and so

on. Apparently, the really creative person thrives in a dynamic state of

tention, and one would suspect that he does much to create this state, at least

on a psychologicll level, for himself. .6/

See, for example, 3.A. Mednick, "The associative basis of the creative process",

Psychological Review, Vol. 69 (1962 ) pp. 220=232; S. A. Mednick and M.T. Mednick,

Manual: Remote Associates Test. Form I, 'Pesten, Houghton Mifflin Co.,

1966); Donald C. Pelz and Frank Andrews, Scientists in Organizations.:

Productiv,2 Climates for Research and Development New York, John wiley and

Sons, Inc., 1966); and Gerald Gordon, "The identification and use of

creative abilities in scientific organizations", Proceedings of the Seventh

National Research Conference on Creativity_ (March 1966).

In recent years, there has been some hope among some investigators in

this field that Mednick's newly created test for creativeness (the so-called

"RAT" test) might actually discriminate between degrees of creativeness and

non-creativeness. The test requires one to think of an unusually associated

word related to three given 1,iords. Thus, when presented with the words

"rat", "blue" and "cottage", the correct answer would e "cheese". Uhether

this sort of word association test is, indeed, akin to the creative process

or even to cne facet of it, as is claimed by Mednick, is still open to

question. Obviously, those with high verbal ability are likely to score

higher on the test . And, in its current form, the test is necessarily

restricted to those ho have a superior command of the English language .

The Mednick FAT test has been used by at least two other researchers in the

field, with several samples of scientists and engineers. Results have been

mixed, to say the least; and, of the two, Gordon seems the more optimistic

about the potential usefulness of the instrument. Even Gordon, however,

does not suggest that this is a sufficient test of creativeness.

_§/ See Thomas S. Kuhn, "The estential tension: tradition and innovation in

scientific research'', in Calvin Taylor, ed., The Third 1959 University of

Utah Research Conference on the Identification of Creative Scientific Talent

(Salt Lake City, 195)), pp. 162-77.
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For the reasons mentioned above, much of the research on creativeness has

focused on 7,he psychologi^al dimensions, and considerably less attention llEw been

paid to the environmental -A'actors which may encourage or inhibit creativeness. Li

From the point of view of any organization or its research director, there are

two impoctant questions. The first is how one recognizes the man with the most

potential creative 0Ality from among a number of possible recruits; and even

if a man has already shown some creativeness in his work, how one can be

reasonably sure that he will continue to exhibit this in his subsequent

endeavours. The second major concern is what should the organization be doing,

or not doinj, to encourage the cnaximum amcunt of creativeness possible in each

person.

The best answer to the first question is probably still the intuition and

judgement of the man who has a good record for havinE spotted such people in

tne past. There is no test or combination of instruments known today thal-, will

necessarily do as well as informed intuition. The answer to the second question

is far more complex. Many of the points have already been covered in other

contexts. Essentially, it comes down to putting up as few barriers as possible,

so that whatever creativeness exists can find an outlet. Such barriers can be

psychologicaa, organizational, interpersonal or of other derivation. On the

more positive side, creativeness should be nurtured especially by the director,

in so far as the director makes it clear that he recognizes what is going on

and helps to convince others (usually top management or the financial officers)

that what i being done is creative and worth waiting for.

Beyond these two vital questions, there is an even more basic question

which is rarely approached with complete candour. The fact is that not all

organizations want a great deal of creativeness from all of their scientists

and engineers all of the time. fy Creativeness has become one of those
terribly important words surrounded by an aura of magic. It is the cloak in

which everyone would like to be wrapped. Who would not like to be thought of

as being original and novel, brimming with brilliant imagination. But, at the

same time, it is obvious that creativeness means different things in different

situations. This applies not only to the distinction between ability and
performance, 2/ but, more concretely, to the fact that inany phases of most
research require great care, precision and attention to routine details.
Undoubtedly, most routine tasks can be approached creatively, even though they

require little, if any creativeness. This statement is not so much a play on

words as an attempt to underscore the fact that however fashionable creativeness

appears to be. most organizations actually discourage it and do little to foster

its development.

I/ For an extremely useful annotated bibliography, see Morris I. Stein and
Shirley J. Heinze, Creativity and the Individual: Summaries of Selected

Literature in Psychology and Psychiatry (Glencoe, Illinois, The Free Press,
1960). See also Calvin W. Taylor and Frank Barron, ed., Scientific Creativity:
Its Recognition and Development (New York, John Wiley and Sons, Inc., 1963);

Gary A. Steiner, ed., The Creative Organization (Chicago, University of

Chicago Press, 1965).

8/ See, for example, Donald A. Schon, "Six ways to strangle innovation", Think

(July-August 1963), pp. 29-32; and N. Kaplan, "Some organizational factors
affecting creativity", IRE Transactions on Engineering Management, Vol.
EM-7 (1960), pp. 24-30.

Pelz and Andrews, op. cit., p. 156.
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Really novel ideas may not be supported or may have to go throuvh so many

check-points that, even if successful, they are quite worn by the time all of the

obstacles have been overcome. A novel idea or a novel approach is greete0 by

a reminder that a more traditional result and effort are expected first. The

unwillingness of a research director to "go out on a limb" and support high-risk

undertokinps may discourage such proposals from ever seeinu the light of day.

If a laIgnatory rt2ally needs and wants creativeness, there is much that can be

dcle (or not done) which will help to realize this objective. If, on the other

hand, true creativeness would be counter-productive, there should be less of a

fetish about it.

In some of his recent work) Gordon has made a distinction between

creativeness and innovation which looks quite promising. 10/ By creativeness,

he means primarily the ability to recognize a problem, to perceive anomalies

and to consider possible resolutions. In contrast to what might be called the

problem recognizer, Gordon postulates a problem solver. The innovative problem

solver provides a more imaginative, sometimes an even more novel, solution.

Such a distinction is not entirely new, but it does emphasize the importance

of clearly defined objectives and goals in any given research organization. An

organization concerned primarily with new technology and its improvement will

undoubtedly want more of the quality Gordon has labelled "innovation". If high-

pLiority problems have already been defined, whether by the general economic

plans for the country or by the specific needs of a particular industry, and

there is agreement in the laboratory or research organization that these are

meaningful or achievable coals, then the most important type of person is the

innovator who will look for the most imaginative solution. Such an organization

would be less likely to ant to encourage the presence of too many problem

recognizers, since this might divert attention from the main goals of the

laboratory and result in a high level of frustration. Some problem recognizers

would undoubtedly be a valuable element, especially as they serve to "jostle"

their colleagues into thinking of new and alternative ways of doing things. 1.3.1

For the most part) however) persons with this type of creativeness should

undoubtedly be encouraged to seek out organizations whose main function coincides

with their own capabilities - namely, the anticipation and recognition of new

types of problems on the horizon.

Summing up, it is clear that there is much that can be done here and now

to take aovantage of the creative potential of most scientific workers. First,

it is essential to distinguish different types of creativeness, not only in the

abstract, but in the specific context of the job to be done. It is quite

conceivable that people have different amounts of these different types oj creative

ability; it is even possible to find these different types within the same man

during the course of his career. The important thing is to match his type of

creativeness with the needs of an organization.

The organization can do much to foster the best in a man by putting up the

least pocsible number of barriers to getting a job done and by providing a

sufficiently variegated environment so that there is stiwulation from both

similar and different kinds of colleagues. It goes without saying that

reasonably satisfactory facilities, such as libraries, are a pre-condition.

12/ Gordon, op. cit.

111 Donald Pelzt contribution is particularly noteworthy. See his discussion

of "Dither" and the influence of colleague stimulation in Pelz and Andrews,

op. cit. -68-
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Lastly, clear-cut organizational objectives that are mutually understood and
agreed upon (even jointly created by all concerned) are probably the most
important factor in an effective organization. It should be emphasized again
that many organizations or sections of organizations (because of the way in
which they are organized, because of the lack of clarity of goals, becau:2e of
the nature of their leadership, or for other reasons) have been primarily
responsible for discouraging creative impulses or "strangling innovation". 12/
Creativeness and innovaton have been stifled by the very organizations that
claim these to be their main objectives. In other words, the organizational
environment and the environment in which it exists may play a decisive role in
realizing (or failing to realize) the fullest creative potential of scientists
and engineers who are a part of that organization.

Next to be considered are some of the problems associated with productivity
in the research organization. In one sense, there has been considerably less
difficulty in trying to identify productivity. The number of publications or
patents, in the case of engineers, has been used as an index of productivity,
but with only a degree of success. While papers and patents are indeed one
aspect of productivity, these are not sufficient. The difficulty comes, of course,
in trying to assess the importance (whatever the criteria for importance might
be) of such a unit of output. Countless examples can be cited of a single paper
or patent, that is worth perhaps a hundred or even a thousand others. There are,
moreover, such problems as the opportunity to publish and the encouragement to
do so, as well as a host of related factors, bearing upon the significance of any
such unit of output.

Significance may be viewed from a variety of perspectives, beginning with
the relationship of a particular paper to the field of science of which it is a
part. Efforts to get at this more deeply have revolved in recent years around an
attempt to use citation indices as a measure of how often other people in the
field have cited a particular paper. Even this method is considered less than
satisfactory because of the vagaries of citation patterns among scientists and
the different norms within subgroups of scientists, not to mention the differing
rules in the various journals. Nevertheless, the analysis of citations does
provide some clue about ale "usefulness" of the paper, however rough a measure
it may be.

Gne further point should be emphasized. Many organizations, especially
those in industry and Government (as opposed to universities) may not encourage
publication of papers, for a variety of reasons. If failure to publish were
used as un index of productivity in such organizations, it would clearly be a
poor indicator and would be of little usefulness to the management of such
laboratoricL in tryin3 to evti1ue.6e -crformance within ther ornizations. Again,
one returns to the crucial nature of the importance of clearly defined
organizational goals and objectives. To hold out the possibility or even the
desirability of publishing his work to a new recruit when this is, in fact, a
very low priority objective is Obviously self-defeating for both the organization
and the person in question. All too often; a scientist wants to publish primarily
because he thinks it is expected of him and because it is a basis for evaluating
his performance .

op. cit.
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By and large, most of the studies and much of the conventional wisdom handed

down by laboratory directors on the basis of their own experiences seem to agree

on a Lew fundamentals which, in their essence, are not significantly different

from tile factors believed to influence creativeness. If one begins with good

reoplc who have a good idea of the specific objective and then stays out of

their way, so to speak, then one has every reason to expect satisfactory results.

The kinds of tensions mentioned above seem to work for productivity as well.

3upervision should not be so close and ever-present as to be suffocating, but it

should be present when the scientist or engineer "needs" it. There should be

ample opportunity for interaction and discussion with people in the same or

neighbouring disciplines, as well as with people in quite different disciplines.

There should also be ample encouragement, as well as opportunity, to keep

abreast of what is going on in the field, not only through the literature and

professional meetings, but by being able to visit other laboratories and by

being attractive enough to be visited by foreign scientists and engineers.

There seems to be considerable agreement over the mutual advantages to be gained

by this type of interchange, and one finds some arrangementJ for such "exchanges"

or just plain visits not only in university laboratories which have traditionally

been open in this way, but in Government and industrial laboratories. 13/

Adequate facilities and their maintenance are, of course, essential for

continued productive work in the laboratory. There is some indication that

"adequate" means something less than what scientists and engineers with greater

financial means may feel they would like to have. All too often, scientific

productivity has been virtually choked by too much equipment and too much

emphasis on it. Something less than "too much" creates a tension that forces

the good scientist or engineer to improvise from time to time and actually to

think about his problem, rather than pursuing it mechanically from instrument

to instrument. n the other hand, there are increasingly numerous examples

where the lack of a particular instrument or the necessity to rely on an old

model may severely hamper the kinds of research results to be expected. In some

cases, it may simply not make sense to attempt certain problems without

minimally adequate equipment. It would be a bit like being forced to work out

13/ The comments of J.B. Fisk in Cockcroft, op. cit., pp. 209-210, on the

policies at a major industrial laboratory might well apply to most

laboratories anywhere:

"It is essential, in order to keep up with the advancing forefront of

scientific knowledge, to encourage these opnortunities to exchange views

with others. The research organization of an industrial laboratory cannot

hope to provide by itself all or even a majority of the new ideas needed

by its sponsors. A more realistic goal is the more modest one wherein bhe

organization keeps in such intimate contact with the whole scientific world

that it will know of new results promptly and, sensing their importance,

can mobilize to take advantage of them. Fut only if our own people are

themselves doing scientific work of the highest order and are known and

respected for their own contributions by professional, society and university

people of distinction, can they participate in and profit from these

exchanges."
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the calculations for a paiticular experiment cn a 7and calculator for a year or

so when one knows that such calculations could -Lc made in a matter of minutes were

a computer available.

Essential also for productive work are adequate salaries and other financial

incentives.1L/ It is manifestly impossible for salaries to be comnetitive on a
world-wide scale; but, within any particular country, it is essential that salarifs

for scientists and engineers should bear some relationship to the imnortance

assigned to such activities. This means, in effect, that salari s for scientists

and engineers should be on a par with (in specific cscs, . 1)A lo_er or c bit

higher) the most highly skilled and prestigious jobs within the country, not only
at the senior level, but at the very outset, so that this kind of career will be

attractive to the most highly qualified young people.

There should also be some relationship between the salaries paid at various
levels, the prestige generally accorded to various types of activities and the

tmportance of those activities to the country. That is to say, in specific

circumstances, it may be ncessary to have a somewhat higher salary scale in order
to attract and hold very highly qualified people in industrial and developmental
laboratories. Such laboratories, if they are good in every sense of the word,

are no longer looked down upon and treated as "second class" in all instances in

all countries. In some countries, however, a little of the outmoded "second-class
label" undoubtedly still attaches to even the best of the industrial laboratories.
This situation might be especially true in a developing country, where the
attitudes and the prestige assigned to these different kinds of activity in
laboratories are still those of the past. To reinforce such old
prejudices by providing greater rewards tu university scientists, as opposed to
those in applied and developmental activities, may be quite detrimental to the
over-all scientific effort of a developing country.

Salaries are very important and status is of some importance, though it is
less likely to be admitted openly. Technical facilities also are important. But

beyond these factors, there are special problems which are usually a bit more
subtle, but which help to create an environment that attracts the best minds and
keeps them working in a productive and useful way for the good of the individual,
the country and the world. Here one must refer again to the importance of
communication, the opportunities to visit and attend meetings abroal (special
attention needs to be given to the provision of such opportunities to young
people and not just to senior personnel). A scientist does not live by bread

alone. He needs the opportunity to see and be seen, to know what is going on in
his particular field and to know how well he is doing in a larger, comparative
context. The provision of such opportunities is essential for continued growth
and development of not only the individual scientist, but indeed, the laboratory

as a whole. The cost of providing this king of communication and interchange
is relatively modest in relation to the total cost and is virtually a bargain if
one considers the much higher costs of following the opposite policy. The

over-all costs of research and development tend to be high, but the benefits
expected generally make these activities seem vorth the price.

14/ United States of America, Federal Council for Science and Technoloal
The Competition for Quality: The Effect of Current Salary Levels on the

Federal Governn _et's Ability to Recruit and Retain Superior Scientific and

and Engineering PersonrcaTianuary 1962)

-71-

75



General comments and conclusions

In considering the career, status and working conditions of sci(ntists and

(ngineers in the Public Service, there ar( essentially two approaches. 15/ (ne

is addressed to specific career and status problems with the implicit, even

explicit, objective of bringing abc,t some improvements in the existing system

through such devices as better pay scales and more fringe benefits The other

approach is to examine some of the underlying conditions and the larger

environment in which such factors as salaries and status play some part. The

latter course has been chosen in this paper. It has been attempted to single out

those crucial elements of the environment which make a real difference to the

outcome irrespective of the specific salaries or personnel practices in any

particular country. The specific practices are certainly :mportant, but thr

context in which they exist is far more so. For this reason, emphasis has bccn

placed on the significance of policies and organizational practices, and a clrar

understanding of the relationship of all these factors to creativeness and

productivity. Once this relationship is understood adequately, any necessary

modifications of snecific personnel practices will seem simple and self-evident.

The United Nations Educational, Social and Cultural Organization recognizes this

fundamental fact by stressing the importance of "national science policies" 16/

as they affect career and status, which may actually differ in detail from

situation to situation. In the present author's view, it is these science

policies and their implications for the larger context and environment which

determine whether specific career and status decisions have any significant

impact.

If one begins with a competent and properly motivated scientist or engineer,

it is quite clear that his contributions can be enormous It is also fairly

certain that the kind of organization in which he must work and the science

policies that affect his organization and him will be important determinants of

whether his contribution, for himself and the society, will ever be realized

Although some progress has been made towards acquiring more precise and more

reliable knowleige concerning such factors and the ways in which they may work,

the fact is there is still a long way to go. Research organizations, the

universities and, indeed, the national organs responsible for science polic:/

should all be playing their parts in trying to achieve a better understanding

of the research process itself and of the relationship between the research

process and various national goals, such as economic development and teeinological

innovation. Much more research by social scientists, with the advice and

collaboration of other scientists, should be encouraged and supported. 17/ The

possibility of much mope deliberate experiementation with organizational forms and

practices for research activities should be entertained and studied carefully.

21/ For a pioneering work in this area) see Edward McCrensky, Scientific Manpower

in Europe, (New York and London, Pergamon Press, 1958). lior another

discussion, see Y. de Hamptinne, "The career of the r(search worker", Impact

of Science on Society, Vol. VI, No. 3 (Sept. 1955), pp. 169-180.

16/ For a very perceptive and broad discussion of the significance of national

science policy, see Pierre Pifaniol and Louis Villecourt, Pour une politique

scientifique (Paris) Flammarion, 1963).

17/ See Research Management Vol. XI, No. 5 (September 1968), which is devoted

entirely to research on research.
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In brief, no country had the one and only solution to the problem of
running a research enterprise effectively. Even if it did, it is highly unlikely
that its policies nnd practices could be transferred intact to other countries,
to other cultural milieux and to differing traditions. There is undoubtedly
much to be learned from countries with long experience and many successes - France,
Japan, the Union of Socialist Republics, the United Kingdom, the United States of
Lmerica and many other countries - but there is also much to unlearn; and there
ic nrobably much that ean be done better and more effectively if one is not
hnrNnered by outmoded thinking.

For example, part of the inheritance with respect to both science and the
Public Service has tended to rule out women for such careers. 18/ While this way
of thinking may have been in accord with the cultural realities of another time,
it is patently absurd today. The employment of women is only one of many changes
that can be expected today. As has been repeatedly stressed, different objectives
and tasl:s require different types of organization. That scientists and engineers
may have quite different proclivities at different stages of their lives suggests
a strong need for free movement among organizations. The opportunity to move
easily from organization to organization at different stages of one's career can
help attain the best possible match between organizational objectivities and
individual capabilities. This possibility suggests the need for rather similar
systems of fringe benefits, retirement and other such emoluments to enable - indeed,
to encourage people to move. There should be no loss ur stigma; rather, there
should be considerable encouragement for those scientists who can be productive
to move from fundamental to applied to developmental and perhaps back to
fundamental research activities, not to mention teaching and other possibilities.
The objective would be to maximize the match between organizational goals and
individual capabilities.

Throughout this paper, a single major theme, with two parts, has been
stressed repeatedly, Many of the fundamental ideas about the nature of science
and the Public Service derive directly from nineteenth century European models.
Many of the ideas about the nature of science as a career and the Public Service
as a career are still back there. They have been dressed in a more modern garb,
perhaps, but they are still fundamentally the same old ideas which have little
validity or utility in the latter half of the twentieth century. Such notions,
for example, as rigid hierarchical organizational maintenance without concern for
changing conditions and objectives no longer seem appropriate to the conditions
of today. Science is no longer possible in a scientist's garret; it must be
organized in order to flourish. Science can be organized to enhance the
creativeness of scientists for the benefit of mankind, and there are already some
good ideas as to how this might best be done. Some of these ideas have been
suggested in this paper, but much more work and experimentation on a continuing
basis are essential. In one sense, the brightest and the greatest opportunity lies
with the newer countries, which are not forced to repeat the history of other
countries; or, to put it more positively, which have the foresight to learn from
the past without repeating it because they are turned towards the future. 19/

18/ See in particular, Jacquelyn A. Mattfield and Carol G. Van Aken eds.,
1 1 1__.

Women and Scientific Professions; Massachusetts Institute of Technology
Symposium on American Women in Science and Enkineering. (Cambridge,
Massachusetts, and London. The Massachusetts Institute of Technology
Press, 1965).

19./ For a general treatment of this subject, as well as an extensive bibliography,
see N. Kaplan, ed., Science and Society (Chicago, Rand McNally, 1965).
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POLICIES AND PRCGRAtiliES T4 INCREASE AND IMPROVE HOTIVATION,
CREATIVENESS, LEAD2FSHIP AND OTHER FACTORS BASIC TO EFFECTIVE
PERFORMANCE OF SCIENTIFIC AND TECHNICAL PERSONNEL IN THE

PUBLIC SECTOR

Caroll L. Wilson*

The purpose of this paper is to examine the elements conducive to motivation,

creativeness, leadership and other factors related to the effective powformance

of scientific and technical persoanel in the public sector in developing

countries. In considerix; affirmative factors, it is necessary also to consider

the barriers and handicaps ;that confront developing countries in providing and

maintaining an environment that can attract and hold high-quality scientific and

technical personnel in the public service.

The range of "developing countries"

As there are vast differences among developing countries, no universal

prescription is valid. Moreover, the term "developing countries" covers a range

from the most newly independent States with a few hundred thousand people to

vast countries that have been independent for twenty years, such as India, to

countries with centuries of independent rule. There is also a great range of

cultural differences, including attitudes towards science and technology, and

characteristics of social mobility and of tribe or caste.

The type of developing country for which these comments may be useful as a

basis for discussion are those moving or desiring to move from predominantly

agricultural, often single-crop agriculture, to diversified agriculture,

increased industrialization and diversification of export earnings. They are

countries in which there are one or more universities, some technical institutes,

agricultural and medical services and primary and secondary educational systems.

The basic cultural value system of the society may be of overriding importance

in the creation of an environment of challenge, recognition and reward for

scienbific and technical personnel. The basic value structure of the society and

the kinds of skills and activities that the society rewards with recognition and

perquisites profoundly affect the career choices of talented young people. If

the society confers its prestigious rewards upon those whose education is

classical scholarship, it is L,o such studies that talented young people will burn.

Types of personnel and employment opportunities

The Observations in this paper are focused mainly on scientific and

technical personnel, but they also apply to other high-level professional

personnel, such as medical doctors and economists. Although reference is made to

the great need for technician-level personnel, principal attention is directed to

those with at least a firs 'c. degree in their fields. This category includes many

who are teachers, but whose basic preparation was in science or engineering.

* Alfred P. Sloan School of Management, Massachusetts Institute of Technology,
Cambridge, Massachusetts, United States of America.
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Bearing in mind the definition of types of personnel and cheir educational

qualifications, it is useful to consider the types of emplwment opportunities

for such personnel in developing countries. These opporcmnities occur under

the following categories:

(a) Teaching. Teaching may be in the secondary school system, at vocational

braining institutes or at universities. The presumption is that for teaching

at such institutions, at least those at university level, one a priori

requirement is a first degree in science or engineering. The largest number of

employment opportunities for scientific and technical personnel in developing

countries are in teaching at university level;

(b) Research and development. It is to be hoped that there would be some

opportunities for research at universities. In many countries, however, research

is not done at universities, but at special institutes which are sometimes

allied with universittes and sometimes independent. The main opportunity for

innovEtive research and development is likely to be at such institutes. The

support, leadership and general environment at such institutes are of critical

importance in terms of their quality and ability to attract and hold highly

qualified people. There may be some employment opportunities for research work in

industrial laboratories if such exist, and in technical control functions in

industry, but such non-public institutions are unlikely to provide such

employment;

(c) Administration. Zngineers are required in the administration and for

the performance of technical functions in such organizations as the public works

department, for the design and construction of roads, bridges, water-supply,

buildings etc. The electrical power organization, which may be either a

Government department or a Government corporation, requires engineers for the

operation and maintenance of hydroelectric and thermal power-stations, and to

build, and operate the transmission and distribution systems. Other employment

opportunities for engineering administrators exist in such activities as the

operation of ports, the railway system, the telecommunications system and the

airline;

(d) Industrial administration. At oil refineries, motor vehicle repair

and maintenance establishments, machinery sales and servicing organizations, and

in manufacturing and processing industries, there are also employment

opportunities and requirements for scientific and technical personnel.

It is clear that the above-mentioned types of employment opportunities are

to be found almost exclusively in the pUblic sector, either directly in a depart

department or ministry, or indirectly through State corporations which may exist

for operating the railways, the telecommunications systems, the electrical power

system and the airline. But the distinction between public and private

employment of scientific and technical personnel is not very meaningful in most

developing countries because practically all employment opportunities are to be

found in the public sector. Thus, the problem of competition or conflict

between employment in the public and private sectors, which exists in some

developed countries, seems to have little relevance for most developing countries.
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In considering the performance requirements in the employment opportunities

listed above, it is useful o identify what is expected in the key positions.

There is, on the one hand, a requirement for research and innovative scientific

and developmental contribution in agriculture, health, industrial development,

geology and other services, where the need is for people with original minds

working in a situation that favours their being productive. The other general

personnel requirement is for institutional leadership in the Government and at

universities, research institutes and other technological enterprises. Such

institutional leadership is a vital ingredient in the creation and maintenance

of conditions that will attract and hold well-qualified scientific and

technical personnel. At the same time, persons capable of undertaking such

institutional leadership usually have the highest qualifications for service

elsewhere in the world and are therefore subject to the strongest pulls to

emigrate.

Special character of scientific and technical personnel

It is importent to consider what is special and different about scientific

and technical personnel, as compared with many other kinds of high-level

personnel. The most important and critical difference, in erms of the demands

th.. it imposes upon national leadership in the developing countries, is the

international mobility of high-quality scientific and technical personnel.

People with good training and demonstrated performance, within the definition of

scientific and technical personnel used in this paper, are members of an

international scientific and technical community. The very skills and

preparation that such personnel have are in short supply throughout the world,

including many de,,1:2Ded countries, which offer highly attractive conditions of

employment and recogot,i1 for such personnel. Thus, scientific and technical

personnel have an c()cablon that has a "cash value" in various countries. By

contrast, those wit,h other preparations, such as in law, do not have an expertise

that has a cash value abroad.

The real competition for high-quality scientific and technical personnel

is not between pUblic and private employers within the developing country, but

with developed countries overseas to which national scientific and technical

personnel can migrate. In this connexion, reference is made below to factors

selected at the Conference on the Migration of Talent from Less Developed

Countries, held at Ditchley Park, England (United Kingdom) in February 1968.

It is worth while considering more closely the reasons that people migrate for

they have a great bearing on the situation confronting the leadership in

developing countries in establishing policies and practices which will tend to

counteract the "push" and "pull" factors so well described in the following

excerpt from the report of i;hat Conference:

'a) The Fush Factors - Those which encourage scientific and technical

personnel to leave their country of origin.

"1. The educational policies and structures of developing countries

often seem inappropriate,both in quantity and quality. As a result, too

many of the wrong kinds of graduates are thrown on to the labour market.
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"2. The slo ra'ue of economic growth in some countries has meant that
,heir capacity to absorb educated man-power into the economy is less than
,heir capacity to pro::uce such people in their education system. This
generates an 'overflow' hich contributes to migration.

"3. One of the reasons for the misallocation of educational and
.training resourceE is inappropriate man-power planning. This its4f is
partly clue to limitations in present techniques of manpower planning, and
partly to a lack of knowledge or concern about such planning on the part

of the governments.

"it. The salary structure found in many countries is prejudicial to the
retention of highly educated manpower. The issue of wages is extremely

complex. On the one hand a university graduate in a developing country
could obtain perhaps five times his salary if he worked in the United States.

But a .6 1.1e same time he is probably already earning thirty times the
per capita income in his own country.

II 5. The social structure and traditions of some societies is such as
to hinder the efficien't use of high-level manpower. For example, in many
societies it is still considered beneath the dignity of an educated man to
perform any kind of manual task.

"6. In some countries important minority groups are adversely affected
by discriminatory attitudes and legislation. The Chinese in Malaya, the
Asians in Kenya, the Ta:ails in Ceylon, can all be cited as examples.

"7. In some countries.., political factors have created a clitnae
tthich is inimical for economic development and academic freedom.

'lb) The Pull Factors - The main attractions of the more developed
country for scientific and technical personnel from developing countries.

"1. The demand for highly qualified manpower which is growing faster
than the capacity of the educational system in the developed country. This
results in good opportunities for qualified immigrants. This is especially
true of the United States, where the massive federal investment in
aerospace and defence has created a tremendous demand for certain types
of scientists and engineers. Also the slow expansion of the American
medical schools has failed to satisfy the rapidly rising demands for
medical care, and has helped to create many job opportunities for foreign
trained doctors and nurses.

"2. Both Britain and the United States have further aggravated the
problem for developing countries by introducing immigration laws which
give priority of entry to people with high qualifications. This was one of
the special features of the (British) Commonwealth Immigration Act of 1963.
Also the new American law ihich catne into force on July 1st 1968 will make
it even easier for scientists, engineers, and doctors from developing
countries to enter the United States.



1?3. Other pull factors are the converse of 'the push factors in

developing countries: hi,:her salaries, greater social mobility, absence of

persecution of minority groups, greater opportunities and political freedom

for some people, and fewer bureaucratic frustrations. All of these are

factors which influence people to move to .the more developed countries.

Sometimes the factors turn out to be more :.maginary than real, and the

migrant becomes disillusioned and returns home." 1/

Needs of scientific and technical personnel for effective performance

In comparison with the push-pull factors erumerated above, it is useful to

identify some of the needs of scientific and te.:hnical personnel for effective

performance. The needs described below relate to high-quality scientific and

technical personnel who may be employed in a considerable range of activities,

from the direction of a scientific instito.te to teaching at a medical school,

from heading a division ia a geological survey to directin2; the meteorological

service, from the conduct of geophysicaL surveys to serving as scientific

advisor to the Chief of State. For those who are in higher level positions, there

may be a strong pull from international organizations, which offer a wide range

of employ:aent opportunities for professional performance and exercise many of the

pull factors cited above for employment in some of the developed countries.

Some of the factors that developing countries need to consider in

atc.racting and holding good scientific and technical personnel are as follows:

(a) Means must be found to avoid isolation from scientific and technical

colleagues in other parts of the world. An important component in effective

scientific and technical worl: is interaction with one's pc:ers. This interaction

can come about through publications, through travel to international meetings

and through periods spent at laboratories or centres in dev,loped countries.

The associateship scheme, wiTich was first established by .the Centre for

Theoretical Physics at Trieste, enables theoretical physicists to spent up to

three months each year on a three-year appointment at the Centre at Trieste,

provIded they reside and worh in their home countries during the remainder of

the year. Efforts are being made to establish such associateship schemes on a

much broader scale, and if .these efforts are successful, an important

counter-force to the "brain drain" and an improvement in the potential quality

of scientific work in developed countries will have been achieved. Important

initiatives in these directions were taken by the United Nations Educational,

Scientific and Cultural Organization at its :.968 General Conference;

(b) The Government should keep abreast cf new literature. The pace of

advance in scientific and technical fields is very rapid, and means are needed to

enable scientists to fo:!low .the literature on a sufficiently broad basis to be

informed, to be stimulated and to avoid lengthy commitments of time and resources

"InternatioAal migration of talent from and

paper No. 13, - Report of the Conference on
Developed Countries, Ditch ley Park, England

16-19 February 1968.

to the less developed countries",

Migration of Talent from Less

(United Kingdom),



to questions that have already been answered by others. Journals are expensive,
but ,here are now available some services which provide to subscribers the
'La13les of contents of leading journals in the life sciences, the physical
sciences and the chemical sciences, and in technological fields, for a small
fraction of the cost of such journals and much more promptly.

(c) Visiting the developing country for short and long stays should be
made attractive to leading scientists and technologists from overseas. Suitable
accomodations, laboratory visitor status and quality of the work under way are
factors in interesting prominent scientists and engineers to visit developing
countries and to remain for significant periods of time. The "natural
laboratory" potential of developing countries can provide opportunities for
research which are unavailable in other places;

(d) There must be suitable working conditions for scientific and technical
personnel. If teaching loads are too heavy (and they often are), scientific
and technical personnel cease to remain informed or productive in their
professional fields. Although there is often a lack of laboratory facilities,
perhans the greatest handicap to effective performance of scientists and
technologists in teaching positions in developing countries is the overwhelming
teaching load they must handle.

A balance must be struck between providing, on the one hand, that minimum
level of special conditions which will attract and hold scientific and technical
personnel, and, on the otner hand, providing such special privileges that they
are given a "select 4lite status" so that the remainder of the Public Service
personnel are demoralized and resentful. In such circumstances, the measures
taken to attract hnd hold scientific and technical personnel become
self-defeating. It is simply not possible nor, indeed, necessary to match
directly the rewards that are given to scientific and technical personnel by the
developed countries. If the conditions of status, recognition, potential for
professional achievement and avoidance of isolation are met, and the spirit
mithin the 3cientific establishments is stimulating and recognizes and rewards
merit, the best scientific and technical personnel in developing countries
mill remain at hone.

Technological innovation

Except for cultural richness, the conduct of scientific and technical
endeavours should not constitute an end in itself, especially in a developing
country with backward technology and shortages of funds, personnel and foreign
exchange. There are many examples of solicitous and generous treatment of
scientists and freedom for them to pursue their particular professional interests
without any sense of obligation to give attention to the urgent technological
problems of the developing country. A disproportionate amount of the scarce
resources of many developing countries has been devoted to the support of basic
science research institutes or to nuclear energy activities having no real
connexion with the developmental needs of the country. The principal purpose
achieved by such activities has been to keep at home some scientists who would
otherwise have migrated abroad, but there is a real question as to how much of
such a luxury developing countries can afford.
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l'art of this problem derives from cultural attitudes regarding pure and applied

science. In a number of developing countries that were formerly part of the

British colonial system, the traditional British attitudes towards pure and

applied science have been carried over to the universities and research

institutes. There attitudes provide large rewards and status for those engaged in

pure science and very little for those working in applied science.

A special challenge to developing countries is to generate conditions for

recognition of technological innovation, by which is meant the application of

science and technology to problems in the developing country. These problems may

involve, for example, soil-conditioning for agriculture, new types of crops and

growing conditions, adaptation of processing technology for upgrading local

products and adaptation of procesJes and machinery for multipurpose production in

view of small markets.

A number of means could be considered for recognition of those who lead in

such applied activities. Such recognition could be in the form of prizes, in pay

and perquisites of housing, and in opportunities to travel abroad to confer, with

colleagues in the field. Recognition of such contributions by top-level political

leadership also could be extremely valuable.

There is a tendency to equate expenditures on research and development as a

percentage of the gross national product, as a measure of wise investment for

national development. Although such expenditures may indicate a good investment,

they certainly do not necessarily indicate it. They maymerely indicate that the

scientists have achieved this allocation of national resources for their own

purposes without any real regard for the developmental needs of the country.

Thus, on the one hand, political leadership must encourage and cultivate

scientific and technical personnel, as well 85 provide special recognition and

conditions for such personnel, and, on the other, it must avoid the diversion of

scarce assets and resources to highly academic research.

Environmental needs

One can list a number of things that are necessary ingredients for the

creation of an environment that will attract and hold high-quality scientific

and technical personnel in the service of the developing country. Some of these

factors are as follows:

(a) Recognition by top-level political leadership of the need to recognize,

encourage and defend special arrangements to attract and hold scientific and

technical personnel;

(b) Science policy leaders with wisdom and close connexion with top-level

political leadership, who will take the initiative to educate political leaders

as to the needs and potentials of science and technology for national development.

To do this, they must leave their "ivory towers" and must themselvec understand

such matters;

(c) Meeting enough of the special needs mentioned above so that scientists,

engineers and medical personnel of the developing country feel themselves a part

of the international scientific community and have a sense of commitment,

excitement and enthusiasm for tackling the real problems of their country. This

means the cultivation of patriotism, which calls fa: special qualities of

leadership;
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(d) Attracting ex-nationals to return. Ex-nationals generally have a
desire to return to their native country even if they have migrated abroad
presumahly permanently. If conditions are made attractive enough for them to
return fyr three months a year or during the academic vacation period, some may,
in due course,return permanently and greatly enrich the supply of local talent;

(e) \rig:wrath ro,rui+ment of siverseu 6raal1ates, which, although rarely
practised by developing countcies, can yield high diviacrog in terms of retention
of personnel in wham the country has already made a substantial invccItmPnt and mho,
at that point in their careers, would readily return home if assure 1 of a job;

(f) Perquisites that may be of crucial importance and may be extended to
scientific and technical personnel without unduly distorting the salary and reward
scales of the PUblic Service include assistance in having access to current
literature, trLtvel to international meetings, funds for reprints of their awn
articles to circulatc abroad, support of local scientific and technical journals,
assistance in securing advanced degrees while employed etc. There would be a
limit beyond which pay, housing and similar perquisites could not be extended without
upsetting the tala,-ice mithin the Public Service as a whole. Under appropriate
leadership, h:wever, assistance of the types mentioned above might go far to
encourage the development of indigenous scientific and technical resources.

R cent research in the United States of America on research
and development management

A growing volume of research and literature reflects the interest of
management scholars in the behaviour of scientists and engineers engaged in
research and development. Although such studies have been directed to the large
research and development establishments in the United States of America, some of
the conclusions are relevant and applicable to the management of scientific and
technical personnel in any environment.

At the University of Michigan, a study was made of over 1,300 scientists and
engineers in industrial Government and university laboratories, to determine the
effects of a variety of circumstances of environment, direction, recognition and
reward on the productivity of Doctors of Philosophy, engineers and assistant
scientists. 2/ A quantitative analysis was made of the factors of freedom,
communication, diversity, dedication, motivation, satisfaction, similarity,
creativeness, age, co-ordimation and group effects on the productivity of those
three types of personnel.

The findings of this study were reviewed by one of its authors, who
summarized them in the following paragraph:

"As Andrews and I e;camined the conditions under which scientists and
engineers did effective work, we observed a number of apparent paradoxes.
Achievement was high under conditions that seemed inconsistent, including

2/ Donald C. Felz and Frank Andrews, Scientists in Organizations: Productive
Climates for Research and Development (New York, John Wiley and Sons, Inc.,
1966).
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on the one hand sources of atability or confidence (what I have called

'security') and on the Dther hand sources of disruption or intellectual

conflict (that is, 'chellenge'). It appears that, if both are present,

the creative tension between them can promote technical achievemnt." 2/

In another authority's review of the same study, the following

observations were made:

"Under these circumstances it should not be surprising that the

results are complex and sometimes confusing. Many of the relationships

are specific to certain criteria of performance and to certain grDups of

individuals. There are, however, some general results that are well

worth noting:

"Is co-ordination compatible with freedom? Best performance occurred

when both were present.

"Effective scientists both sought and received more contact with

colleagues.

"In both research and development, the more effective men undertook

several specialties or technical functions.

"Several simple questions showed that high-performing scientists

and engineers were deeply involved in their work.

"Among various motives characterizing high performers, an
outstanding trait was self-reliance.

"Effective scientists reported good opportunities for professinal

growth and higher status but were not necessarily satisfied.

"Colleagues of high performers disagreed with them on strategy and

approach but drew stimulation from similar sources.

"Creative ability enhanced performance on new projects with free

communication but seemed to impair performance in less flexible situations.

"Performance peaked at midcareer, then dropped, but less among
inner-motivated scientists and those in development laboratories.

"As age increased, performance was sustained with periodic change

in project, self-reliance, and interest both in breadth and depth.

"In loosely co-ordinated settings the most autonomous individuals

did poorly - perhaps because they were isolated from stimulation.

"Groups declined in performance after several years, but less if

the members became cohesive and intellectually competitive." Lij

Donald C. Pelz "Creative tensions in the research and development climate",

Science, Vol. 157 (1)-I. July 1957)

V Donald G. Marquis, review in Industrial Management Review (Cambridge,

Massachusetts Institute of Technology), Fall 1967.
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In a ten-year study of several hundred graduate engineers; one major
firm in the United States identified critical factors in job satisfactions
nd perform:nee. The most important conclusions were thct men 7ho found

their work interesting, used their knouledge and skills and felt the uork
lias important found job satisfaction. If their superiors recognized their
performance and suitably rewarded them for such performance, their productivity
I.las high and they advanced steadily in achieve:1:ent and responsibility. 5/
Some of these factors may seem obvious, but they are frequently ignoredor
their importance underestimated.

Of slJecial relevance to developing countries is Project Hindsight,
c study of the utility of research conducted by the United States Department
of Defense. The conclusions of this study a re so relevant to the comparative
value of ''science" and "technology" that the following siumnaly of the study
merits quotation here:

"Recently developed weapon systems were compared i/ith systems of
similz.r function in use 10 to 20 years earlier. The most significant
finding vas that the improvement in performance or reduction in cost is
hrgely the synergistic effect of large number of scientific and
technological innovations, of uhich only about 10 per cent had been
made at the time the earlier system was designed. The common scientific
r.nd technological base of the systems was not analyzed. Of the innovations,
or Events, 9 per cent vere classified as science and 91 per cent as
technology. Ninety-five per cent of dl Events were funded by the defense
sector. Nearly 95 per cent were motivated by a recognized defense need.
Only 0.3 per cent came from undirected science. The results of the
study do not call in question the value of undirected science on the
50-year-or-more time scale. In light of our finding that 5 to 10 years
are often required before even a piece of highly applied research is
'fitted int as on effective contributing member of a large assembly of
other Events, it is not surprising that 'fragments' of undirected
science are infrequently utilized on even a 20-year time scale. The
most obvious uay in which undirected science appears to enter into
technology and utilization on a substantial scale seems to be in the
conipressed, highly organized form of a well-established, clearly expressed
general theory, or in the evaluated, ordered knowledge of handbooks,
textbooks, and university courses." 6/

This study confirms that the lag from science to invention is rarely
less than from ten to tventy years. If resources are scarce, expenditures on
technology yield a very much higher return than expenditures on science.
Scientific findings are aluoys available in the published literature.

5./ General Electric Co., Behavioural Research Service, Factors Which Influence
Careers in General Electric (1966).

6/ Chalmers W. Sherwin and Raymond S. Isenson, "Project Hindsight:
a Defense Department study of the utility of research", Science,
Vol. 156 (23 June 1967).
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The fact that in an advanced and sophisticated technology most of the

important innovations have required not the discovery of new knowledge, but the

application of existing knowledge to a newly perceived need, suggests that a

large part of the needs of developing countries may be met by focusing at

first on the needs. If the needs were defined in silo; terms that a solution

nuld find ready users, the task of the development organization would be to

find and adapt existing technology to meet those needs. Much of the relevant

technology is available at no charge if one knows what is needed and where to

find other solutions to the same need.

The following diagram illustrates the process of technical innovation,

which includes the steps f adoption and use. Ihputs are required from the

market (economic and social utilization) and from the current state of

technical knowledge. Taken together, these combine into the demand/technical

feasibility recognition, which leads to the design concept, then to search

and inventive activity leading to a solution, which, if it meets the demand

criteria, is assured of a market.

It is worthwhile to mention that the most successful and rapidly growing

firms in the United States of America are those guided by the philosophy that

"If we can sell it, we can make it". The reverse philosophy - "If we can

make it, we can sell it" - is rapidly becoming obsolete. Too often, after

long and expensive research and development to develop a new product Dr

process, no buyer could be found.

Case of an industrial research institute in a developing country

The case of an industrial research institute in a developing country is

discussed in this section. In the decade since it was established this

institute has grown to have a staff of about forty professionals and a total

staff of over one hundred persons. Work has been principally in product

development and utilization of by-products, agricultural chemistry,

engineering, economics and small industry assistance. The institute is largely

supported by the Government. A study of completed projects showed that very

few had been put into use. Most of th projects had been initiated by the

institute staff or by Government officials. Almost none had been proposed by

users".

This case is typical of a large number of research and development

institutes in developing countries. Little or no use is made of "sales

engineers" to study, as a first step, the real problems and needs of the

user; arid, secondly, to see if there are existing products or processes which

could meet the user's needs with or without adaptation. Only as a third

step should research be undertaken in the institute. Instead of this

sequence, which can lead to a high rate of adoption and use, the usual

sequence is that projects reflect the interests or tastes of the staff, or

art2 prupo.,:ed by outsiders who are not users.

This review suggests that institutes should be rated on the basis of

the nuitlbr and scale of actual use of their projects, and that, wherever

possible, the user should participate financially or by continuing consultation

as a slation to the need is sought. The end-products of the institute should

become things in use instead of reports on shelves.
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Relevance of experience of developed countries

The relevance of experience in developed countries can be considered

in several ways. As stated previously, the distinction betwen the public

and private sectors may not be meaningful in most developing countries

because employment opportunities for scientific and technical personnel

will be almost entirely in the Public Service. In most hierarchical

systems, the largest rewards and highest recognition are accorded to

those who supervise the largest number of people. This is almost always the

pattern in administrative services. Such an arrangement is not a suitable

reward system for excellence in scientific and technical fields. It should

not be necessary for scientists and engineers to supervise large numbers of

people in order to gain status, salary, recognition and other perquisites.

It is important to develop other marks of distinction, e.g. titles, such as

"Senior Scientist" or "Research Engineer", es recognition for scientific and

technical contribution independent of administrative span.

There are lessons to be learned from both centrally planned economies

and free enterprise economies with respect to the recognition-reward system

for scientific and technical contributions to national development. Many

of the awards and special recognitions developed in centrally planned

economies have been meaningful to the recipients and have stimulated

achievement by others. The reward system in free enterprise economies is

much more diffuse and undirected, and may be much more difficult to apply

in developing countries.

There may be limited transferability of experience from a developed

country to a developing country in solving these problems. The overriding

importance of the value structure of the society usually means that only

nationals within a society can devise the means for modifying or making

special cases which go contrary to the general value structure. For example,

in societies in which applied technology is little recognized or, indeed,

represents change which is thought to threaten and therefore be opposed by

"the establishment", there are formidable obstacles to rewarding scientists

and engineers for innovations whose successful application may modify the

power structure of the society. It is a fact that nationcl economic

development is achieved only through the application of changes which modify

traditional relationships within the society. Thus, the application of

science and technology in a society is a revolutionary force. Unless the top-

level leadership of the developing country supports such revolutionary

purposes and has strong commitments to the introduction of change which will

more widely distribute wealth and participation, it is unlikely that any

explicit measures for the encouragement and cultivation of scientists and

technologists within the country will have much effect or will contribute

significantly to national economic development.



DEVELOPMENT AND ADMINISTRATION OF PUBLIC PERSONNEL SYSTEMS TO ENSURE MAXIMUM
EFFECTIVENESS IN THE RECRUITMENT, ORIENTATION, KACEMENT, PROMOTION,
RETENTION AND REMUNERATION OF SCIENTIFIC AND TECHNICAL PERSONNEL

Masanori Sato*

National personnel administration

Science and technology have developed remarkably throughout the world and are
increasing in national importance each year. Prosperity and national well-being
result from such progress, especially among developing countries. National
administration is also affected deeply. Large numbers of public employees are
now required to possess highly specialized knowledge, not only in administration,
but in science and technology, to such an extent that the achievement of many
administrative objectives is difficult without the participation of scientists,
engineers and other technical personnel.

The responsibility for national personnel administration should be discharged
by a central personnel gency and should be conducted under established policy,
applicable equally to all the administrative agencies. The central personnel
agency should set up personnel standards for national public employees and should
conduct national personnel administration uniformly in accordance with such
established standards. In national personnel administration, two main principles
should be established: the "principle of equal treatment", namely, that all of the
staff shall be accorded equal and fair treatment; and the "principle of meeting
changing conditions", which means that working conditions of national public
employees shall be revised as needed to bring them into accord with dynamic changes
in the national society. Both of these principles are closely related to the
management of scientists, engineers and other specialists. In this paper,
illustrations are given of the validity of these principles.

In Japan, the National Personnel Authority is the central personnel agency:
it is composed of three full-timecommissioners, one of wtich must be a scl_entist. 1/
The background of this requirement is that some seven years ago, a debate was held
in the Japanese Diet on the subject of the composition of the National Personnel
Authority. It waz proposed that one of the three commissioners should be appointed
from among persons trained in science and technology, to represent that sector.
The Government decided to implement that proposal, which has had a profound effect
on the improvement of personnel management policies concerning scientists and other
specialists in the Public Service. The presence of a representative of scientists
and engineers as a_Commissioner in the Authority, where he may devote his major
ettention to the improvement of governmental personnel administration as it involves
scientists and other specialists, supports the national policy of promotion of
science and technology.

Commissioner, National Personnel Authority, Tokyo, Japan.

2/ A brief description of the role of the National Personnel Authority of the
Government of Japan is given in annex I to this paper.



Such representation also helps to ensure effective recruitment, development ancl

retention of scientists and other specialists for the PUblic Service in order to

meet changing staffing requirements. It recognizes both the increased

participation and the significant role of scientists and engineers in a modern

public service. The representation of scientists and engineers at the highest

level in a central personnel agency is recommended as a measure that might be

considered by developing countries to reinforce their approach to proper recognition

of the special requirements of the specialist component of the Public Service.

Principles of recruitment

Personnel administration of scientists, engineers and other specialists should

be within the context of the merit principle. The purpose of a merit system should

be not only to exclude favouritism in appointments, but to secure persons of

superior calibre, thus ensuring impartial and efficient administration of public

affairs. The recruitment and selection of scientists and engineers should be

made through open competitive examinations.

The methods of selection of scientists and engineers should differ among

countries, according to the actual conditions of service. The recruitment and

selection methods used in Japan for various personnel categories are described

below.

Scientists and engineers in administrative agencies and researchers

The term "researchers" means those who are serving at the laboratories or

research institutes designated by the National Personnel Authority, performing

laboratory work or doing research and development on a particular project. As

a rule, these personnel are appointed, like administrative employees, from among

the candidates who successfully pass an entrance examination held annually by

the National Farsonnel Autl'ority. In a specialized field or in fields where

there is little demand for new appointees, an entrance examination may be held

by each mdnistry under a method previously approved by the Authority. In

appointments tothe research service of those who have obtained a Master's degree

or a doctriate, their experiences and/or demonstrated abilities are evaluated

by the laboratory, research institute or organization which intends to employ

them.

University teachers

University teachers comprise presidents, professors, assistant professors,

lecturers, professorial assistants and other employees who are serving at a

university or an institution of a similar level designated by the Authority.

University teachers may be appointed through evaluation of their experience and/or

demonstrated abilities by the faculty council of the university concerned,

recognizing the principle of university autonomy.

Levels of entrance examinations

Entrance examinations are conducted according to the educational attainment

levels available in Japan. There are entrance levels for three educational

categories: college graduates;junior college graduates; senior high school

graduates. Entrance examinations are conducted for these levels as follows:
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senior entrance examination for college graduates; intermediate entrance examination
for junior college graduates; junior entrance examination for high school
graduates. No higher level of entrance examination is used in Japan. If a
greater number of persons with higher degrees and experience should desire to
enter Government service, however, use of a higher level entrance examination
will be considered.

It should be noted that appointment on the basis of evaluation of candidates'

experience and/or demonstrated abilities is authorized only for laboratories,
research institutes etc., in connexion with the employment of scientists and

engineers holding higher degrees. Administrative agencies are not authorized to

use this exceptional method of appointment for employment of scientists and

engineers to serve in administrative offices.

As concerns examination options, two alternatives are possible:
(a) examination according to the nature of the position to be occupied; and
(b) examination on the basis of the candidate's education. The latter method,

which is used in Japan, is usually adopt-d in countries offering a lifetime
career appointment. The Japanese Civil Service has four major components:
administrative service; research service; medical service; and educational

service. This classification is based primarlily on consideration of the
types of duties to be performed by employees. The examination for college
graduates to enter the administrative and the research services covers many fields
in conformity with the courses or subjects taught at universities. Eleven

subject areas are covered in the physical science and engineering fields, ten in the

agricultural field and one in the medical and pharmaceutical fields. For the
medical and educational services and for fields not included in the examination,

each ministry, as a rule, is authorized to make appointments on the basis of
evaluation of the experience and/or demonstrated abilities of the candidates.

While it is proper that the scores or other creditable results of an entrance
examination with proved objectovity and validity should be respected in determining
eligibility, a candidate should not be judged by a single examination for entrance
irto a lifetime career. An over-all evaluation should be made, including his
personality, scholastic records and special skills. The entrance examination for
college graduate levels is conducted by the Authority on a Government-wide basis.
Candidates for scientific and engeering posts are given a written test for appraisal
of educational qualifications, as well as a written test and an oral examination
designed to appraise their traits, abilities and character.

The Authority makes a vigorous recruiting effort, utilizing the available
information media - announcements in the Official Gazette, newspaper advertisements,
and radio, television and other public information prcgrammes. Even with this
effort, the shortage of possible entrants into the Civil Service, especially
scientists and engineers, has been most acute in recent years. The Authority
annually gives explanatory lectures on some sixty campuses to possible candidates
for Government employment in fields where a shortage exists. Round-table

conferences on recruitment are held with professors and representatives of each
ministry or agency.
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Remuneration

Compensation of Civil Se/ vice personnel, including engineers and scientists,
is determined according to the degree of complexity of duties and the level of

responsibility of the position held. The pay system for scientists and engineers

serving in administrative agencies should not normally be different from that

of general administrators, who require a knowledge of law, economics or other

disciplines to perform their work. Differences in the nature of the work and in

the processes by which the most desirable results are achieved must, however, be

fully recognized in salary administration as applied to scientists and other

specialists.

Professional achievement as a salary factor

The ahove-mrntioned evaluation method is not apPlicable to scientists and

engineers whose value arri ability as managers might be low, but who are highly

capable and experienced in their respective fields and whose dominant interest

is in pursuit of new knowledge. It is more realistic and, in fact, essential

that such employees should not be required to hold managerial positions in order

to obtain promotions. On the contrary, they should be given superior credit for

their professional abilities as specialists and, accordingly, provided career

and promotion opportunities comparable with those of managers, on the basis of

their professional output. They should also be given full opportunity to

participate in major policy decisions affecting them and their specialized areas

of study. In this way, the value Fbo the country of the specialized knowledge and

creativeness of scientists and engineers can be given proper recognition. This

concept has been accepted in the Japanese Public Service, which employs a

specialist system" that provides remuneration on the basis of training and

achievement, rather than on holding a place in the managerial hierarchy.

Laboratory organization

In a laboratory or research institute, employees in the research service

should be divided into groups according to research activity. There should at

least be a leader for each group; therefore, the number of leaders may be much

larger than the ratio of managerial officials in an ordinary administative

agency. Flexibility should be allowed in determining the number of group leaders.

The group leader, in addition to his own work as a researcher, is responsible for

the control and co-ordination of the whole study project being conducted by his

group members. His primary role should be to give detailed and thorough guidance

to the studies of his subordinate researchers, drawing upon his experience and

knowledge.

It is very important to mention that even in his concept of group leadership,

individual researchers may be more interested in research than in co-ordinating

subordinates' studies. Their advanced specialized knowledge and high creative

ability should be considered, as was previously stated, in terms of compensation

and other benefits, on the same basis as group leaders. To implement this

doctrine, a special "researcher system" should be established, by which any

research workers, even an ordinary researcher whose position is subordinate to
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that of his leader, may be permitte 1, on the basis of his knowledge and
achievements, to reach even the top grade held by the head of an institute.

Use of scientific research corporations

As a means of obtaining greater flexibility in organization and management,
including remuneration, a small number of research institutes in Japan, which
engage in special and important research activities, are operated as special
corporate bodies. That is, such an institute is a type of Government establishment

conducted under private management. Most of the expenses necessary for facilities
and research activities, including personnel expenditures, are defrayed out of the
National Treasury, although private enterprises are requested to bear a part of
the burden. In ccmparison with the national institutes that are restricted by
the provisions of the Natiohal Public Service Law, these corporate institutes are
permitted to operate more flexfbly and freely as concerns establishing conditions
o:P employment which will be more acceptable to the staff. For example, scientists
and engineers employed at these institutes are better paid and are permitted to
hold posts concurrently in private industry or at a university. They are also
permitted, to some extent, to act as consultants to private industrY.

Personnel policy for professors and research workers in universities

The approach described above also should be considered in determining
compensation for university professional staff. Universities are institutions of
learning entrusted with the duty of training capable minds. University teachers
accomplish this aim through their research and class instruction. University
teachers should therefore, in the opinion of the present author, be rated highly
as concerns remuneration. In most countries, however, university teachers seem
usually to be compensated according to job level, such as professor, assistant
professor, lecturer or professional assistant; that is, there is a job-oriented
pyramidal type of pay structure.

In Japan, in particular, a fixed personnel complement is assigned for each
level at each university, coupled with a compulsory retirement age. The
opportunity to be promoted to a higher level depends upon a vacany occurring in
that level owing to the retirement or death of a senior employee or an increase of
the fixed personnel ceiling. This method must be changed to improve the
conditions of employment of competent university teachers. A more flexible system
should be adopted, which would authorize, for example, that a competent assistant
professor may be paid the salary of a professor on the basis of his ability, even
while still designated as an assistant professor. In order to maintain a
stimulating environment, a plan should be devised whereby a professor deemed to
have lost his research ability or leadership qualities could be required to resign
his post in favour of a prcmising junior, independent of a compulsory retirement
age system.

Related to this objective of creating an attractive environment for
universities, the principle of university autonomy for the cause of academic freedom
and the development of learning should not lead to a formalistic, rigid way of
operation by which affairs pertaining to university administration would be



determined exclusively by a university faculty council composed only of professors

Consideration should be given to a more co-operative arrangement in which the

entire teaching staff of the university, including assistant professors and those

at lower job levels, might participate in university administration.

It is also most desirable that the remuneration system for universities and

national research institutes should be so established that personnel interchange

could be smoothly made between them at any time.

Training

With the advance of science and technology, the responsibility of scientists

and engineers for tindertakihg administrative tasks has gradually increased

Consequently, a need arises for some degree of management training similar to that

offered to administrative officials. Scientists and engineers must also strive

for self-development with respect to their administrative capability.

To cope with the new age of scientific and technological innovation,

specialists in science and technology should always know the actual state of

technological advance in their field of specialization, both at home and abroad.

It is therefore necessary to establish personnel policies and a training system

which would enable specialists in science and technology to receive at regular

intervals training suited to their age or type of duties (e.g., for a younger

employee, an opportunity to be sent for study at college or university, both at

home and abroad; and for a comparatively older employee, an opportunity to be

sent abroad on a tour of investigation or of observation and study of the actual

situation of industrial technology and industrial production). This system would

embrace also the possible granting of what is referred to in some countries as
tt sabbatical leave", that is, periods of leave with pay for professional

development.

Factors affecting retention

It is absolutely essential to give full consideration to the question of

providing researchers with ample funds adequate facilities and better treatment.

The general environment of their research should also be the subject of careful

examination to ensure retention within the Public Service of a talented work

force.

Leadership

A major requirement for ensuring retention of highly qualified staff is the

provision of inspirational and intelligent leadership which is responsive to their

needs. Research done by incapable men results only in a waste of research funds.

A research institute, quite unlike a private enterprise or an administrative

agency, is manned exclusively by specialists who can achieve fruitful results

only when they are able to work under conditions that enable them to devote all

their energy to research and studies.
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Therefore the desirable personal traits that the institute head and the group
leader in a research institute should have are described below. The head of a
research institute) nominally an administrator, must possess such character and
ability to lead that researchers will be attracted by his scholarship and
personality.

Competent researchers under an able leader who enjoys the implicit confidence
of everyone will pursue their work at highest motivation and will contribute to a
system of mutual co-operation and support of the entire establishment. Top

management of Government agencies should fully appreciate the role of the
institute head and should grant to him the right and opportunity to speak
authoritatively on the matters under his jurisdiction.

In Japan) institute heads are too burdened with routine fiscal and

administrative matters. This situation might be improved by providing the
institute head with an assoc'Late to deal with fiscal and administrative matters.
Speaking concretely) the he&d of the institute, besides knowing the trends in the
development of new technologies outside the institute should have more opportunities
to devote him time to research activities) including placement of the right man
in the right place.

In summary) one cannot over-estimate the value of having the head of a research
institute pursue an administrative policy that generates a congenial environment)
encouraging researchers to pursue research without inhibitions or irrelevant demands
on their motivation and drive.

Use of deputy

The tremendous advance of science and technology requires top officials of
those administrative agencies which are primarily concerned with technology to
judge the international trends in those fields. When the top official is a
scientist or engineer who can make such judgements, he should be assisted in
administrative matters by a deputy official who is especially proficient in
administration. And)conversely) if the top official is a proficient administrator)
his deputy should be an official able to judge international trends in science and
technology, to ensure that national policies on science and technology shall be
properly implemented.

Qualities of research workers

Selection of research staff is a crucial decision for management. A research

worker should be a person who perseveres in his research work and brings it to
successful ccmpletiou; co-operates with others as necessary; and clearly realizes
his lack of ability or his deficiencies, especially in his own field.
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Conclusions

As has been pointed out above, there are many important areas for improvement

and development in the scientific and industrial fields, especially in the

developing countries. Government leaders should, show greater interest in and

appreciation of modern science and engineering. It is only with such leaders

that the appropriate and effective utilization of scientific and technical

personnel in the Public Service can be realized and the industrial and economic

growth of a country achieved, as envisaged in this discourse.

It goes without saying that scientists should never forget to make the best

use of their scientific abilities for the well-eing of mankind. In other words,

it is of paramount importance for scientists to build up a character with a rich

sense of humanity before they engage in scientific work.



ANNEX I

THE NATIONAL PERSONNEL AUTHORITY OF THE GOVERNMENT OF JAPAN

The National Personnel Authority was established as the central personnel

agency of Japan. The Authority is set up under the jurisdiction of the Cabinet,
but it holds a position of independence from the Cabinet.

The Authority, which is composed of three commissioners, is responsible for
the maintenance of equity in personnel administration and for the protection of
employees' interests. The Authority is required to maintain strict neutrality

and absolute fairness. In addition to its general administrative powers, the
Authority possesses quasi-legislative and quasi-judicial powers over a wide range
of important personnel matters, unparalleled in the case of an administrative

agency in Japan.

The uniqueness of the areas in which the Authority is empowered to act and
its strong powers are linked directly with the powers and the responsibilities of
the commissioners of whom the Authority is composed. For this reason, very

rigorous qualification requirements are laid down concerning the persons to be
appointed as commissioners. The main provisions of the National Public Service
Law with respect to the qualification requirements and the terms of office of a

commissioner in the National Personnel Authority are cited below:

"Article 5. Commissioners of the Authority.

"Commissioners of the Authority shall be appointed, with the consent
of both Houses of the Diet, by the Cabinet from among persons
35 years old or more, who are of highest moral character and integrity,
of known sympathy with the democratic form of government and efficient
administration therein based on merit principles and possessing a wide
range of knowledge and sound judgment concerning personnel administration.

"The appointment and dismissal of a Commissioner shall be attested by
the Emperor.

"No person shall be appointed as a Commissioner who is, or within five
years previous to the proposed date of appointment has been, an officer,

political adviser or other similarly politically influential member of
a political party or who, within five years previous to the proposed
date of appointment, has been a candidate for national or prefectural
elective public office, as provided by rules of the Authority.

"With respect to the appointment of Commissioners, no two persons among
them shall be members of the same political party or graduates of the

same department of the same university."
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"Article 7. Term of Office.

"The term of office of a Commissioner shall be four years. However,

a Commissioner who is appointed to fill a vacancy shall remain in

office during the unexpired portion of the term of his predecessor.

"A Commissioner may be reappointed. However, he shall not remain in

office continually for a period exceeding 12 years.

"No person who has been a Commissioner shall be appointed to any

position in any agency of the National Government other than the

Authority for one year after the termination of his service as

Commissioner."

As stipulated in article 5, there is a restriction on the minimum age of

a commissioner, but the Law does not provide for his maximum age. The reason for

this restriction is that since a commissioner is entrusted with such an important

mission, he is expected to perform his duties to the best of his ability by

making the most of his knowledge, insight and experience. As concerned the

"attested officials" referred to in article 5, these are limited to a small

number of persons and comprise - in addition to the commissioners - State

ministers, Justices of the Supreme Court, ambassadors and a few others. In view

of the historical tradition of Japan, those receiving the Emperor's attestation

for their appointment enjoy very great prestige and high social position.

The Authority Secretariat is composed of the following bureaux:

administrative services; recruitment; compensation; equity and employee relations;

Institute of Public Administration. Each of these bureaux is assigned an area

of responsibility. The post of Director-General is established for the purpose

of directing and supervising those activities which are performed by the bureaux

and the Institute.

Before the assigned activities are conducted by each bureau and the

Institute, they are placed before the meeting of the Authority for consideration

and discussion. A meeting is, as a rule, held at least once a week and the

Director-General attends as executive secretary. Decisions of special importance

are made by a resolution of the Authority.

As compensation, recruitment, service discipline and so forth, which are

under the jurisdiction of the Authority, are particularly important in securing

and retaining capable scientists and engineers in Government service, the

commissioner who represents the scientists and engineers bears particularly

heavy responsibilities in this respect.
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ANNEX II

SCIENCE AND TECHNOLCGY ADMINISTRATION IN JAPAN

With a view to reconstructing its war-damaged industries, Japan has taken
the series of measures described below.

Japan Science Council

To promote science and technology, as well as general knowledge, a nation-
wide organization, the Japan Science Council, composed of 280 representatives, was
established. Members are elected by vote of all the scientists in Japan and are
placed under the jurisdiction of the Prime Minister. The Council makes
recommendations tp or issues statements for the Government on measures for
promotion of science and technology.

Science and Technology Agency

The Science and Technology Agency, a ministerial level organization and an
important agency of the Government, was established and charged with conducting
science and technology administration. The Agency has as its head a minister of
State and is responsible for planaing and developing the Government's important
policies on science and technology.

Policies concerning "large science" are planned, developed and put into
execution by the Agency. Space development, the peaceful uses of atomic energy,
and the development and exploration of the ocean are the typical examples of
the fields covered by its policies.

The Agency has under its jurisdiction five large-scale institutes, the
National Aerospace Laboratory, the National Research Institute for Metals, the
National Institute of Radiotherapeutic Science, the National Research Centre for
Disaster Prevention and the National Institute for Research in Inorganic
Materials, which have been established specifically for the purpose of studying
major problems in the areas of science and technology.

On the other hand, fifteen research institutes connected with industrial
circles are under the Agency of Industrial Science and Technology of the
Ministry of International Trade and Industry. In addition tu these institutes,
each ministry has the research institutes that are necessary for its activities.

The Science and Technology Agency is responsible for over-all co-ordination
and integration of all the governmental research institutes.
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Council for Science and Technology

The Council for Science and Technology is the highest advisory body to the

Prime Minister on major national policies concerning science and technology.

Its membership consists of the ministers directly or indirectly concerned with

science and technology and some distinguished experts selected for their learning

and experience.

As may be seen from the foregoing descriptions, the science and technology

policy of Japan is well-ordered and organized to a great extent. There still

remain, however, some problems concerning improvement in liaison and operation

in those organizations.
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IMPROVEMENT OF MANAGEMENT IN NATIONAL CIVIL SERVICE
SYSTEMS HAVING SIGNIFICANT NUMBERS OF SCIENTIFIC

AND TECHNICAL PERSONNEL

Harry S. Hoff*

The Scientific Civil Service of the United Kingdom

In the Public Service of the United Kingdom of Great Britain and Northern

Ireland, scientists and technical personnel are concentrated mainly in a group

which has come to be known as the Scientific Civil Service. The technical field

covered by the Scientific Civil Service is unusually wide - probably wider than

that of any of its counterparts, particularly in other Western countries. One

of the reasons for this is the signal success of research and development in the

Government Service during the Second World War - radar being a notable case in

point. In the first year or so of the war it was found that the quickest and most
effective way of getting things done for the national need was to expand the

existing governmental research establishments by bringing in scientists and

enginBers, mainly from the universities. Government research proliferated, to

excellent purpose.

At the end of the war, many of the newly imported scientists and engineers

from the universities wanted to move out again; many others, however, wanted to

stay where they were, as they saw the prospect of other successes, equally signal,
in the future, for example, the civil atomic energy programme. It was natural for

the results of proliferation to remain

For the Government service of a developing country, coming newly into
scientific and technical activities, with needs and resources that are at once
more limited and more specific, one would expect a very limited number of fields to

be marked out and closely watched thereafter to prevent undesirable proliferation.

From the current experience of the Governments of the United Kingdom and the
United States of America, which, upon finding themselves short of funds, decide
immediately to cut back scientific research and development, the developing
countries may observe that this decision is more easily made than implemented.
Research projects seem to take on an organic life of their own; so do research
establishments - the scientists and engineers are "getting on with it". It is

well to recognize right at the beginning that it is usually much easier to open

up a field of research and development than it is to close it down.

Structure of the Scientific Civil Service:

The current structure of the Scientific Civil Service dates from a period of
reorganization that followed immediately after the end of the Second World War 1/

Personnel consultant, Atomic Energy Authority,
Britain and Northern Ireland,

United Kingdom, Barlow Committee, White Paper,
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Any organizational structure produces its own management problems, and it is

one of the functions of management to suggest and procure changes of

organizational structure. As human beings neither are perfect nor show any signs

of being perfectible, no organizational structure for them can be put forward as

either perfect or likely to be perfectible; one can only conclude that some

orrinizational structures look as though they will produce fewer problems than

others, and then try them

Over the past twenty-two years, the members of the Scientific Civil Service

have, by and large, done what was expected of them with more than adequate success.

The organization is generally held in high esteem in the scientific-technological

world; some of its members and some of its research establishments, are

internationally known. With the Fulton Committee's recommendations y for the
Civil Service having been accepted by the Government, however, the time has come

to test another structure, to change from a three-class structure (with grades in

each class and facilities for class-to-class movement) to that of the United

States of America, a unified grading structure with no classes. 2/

A developing country that has a Civil Service proper based on a three-class

structure will probably be inclined, as was the case in the United Kingdom in 1.946,

to organize its scientific and technical personnel in a three-class structure - if

it is not already doing so. But if a unified grading structure seems preferable,
the longer the change-over is delayed, the longi,r it will take. Current

unofficial estimates of how long the change-over will take in the United Kingdom

are from seven to ten years.

From the management point of view, the question that determines the choice

of structure bears a resemblance to the fundamental question in the management

and direction of scientists and engineers. The fundamental management question

is how to achieve a balance between allowing scientific thought and investigation

to range freely without interruption and exerting the administrative and financial

control necessary to keep it within the bounds of economic advantage; the

structural question is how to achieve a balance between permitting and encouraging

a man's freedom of movement in jobs and maintaining a framework that meets the

needs of effective administration.

When reorganizing the group of scdentific and technical personnel in 1946,

it came naturally to members of a three-clas Civil Service to think of a

Ei The Fulton Committee was set up in 1966 to examine the structure, recommitment

and management of the Civil Service. Its main recommendations affectini; the

Scientific Civil Service which were accepted by the Government in 2J.)68, are as

follows: (a) a unified grading system to replace the current three-class
strnctu-20; -OD) an increase in opportunities for scientists and engineers to

reach key administrative posts; (c) the setting-up of an organized schor,e for

traininc in management at all levels of the Service. See Ullited

lUltor. r..mittee, The Civil Service, vols. 1 and 2, Cmd. 3638 (Len.i0L, 196.?)),

In the tnited States of America, the term "class" is used in the r2ivil Service

to desienate a particular professlonal or occupational group of ersons within

a {71; .
a croup made by vertical division within the grade. This corn: pt "s

fferent from the British 1.16 of the term to designate a major grouc of

the (:.,roup being made by horizontal division across the whol



three-class structure for such personnel. When that had been done, it came
equally naturally to them to identify in research and development three
predominant roles that a scientist or engineer might play according to his innate
gifts, his education and his experience. The three classes and their respective
roles are as follows:

(a) Scientific officers. This class is considered the initiating, directing,
inventive brain of the scientific research, design and development work of the
Civil Service;

(b) Experimental officers. This class acts in support of the scientific
officers in new investigations, taking responsibility far their organization and
execution in both the experimental and managerial senses;

(c) Scientific assistants. This class undertakes the detailed work of
construction, observation, calculation and reporting.

In being divided horizontally into three classes, the Scientific Civil
Service resembles the Civil Service proper; but it may seem less analogous than
it looks when the numbers in the classes are taken into consideration. In 1968,

the approximate numbers were as follows:

Civil Service Scientific Civil Service

Administrative 2,700 Scienti fic 4,100

Executive 83,000 Experimental 7,600

Clerical 192,000 Assistant 5,700

The Civil Service proper thus appears as a pyramid, with a tiny elite found
within the apex-slice; while the Scientific Civil Service is more like an
up-endd brick, div5ded into three nearly equal slices, This difference produces
a difference in the difficulty of getting into a particular class and of getting
promoted v.len in it. Light is thrown on the latter difficulty by the fact that
in the adninistrative cla:Js, just under 50 per cent are earning over 0,500 per
annum; while in the scientific class, the figure for the same salary is just
under 25 per cent.

Thu (Avil Service consists of these three classes, and the staff
co: mut 6.1vernment rsearch establishments are drawn predominantly from them. But

in thosu ootaolishments where the research and development involves, for example,
c,ncineerin dosign and ccAstruction, or testing, or production on a limdted
scale - and thre are many such establishments - there are to be found members of
several other specialist classes, slid' as those of the works group, comprising
er.ineers cf all kinds, technicians, draughtsmen and so forth. y These personnel

i2,-roup was formed to run those parts of the Government Service which
are cnncerned mainly with production, for example, the Royal Ordinance
]:actcries. Only a mlatively small se6ment of these personnel work vt
resez_rch establiaments.
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are interspersed among members of the scientific, experimental and assistant classes,

often doing jobs indistinguishable from the jobs of their colleagues in the

Scientific Civil Service, but having different pay scales, different prospects and

possibly different prestige. ThiJ situation makes a complication for administrators

and managers. Although the latter have not had to cope with serious disaffection

among the people doing the jobs, the situation is one to avoid. f

Devices for attracting entrants

Any organizational structure produces its own management problems, the first

problem being to get the right people into the organization. The scientific class

was deliberately set up as an elite class, in order to try to attract into the

Civil Service scientists of a higher calibre than had usually been attracted before

the mar. At that time, there had been a single class, comprising what was

subsequently divided into the scientific and experimental classes; it had

definitely not attracted - as importation of scientists from the universities

during the war showed - a due share of the really top-level scientists. The

device was successful. Now that the reputation of the Scientific Civil Service

has been established, it is possible that the disappearance of an elite class, as

a result of the introduction of a unified grading structure, will not discourage

the really top-level scientists from entering the organization. It is to be

hoped that this will be the case

Apart from the standard attraction of a Civil Service job, that is, its

permanency end its system of annual increments of pay within a grade, the

scientific officer class was made more attractive by a promise that the average

good scientist in the class could expect to earn promotion from grade to grade -

on the basis of performance on the job, not of age or seniority - so as to arrive

at the third grade up, called the "career grade", by the time he was in his

mid-thirties. This was made possible administratively by fluid complementing

over the first three grades; that is to say, by setting a limit on their over-all

complement, but allowing the individual complement in each grade to run freely.

This device also was successful in its aim; but it is more difficult to operate

practically, when in the course of time an organization ceases to expand and may

contract. In the latter case, the result is a growing preponderance of men in

the career grade - too many, by the criterion of what is called the normal age

distribution,

In any large organization, the higher posts tend to be increasingly managerial.

This holds, of course, in the Scientific Civil Service, and the fact was

recognized in 1946. But there are a certain number of top-level scientists, very

desirab)e for the organization, whose capacity for doing original reaearch - as

In the Civil Service as a whole, there is an extraordinary multiplicity of

classes - forty-seven generalist classes, each with its own gradings, pay

structure and prospects, most of them representint; a classification of

specialists by vertical division into separate enclaves, rather than by

further horizontal stratification; and 1,400 departmental classes.
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well as their determination to do it - persists strongly into middle age; they

simply do not want to have to give their minds to administrative and managerial

problems.

In order to attract such men to the Civil Service, an appropriate type of

special merit appointment was created within the normal grading system, as free

as possible from managerial and administrative demands, corresponding to a
university readership rather than to a professorship. These appointments begin
to be available in the grade above the career grade - where the pay scales are,

broadly speaking, comparable with university scales. Such an appointment is made

as a result of a candidate being nominated by his employing department and being
finally selected by personal interview with a Civil Service Commission panel of

high-level scientists. The appointees obviously are some of the most talented
scientists in the organization, those who have been promoted the most rapidly.

The usual age for award of special merit appointment is about forty years, but

there have been many awards to men in their early thirties. The appointments

encourage the appointees, by enabling them to continue their research undisturbed

and at the same time giving them special recognition. The presence of special

merit appointees is also encouraging to the other scientists in an organization

by showing that their own organization is doing research that can compete in

quality with any being done in the universities. In the Civil Service, it has

been found that the number of special merit appointments need be limited only

by the number of qualified scientists who want them. The number currently stands

at about twenty.

In the years immediately after the war, the attractions and prestige of

university research were still such as to make many of the brightest young

scientists, if not engineers, put university research as their ultimate, though

perhaps not immediate, choice. As the universities in those days had enough

vacancies to absorb them all, research fellowships were invented for attracting

a share of them into the Scientific Civil Service for a short term (two or three

years), usually just after they had received their doctoral degrees. The idea

was that after two or three years they would like the Service and ask to stay.

The lure was not higher pay,which would have made difficulties when they wanted

to transfer to a regular grade, but greater freedom of choice in research topics.

This device also was very successful: a high proportion of rather young group

leaders in the current Service began as research Fellows.

Recruitment and selection

Lcng before the Second World War, recruitment for the Civil Service had been

centralized in the Civil Service Cormission (a body of independent status appointed

by the Crown to ensure, in effect, fair play and absence of nepotism in the

selectiLL of perscnnel). For recruitment to the three classes of the Scientific

Civil Service, it was necessary to modify Cormission procedures in the light of

two facts:

(a) Unlike generalist administrators, scientists or engineers could not be

regarded as interchangeable in posts to which they were assigned. For example,

an organic chemistry job could only be filled by an organic chemist;
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(b) There was a chronic shortage of scientists and engineers. It was not a

buyer's market, but a seller's; and sellers have to be treated very tactfully.

The Civil Service Commission ceased to require prospective recruits to take

its awn written examinations in science and engineering, on the grounds that the

results of examinations set by the country's highly integrated examination system

of long standing, run by the universities, were acceptable. (In developing

countries, which may not have such a long-standing, stable system, the Civil

Service might want to set its own examinations.)

Recruits were selected on the basis of only a perconal interview conducted

by a carefully chosen panel of scientists and engineers, drawn frcm research

establishments and universities, who had previously studied the recruit's

academic record, the record of his research and development experience (if any),

and his professional references. The panel's technical probing was designed to

bring out the recruit's capacity for having ideas of his own, for being "self-

propelled" on whatever level (that is, in whichever class) he was proposing to

operate.

Cdrtain interesting facts that emerged have rem ined relevant ever since.

During the war, recruitment had been decentralized, that is, Government

departments had recruited to temporary posts in their own establishmentb for

the duration. When those temporary recruits who wanted to stay in the Scientific

Civil Service were interviewed by the Civil Service Commission, it was found that

in small, stable departments the standard of quality in their recruits had been

kept fairly level; in large, new, greatly expanding war-time departments the

standard of quality fluctuated wildly.

It therefore appears that, in general, a steady level of recruitment is

conducive to steadiness in standards, while serious fluctuations in the level of

recruitment are not. Not surprisingly, "stop-go" recruitment produces

characteristic troubles of its own, those in the "go" phase being the greater.

In the "stop" phase, an employer can succeed in cutting off recruitment over a

period of months, to find that when he wants to begin again it may take a

period of years to reach the former level of employment. In the "go" phase,

where the employer has a large number of vacancies to be filled hurriedly

(everyone is tempted to fill a large number of vacancies in a hurry, in order

Lo get the work dcne) he is likely to lower his standards below the threshold

he had defined for himself beforehand.

For a Government Dervice, with its "permanent" jobs and its elaborate

procedures to be gone through before an employee can be dismissed, to allow an

influx of substandard recruits lays the basis for management problems which

become more apparent - and more embarrassing - with each subsequent year; and

the higher up in the echelons they are, the harder it is to deal with them.

It is most important that a developing country, having decided to eximnd

(rapidly in scme cases) its group of scientific and technical personnel in the

Public Service, should be constantly alert to this danger.

Because of the principle that, as a rule, the Civil Service offers

11 permanent" appointments to recruits who are expected to make a career in the

Service, it aims at recruiting for junior grades of a class, expecting the

senior grades to be filled by internal promotion. This resul,b in recruitment
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being mainly of fresh graduates (scientific class); school-leavers aged

eighteen years (experimental class); and school-leavers aged sixteen years

(assistant class). The bulk of the recruits are not experienced in the work they

will do in the Service, so that selection usually resolves itself into looking

for a combination of education in the appropriate discipline with signs of

innate talent or capacity for fulfilling the demands of the particular class.

At the employer's end, the demand tends to take a similar form, not that

of a highly specified vacancy, but of something much nearer to a request for a

"bright young mechanical engineer who can get interested in heat-exchangers" or

for "a couple of bright young assistant experimental officers for the analytical

lab, to train on spectrometers".

This state of affairs might be termed "loose"; it can work only on the basis

of a fair amount of personal contact between "employer" and "recruiter", which,

fortunately, is the case. It happens that the Scientific Civil Service is small

enough in number (and the country small enough in area) for its relations with

the Civil Service Commission to be on the terms described above, although formal

vacancy lists are, of course, prepared by the Government departments. In

addition, there are other reasons for using this system. First, whatever the

state of the market, the more closely a vacancy is specified the less likelihood

there is of its being filled. Secondly, with increasing creativeness, there is

increasing difficulty in vacancy-specifying. To specify closely the vacancy

for a routine job is fairly easy, but to specify closely the vacancy for a man

with certain new ideas about heat-exchangers is difficult.

The fact that there is a fair amount of informal, as well as formal,

contact between the Scientific Civil Service and the Civil Service Commission

has made the centralized recruitment of fresh entrants work reasonably well;

but this state of affairs cannot be presented as ideal, since any sensible

employer would like to see how a man performs on the job before offering him a

permanent appointment. In 1946, when the results of anarchic war-time recruitment

of temporary appointees by the research establishments was scrutinized and

reversion wholly to permanent appointments was the aim, there was no alternative

to imposing a general standard of quality throughout the Service through the

machinery of centralized recruitment. But once the standard had been set and had

become known, and the research establishments had settled down, it was possible

to consider alternatives, Luring the past ten years, there has been a steady

movement away from direct recruitment to permanent appointments by the Civil

Service Commission, in favour of the research establishments finding their

own recruits, trying them out on the job for a year or two in a temporary

appointment and then submitting them to the Civil Service Commission. (The

number found below standard in quality by the Civil Service Commission has been

very swoll.) This alternative now accounts for about 70 per cent of the total

recruithent to the scientific and experimental classes. First appointment of

your4; school-leavers to the assistant class has always been temporary.

Promotion

There are two types of promotion: (a) frcm grade to grade within a class;

and (b) from class to class. The principles of equity and fairness, together

_105-

109



with public accountability, which so strongly permeate the Public Service, have

resulted in elaborate - and, it should be added, humane - procedures for dealing

with promotion.

A confidential report is made annually on every person 6/ by his immediate

superior and is countersigned by that superior's supervisor. If the report is

unfavourable, the employee is told about it. Every employee is considered for
promotion when his performance in his current grade begins to show that he will

be able to do the job in the grade above it. At the appropriate time, he is
interviewed by a panel (similar to those of the Civil Service Commission) of

senior scientists or engineers, who make the decision about recommending his

promotion. Great efforts have been made to get away from the notion that promotion

comes automatically with age and seniority - the above-mentioned "fluid

complementing" over the first three grades of the scientific class is an example

of one of the devices made in this connexion. If a man who is up for promotion

is dissatisfied with the panel's decision - that is he has not been recommended

for promotion - he can appeal against it on the official side (the Civil Service

side). He can be reinterviewed, if necessary more than once, by a panel with

different members; he can also request support from the staff association.

Grade-to-grade promotion

Within the classes, the system of grade-to-grade promotion seems to have

worked reasonably well for the man who is average; but it appears that the

elaborate procedures have sometimes acted as a hindrance to the man who is

outstanding. He moves up the grades more rapidly than his less gifted colleagues;

but opportunities where he can be especially rewarded for particular merit are

lacking. At the other end of the scale, it appears that the constantly moving

promotion machinery inexorably carries upwards the least deserving man. An

elaborate machine devised to deal fairly, humanely and openly with the vast bulk

of average men will probably have its failings when it comes to deal with men

at the extremes of ability.

Class-to-class promotion

The machinery for class-to-class promotion is similar to that for grades,

and it is faced with its.most difficult task in the case of promotion from the

experimental to the scientific class. Promotion from the assistant to the

experimental class is easier because the junior grade of the assistant class is

considered in part, a training grade for the experimental class - school-leavers

becoming assistants at sixteen years of age continue their studies and compete

on good terms with school-leavers at eighteen years who are entering as assistant

experimental officers. But the junior grade of the experimental class is not

in any sense considered a training grade for the scientific class. School-leavers

entering the experimental class at eighteen years of age may take university

b/ Excluding members of the scientific class above the career grade, on the

grounds that they are so few in number that they and their work are known.



degrees in their spare time; and each year a significant number of university

graduates are recruited directly to the experimental class, but for any of them

to get promoted to the scientific c]ass has turned out to be more unlikely than

might have been expected. 2/

The division of the Scientific Civil Service into three classes has

turned out least satisfactorily in the case of the experimental class. In

fact, there are class boundaries in other environments that are drawn a good

deal more arbitrarily than those which enclose an dlite of scientists and

engineers distinguished by their capacity for generating fresh ideas. But that

does not alter the problem of coping with the really high-quality experimental

officer, capable, on the barest of suggestions from his scientific officer, of

getting a series of difficult experiments done perfectly - yet not capable of

putting up those suggestions himself. lie may feel that he could have put up

the suggestions. He does not want to go out into industry where he could

possibly earn more money and have better prospects. He wants his chance -

indeed, feels he deserves his chance - to enjw the scientific freedom and

authority of the scientific class. Furthermore, he very naturally wants to

enjw the prestige of the scientific class. Few people object to being inside

an dlite class, but many object to being kept out of it; to those who find

themselves just outside, the boundary is particularly galling. 8/

There are a fair number of experimental officers of this kind, and even

more who, while not so good at their jobs, to same extent identify their own

position with that of their superior in the scientific class. In the

experimental class, there exists a feeling of "frustration" of an intensity

unknown in either of the other two classes. The possibility has always

presented itself to management of reverting to the pre-war condition, when the

current two classes were one. In 1965, an official committee seriously

considered the possibility and decided against it, on the grounds that it would

again diminish the atnractiveness of the Scientific Civil Service to the top-

level scientists and engineers, and it would necessitate costly operations in

job evaluation. 2/

7/ Comparison with the Civil Service proper shows that though not specially

justifiable, nearly cne-third of the administrative class began in the

executive class; of the scientific class, about one-tenth began in the

experimental class. The fact that relatively few of those from the

executive class catch up with the direct entrants to the adr.iListrative

class in reaching the most senior posts does not affect the main issue.

§./ In a society that is steadily striving harder for egalitarianism, the

concept of an elite is beginning to offend. Actually, the word "dlite"

is ceasing to be used in describing the scientific class.

2/ United Kingdom, Tennant Committee, The Organization of the Scientific

Civil Service (London, Her Majesty's Stationery Office, 1965).
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With the introduction of the unified grading structure recommended by the

Fulton Committee, all class boundaries will disappear. The change is especially

welcomed by the staff associations concerned with the experimental class.

Although the senior administrators in the research establishments have arrived

at only an unofficial opinion on the change, a majority seem to think that with

the change the really high-quality member of the experimental class will

certainly do better, but the rest of the class may be disappointed. They view

philosophically the costly operations in job evaluation, which are concidered

in a subsequent section of this paper.

It should be observed, however, that the United Kingdom, a developed country,

is proposing to unify its structure after twenty years of experience of having

a distinct group of scientists and technical personnel in its Civil Service. A

developing country may not be convinced of the appropriateness of a unified

structure in its own case; or alternatively, it may already have its scientists

and technical personnel contained in a distinct service on the British model.

A unified grading structure may be thought to solve some problems; but it

produces others. It would appear that each developing country must work out its

own solution to the structural problem.

Training and career management

It is very difficult to separate the element of career management from such

elements as arrangements for training and arrangements for promotion. On the

whole, the Scientific Civil Service has no formal schematic system for career

management. A great deal is done in an informal, unschematic way; but it is

clear that this is unlikely to suffice in the modern climate of increasing

"professionalism". It is interesting, however, to see what has been done.

In the preceding section, it was observed that the junior grade of the

scientific assistant class is considered,in part, a training grade for an

experimental class. The young school-leaver entering as a scientific assistant

is given training (in the laboratory or workshop) in an experimental or

engineering technique, and he is given time off - for example, one day a week -

to go to the local institute of education and study for examinations which may

qualify him to compete for the experimental class. He gets advice on the matter

from his laboratory superior, who may be an experimental officer, as well as from

the institute. Nobody would advise a boy to leave school early if he were not

forced to; but if he is forced to leave, the Scientific Civil Service does its

best for him.

The first grade of the experimental class is not regarded as a training

grade for the scientific class, but a certain flexibility is introduced by the

award of "bursaries" or scholarships to a small number ef persons in the grpde

to undertake full-time university education. The younger a candidate is at the

time of selection for anything, the greater the chance of a mistake bing

made - the selection of human beings is far from an error-free process, In this

particular case, trouble arises when the assistant experimental officer has

obtained his degree, but does not appear to have sufficient creativE-Jie!3s .rDI, the

scientific class.



Beyond these two levels there is not very much in the way of formal training

other than of a vocational or local, departmental variety. Formal training

usually means "courses" of one sort or another. The most important of such

courses are those in management held at the Administrative Staff College for a

certain number of senior members of the Service. Senior members of the

Scientific Civil Service are nominated by their departments to attend; and

nomination is considered something of an honour, since it is generally given to

scientists who have already shown some innate ability for management and are

therefore expected to play important management roles. The courses are strenuous,

and most of the men who have taken them agree on their having been beneficial;

but in informal conversations, most of them say the really interesting and

useful thing is the opportunity they get outside working hours to compare their

own management problems with those of men who come from other areas of society.

Being scientists, they are naturally excited by unexpected parallels and

resemblances. The FUlton Committee has recommended that there should be more

management courses for members of the Scientific Civil Service, particularly for

those who will be given major administrative responsibility.

With the foregoing exception when career management above the grades of entry

comes up for consideration, the situation is informal but that does not mean

it goes by default. Fiwthermore, it may be argued that in the Scientific Civil

Service the situation is less open to criticism than that in the Civil Service

proper for the following reasons: (a) the Scientific Civil Service is small;

and (b) it is composed of closely knit project groups, or teams, of mixed classes

and grades.

If one considers point (b) first, the way in which the typical scientific

or engineering laboratory works entails not only that a group of people will be

working on a project and that the group will consist of men in different classes

and different grades, but that the members of the group will be in close contact

with each other and will know each other's work. In this set-up, it is relatively

easy for a man to be inculcated with a sense of responsibility for watching over
the careers of the men who work under him in the laboratory or workshopand for

discussing their problems with the man above him. One might call it a human

responsibility rather than a formal one, though the formal one exists and is the

basis for the formal reportire bystem.

Given this kind of set-up on the "laboratory floor", that is, the actual

work situation, the spirit that informs it can spread upwards, and often does so,

throughout a research establishment. The head of the establishment will not know
personally the scientific assistants; but he will know principal scientific

officers who do, and the particular sense of responsibility can permeate the whole

establishment.

Coming now to point (a), given a total research and development organization

that is small enough, or at least below a certain threshold in size, this

particular spirit can extend to the top. The head of the whole organization, if

he is the right sort of man, can know personally the senior men in his research

establishments, know what they are doing, know many of their juniors; and, most

important, know, through this chain of personal responsibility, about the persons

for whom there are particular difficulties in career management, whatever their

grade, for example, persons who are in need of different kinds of training, of

changes in objective or of special consideration in promotion.



In the present author's opinion, a separate group of scientific and

technical personnel can have the advantage of this kind of management, given the

right sort of man as its head, up to a threshold of 2,000-2,500 personnel, working

in five or six research establishments. One may mention as evidence the unusual

success, from this point of view, of the running of the Royal Naval Scientific

Service during the Second World War. It was about that size and was run on those

lines - possibly helped by the esprit de corps that the Royal Navy seemed to

engender. Currently, the Research and Development Department of the nationalized

electricity supply industry - outside the Civil Service - probably comes nearest

to it. But it seems useful to offer the idea for consideration here because the

group of scientific and technical personnel set up by a developing country is

likely to be small enough.

All this is, of course, not to say that career management along informal,

"familial" lines should be taken as sufficient in itself, but only that these

lines are the first choice in circumstances when the job can be done along them.

In any case, they will benefit by being supplemented by formal schematic devices,

with their built-in checks against personal vagaries and weaknesses.

Management techniques

At the working level, in the institutes where the research and development

are actually done, the scientists and engineers, in effect manage themselves. The

head of a research establishment, his division heads and his group leaders are all

scientists and engineers. In addition, the head has responsible to him a small

unit of administrators (some of whom may have had a scientific education), headed

by a middle-grade Civil Servant upon whom he can rely for advice and whose unit

does the establishment's administrative work in connexion with personnel, costing,

accounting and so on. There, the head of a research establishment is effectively

the head of a single organization, of a single hierarchy: he has significant

autonomy in settling its policy and in allocating its budget.

But at headquarters, in the parent ministry, the balance of authority and

responsibility between scientists and administrators changes over. Under its

minister, who is a politician, the ministry is hearled by a top-grade Civil

Servant, a permanent secretary, whose responsibility for operating policy and

for making decisions (delegated by the Treasury) on finance extends downwards

through his administrative hierarchy, taking in also the hierarchy of scientists,

engineers and technical personnel whose head is the ministry's chief scientist

or chief engineer.

Scientists and engineers argue that the managerial role of the scientist

and engineer is clearly going to grow, as it has in industry, and it should

therefore be encouraged, promoted and accommodated as rapidly as possible. If

their argument is accepted - and there are signs of its acceptance becoming

increasingly widespread - then it brings out a problem of management in the

Civil Service that is pressing, as well as important. In fact, the present author

considers it the most important management problem the Scientific Civil Service

has to face; and it is discussed at length below.
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Relationships between scientists and administrators

Organizational relationships

The organizational structure of the Civil Service proper makes apparent
"the dominant role" of the administrative class, The Civil Service head of a
department is a permanent secretary, that is, a member of the administrative

class. The two major responsibilities of this class - the one for formulating
(under political direction) the department's policy and operating it; the other
for public accountability, that is, finance and such matters as pay scales and
complements - cannot help but give it a dominant role.

The pattern of organizational structure varies from department to department,
but the principle is more or less the same for all. Under the permanent
secretary, the work of the department is parcelled out between divisions, of which
two are functional divisions referred to as common services: finance and

administration; and establishment and organization. The heads of divisions are
administrators in the next grade lower, except in the case of divisions doing
tl specialist" work; and their heads are specialists of a comparable grade; thus,
the head of the research and development division (if such exists) is a scientist,

and of the engineering division, an engineer. The importance of the finance
division and the establishment division (manned by administrators) being called
Itcommon services" should not be overlooked: they are common services in that
their field of "service", with its responsibility and authority, interpenetrates
all the other divisions through structural ties of varied forms - joint
hierarchies, parallel hierarchies, connecting links at the top and interwoven

combinations of all three.

The permanent secretary, as head of finance division, is in charge of the
finance of the department. He can delegate some of his authority. In the case

of the Scientific Civil Service, authority is given to heads of research
establishments to spend up to agreed sums in a year - a maximum of, say,
£50,000, but more likely £25,000. If this sum is sufficient for what the head
of a research establishment judges to be the establishment's needs, then he
feels himself to be, in the financial sense, his own boss. If, however, he thinks

it would pay to put new effort into a new research and development project, or
more effort into a current one, at a cost that goes above his £50,000, then his

case has to go up, through his chief scientist at headquarters, to a group of

generalist administrators and specialists whose head is a generalist administrator,
the permanent secretary. This is an interface where strains arise; 22/ it was

recognized by the Fulton Committee, which questioned the Civil Service assumption
that senior scientists and engineers who were experienced in running costly
projects on the technical side had not developed comparable judgement on the
financial side. The Committee compared the Civil Service's tactics with those
of industry, where scientists and engineers often take the major part in firancial
decisions made at the top.

Currently, senior Civil Servants are turning their minds to the matter and
are producing a crop of ideas for discussion. For instance, there are questions

22/ Scme yearu ago, this situation led to a chief scientist's moving out to be

head of a research establiament in order, as he saw it, to feel that he was
his own boss. The situaticn has already changed somewhat since that time.
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whether, instead of the permanent secretary of a highly technological department

facing the Public Accounts Committee (to whom he has to justify the department's

financial expenditure) alone, he should face it jointly with his chiefs of

research and of ensineering; and whether, with a unified, differently managed

Civil Service, one should plan for the permanent secretary of a highly

technological Department to be a scientist or engineer.

The main function of the other common service, the establishment and

organization division, is again with a responsibility for public accountability:

to control the numbers and grades (called the complement) of people employed in the

department, which involves elaborate manpower calculations; and to keep a

centralized hold on recruitment, promotion, training and detailed matters of

pay. 11/ It has the further functioning of promoting efficiency of working, which

it does by what are called "organization and methods studies", It is obvious that

control of complement, especially if it is as highly developed as it is in the

Civil >ervice, offers a means of control second only to that o; finances. With
the tuo means of control operated in conjunction, as they are by finance and

establishment divisions in a Government department, the generalist administrators

have a pretty firm grasp on specialist divisions. For instance, just as the

head of a research and de7elopment establishment has a financial budget that he

may not exceed, so has he a complement; he can neither recruit nor promote

independently of the establishment division machine. It is fair to say that the

machinery is usually operated with good will; but again there lies behind its

existence the assumption that scientists and engineers are unlikely to be able

to exert this degree of control themselves, and it sometimes tends to be looked

on as a necessary evil,

As fai as the encouragement of more efficient working is concerned,

organization and methods studies constitute a sphere of activity that has been

seriously neglected. It is limited in the first place to the lower levls of

work in the Service, and the people who do the studies frequently lack the baric

qualifications and experience. To make penetrating suggestions about how to do

a job mor efficiently, a man probably has to be able to do the job himself

(as is the case, also, for accurate job evaluation). Organization and methods

studies will, in due course, become much more professional; as a consequence,

this sphere of activity will have to be supplied with much more money and many

more highly qualified people.

To sum up, one might say that the organizational relationships between

scientists and administrators in the Civil Service are governed mainly by an

organizational structure devised, reasonably, for the exercise of financial

and administrative control. Any organizational structure for this purpose is

going to work within the structure, in this case an intricate, hierarchical

class structure, of the organization as a whole; and it will tend through

controlling the organization, as it is, to preserve and strengthen the structure,

as it is. Thus, however well the organizational structure does the job, it can

scarcely avoid the charge of becoming remote and inflexible in the generalist

sectors of the Service, let alone in the scientific and technical sector.

L.V It is, of course, the Treasury, not even the department, that has both the

first and the final say on pay and conditions of service - the Treasury in

agreement with the staff side (i.e., unions).
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A -11ange-over from the current intricate hierarchical class structure to the
seemingly simple unified grading structure would ameliorate some of the current
interface strains; but it could not help producing exacerbated forms of some of
the difficulties that organization and methods studies have had to try to solve.
Combining the scientific and experimental classes of the Scientific Civil Service
was rejected in 1965 in part on the grounds of its reducing the attractiveness
of the Service to the best scientists and in part on the grounds of its
necessitating the setting-up of a permanent machine for job evaluation.

Currently, job evaluation in general, like organization and methods work
study, is not held in specially high esteem. As concerns job evaluation in
scientific research and development, the people who do it cannot con:nand respect
unless they are highly qualified for the job, through training and experience.
Everyone is agreed that obtaining such persons would entail a major effort in
training. In fact, qualified scientists and engineers would need training.
These personnel, hovever, are in short supply in the first place. Authermore,
when creativeness and inventiveness are being evaluated, they must ham such
intimations of what creativeness is like that only come to those who themselves
have a streak of creativeness, especially if they are going to study top-level
jobs. The current attitude of senior scientists and engineers in management is
mildly sceptical and ironical. They ask who will do their jobs if they all must
be job evaluators. But it does seem that for a country, especially a developing
one, to use a structure that depends so much upon job evaluation and job study,
it must have plenty of qualified scientists and engineers. The alternative would
be to use non-scientists, nonengineer personnel technicians whose grasp of the
job would he lacking.

Vorking relationships

One cannot discuss the subject of working relationships for long with
administrators before one of them points out, with admirable restraint, that not
all scientists make 3ood administrators. With a somewhat cool glance at the
Civil Service, one might abandon restraint and say, "Nor do all administrators".
The administrator's comment is fair, and there are few scientists and engineers
who would disagree with it. Their argument would be that some scientists and
engineers do make good administrators, and that by sorting out scientists with
a talent for administration and putting them into situations where the talent
could be developed, administrators equal to any generalist could be produced.

But the argument is not really as simple as that. The nature of the set-up
in the Civil Service is that the young generalist administrator is brought along
as such wholly, right from the beginning, whereas the young scientist or engineer
is brought along as an administrator only incidentaaly - he must be doing his
job as scientist or engineer to qualify, as it were, for being a scientist, for
I? understanding" what research and development are about. But, on the other hand,
it seems the young administrator would be a better administrator of scientists
and engineers if he were not so wholly concentrated on generalist administration
rig from the beginning; and working relationships would be more satisfactory,
more effective and more fruitful if the generalist administrator and the scientist
or engineer were not considered - in fact, were not turned out by education,
training and all the rest of it - to be different kinds of beings.
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One may ask in what way they are different beings. One could begin by

pointing out that both scientists and administrators are typically:

(a) intellectulls; and (b) men of accion. (Although this refers mainly at the

top levels, the generalization continues to hold some distance down.) Science

is essentially an intellectual activity, in which spells of conceptual thought,

of hypothesization - based on intuitions about physical reality - alternate with

spells of action for investigatory or corroborative purposes, that is to say,

experimentation. One has only to be among a group of hi,ih-level scientists,

intellectuals though they are, to realize how active they are, how energetically

disputatious, how ready to set about doing something to resolve their ideas.

Administration, equally essentially, demands a capacity for intellectual

abstraction, for manipulating conceptual thought - for arriving at a thesis

about the most reasonable or the most desirable course of action. One has only

to be among a croup of high-level administrators, very clever men as they are,

to realize how active they, too, are, how determined to carry their theses into

action - by getting their way in committees, as a beginning.

But there are differences. The most essential difference hinges on

creativeness. There is an element of creRtiveness in the work of the top-level

adrinistration, in generating new policies, but its range is of necessity narrow;

and, in fact, most administrators spend most of their time and energy on working

out the consequences of changes of policy which originate with the minister or

the Government anl on implementing existing policies. It is well to recognize

this element of creativeness, but it is impossible to find it comparable with

the element of creativeness in scientific research and development; the latter

is of a quite different order of magnitude and, for its generation, demands a

quite different order of freedom from rigid controls.

There is a further essential difference, in the extent to which ideas can be

checked against reality L: experiment. In checking ideas against reality, the

options in experimenting are (theoretically, at least) wide open to .The scientist,

but only fractionally open (even theoretically) to the administrator. Not

surprisingly, the difference gives the scientist a confidence beyond any that

the administrator may have, a confidence and a scepticism - confidence in anything

that has stood up to the test of experiment, scepticism about anything that has not.

Thus, there is a real difference in what the scientist or engineer does and

what the administrator does; and t7'at difference tends to turn the two into

different kinds of beings. Furthermore, in their work they are grouped
separately, and, having the usual human weaknesses, they fall into behaviour

dictated by group feeling and group loyalty, which are not, to put it tactfully,

always rational. On this level, it is scarcely surpri,ing that when the more
innately confident group finds the other group put there to control it, the

working relationship seems to include bouts of internecine warfare.

It should be mentioned here, incidentally, that the experience of the

Second World War had a beneficial effect on the British Civil Service; in the

shake-up, administrators found themselves having to take an easier line with newly

imported university scientists who were used to working independently while those

scientists found themselves having to take an easier line with curbing

administrators, In a developing country, with a long-standing Civil Service which

did not have a serious shake-up during the Second World War, one might expect the



working relationships of administrators and scientists on the group .c.vel to go

through greater stresses. Every organizational structure tends to ossify - from

that of the single human body to that of the corpus of a society. A Civil Service

that is proposing to build up a sizable Group of scientists and engineers should

know that it is probably going to have to call on greater reserves of flexibility

ar' eoncession than it has ever needed before - whatever type of new
Jrganizational structure it chooses.

In the Civil Service, management traininc has thus far been, to a very great

extent, "on-the-job" training. If a prospective manager is going to be trained

either on-the-job, or off-the-job, then, as management is essentially a practical

thing, on-the-job training must have first preference. But if he is already
being given on-the-job training, there is everything to be said for its being

supplemented with whatever off-the-job training can usefully offer. It is

arguable that in the British Civil Service, because of the way scientific and

engineering activities are organized in projects carried out by teams of mixed

grades and classes, the scientist or engineer receives a more natural and more

thorough on-the-job training than does the Generalist administrator But that

does not mean that off-the-job training would not be useful to him. Certainly,

it is now generally agreed that for administrators, the Service's on-the-job

training leaves a good deal to be desired, especially by comparison with the

management training of administrators in industry - in so far as generalist

administrators exist in industry. Everything points to an increase in off-the-job
training, and plans include the setting-uT of a Civil Service college, as well as

an organized network of incidental courses in management,

The plans also fall into line - and this point should not be ignored - with

the current thinking about "professionalism". As society becomes increasingly
technical, it becomes increasingly necessary for its members to acquire techniques.

And as techniques increasinsly become the subject of theoretical study, it

becomes increasingly necessary for a practitioner of a technique to be au fait

with the theoretical studies, for both career purposes and practical purposes:
that is what establishes hir, as a "professional". When management was identified

as a single ectivity of great social importance, which oould be properly made the
subject of theoretical and academic study, it began to follow the line of

professionalization in which, as with, say, physics or chemistry, the level of
academic qualifications required for its IJractitioners was going to be raised.

Over the past twenty years, the prime qualification for practising research in

physics or chemistry has risen from a Bachelor's degree through a Master's degree

to a doctorate Few practising scientists are greatly in favour of the change
and many put forward sensible arguments in its disfavour. Thus, a further

argument cones into being for off-the-job training in management. Incidentally,

one might observe that because of its scientific content, one may expect

scientists and engineers to take to such training more readily than non-scientists.

As concerns organizational structures, tli!re appears to be no proved case

for the superiority of one type over another. For the proposed Civil Service

change-over fror one structure to another, there seems to be very tempered

enthusiasm at the working level of both scientists and administrators, although

both sides will bestir themselves to make the new organization work, just as they

bestirred themselves to make the old one work. On the other hand, change for its

own sake can sometimes be rewarding. Every organizational structure tends to
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ossify; and which a new one may not have a convincing claim over the old one,

some management problems will be solved by it, and, possibly equally important,

it will give a convincing display that management's concern for the people it

manages is thoroughly alive.

But the fact that no change-over in organizational structure looks as if it

will eliminate the strains that occur between administrators and scientists or

encineers seems to imply that the problem must be attacked at a deeper level.

(An administrator and a scientist may be placed - on the strength of evaluation

of responsibility, creativeness, difficulty of work and so forth in their jobs -

in the same grade of a unified, classless structure; but everyone knows that one

is an administrator aad the other a scientist: putting different animals in

the same pen does not make them the same animal.)

What must be done is to engineer a situation in whic:: the interface

disappears. To this end, it seems that specialization and compartmentalization

must be minimized early, and the detection of talent for management must be

maximized. Among those who are concerned with these problems, there appears to

be a regular swing of the pendulum between putting "the job" first and putting

"the man" first. The current phase is that of concentrating on "the job"; there

is consequently the risk of some loss because of insufficient attention to

"the man". There is evidence enough that some scientists and some engineers

can be good administrators; they are, as it were, "the man" who must be detected.

Having done that, plenty of techniques are available, both on-the-job and

off-the-job.

Possible recommendations for develo countries

Based on the experience in the United Kingdom, developing countries should

consider:

(a)

distina
with the

criteria

(i)

Judging the relative merits of setting up what is specifically a

group of scientists and technical personnel rather than merging them

rest of the Civil Service. Consideration might be given to such

as:

Attractiveness of a separate Service for purposes of recruitment, internal

promotion, special recognition of talent for innovation;

(ii) Courter-attractiveness of separation frcm the main body, resulting

in difficulties for scientists and engineers moving into key

administrative jobs;

(b) Recruiting scientists and engineers on a Service-wide basis, rather

than eiclusively for departmental careers;

(c) Determining that opportunities for advancement to the top levels of the

Civil Service shall be open to scientists, engineers and other specialists;

(d) Establishing a "merit promotion" plan for outstanding achievers,

independent of particular job level, age and seniority factors, and based

primarily on achievement in work performance;
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(e) Use of fellowships and other devices to attract very promising
scientists to enter the Service on short-term contracts in the hope that they
would remain in the Service;

(f) Providing administrative management training for scientists, engineers
and other specialists at middle and senior career levels;

(g) Providing planned mobility for scientific and technical personnel of
nation-wide scope by such means as an integrated pension scheme.
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SONE MAJOR ISSUES IN ROLE, EMPLOYMENT AND LEVELOPFENT OF

SCIENTIFIC AND TECHNICAL PERSONNEL IN PUBLIC SERVICE

Prepared by the United Nations Secretariat

This study examines some major issues relating to improvement of the

managemen4- of scientific and technical personnel in the public services of

developinr, countries. Scientific and technical personnel are defined for this

purpose as persons with a first or higher university degree or comparable

qualifications in any of the physical, earth and life sciences, including

medicine, public health and all fields of engineering, who hold public service

posts relating to such disciplines. The term "public service", as it is used

in this context, encompasses the traditional Civil Service and public corporations

and enterprises primarily financed by the Government,

The terms of reference of the subject, namely, the role, employment and

development of scientific and technical personnel, are defined as follows:

(a) Role describes the manner in which the purpose and the work activities

of such porsonnel are deployed by developing countries;

(b) Employment covers the range of policies, conditions and employee

management relationships, including the salary scale and other employee

incentives, essential to proper staffing and retention of scientific and technical

personnel within the public service;

(c) Development is the aggregate of activities, both officially sponsored

and employee-generated, directed tower is increasing the professional competence

and manaGerial effectiveness of the scientific and technical work force.

Science and technology are valued increasingly throughout the world because

they can generate such benefits as improved levels of living, better health,

improved educational and economic opportunities and similar desirable ends.

The "science and technology revolution" is also changing the composition and

objectives of 'Lhe public service, the major instrument available to developing

countries for ensuring most effective use of science and technology to establish

and meet national goals. The top-level administrators of all national public

services apparently face a similar task of strengthening the capability lpd

adaptability of t!-.e piLllc ervice tr) respond effectively to the number and

variety cf ranrowr problems resulting from the continuinc and ac,-3lerating

national impact of science and technology.

A common manifestation, for example, of such impact appears in the typical

conflict between the traditional practices imbedded in excessively static Civil

Service systemi and the continuing need for introduction of more flexible

personnel methods. The experience of several countries shows that resolution of

such issues depends mainly upon an explicit national policy commitment to

initiate developmmt of a more flexible personnel system. The urgency for such
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action is reinforced where there also exists the situation of loss of essential

talent through migration abroad or to alternative attractive opportunities
existing outside the public service in the same country.

Within such a setting, this study is directed towards the following

objectives: (a) to identify and focus attention on the actual dimensions
of some major issues concerning role, employment and development of scientific
and technical personnel; and (b) to describe specific policies and practices
based on selected national experiences which may contribute to improvement or
solution of problems relating to these issues.

Through such exchange of ideas, insights and experiences, it is hoped that
a community of interest in sharing international knowledge will support better
utilization of scientific and technical manpower resources among developing

countries. It is also noted that any national application of policies or
practices developed in other countries will probably require considerable
adaptation to the cultural, political, economic and other components of the
organizational setting in one's own country.

Role of scientific and technical personnel

The roles undertaken by scientific and technical personnel in the public

service of a developing country are highly diversified. In general, they relate

to the role of the scientist in oontributing to national policies and his role

in the development of those national policies. Some of the major activities

of such personnel are described below. They should have crucial advisory roles

in the highest Government councils on ensuring the best application of existing

scientific and technical knowledge to the major elements of national development.

This is especially critical in developing countries, where limited Rinds and
other resources must be judiciously allocated to ensure maximum effectiveness.
They are expected to respond to major challenges in economic progress, medical
and public health improvement, education and other areas involving science and

technology. One of their major contributions may be in the more precise
identification of those problems which are open to application of scientific
methods and which affect practically all aspects of national life, such as better
use of human resources, land, water and power resources, medicine and public
health, animal and marine life, housing and industrial development. Realistic
governmental assessment and solution of these problems are deficient without
the involvement of scientific and technical personnel. They engage in the

planning and conduct of research and development to support and guidr national
scientific and technical policies, usmally involving large financia, expenditures
and influencing the rate and success of national development.

The functional roles of scientific and technical personnel within the public
service may be differentiated into the following activities: (a) the role of the

scientist, engineer and other technical personnel in the planning, plogramming,

overseeing and evaluation of duties broadly classified as administration or
management; and (b) the role of the scientist, engineer and other technical

personnel in the actual conduct of research and development or other scientific
and technical activities. Differences in the exercise of these functions have
significant implications for the processes of recruitment, promotion, career
planning, compensation and other personnel policies which are discussed in this

paper.
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The extent to which the number of scientific and technical occupations
increases more rapidly within a country, as compared with rate of increase of
the total population, may serve as a rough indication of the increasing
significance of science and technology in national affairs. The proportionate
growth of scientific and technical personnel, as compared with that of the total
population, %as been extremely rapid in developed countries, a trend that may
be expected to occur also for developing countries For example, in the Union

of Soviet Socialist Republics, the number of scientific research workers has
been increasing by 12.3 per cent per annum, engineers by 7.8 per cent and other
workers by 4.3 per cent. The number of scientific workers with degrees from
universities or from comparable institutions for higher technical education is
reported to have increased by over 400 per cent during the period 1950-1966,
from 152,500 to roughly 712,000, i.e. 0.3 per cent of the total population.

In the United States of America, during the period 1930-1960, engineers
in the work force increased by 300 per cent and scientists, by 600 per cent.
Major professional occupations in the public service increased an estimated
average of 17 per cent during the period 1964-1968.

Statistics and projections in this instance are useful only as a reflection
of the growing dimensions of personnel problems to be confronted. It may be

anticipated that expansion of the scientific and technical manpower sector may
raise doubts in many developing countries as to the relevance of the current
Civil Service system to the effective meeting of unique situations that will
arise. Dindamental consideration may have to be given to whether a public
personnel system that was probably designed for the orderly handling of large
numbers of relatively undifferentiated positions with typically standard skills
and experience possessc sufficient flexibility to meet the new range of needs
created by the growing presence of a large number of specialized positions.
Unfortunately, there is not yet an available reservoir of successful national
experience concerning the orderly introduction of a flexible style of
administration compatible with the advance of science and technology. With this
in mind, any valid information merits careful evaluation for possible use. It

is not expedient to present at this time a lengthy inventory and analysis of
every policy, procedure and practice that could be improved; however, this paper
does identify and discuss relevant aspects of some major characteristic issues.

Employment

In connexion with employment practices in the public service, the following
broad suggestions may be made:

(a) Scientists, engineers and other technical personnel should have the
opportunity to participate in policy-making concerning the possible contribution

of science and technology to national development. Such participation should also

include the development of policies affecting conditions of employment, career
prospects and performance standards;

(b) Public personnel policy in most countries has traditionally supported
the application of the same personnel methods and practices to all Civil Service
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personnel. As necessary, revised concepts providing increased legal and
administrative flexibility should be accepted in recognition of the wide
diversity of occupational skills;

(c) Recruitment and selection of qualified scientific and technical
personnel for posts at intermediate and higher levels of the Government should,
to the fullest extent practicable, be conducted on an open competitive basis,
permitting entry as required of qualified persons from outside the public service
to all levels of public service;

(d) Salary scales for scientific and technical personnel in public service
should be broadly competitive with those for comparably qualified personnel of
needed qualifications in other sectors of the aational economy. Official
recognition of outstanding merit and performance should be a recognized objective
of the system of personnel administration;

(e) Promotion policy and practice should be related to the different
functional roles of scientific and technical personnel, such as a career line
for those whose assignments are based primarily on administrative and supervisory
responsibilities; and a parallel career line for those whose assignments are
based primarily on performance of difficult and creative research, its
administration and supervision, or other fully professional assignments;

(f) Career planning for scientific and technical personnel should include
the same possibility of their advancement, at least in terms of salary and
prestige, as might be open to those in administrative positions. Posts at the
highest policy level of ministries, departments or agencies, especially those
which are major employers of scientific and technical personnel, should be filled
on the basis of selection of the best qualified persons, without undue emphasis
on membership in a particular class or group of positions;

(a) Active official encouragement should foster a wide range of professional
activities for scientific and technical personnel, with the objective of
enc uraging active development of their professional competence. Those currently
assigned or expected to be assigned to posts involving major administrative
responsibilities should be provided appropriate training in managerial skills.

Partici ation in develo ment and administration of Government ersonnel policies
and practices

In most countries, the policies and regulations governing Civil Servants were
developed to meet the requirements of the large occupational groups, such as the
clzrical and administrative categories, where relatively well-defined and
standardized activities are performed. Such occupational groups are -enerally
controlled by typically rigid rules applied impartially over the wide range of
Government activities. The inflexible application of the same laws, policies
and regulations to scientific and technical personnel, however, may have a
disastrous effect on the capability of Governments to recruit and retain these
personnel, as well as on the standard of work performance maintained. They may
find repugnant those traditional restrictions imposed on employment, salary,
promotion, professional growth and other basic personnel processes, which appear
to them as not being fully in acreement with their special career needs or
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expectations. A common occurrence resulting from unrealistic limitations is that

the abler specialists seek other employment alternatives which are more

responsive to their requirements. As a preventive action, it is essential for

scientists, engineers and other specialists to participate in the definition

and administration of personnel policies and methods resulting in greater

flexibility. The ensuring of this kind of professional contribu'ion by the

specialist to personnel policy may even be institutionalized. In Japan, for

example, the Constitution requires that one member of the National Personnel

Authority, which 3 the central personnel agency for the Government, should be

a scientist. Thi& requirement is designed to help bring about an increased

adaptability of personnel practices. In the United Kingdom of Great Britain and

Northern Ireland, the Civil Service Commission includes a scientist-commissioner

who is particularly responsible for recruitment of permanent scientific staff

to the Civil Service. In other countries, similar efforts to obtain a greater

responsiveness, at the highest echelon of personnel policy development, to the

needs of scientific and technical personnel are achieved by advisory committees

composed of scientists, engineers and other technical personnel. For example,

in the United States of America, the Federal Council of Science and Technology,

located in the Office of the President, maintains active liaison with the

Civil Service Commission, which is legally responsible for Government personnel

policies, to ensure proper awareness of those personnel factors affecting

especizlly scientists and engineers. In the Union of Soviet Socialist Republics,

top Government-wide committees, such as the State Committee on Science and

Technology and the State Committee on Labour and Wages Problems, make

recommendations to the Council of Ministers relating to Government personnel

policies, including those governing salaries and conditions of employment for

scientific and technical personnel. It is therefore suggested that developing

countries might appraise and consider the establishment of procedures that would

draw effectively upon the resource of scientific and technical personnel in

Government personnel policy areas.

Recruitment and selection practices

In most developing countries, the employment systems used for staffing the

public service, in general terms, involve one or a combination of the following

recruitment and selection methods:

(a) Appointment immediately upon university graduation with assurance of

a lifetime Government career. There is also established a practically closed

entry from outside the Civil Service to posts in these occupations at higher

levels;

(b) Appintment providing for entry of qualified candidates into the public

service at any management or salary level on an open competitive basis. Such

appointments may be for a specified time period or on an indefinite basis. There

is usually no explicit Government commitment for guarantee of a lifetime career

as a result of appointment to the public service;

(c) Temporary employment not conferring any special rights for continuation

of service beyond the fixed terms of the appointee's contract.
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In examining the relevance of such appointment methods to scientific and
technical personnel, it is observed that the underlying concept described in
subparagraph (a) is to provide a stable continuing work force on a lifetime
career basis. When such appointment systems are supported by periods of
organized training for scientific and technical personnel to help ensure
knowledge of new developments in specialities and to help prepare them for
acceptance of new technical duties, they may be very effective. Without such
opportunities for development, the service may not be sufficiently exposed to

new knowledge and methods. Under this concept, the entry of personnel with
advanced training and substantial experience gained outside of the Government
service is blocked, which may deprive the service of needed expert knowledge
and skills.

The appointment process described in subparagraph (b) does provide for
drawing upon specialized skills and experience acquired either within or outside

the public service. On the other hand, candidates cannot be given positive
assurance of a lifetime Government career. The fear is also present of
undesirable manipulation of the public personnel system, as a result of political
and other factors not related to the job, to create barriers to promotion and
retention. Its outstanding positive feature, however, is its potentiality for
flexible adaptation to the diverse career goals of specialized personnel, some
of whom may be interested only in short periods of Government service followed
by experience in other sectors.

The third type of employment method, that described in subparagraph (c),
provides management with an opportunity for making an appraisal of performance
before renewal of an appointment, in some countries, all professional
appointments to the public service are negotiated on a specified term contract
of from three to five years with provision for renewal after appraisal of
performance. In theory, the termination of the contract allows review of the
employee's qualifications and performance. In actual practice, however, these
performance review functions become routine, frequently resulting in the virtual
assurance of re-employment of the holder of the post, regardless of his
achievement.

The rapid advance of science and technology imposes a continuing requirement
for maintaining up-to-date knowledge as required to permit acquisition of new

skills. Consequently, the employment system should provide for acceleration
through training of the professional capability of the current work force and
also for facilitation of entry from outside the service, particularly at
advanced levels, of candidates pcssessing the quality and breadth of knowledge
and experience that could contribute to strengthening of the public service.

It is also very important that the national employment system should not
eliminate or restrict unduly the existence of career opportunities for scientific
and technical personnel involving administration at the higher policy-making
levels of the Government service. Where necessary, managerial training should
be provided as a component of the career pattern for scientific and technical
personnel to help them prepare for meeting the performance requirements cf key
administrative posts.

Creative scientific and technical achievement depends upon continued exposure
to new ideas and leadership. In application of this concept, the employment system
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should, to the fullest extent practicable, encourage and facilitate the movement

of selected scientific and technical personnel to different kinds of

organizational settings both within and outside the service, in order to avoid

stagnation and to cultivate broader insights and knowledge, Such planned mobility

may be introduced by:

(a) Fellowships and short-term employment contracts for qualified

personnel who may also be attracted to a Government career through such short-term

experience;

(b) Arrangements with employers in other sectors in the covntry for
-

assignment or exchange of selected specialists for specified periods of time;

(c) Provision for leave with pay, including study abroad, to support

independent study and/or research in fields of related in4-erest;

(d) Co-ordination of pension systems between Government and other national

sectors to encourage freer movement of scientific and technical personnel among

the different sectors of the country without jeopardy to their accumulated

interest in a particular pension programme,

Compensation

The provision of adequate compensation for scientific and technical personnel

is a very critical problem in most developing countries. Where such salaries

are not broadly competitive with other sectors of the national society, career

and personal frustration usually develop among specialized personnel. A basic

issue that all Governments must face is whether it may not be self-defeating to

adhere rigidly to the same salary policies for scientific and technical personnel

as pertain to all other occupations within the Civil Service, Where the salaries

offered are excessively low, serious obstacles are imposed on the Government's

capacity to staff essential posts in competition with alternative opportunities

(not necessarily in the scientific and technical areas) available to scientific

and technical candidates. A consequence is the slowing down or eliminating of

important scientific and technical work or a serious dilution of quality of

performance, as well as of morale, Salary policies for scientific and technical

personnel cannot safely ignore existing factors of supply and demand, both

national and international competition, and the educational and other financial

investment in the ixaining of such employees. Unlike mcw% other occupational

groups, scientific and technical personnel are able to se:1' alternative

employment on a world-wide basis. The recruitment and rel'intion of well-qualified

personnel are adversely affected in those countries offering substantially less

favourable monetary and other incentives than are available either in other

sectors of the same country or abroad,

It is apparent, therefore, that careful study must be given to whether

entrance salaries are too low to permit the Government to compete effectively

with salaries offered by other employers within the same country or by foreign

organizations; and also whether the internal promotion policies are sufficiently

oriented towards merit, educational qualifications or achievement, rather than

based primarily on such mechanical factors as rigid personnel complements or

tables of organization involving long service at the same level of responsibility

',11 Mo.
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or status, independent of the actual duties performed or the employee's professional
contribution. Both types of situation may be prime causes of dissatisfaction
contributing to the failure to recruit or the loss of qualified scientific and
technical personnel.

It is proposed that management in developing countries should consider the
appropriateness to their problems of the arrangements given below for contending
effectively with salary administration:

(a) Establishment of a periodical national salary analysis programme,
including surveys of salary trends in relation to cost of living and similar

factors. Such surveys should be Ilased on determination of comparable qualifications
of scientific and technical personnel in Government and other national sectors, as
well as the cost of the investment in scientific and technical training. On the

basis of such comparative job evaluation, decisions on more effective recruitment
would be possible, especially for those occupations where acute shortages of
supply continued to exist;

(b) Establishment of a Government-wide unified grading structure in which
a specTfied number of levels or echelons would be set for the total service. Each

level would be based on the kind of duties involved, difficulties in performance,
qualifications needed and other relevant factors. Special emphasis must be placed
on proper evaluation of the difficulties of the duties, the level of education
and training required to perform those duties acceptably, and the employee's
achievement. Periodical assessments should be madeof the demonstrated achievement,
as well as of the character of the duties performed. The relevance of the
qualifications possessed by the person holding the post to the requirements of the
post is a very significant factor in salary evaluation. Broadly competitive
salary scales could be determined on the basis of internal comparisons with
similar factors applied to other posts and also by comparison with salaries paid
to roughly comparable positions outside the Government service. Under this
methodology, promotion would not be limited to a fixed number of posts. On the

contrary, promotions would be possible when supported by the level of duties and
responsibilities performed and by the character of the educational and other
qualifications essential for satisfactory performance. A position classification
plan, when applied to scientific and technical personnel, must include a component
of recognition for creative achievement in science or technology as a major
evaluative factor;

(c) Agreement to special salary and other arrangements for recruiting of
qualified persons on shortterm contracts for highly specialized work of a
temporary character;

(d) Separation of scientific and technical organizations or major components
thereof from the traditional Civil Service and placement of those groups under n
autonomous Government corporation with sufficient independent administrative powers
to establish needed flexibility in terms and conditions of service to meet changing

requirements. This has been done, for example, with research organizations in
Australia and Thailand. In Australia, the Commonwealth Scientific and Industrial
Research Organization (CSIRO) does not have to conform to national public service
salary scales because of its constitutional position as a statutory corporation of

the Federal Government. The CSIRO is not part of the regular public service.and
establishes its own salary scales. It has a considerable degree of autonomy of
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administration in the conduct of its operations, following the principle that

control of its administrative processes remains in the hands of the research

scientists. Similarly, the Applied Scientific Research Corporation has been

established in Thailand outside cf the regular Civil Service as an autonomous

Government scientific research organization operating under the National Research

Council. It has independent authority to determine the salary, administrative

and personnel policies affecting its scientific and technical staff. Such

separation provides also for greater freedom in the exercise of the total range

of administrative functions;

(e) In the Union of Soviet Socialist Republics, Czechoslovakia and other

centrally-planned economies, the system of salary administration is usually based

on the principle of remuneration for work performed, using the following criteria;

quantity of work; quality of work; social importance of the work. In determining

salaries for scientific workers, their individual scientific qualifications are

also given special credit, both in the amount of salary paid and as a condition

for appointment to designated posts. Thus, the salaries of scientific workers

employed in scientific research institutes depend primarily upon the functions

assigned, their academic degrees, their designated grade levels in the institute

and their length of service. The official category of importance of the

institute (as determined by the Government) in which the worker is employed is

also a factor in determining salaries. To illustrate the operation of this

method, in the USSR, for example, a senior scientific worker or scientific

worker (grade I) employed at a scientific research institute in the first-class
category, holding the academic degree of Doctor of Science with more than ten

years of experience, receives a monthly salary of 400 roubles. Under the same

conditions, a scientist with the lower degree of Candidate of Science would

receive 300 roubles As a further comparison, a senior scientific worker or
scientific worker (grade I) at an institute in the third category, with the degree

of Candidate of Science and less than five years of work experience, would

normally receive a salaxy of 190 roubles per month.

Promotion

Establishment of an effective and equitable promotion policy comprises such

principal components as the rate of employee advancement to higher posts, based

on his length of service and other administrative requirements governing his
promotion to the next higher category level, or grade designation of higher

status; the kind of criteria used in determination of those employees selected

for promotion; and the existing range of Government-wide opportunities which are

open to the employee for eventual or possible promotion.

As concerns the rate of career advancement, based on both the length of

service required before a promotion may be normally expected or a promotion may

be effected based on achievement or other work related factors, this rate is

obviously dependent also upon the breadth of the ran"'e of possible career
opportunities that may exist within the Government service for individual employee

advancement.

In some developing countries, the Civil Service structure is so constituted

that no more than three or four promotions may occur in an employee's lifetime

career. In such instances, the personnel system is usually based on a hierarchy
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of three or four ranks of responsibility with a fixed number of posts assigned
to each rank. As a consequence, an employee, regardless of his talent and
achievement, will remain in the same rank for a long period of time A frequent
allegation in criticism of such a system is that achievement or personal
qualifications receive too little recognition in the promotion process, which is
perceived therefor,: as a deterrent to sustaining a spirit of dedication to the
work assignment.

A promotion philosophy based predominantly on organizational procedure,
rather than on personal or professional requirements, precipitates additional
problems in those countries where a distinct group of scientific and technical
personnel exists concurrently with administrative personnel who are predestined
to fill all top policy-making and key administrative posts. Scientific and
technical personnel are thus limited to those posts which have been located
within the scientific and technical service. By contrast, the posts that are
regarded as involving policy-making and the direction of all major programmes are
reserved for the administrative personnel. As a consequence, scientific and
technical personnel as a category, regardless of personal abilities, are
deprived of any opportunity for filling key posts at the higher level of
policy-making responsibility. Where entry into these two distinct groups is
typically upon university graduation, the course of the employee's lifetime career
is excessively controlled by a decision made at the time of his entry into the
service.

The training, experience and knowledge acquired by scientific and technical
personnel during their careers are not, therefore, afforded adequate consideration
with respect to their providing eligibility for policy-making posts. It should
be noted that the imposition of such limitations on career goals of scientific
and technical personnel is not practised among those countries which employ a
unified type of Civil Service system. This kind of personnel system provides a
common structure for all Civil Servants through the highest levels. In such
countries, the emphasis is therefore on an open Civil Service society based on
selection by record of performance and qualifications, as compared with a closed
society based on the type of appointment acquired at initial entry some
twenty-five years earlier.

Special leave and pension arrangements

In some countries, the status and prestige of scientific and technical
personnel are officially recognized by providing entitlement to superior leave
and other benefits. In the Soviet Union, for example, the official work week
for scientists is more flexible than that for other officials. In addition,
scientific and technical personnel are granted longer annual holidays with pay,
ranging from twenty-four to forty-eight working days per annum.

The Soviet Union also utilizes the specialized knowledge and experience
of pensioners. Normal retirement age for men after twenty-five years of service
is sixty years; for women after twenty years of service, it is fifty-five, at an
annuity of 40 per cent of the official salary at time of retirement. Pensioners
may continue to engage in scientific and technical activities through appointment
to the post of senior scientific consultant, for part-time employment with a
salary supplemental to their pension annuity up to a maximum of 353 roubles per
month, including the annuity payment.
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Use of dual career ladder and other promotion practices

In connexion with the development of a sound promotion policy for specialized
personnel, it should be mentioned that the scientific and technical personnel
sector of the public service does not represent a homogeneity of education,
training and aspirations. Although such personnel, by virtue of comparable
university training, career expectations and cultural traditions, may share
similar expectations in their conditions of employment as well as their career
goals, many basic differences may exist in their perception of the values of
those career goals. This may be illustrated by a comparison of the work
functions of the scientist or engineer engaged in conduct of research with those
of the scientist, engineer or other technical person occupied predominantly in
administrative activities. The research worker sees his intrinsic value to the
organization in the quality and importance of his research achievement. His
desire for recognition and compensation is based primarily on factors directly
concerned with the professional qualifications needed to perform a high level of
creative work and on the scientific importance of the results emerging from his
personal research effort. His organizational title or supervisory responsibilities
are seen by him typically as relatively unimportant aspects of his responsibilities
as an employee. As a result, his view on a sound promotion policy is one in
which promotion is based on the quality, scope and significance of professional
achievement. This view would also be characteristic of the scientist concerned
with the direction and organization of scientific and technical progranmes.

In contrast, the scientific or technical employee who is primarily concerned
with administrative duties may normally fit into the typical organizational
hierarchy. Thus, the determinations of his salary and organizational level may
be subject to the same criteria as those applied to other occupational groups
found in the same administrative structure. His promotion may depend upon his
rising to a higher level of administrative responsibility within the organization.

Some countries have made a special effort to recognize such basic differences
in career perspective and their reflection in promotion policy. Such methods
as those described below have been developed, either individually or in
combination, in those countries in order to strengthen the positive incentive of
the promotion process in rewarding and motivating employees:

(a) Dual career ladders have been established within the Government service
to be used for scientific and technical personnel according to the nature of
their major work functions as described above A feature of this arrangement is
that advancement for those engaged primarily in research or development is not
necessarily determined by their place in a table of organization or by their
being within the numerical quota of posts assigned a specific status level.
Instead, the character of their work, the professional qualifications needed and
the quality of their 2:)rformance are used as a basis for career advancement;

(b) A system of "fluid complementing" has been instituted, whereby
promotions on the basis of qualifications and performance are made up to a
specified organizational rank or status level. Such promotions are exceptions
to the standard promotion methods of a fixed number of posts at eadh such level.
This method helps to eliminate the undesirable rigidity of career advancement that
is derived from assignment of fixed quotas of higher posts. This method is used



in the Scientific Civil Service of the United Kingdom and in some developing
countries as an effective means of avoiding the slow freeze of promising
scientists during their most productive periods and of providing desirable
recognition. An incentive is also strengthened for attraction to and retention
in the public service;

(c) The use of "merit appointments", which permit immediate selection for
promotion, independent of such administrative factors as length of service or
title of the post, of a limited number of persons whose research performance
is recognized as outstanding, has been initiated. In such cases, new
administrative or supervisory responsibilities are not necessarily undertaken,
nor is any change in the organizational location or structure required as a
prerequisite of promotion. Professional recognition is also thus conferred on
the recipients of merit promotions.

Development

Rapid changes in contemporary science and technology have persuaded
Governments to take a more active role in supplying official financial support to
training and other measures for ensuring that scientists and other technical
personnel shall be kept up-to-date with new concepts and developments in their
fields and shall also acquire additional competence in emerging scientific ama
technical areas. This policy has been particularly evident in the developed
countries, where a diversified range of training and other developmer+al
activities for scientific and technical personnel in the public service are now
Government-supported. Existing training facilities within the Government service,
as well as outside universities and comparable institutions of higher technical
education, are used for both part-time and full-time study programmes. In the
United States of America, during fiscal year 1968, for example, 49,218 scientific
and professional personnel employed by the Government participated in some aspect
of in-service training. Approximately 48,000 employees were sent, at Government
expense, to universities and comparable higher administrative institutions in
that country and abroad for special studies. Of this latter number,
over 1,000 were engaged in such full-time professional development programmes
for periods of over six months, while receiving their normal salaries and other
allowances.

In the USSR, employees on full-time leave for advanced training may receive
State fellowships. When their regular positions are at a higher salary than the
fellowship, a special fellowship grant may be given. The following benefits and
incentives are granted for those undertakinG full-time studies: fifteen days
leave with pay to take necessary entrance examinations; an annual grant-in-aid
far the purchase of scientific publications; an annual paid holiday of two months;
and at the end of their studies, a paid holiday of one month.

Employees engaging in part-time training also are entitled to such
perquisites as a supplementary paid leave of thirty full days each year to
prepare for their examinations, opportunity to engage in practical laboratory
work or to prepare a thesis, four months' leave with pay to prepare the
equivalent of a master's thesis, and six months or more to prepare a doctoral
thesis. Such leave is granted on the recommendation of the scientific and
technical ministries and departments concerned, or on that of the councils of
institutions of higher education or research institutions.
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Institutions of higher education in the Soviet Union also offer, in

addition to the programmes described, part-time extension-correspondence

programmes. In general, the student enrolled in extension-correspondence

courses has infrequent contact with the instructional staff, limited in some

fields and institutions to examination sessions. Some programmes, however,

allow up to twelve hours of weekly sessions with teachers in lectures, laboratory

sessions or consultations for six or seven months of the year. In 1964,

approximately 56 per cent of all students involved in a higher education

programme in the USSR were enrolled in evening or extension-correspondence

programmm The student's study activities are guided by printed instruction

aids and regularly scheduled home assignments.

Faculties for production executives provide a one-year university course

for staff who have higher technical education qualifications, have worked for

a number of years in the public service and are recommended for further study.

Training institutions are attached to each department of the ministries.

Intensive courses of study are organized as classes, seminars or conferences

at periodical intervals. They may be special or evening classes open to either

compulsory or voluntary participation. Special courses for management training

of technical personnel are offered at the Acadegy of Social Sciences of the

Central Committee of the Communist Party of the Union of Soviet Socialist

Republics, at the higher schools of the Party and by post-graduate courses at

the institutions of higher education and the research institutes.

In a generalized fashion, the following description of professional

development activities may serve as a guide for developing countries:

(a) First-degree university graduates in science or technology or

candidates with equivalent qualifications accept appointments in the public

service. Those desiring to pursue part-time higher studies in an approved

after-hours programme are provided with necessary financial aid to pay for

tuition, books and related educational costs. Co-operative arrangements are

sometimes negotiated between the Government and universities to provide such

higher graduate studies at or near substantial centres of scientific and technical

personnel. Although the policy is explicit in most Government-supported

activities that academic degrees are not in themselves considered the goal for

official rapport, such degrees, when acquired, are recognized in some countries

as evidence of increased professional capacity resulting from such studies.

Government expenditures in supporting extensive "learn while you earn" programmes

at graduate levels have been substantially repaid by the increased supply of

better qualified and potentially more c.ceative officials, apart from the

intangible values of enhanced morale and motivation;

(b) Government encouragement is given to support of the following

activities:

(i) Active participation in both national and internetional scientific

and technical societies, including participation at professional

meetings;



(ii) Encouragement of specialists to prepare articles for publication in
professional journals or textbooks and to study materials for
educational programmes existing within the country;

(iii) Leave with pay to pursue studies in a specialized scientific and
technical area of interest to the official, either through a programme
of visits or through undertaking such studies on a residential basis
at an institution of higher education or a specialized scientific
institute;

(iv) Encouragement to accept fellowships providing for travel and study,
either by action of the ministries and departments or by external
agencies, including international organizations;

(v) Development of planned mobility of selected staff by plans permitting
selected scientific and technical personnel to be assigned on a
temporary basis to posts in other ministries within the Government
or in other sectors of the country. Such rotation provides an
opportunity to broaden work experience and increase skills.

Official recognition of professional achievement

A sound career development system should also provide for recognition and
reward of excellence in performance, and the acquisition of further skills and
qualifications essential to improved performance. Scientific and technical
personnel have traditionally welcomed appreciation of their work and achievements,
especially from professional colleagues. Official recognition whereby the
Government identifies and publicizes superior contributions of public officials

is also desirable.

Such Government-sponsored recognition may include a diversified range of
programmes including conferring of honorary titles, awards of certificates of
outstanding merit, medals, fellowships and especially salary increases. Any of

these awards may be conferred in combination with others.

Czechoslovakia, the Soviet Union, Yugoslavia and other Eastern European
countries vigorously provide recognition through the formal methods described
above, as well as through other media, including substantial cash awards.
Recognition ceremonies are typically given wide public attention in newspapers,
radio and other communications media.

Annual awards are given; for example, in the Soviet Union, such awards
include the Lenin Prizes and numerous State prizes. The highest national award,

"Hero of Socialist Labour", may also be conferred for outstanding scientific
performance. Merit salary increases also are used widely.

The United States of America employs a variety of recognition methods,
including both financial and honorary recognition, for scientific and technical
personnel in the Federal Civil Service Honorary awards are presented at
different organizational levels in the Federal Government; the highest being
the annual Presidential Awards. The secretaries of all departments and agencies
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of the Government may confer at any time and in any number Distinguished Civil

Service Awards and other honorary awards. Outstanding employees may be given

merit salary increases at any time based on proper documentation of their

excellence in work performance.

Management training

Misunderstandings between specialists and administrators appear to be common.

Differences exist the way in which they value employee work contribution. Their

attitudes may conflict especially when engaged in trying to reach agreement on

the solution of major administrative problems. Where a lack of appreciation

of the working methods and goals of these two groups exists, undesirable

barriers in communication develop, leading to wasteful and probably unnecessary

frustration. A primary concern of developing countries should therefore be the

development of a greater understanding of the management process by scientific

and technical personnel through management training programmes, including

residential conferences and seminars. In addition, administrators need training

in development of greater sensitivity to the problems and work style of scientific

and technical personnel. Goals of both training activities rely on exchange of

views and better attitudes towards improved co-operation, as well as increased

managerial skills.

Such management training activities should be concerned not only with the

administrative machinery and major administrative processes of the Government,

but with the role of science and technology, the nature of special personnel

problems of scientific and technical personnel, and the exploration of

administrative policies resulting in a more congenial and productive working

environment. They may serve to help meet other goals besides the improvement

of communication channels and relationships between administrators and specialists.

A typical problem in many developing countries is the determination of

significant training to be made available in order to enable scientific and

technical personnel either currently in key posts involving major administrative

responsibilities or anticipating possible future assignments of this character to

increase their management skills. As a rule, their previous careers and their

education in pursuing substantive goals in a scientific and technical discipline

have provided at best only meagre resources in management expertise. The

scientist or engineer, when assuming the post of department head cr permanent

secretary, finds a main preoccupation with administrative decision-making on a

wide range of matters involving the best use of manpower, facilities and finance.

Greater attention must therefore be devoted to helping him find the administrative

solutions needed for his successful performance.

The importance of such training is being increasingly recognized in some

developed countries by the establishment of a variety of training programmes

designed for improvement of the administrative capability of scientists, engineers

and other technical personnel.

Emigration of talent

A widely discussed issue affecting scientific and technical manpower in

developing countries is the continuing loss of their talented personnel through
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emigration to other countries, International mobility for scientists and other
specialists has been traditionally encouraged for increasing professional growth;
but when it results in the permanent depletion of available manpower resources
for a developing country, a national problem of considerable magnitude arises:
A central issue for national policy, then, is the extent to which undesirable
migration should be reduced or reversed through positive Government action,

Migration results from an aggregate of social, economic and personal
factors. In many cases, the most effective kind of counteraction may not be
within the capability of the losing country, particularly as concerns the
provision of adequate salaries, modern equipment and the desired range of
opportunities for use of specialized abilities that might be available abroad to
talented staff. At the same time, many substantial improvements could be
introduced to help retain the current work force. The role, employment and
development of scientific and technical personnel within the public service of
a developing country represent a major area where substantial improvements could
contribute effectively to solution of the basic problem of migration. As the
Government is typically the major and sometimes the only substantial employer of
such manpower, any positive incentives, such as improved personnel policies and
practices, that were established or expanded, and, concurrently, any disincentives
that were identified and eliminated, would materially enhance the country's power
for retaining a greater number of its talented scientists and other technically
trained manpower. In this paper an attempt has been made particularly to focus
on examples of such positive measures and their use, In addition, the following
measures help to strengthen retention:

An active national commitment to increase the flexibility of Government
machinery, such as has been presented in this paper, to meet the special career
needs of scientific and technical personnel, is a top priority objective;

(b) Establishment of new or expanding research and development centres and
other comparable technical facilities to increase the range and quality of
utilization of specialized skills;

(c) Co-operative arrangements with international research centres providing
for limited-duration assignments of selected national personnel, followed by
return to the home country;

(d) Increased participation of scientific and technical personnel in
formulation of major national scientific and technical management policies
affecting their careers;

(e) Stimulation of greater use of scientific and technical personnel in
industrial enterprises and their exchange with those in the public service;

(f) Establishment of active programmes for encouragement of return of
needed scientists and other specialists to the home country. An example ir7. the
Scientists Pool created in India to provide temporary placement for well-qualified
scientists and technologists returning from abroad, where their knowledge can be
utilized while engaged in the process of securing an appropriate post,

-133-

137



Conclusions

The leadership of developing countries must seek the highest level of support

within those countries to bring into reality those enlightened concepts and

methods which appear to relate to improvement or solution of major problems in

management of scientific and technical personnel in the public service. There

should be no hesitance in calling upon the United Nations and other international

organizations for guidance and other assistance in the implementation of needed

changes in this component of the public service.

An underlying principle of such efforts is that quality attracts quality.

The pursuit of such quality must be both imaginative and forceful. In recent

years, some new attitudes and methods have been introduced into national

administrative systems with the aim of attaining a higher standard of quality.

These new approaches are illustrated in the emphasis now devoted in some countries

to supportive measures in professional growth, official recognition of achievement

and use of more adaptable and flexible conditions of employment. This trend

must be continuously encouraged by Government administrators in the exercise of

their responsibility for maintaining a work environment congenial to accomplishment

by highly trained scientific and technical personnel.

The following proposals are set forth for improvement of the management

of scientific and technical personnel in the public service of developing

countries,

1. A national commitment should be adopted for introduction of increased

legal and administrative flexibility into the national personnel systems,

responsive to such factqrs as the diversity of occupations, their specialized

requirements and, where appropriate, the national supply and demand factors.

2 Scientists, engineers and other technical personnel should have the

opportunity to participate in major policy-making concerning th.eir conditions of

employment, their career development and the optimum contribution of science and

technology to national goals.

3. Recruitment and selection of qualified scientific and technical

personnel for all levels of public service should, to the fullest extent

practicable, be conducted on an open competitive basis permitting recruitment

as required of qualified individuals from outside the public service.

4, Career opportunities for scientific and technical personnel should be

equal to those in administrative occupations, including posts at the highest

policy levels of ministries and departments. These posts should be filled on the

basis of selection of the best qualified persons without undue emphasis on

membership in a particular class or group of positions.

5. Promotion policy and practice should relate both to achievement in work

performance and to the different work functions of scientific and technical

personnel, e.g., by having dual career ladders - one career ladder for those

whose assignments are based primarily on performance or supervision of performance

of research and a second and separate career ladder for those whose duties are

primarily administrative or supervisory in character.
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6. The employment system should provide for acceleration through training
of the professional capability of the work force and also for entry from outside
the service of candidates with advanced levels of experience and training,

7. The employment system should facilitate planned mobility of selected
scientific and technical personnel to different kinds of organizational settings
both within and outside the service, in order to produce broader insight and
knowledge,

3. The salary system for scientific and technical personnel should be
compe-itive with salaries available for comparably qualified personnel in other
sectors of the national economy,

9 Careful study should be given and appropriate action taken to ensur3
that tie salaries offered shall permit the Government to compete effectively with
other elployers in the same country,

1G. A periodical national salary review programme should be established to
ensure ?roper attention to salary trends in relation to cost of living and
comparaUe factors,

11. Alternative methods of salary administration for scientIfic and
technical personnel should be evaluated for possible use Among such methods
are a contract employment system, a unified position classification and pay
system and a salary administration system independent of the regular Civil Service,

12, Co-ordination of pension systems between the Government and other
sectors should be achieved to facilitate planned mobility of scientific and
technical personnel,

13, Pe-....sonnel systems employing a position structure whereby a fixed number
of posts is allotted to designated rank levels should introduce increased
flexibility far promotion of personnel with demonstrated achievement in work
performance through:

(a: Provision of a flexible number of posts at designated ranks of the
service;

(b: Use of merit appointments permitting promotion without consideration of
assigned duties and responsibilities or work location, on the basis of official
recognition of outstanding achievement in the employee's current assignment,

14, Attention should be given to further use of knowledge and experience
of retired scientists and technical personnel, for example, through part-time
employment,

13, Official support should be provided to the maximum extent practicable
to foster a broad range of professional development activities among scientific
and technical personnel in order to increase their professional competence and
knowledge, including financial support for full-time and part-time education and
training, participation in professional societies and other comparable activities
leading to professional development,
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16. At comparatively early, as well as advanced, career stages, formal

training in management should be available to scientific and technical personnel

both as preparation for later career posts involving management and for

achievement of a fuller appreciaticn of the human, economic and financial

implications of their work

17. Government should recognize, reward and publicize excellence in work

performance through diverse financial and honorary methods, including cash awards,

honorary titles, honorary awards, medals and employee advancement.

18. The following measures, in addition to achieving over-all improvement

of the role, employment and development of scientific and technical personnel,

would contribute to the country's ability to retain a greater number of its

more talented scientific and technical personnel:

(a) Increasing the number of opportunities and the quality of resources

for challenging and meaningful work assignments under responsive leadership;

(b) Stimulation of greater use of scientific and technical personnel in

the industrial and other public and non-public sectors of the country;

(c) Establishment of active programmes for encouragement of the return of

needed specialists to the home country;

(d) Arrangements with national and international research centres for

limited-duration assignments of selected national personnel, followed by their

return to the home country.
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HEALTH mmunim PLANNING

Alfonso Mejia*

"Health is a state of complete physical, mental and social well-being and
not merely the absence of disease or infirmity." 1/ The World Health
Organization (WHO), by direct action within its own frame of reference and
competence, and by co-o:dination with agencies in related fields, undertakes
activities, at the request of Governments, in the sense of the definition
stated above.

Public health specifically contributes to the protection of human resources
and to the improvement of physical efficiency, thus making a direct impact on
productivity and on the general well-being of society.

It has been estimated that, because of its large capital investment,
operating expenditures and manpower requirements, the health sector in soue
countries ranks third or fourth among industries, classified in terms of
manpower potential. 2/ In this sense, it continues to expand to meet the
rapidly increasing demands for health services attendant upon changes in
population size and age distribution and upon advances in medicine and other
scientific fields.

Those concerned with medicine and the health sciences are becoming
increasingly aware of the relation of disease to the social and economic
problems associated with the prevalence of ignorance, poverty, excessive
population growth and hunger. In this context, greater recognition is being
given to the multiple-causation concept of disease and to the fact that the
solutlion of these problems requires a multidisciplinary approach through
concerted action, at both national and international levels.

Few countries in the world, if any, currently have enough qualified
manpower to satisfy their own demands for health services. While no country

can afford to waste its available human resources through inadequate manpower
planning, such planning is even more important in developing countries where
the short supply of money and skills is often acute. In recognition of this

fact, the United Nations and its specialized agencies, in the first programme
for the Second Development Decade, have made manpower planning an essential

Medical Officer, National Health Planning, World Health Organization,
Geneva, Switzerland.

1/ World Healtt Organization, Basic Documents, 20th ed. (Geneva, 1969),p. 1.

2/ World Health Organization, Medical Research Progromes, 1964-1968
Geneva, 1969), p. 227.

-137-

141



issue in relation to the aoplication of science and technology for the benefit

of developing countries. 3/

The cmcept of manpower as a whole includes, inter alia: (a) a detenaination

of the number of people available for various occupations, and -(1) the

qualities, in terms of educaAon and experience, that they can bring to such

occupations. The notion that all persons in the same category of work or

bearing the same occupational title should be lumped together is a faulty

assumption and one which underlies most manpower studies. Surveys based on

this assumption fail to take into account the wide range of training and

skills that such a group represents and the variety of activities they perform.

Hence, such surveys have inherent limitations. 4/

Health and manpower planning

Health manpower, as it is generally understood, includes the following

categories:

(a) Those already working in health services, i.e., economically active

health personnel;

(b) Potential workers in healbh, i.e., economically inactive health

manpower;

(c) Prospective manpower, i.e. thole who are undergoing education and

training for the health services.

Health manpower planning has been defined as a process of trying to

ensore that there shall be enough health workers with the required qualifications

to meet, but not to exceed, future effective demands for their services. 5/

The concept of a more efficient utilization of health manpower, although

not necessarily stated as a specific objective in all studies, is almost always

implicit in most of them. There is currently a conscious effort to state

clearly this concept and to build it into the planning framework.

Modern approaches to health manpower planning require the following

actions:

3/ World Health Organization, "'United Naticns Seccnd Develo-pncnt Decade,

1971-1980", paper prepared by the Director-General of the World Health

Organization, 1961. Scction I discusses the United Nations First velopment

Decade end summarizes achievements in the health sector, with regional.

reviews of the health situation. See also Economic and Social Council

resolution 834 (XXXII).

4/ "Health manpower and medical education in Latin America", report of a round-
_

table conference held at New York, 30 September-4 October 1963, under the joint

auspices of the Panamerican Health Organization and the Milbank Memorial

Fund, Milbank Memorial Fund Quarterly, vol. XLII, No. 1 (1964), pp. 11-66.

5/ Timothy Baker, "Human resources", "Survey of health planning", Baltimore,

Maryland: Johns Hopkins Tiniversity, School of Hygiene and Public Health,

1969 (mimeographed), p. 125.
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(a) ideasurement of the needs and demands for health snrvices and the
establishment of goals;

(b) quantification and analysis of current resources and a projection as
to these resources, including an adequate supply of manpo77er, needed to
achieve the above-mentioned goals;

(c) Adaptation of educational and training programmes to the needs of
personnel actually engaged in health work or preparing to enter the field;

(d) Definition of a policy and the selection of strategies and techniques
for implementing such a policy.

These approaches are important for realistic manpower planning, since they
provide the means whereby the implication of education and training may be
considered in the context of the whole health planning process, and the
projected demand for services may be balanced with the projected supply of
health manpower.

Demand analysis

The current concept of "demand" in relation to health services is usually
limited to the actual utilization of such services by patients. This concept,
however, appears to be inadequate for an assessment of demands that would be
expressed if health services were more readily available or more satisfactory.
A first consideration, therefore, would be the development if appropriate
measures to quantify demand in relation to both health services lnd manpower
supply. In this connexion, the human element should not be overlooked in
planning, since the "felt needs" of people might be quite different from
biological needs, which are based on morbidity and mortality, and which reflect
only the judgement of professional personnel with respect to the segment of the
population that has access to health services. Other factors to be considered
are the administratively and technically determined demands and economic demands.
These and other factors are closely interrelated and must be taken into account
if properly justifiable health needs are to be effectively translated into
demands for health services. 6/

The estimation of health manpower requirements usually involves some efforts
to relate the supply of health workers, particularly physicians, to the demand
for their services. To do this, several methods have been used. Among these
are studies of the relation of the number of physicians, other health workers or
services, as the case may be, to population, mortality and morbidity, patients
seen per unit of time, and the prevalence of preventable diseases. Studies of

the functions and utilization of health workers, as well as of the adoption of
ratios used in other countries, have also been employed in this respect.

No single method is entirely suitable, since each has a limited validity.
With regard to mortality, morbidity and utilization, most statistics are

oi World Health Organization, Consultation on Health Practice Research,
2-10 Eecember 1969, 0M0/69.1 (Geneva, 1969).
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insufficient and inaccurate. Moreover, since the standards of one country may

not apply to others, the adoption of ratios will not necessarily be useful.

Comprehensive planning and reorganization become vital in the search for

the optimum utilization of all health personnel, particularly the physician,

who is scarce and costly, both to train and to maintain. The physician, however,

although a sine qua non for some types of health care, is not always the only

alternative, and effective demand analysis must cover all categories of personnel.

Current supply of health manpower

The measurement of health manpower supply involves many variables which

determine the validity of the measurement. Among these is the variable of "who

is counted" and the context in which he is counted. This is a particularly

difficult task where categories of personnel are poorly defined or where personnel

switch from one level of work to another, despite their education and experience,

or, in many case, their lack of same. V

Health manpower, like all manpower, can be measured in two different ways:

(a) in terms of the total number of manpower employed in the health field, and

(b) in terms of the various health occupations. The first method refers to all

persons employed in the health field irrespective of their educational backgrounds,

while the second focuses on those persons possessing knowledge and skills unique

to the health field and may include health manpover in all industries, not just

the health services. V
According to the second method, a determination of the current supply of

health manpower requires previously established definitions of the various

occupations to be taken into account and of the categories of workers within

each occupation. Implicit in this method is the need for a definition of what

actually constitutes the health sector, in other words, a delimitation of that

sector, a step that is also essential in relation to other aspects of the health

planning process and of over-all planning.

Such a delimitation, although simple in concept, poses numerous methodological

and operational difficulties. First of all, it requires a clear definition of

what is meant by "health service" so that a distinction can be made between the

people involved directly in th^ performance of health work and those who are

contributing to a rise in the level of living through work indirectly affecting

health, for example, agricultural extension workers. Data on the supply of

health manpower vary, depending upon the criteria applied to the delimitation

of the health sector. Standardization of criteria in this respect would be

valuable.

Delimitation of the health sector also requires a definition of the term

"public Service". Although a standard definition of this term has been proposed,

V N.Y. Fennel, "Measuring the supply of manpower", Health Manpower,

United States, 1965-1967, United States Public Health Service publication

No. 1000; series 14, No. 1 (Washington, D.C., 1968), pp. 1-2.
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it is not universally applied and continues to have different connotations in
different rountries, depending upon the type of organization developed for the
provision of services. With respect to the health field, in some countries only
basic public health services are provided by the public sector, with private
enterprise providing a substantial amount of personal services. In others, all
health services are provided by the public sector. Between the two systems lies
a broad spectrum combining both systems in various proportions.

The definition of such terms as "scientist" and "technical personnel" is also
important to a delimitation of the health sector. As currently used, these terms
are generic in that they may be applied to any person having a high level of
prestige in a particular branch of science - despite his qualifications and
current occupation. According to the International Standard Classification of
Occupation (I3C0), Major Groups 07, these terms apply to those who conduct
research and apply scientific knowledge to the solution of problems in a large
variety of fields, including the health services. a j

Other categories of health personnel also require definition. Not only does
the educational level of the categories vary, even when they have the same
essential function, but within each category there is great diversity in this
respect. Moreover, in different countries, different labels are attached to
personnel carrying out sit lar essential functions; and, vice versa, the same
title is given to persons having quite different responsibilities. 2/

For the benefit of uniformity and for the purpose of international
comparability, more concrete operational definitions are required. The ISCO
has contributed to this end, and. WHO has also made efforts to distinguish between
professional personnel and auxiliaries, and, within the professional category,
between medical and paramedical personnel. 10/

Projection of demand

Demographic changes are the main factor associated with increases in the
demand for health services and, in turn, the demand for health manpower, both in
number and in quality. This is not simply a question of more people demanding
more services, but a question of demographic structure. According to the age and
geographical distribution of the population, the volume and nature of the demand
for services will vary. For example, countries with a large proportion of infanta
and young people, as is the case in many developing societies, have quite a
different nature of demand for health services than those countries with a larger
proportion of adult population. In the latter countries, provision has to be
made to care for a greater number of people having chronic and degenerative
diseases associated with old age. These diseases are more difficult to control,
more prolonged and, in turn, more costly in terms of services and care.

8/ International Labour Office, International Standard Classification of
Occupations, rev. ed. (Geneva, 1969), p. 35 .

9/ World Health Organization, Development and Utilization of Human Resources,
PC/68.2 (Geneva, 1968).

10/ World Health Organization, WHO Education and Tramming Activities: A Review,
1958-1967, ET/67.2 (Geneva, 1967).
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The possibilities of health personnel being able effectively to Provide

services to the community and of the population being able to reach such services

depends in part upon the density of the population and upc-n transportation and

communications faciliies. Travelling may become the princiPal activity of

1!es16h Personnel in some situations and, in itself, may constitute an important

barrier ar;ainst access of the poPulation tc services. In sone countries, for

example, a physician would have to cover more than 2,C00 souare kilometres if the

population were distributed evenly throughout the area. 11/

On the other hand, concentration of people in the cities not only a

deterio-2ation of urban life, including health status, but a more widely dispersed

population outside cities than can be indicated by average figures. Greater

urbanization may influence the utilization of health manpower by stimulating the

private practice of medicine, eventually leading to an exaggerated emphasis on

curative aspects and on specialization. This situation may also cause more

professional personnel to migrate to the cities, thus contributing to the pcor

geographical distribution of manpower. 11/

How man lives, as well as how long he lives, is largely determin,:a by social

and ecological factors that condition his attitude towards scientific and

technical knowledge and, therefore, towards the applicability of such knowledge to

his personal welfare. 12/ It has repeatedly been shown that low-income and poorly

educated groups have a higher predisposition to disease; a different attitude

towards health and less demand for services than do higher income ,:roups. Thus,

it is reasonable to expect that any rise in the per capita income and in the

educational level of a population would make those people more aware of the

kaportance of health and of the possibilities of preserving it. This increased

awareness wauld be reflected in changes in volume and nature of demand for

health services, for which additional manpower must be provided.

The scientific and technological development of medicine is conteibuting to a

change in the patterns of fertility, morbidity and mortality. While many causes

of disease and death have been eliminated through the eradication and control of

some infectious and parasitic diseases, and the discovery of new techniques for

diagnosis and treatment, the resulting prolongation of life expectancy has given

rise to new types of disease.

It must be pointed out that the extent and nature of such factors as changes

in the patterns of morbidity, the final effect of scientific and technological

development, the organizational structure of medical care systems and social

mobility are very difficult to predict with a reasonable degree of confidence.

Forecasting these factors becomes critically important in view of the fact that

any manpower projection and changes in educational pattern made now will affect

personnel who will still be practising their professions in the next century. 12/

11/ Brian Abel-smith, "An international study of health expenditure and its

relevance to health planning'', PUblic Health Papers, No. 32 (Geneva, World

Health Organization, 1967), pp. 13-28.

12/ R.F. Badgely, V. Kasius and M. Schultz, "Social and economic factors and

health services", Proceedinp.,s of the International Conference on Health

Manpower and Medical Education, Maracay, Venezuela, 19-23 June 1967; Study

on Health Manpower and Medical Education in Colombia; III Working Papers and

Reports (Uashington, D.C., Panamerican Health Organization, 1967), pp. 88-93.

13/ United Kingdom, Report of the Royal Commission on Medical Education, 1965-1968

(London, Her Majesty's Stationery Office, 1968), pp. 27-30.
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Projection of supply

Factors involved in the projection of the general labour force also
influence the projection and utilization of health manpower. 6uch factors
include the numper of persons in the working-age group, school enrolment age,
school-leaving age, coverage lf education, retirement age; life expectancy,
type of economy and the degrAe to which women take part in economic life. 14/
Changeo in culture and tradition that are expected tn accompany or follow the
propulsion of agrarian societies towards industrialization also come into play.

This paper concentrates, however, only on those factors which are more
directly related to the utilization of health manpower. Utilization here refers
to the degree to which the capacities and skills f health manoower,
immediately or potentially available in a country, are or can be effectively used
for the improvement of the level of health in that country.

The acute shortage of qualified health personnel paradoxically coincides
with unemplopuent, under-employment or poor utilization. Several factors are
responsible for this shortage, e.g., the rapid turnover of professional staff,
internal migration, emigration, the lack of adequate incentives, the transfer
of health personnel to activities other than health, an exaggerated trend towards
specialization and the unrealistic organizational pattern of health services
and of edur:ation and training for health careers.

Rapidly changing technolov and the need to extend effectively the coverage
of health services have led to an increasing proliferation of categories of
health personnel and functions in many countries. In addition to the diy'ect
providers of services - mainly physicians, dentists and nurses - the health
team now includes other professional personnel having indirect, but essential,
supporting functions, e.g., statisticians, mathematicians, social scientists,
systems analysts, medical-record librarians and computer programmers, to name
but a fey. 15/ At the same time, the systems for the provision of services,
the staffing patterns of health institutions, job descriptions and, particularly,
education curricula show little change.

The projection of supply implies the identification of elements governing
the availability of health manpower, mainly retirement, death and migration,
which decrease manpower supply, and the output of teaching institutions, which
increases it. Current and fuWre supplies are the final result of the
interplay of these elements. Consequently, in order to estimate future trends
in manpower supply consideration must be given to the weight of each of these
elements and to the factors associated -with utilization, particularly the pattern
of emigration and the expected degree of participation of women and ancillary
personnel in the services.

14/ International Labour Office, Yearbook of Labour Statistics, 1968
(Geneva, 1968), pp. 15-17.

1

1

15/A.1I. Siegfried "Sources of manpomer statistics", Health Manpower,
United States, 1965-1967, United States Public Health Service publication
No. 1000; series 14, No. 1 (Washington, D.C., 1965), p. B.
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Emigration

Scientists and highly trained health manpower are among the main

contributors to the selective emigration of talent from developing to developed

countries. A good proportion of emigrants hold teaching or/and research
responsibilities, two fields usually combined and in short supply in

developing countries.

The magnitude and nature of the problem is rather well defined in

quantitative terms, since the calibre of this migrating stream is delineated and

the main donor and recipient countries are fully identified. Much less is known,

however, pi' the real causes and motivations underlying emigration. While some

of these causes are obvious and others suspected or taken for granted) a number

remain unknown. Follow-up studies are necessary for the measurement of net

emigration) including the rate of returnees. It is also necessary to measure

the effects) if any, of emigration on the organization of health services and

on the general development of contributing countries) and vice versa.

The whole problem is difficult to tackle because of the long-term nature

of the measures needed to resolve the many complex factors involved. From the

short-term point of view) however) the situation may be alleviated by such

measures as the provision of a greater number of local facilities for the

education and training of at least the most urgently needed health workers.

Additionally, through the organization or regulation of national Civil Services)

job satisfaction may be greater as a result of a substantial, justifiable

increase in incentives. Concerted inter agency action is needed with respect to

advice to Governments concerning the definition) organization and implementation

of Civil Service policies.

The WHO assists countries who request it in the organization of health

servicen at national, intermediate and local levels. It also provides advice

on selei:ted aspects of personnel policy with a view to effecting job stability

and increasing educational and research opportunities for highly trained

health manpower.

There is a need for research aimed at the identification of sources of

job satisfaction in selected occupations and the measurement of the effect that

net emigration has on the development of the donor country.

Participation of women

The proportion of women in health activities varies among countries,

depending upon cultural and traditional patterns, together with educational and

job opportunities. In the health field) women have been of special concern,

both as consumers and as providers of health services.

Many of the activities of the basic health services) such as maternal and

child health, family planning and community development) are oriented to the

specific protection of women. At the same time) women are active participants

in such occupations as nursing care, social work, health education,

physiotherapy) nutrition, dietetics, X-ray and laboratory techniques, among

others. In several developed and developing countries, there is substantial
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increase in the over-all proportion of highly trained women and, in particular,
of those specialized in medicine and dentistry.

Housekeeping and child-bearing usually prevent women's employment during
an important period of their working life, often causing a substantial deficit
in health manpower. Since many women are eager to return to employment, active
measures may be taken to enable them to resume their place in the health labour
force as early as possible. Many countries have increased their highly trained
manpower supply by accepting women to work part-time and retraining them through
in-service education. The provision of kindergartens, crèches and similar
facilities would favour their return to work.

:Tider participation of women in the health services, as in any other
Productive activity, requires that local prejudices must be overcome and general
education expanded. Women should be instructed as to job opportunities and
should be made to recognize the contribution they can make to the community
through selected health occupations for which manpower is in short supply.

The increased trend towards early marriage has drastically reduced the
number of unmarriPd women in the social welfare services of some countries.
This is expected to reflect some demographic changes. 16/ Sharder insight into
the influences of demographic changes on female labour activity rates requires
further research.

Auxiliaries

7'hile productivity of current health manpower could be improved, a
significant deficiency would still persist with respect to the coverage of
services and the improvement of its quality. Moreover, any measure now taken
to increase the number of professional personnel would not have any effect
before a lapse of from five to seven years, the time required for the training
of some categories.

The optimum utilization of highly trained manpower, therefore, requires
increased use of intermediate and auxiliary personnel. This situation applies
equal)y to developed and developing countries, with the difference that in the
former group) auxiliaries are usually attached to existing organizations where
continuous supervision is available; while in the latter, not only is the
scope of their function broader, but professional supervision is usually
more remote.

TLe full scope of the role of auxiliaries is sometimes difficult to
determine. It usually requires the definition of functions and activities to be
carried out to accomplish specific objectives in a given unit of time and of
what is essential within a previously designed system for the provision of
health services. This definition of furctions and activities should provide
the basis for staffing patterns that would permit greater use of auxiliaries,

16/ Gertrude Williams, "Functions in the social welfare field", paper submitted
to the Expert Group on Manpower Needs in the Social Welfare Field and
Implications for Training Programmes, organized by the Division of Social
Affairs of the United Nations Office at Geneva, in co-operation with the
Danish Ministries of Labour and Social Affairs, Hellebaek, Denmark,
13-21 May 1969 (UN/S0A/SEM/33/WP.1 - GE.69-3736).
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who can be trained at a relatively low cost and. who may be more readily available,

particularly to staff the health services of rural areas where highly trained

personnel are not willing to go or where their assignment is not justified in terms

of optimum utilization.

The application of functions and systems arelysis would permit the breakdawn

of main activities into minor tasks. Such a breakdown would allow different

combinations of personnel to be considered with a view to the better utilization of

professional personnel and the identification of those simpler elenents of their

duties which might be performed by auxiliaries. This would also facilitate the

task of making the training of all health personnel, including auxiliaries, more

job-oriented and, therefore, more realistic.

Mathematical modelling, computer simulation and other techniques of analysis

have much to offer as concerns predictions of the probable effectiveness of each

combination of personnel.

Health system design

A realistic projection of health needs and demands and of the health manpower

required csn be obtained only if the health service system is clearly defined.

Such a definition may entail a redesigning of the whole system whereby services are

provided or a general strengthening of the system as it is constituted.

It has been recognized that the term "system" is "inaccurate if it implies the

:tence of an organized, co-ordinated, planned undertaking". 11/ It has also been

s/'.;.t:r1 that health services, however, do constitute a cybernetic system in that the

4; -1.01AS components of health services are subject to random, uncontrolled influences

aid are interconnected by a complex and almost untraceable pattern of

c ommuni c a tions . 1.§./

Because of the large areas of ignorance relating to health services, many

faulty assumptions may be introduced into the systems designed for the provision of

such services. With an input that is faulty, the "output" of such a system will

also be faulty, or, to say the least, will remain only in the realm of the probable.

In the design of a health system, accuracy and adequacy are very relative terms

since health needs and demands change according to changes in the physical, cultural

and socio-economic environment. For all these reasons, an inquiring attitude is

needed if those who are responsible for the administration of health services and

of the education and training of health workers are to have adequate guidelines for

introducing changes that would effect a rise in the general level of health.

The WHO is engaged in several projects in this connexion and. is considering

the possibility of embarking on more comprehensive ones. In this context, the

training and utilization of auxiliary personnel have high priority.

12/ United States of America, Report on the National Advisory Conaission on Health

Manpower (Washington, D.C., Government Printing Office, 1967), p. 2.

1.8./ Vincente Navarro, "Systems analysis in the health field", Baltimore:

Johns Hopkins University, Department of Nedical Care and Hospitals, 1969

(mimeographed).

-146-

150



Education

Emphasis is currently being placed on the preventive aspects of disease
and on the importance of the physical, social and economic environment in
relation to health and disease, particularly in devel...)pin2; countries.
Unfortunately, this emphasis not always reflected in the content of educational
and training programmes, especially in the sense that content does not always
take into account local health problems.

The modern concept of the health team is increasingly being applied with
regard to the provision of health care. This concept has led WHO to support and
promote programmes whereby all health personnel, professional as well as
auxiliary, are educated and trained in the same institutions. This should lead
to a mutual understanding, among all health personnel, of the a...?.Fpective roles
of each category of personnel and the relationship that each health occupation
has to the other.

The concept of the health team requires a redefinition of duties as the
basis for new staffing patterns that emphasize the optimum use of all health
workers, including auxiliaries. This implies not only the organization of
team-work to include workers having a relatively narrow specialization, but
the diversification of traditional skills with newer skills related to planninc,
supervision and control.

In the light of the above-mentioned organization of team-uork, a new and
broad approach must be initiated with respect to the administration,
orientation and content of educational and training programmes. If a physician,

for example, is supposed to provide supervision and leadership within the healthN
team and in the community as a hole, emphasis should be placed on educating Nw N

him concerning the administration and management of health services, as well
as the techniques of community organization and development.

Health manpower is increased mainly through improvement of the product of
existing teaching institutions and the opening of new ones. In either case,
consideration must be given mainly to the following factors: the availability of
eligible candidates for admission, account being taken of the needs of other
sectors of the economy; the physical capacity of institutions to handle
increasing enrolments; the availability of qualified faculty; the financial arid
technical capacity of institutions to operate effectively and to maintain quality
of the final produ.ct. The last-mentioned factor can be improved through the use
of efficient teaching techniques whereby a large number of students,
representing all categories of health workers, may be trained by the same teachers
and in the same institutions. Moreover, the ratio of attrition between enrolment
and graduation may be lowered through improvements in the system of admissions,
in the performance of teachers and in techniques for the evaluation of the
performance of both teachers and students.
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The WHO extends assistance to countries in the establishment and/or

extension and improvement of their own facilities for training health personnel.

It also assists in the selection of national institutes for the training of

personnel frou neighbouring countries, the awarding of fellowships, the

assignment of visiting professors, the promotion of opportunities for the

exchange of information and experiences, and the promotion of national

associations concerned with the education and training of health personnel.

The Organization has also been concerned with the training of educators

and plans to undertake accelerated interregional, regional and national

programmes emphasizing teaching techniques. 19/ The training of high-level

personnel at local levels, however, poses a problem concerning the availability

of textbooks and other teaching materials. In the Regional Office for the

Ame.ricas, this problem is being resolved through a library system whereby

selected textbooks are rented, loaned or sold to students.

The WHO fellowship programme continues to grow and has been made flexible

enough to allow candidates from developing countries to make use of it.

Provision has been made to secure both the return of the trainee to his home,

if he has been trained abrOad, and the utilization of his skills in his own

country. Furthermore, with the co-operation of institutions in developed

countries, WHO has selected special international centres for biomedical and

socio-medical research and for the training of high-level health personnel. As

a part of the whole process of preparing manpower for the health services, WHO

has also given extensive aid to in-service and continuing education for all

categories of health workers. After proper evaluation, such education should be

expanded, from the standpoint of both over-all coverage and individual

occupations.

ummary and conclusions

In health manpower planning, use is made of some of the methods and

techniques applied to general manpower planning. Specific aspects of health

manpower planning, however, require special methods of study. While no ideal

method exists in terms of universal applicability, selected methods may be

adapted to given situations. The availability of data, the existence of trained

planners, the level of economic and social development and the extent to which

planning techniques have been developed and tested are some of the factors

involved in a choice of method.

Available information on health needs and demands, as well as on health

matwaver supply and the education of personnel for health careers, reflects the

degree to which statistical systems have been developed. The quality of this

information, in terms of coverage and accuracy, is expected to vary among

countries. In some countriesj it may not provide an adequate base upon which to

build estimates of future trends and requirements.

19/ World Health Organization, "Development of' a comprehensive WHO training

programme for health personnel teachers", document .prepared by the

WHO Secretariat (PGE/69.2).
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The under-development of rural communities and the lack of incentives
may cause a reluctance on the part of health personnel to work in such areas,
with the result that highly trained manpower is concentrated in the cities.
Such poor geographical distribution naturally leads to under-utilization of
health personnel. More research is needed into the motives that underlie
such internal migration) as well as those which cause large numbers to
emigrate abroad.

The expansion of educational and training activities in the field of
health does not necessarily, of itself) lead to an improvement in the utilization
of manpower. Such improvement can be effected only through an infrastructure
that provides for continuous planning) implementation, supervision and
evaluation of all aspects of health services) properly co-ordinated within
the general plan for social and economic development. In this context,
consideration must be given to demographic changes in manpower requirements
and utilization.

Most important of all, perhaps, as a beginning, is the need for an
inquiring attitude and the realization that the first step towards manpower
planning can be taken with whatever data are available.
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