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

Volume 1: Report of the Seminar
Volume [I: Country papers
Volume II: Technical 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
authorities. or concerning the delimitation of its frontiers.

Symbols of United Nations documents are composed of capital letters combined with
figures. Mention of such a symbol indicates a reference to a United Nations document.
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CAREFR PLANNING AMNT CARIFR DEVELORMENT CF SCIFNTIFIC
~NC TECHNICAL PERSONNEL, INCLUDING IMFROVEMENT OF
THEIF 'ANAGERIAL SKILLS
Geormbeeyi Adali-fortty?

The cdree> envirorrient

It may te argued with scme justificatiou whether, in the context of the
enormous deve lopment problems of Africa, pricrities are rot being mixed ur when
so much attenticn is devoted tc such a relatively veripheral factor of econcmic
ard social growth a:z the emplcyment and develorment cf scientists and technical
personnel, that i< to say, to the apparent relegatior of middle-level and
lower-level manpower to a suoordinate degree of emphasis.

There is a juesticn vwhether there is a danger of Placing unwarranted emphasis
on 2dvanzed training in sophisticated skills at the level of rnigher institutions
of learrirng and technclogy tc the detriment of cducation and training at lcwer
levels. This questicn, which is soon to be dismissed in this paper, dces need
to be tut, if one is tc examine the issues raised ¥3 this interregional seminar
with a sense of grorortion and in treir prcper perspective.

It has been cbserved by one author “hat the results of a seriss of studies
ccrducted in ccuntries of Africa for the purpose cf determining the ccuntries’
requirerents for skillied manpower show trati the current capacity of the econcmies
of the countries to absorb new university graduates in any year dces not exceed
1 per cent of the nurter of young veople reaching the age of tventy-orne in the
year in gquestior. y This author explains that a mumter °f reasons account for the
lcw absorptive capacity, the relative cost of educated people in the develcping
ccuntries of ~frica ard the high expectations of tkhis class of Africans teing two
of the reascns. University graduates lock dewn on seccndary scheol teaching; ang
those whe cbtain seccrdary school certificates seorm taking up primary school
teachirg, or teing agricultural assistants or nurses. Fcr ore thirg, while it
costs the United States of America iecss than 1 ver cent of its national inccme tc
orovide uriversal primary education, it would cost Nigeria in excess of 3 ver cent
of its raticnal inccre tc provide *his tasic education.

“ith 9 per cent of raticnal inccme (not includirg detferce) the United
Kingdcn cf Creat Britain znd Northern Irelard ard the United States of Arerica
F2ve bteen able to coffer “excellent administrative services - education, health,
rczis, ete.” Tc provide less tran hkaif of *hese services, most countries of
Africa need *o strend much more +hzn +his percentage of national inccme.
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- *rthur lewis, Scme As;tect:s of Tocnemic Cevel:pment (Accra-Tema,
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The comrarative rate ci actscrotior i ur.l-raity graduate ne Urirted
ner cent; in the United Stotos of - srica, 38 and in Tigeria
rer cont of the age ZSroul. e 1 obzerva
~cnrexion:

jewelcping countries is the aprarently unlimited Amcrican cavacity tc atserbk
the oroducts of schecls. In the southern regions of liigeria where only three
ver cert of children finish seccrdary scncol, unemployrent of secondary schocl
leaverz is already causing concern, as it has dore for years in India, here
or.ly ten per cent of childrer custcmarily finished secendary schcol...” 2/

" re major difference tetween the United 3States of America =z2nd th<

‘hat has teen said cf the United States of America in the matter of avsorptive
capacity is even truer in the centrally planned economy cf the Union cf Scviet
Sceialist Republies. Equally true is the situation of Nigeria with respect to
capacity tc absort the small rumber of persons finishing its elementary ard
zccondary schocls app.ies alsc fer Ghana ard for cther ccuntries of Africa. This
reing so, the questicn arises whether the develcpirg nations of Africa should
atanion the twentieth century concept of social justice as expressed ir terms of
the right of =ach child to equal cpoortunity whether these sccieties should revert
to the situation that existed in the early days of develorment of education in
“cstern Furope, when primary educaticn was a privilege reserved fcr the children
of a few families and further education was, as it were, rationed tc meet the
rappew neszde of clerizal and administrative skills. ©ne may ask whether arny
p:litician, even the concervative or semi-feudal rulers in ‘frican tcday cculd
centinue to stem the tide ~f rising =xpectaticns cf the people with regard to egual
cvvortunity fer universal, formal educaticr.

The A4ilexmas make a chcice difficult - whnelher, tecause lack of knowledge is
the cause fcr poor ccuntries remaining poor, to expard educaticn, thus, at th:
same time, satisfying expectations for social justice; cr whether to plan expansion
on basis of need, that is tc say, on the tasis of what a ccuntry can affcrd ard can
absere. Thus, one ccmes face to face with the vexing guesticr of pricrities in
cccial ard ecconcmic develorment. Ascertairment of priorities is, of ccurse, a
function. of planning.

jrcethe Second Werld War, it has beccme the vcgue for Geverrments in
irg countries to draw up develorment plans and even to set up organizations
Enthusiasm for plenning is matched crly by the
iiczstrous failure, invariatly, of the plans.

Feslevant though it is to take note at this stage of the causes of failure cf
sich plans, it is ercugh tc say here that in mary ccuntries of ~frica, the
establishment of manpower planning bureaux is toc recent to make any significant
impact on educatioral and training policies and programmes. The consideratle
achievement of Ghana in the develorment of education, as in cther countries of
Africa, has teen attained in spite of, rather than tecause of, zny objective
projecticns, fcrecasts, rlans or progiamres. Pefore leaving the matter of

ERI

Aruitoxt provided by Eic:




levelr ent ~lans, L.oeccwoubls tn e

<ua:r asleannin: will ecrveiie o be, menticn nust
Le ralde -2 tro> 2tnesviere ~r ceertieisn tihat surrcunds it. In the ausence o the
eszential ariables ©or »lannin:, cuch 2s administrative =1 orianizaticnal
exsertise, control of cezpitcl 2nd of orercticn of sutcucrous dcuestic saving,
centralizel control ¢f tusi.ecs zni industry, and 2availekility of statistics 2nd

rersenrel, it is to re expectsd that nanqower vlannir; is _enerally rudinentarv.

Notwi thstarndine the Pich uzlitr of the revort on the first national mangower
survev in Grana _1).C, as well as the possitilities thot tie report ilscloses,
the 1ifficulties vnder whici® the survev was cordvctel were irmense. The follcwing
baracrant sums up the provlem:  “when this Jdurvey was undertaken, no statistics on
latour 121 ‘een putliskei for 1357 ard the 1) Census of Fcpulation was just
startiny., Tiereiore, in the atscnce of up-to-date fi-ures, the 195& Labour

Statistics were used 2s the basis for »lannins th.e Survey coverage."” 3

It is rot surprisin; that the ijea of centr2l tlanning in a setting of a
commanl ecoromy 2nd crganizaticnal expertise, as exemplified by the Union of
3cviet Sceialist Reputlics, exists cnly as 2 source of disillusionment rather than
2 source of insviration fcr -frica. No country ci ~frica nas anything likxe the
tzarist tast experience, rcr c¢i e discipline to overate tctal planning with
efficiency z2nl ronesty, ard the patience to postvone consumption to some futuvre
tire. s conditicns are in a2lrcst every country of Aafrica, with the possitle
excenticn of Guinea, -overnrent vlanning can te only in the public sector. 1In a
rixel econcemy, decisions anil volicies cannot be rade for vrivate enterprise. Nor
can central l=nninj; really plan for them. The most that jevelcpment plans can 4o
for tie vrivate sector is to crrcvide it witl the necessary infrastructure,
services, vitilities and lastit*uticral frametork tc stimulate autcnonous developrent
in the sectcer.

Urder tke ccnstraints of foreign exchange resources, thke Government's exchange
centrel system turns cut tc ce, in effect, the rost powerrul source of economic
ccntml., E- these reans, tii- Coverrment makes decisions on the allocation of the
limitel exchzn-e resources trus, %ie Government rakes the decisions concerning
pricrities and tre carzlization ¢f reaxcurces te the lesired priorities, de facto.

Eocuzk has teen sz2iil tc »roviie a background for 2 realistic study of the
ar treme - tr2 enplovrent, jevelopment and rcle of scientists and technical

¢
onnel in tre oublic service of ievelonin- countriss. The roral that wculd
9

scien tlstQ end *ecrn;cel oersonnel should not te prcducei, en@loyed and developed

ac z rontinucus cperztion. Rather, there is need for balance in this resvect. No
elatorate statisticzl 1ata zre neeled to establish the truism that the humen mind
las trcusht ztocut econcmic rrosress. To raise the level of education in any
ccuntry rezuires even iz er krncwledze con tie cart of the =ducators. If the
~frican fzrrer crciuces only 7 instead of 320 hundredwei zht of maize, or if half
the calves tcrn to his cows die within the first ei: teen months, the cause is
lack of =ncwleize.

3/ urvev cf Eich-Level Mantcwer in Ghzna icerz, Governrent Printer, 1941).
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Rasis of career planning

Career planning arnd 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 irntake 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 - c¢f 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 Ghzna, 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 .o serve as the operating agency of the Govermment for all public organs and
training instituticns concernmed with manpower. In fact, the report asserts that
the resulting manpower guidelires 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 Ghanalans in these high-level
occupations. The Goverrment is overccming these shortages by the
establishment of the cwo colleges ard 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 pruducing sizable numbers of
engineers, doctors, lawyers, physical and social scientists and other
professional personnel.” L4/

L/ 1bid., p. 29.
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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 a/ 586,000
Total labour force 879,000
Percentage
High-level occupations 58,000 20
Unskilled labour 235,000 80
Total non-farming labour 293,0CC 100
High-level occupations included in
survey 54,000 92
High-level occupaticns not included
in survey 4,000 8
Total high-level occupations 58,00C 100

Source: Survey of High-level Manpower in Chana (Acera, 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 ard as being repiesentative of those
countries of Africa which have been able to afford cume 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". 2/

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.

E/ Nigeria, National Manpower Roard, Manpower Situation in Nigeria,
Manpower studies series, No. 1 (Lagus, 1963), preface.
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Output of scientists, engineers and other technical personnel
frcem institutions of higher learning

There are two major problems in connexion with the production of high-1level
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 cffect 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.

that job-oriented educz.ion means within the context of the developing
economies of Africa is cleariy 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. TLCue recognition must be made of
early school termination by most children and the very limited absorptive
capacity of the high prcductivity sector of the economy. Such an
cmployment-oriented ed: :-..-nal and training system assigns to formal
educational instituti.t: v 'xa:y responsibility for the general education
needed to produce respou..nvkd witizens and trainable workers. The employing
sector takes mejor resprcsibility for providing specialized occupational
trairing. 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 demards) the supply of and demand for trained
manpower can be more easily regulated and adjusted.” 6/

From the statistical tables provided 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. BFut 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
effecctive 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. Mearwhile, planning or no planning, determination of
the needs of the labour market or no, public 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 4o 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 VWorld Affairs, 1967).




beneficiaries pursue. Such controls have an underlying presupposition that the
sponsoring autlority knows what the labour market requirements are. Thc question
is whether it really does.

International co-operation in the promotion of research
ard training in Africa

The specialized agencie- 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
international 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;

(<_:_) The Lagos Conference on Organization of Research and Training in Africa
in Relation to the Study, Conservation and Utilization of Natural Rcsources, l/
vhich 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
rescarch 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;

(g_) The Yaounde Symposium on Science Policy and Research Administration in
Africa (10-21 July 1967), which was held under the auspices of UNESCO as a part
of its series on science policy. It was the first meeting of its kird to be held
in tropical Africa. Its purpose was "to hasten the establishment of governmerntal
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 §/ has special relevance for the theme of the present interregional
seminar. It was observed at the Symposium that scientific activity, just as the

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

United Nations Educational, Scientific and Cultural Organization, The Promotion
of Scientific Activity in Tropical Africa, UNESCO science policy studi=s and
documents, No. 11 (Paric, 1969).
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case with cconomic activity, provided opportunities for the end-use cf 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
rcported serve as objective indicators of the level of development attained by the
participating countries.

Problem of technical and academic obsolescence

In the enviromments of technologically dissdvantaged 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 ever more the case for scientists,
engineers and technicel 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
fngineers, 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 their fields of
specialization". 9/ It may be seen that the problem of keeping abreast with change
and modernization concerns not only the upgrading or qualifications, bdbut 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 thot which is
self-imposed. Self-respecting professional associations realize this tact, and
of their own accord, or under pressure from the larger society of which they are a
part, draw up codes of hehaviour and standards by which their professional
performance shall be measured.

In realization of this fact, the Ghana Institution of Engineers was formally
estublished 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
Goverrments to reduce expensive importation of foreign experts by demonstrating
local competence and responsibility through voluntary offers of consultancy
scrvice on given national technical problems and by overseeing the conduct ard
performance of indigencus professional firms.

9/ M.N.B. Ayiku, in The Ghana Fngineer (Accra), Vol.l, No.l (1968), pp.31-3L




Availability to serve con national bodies or State orgens and, the
organization of seminars, symposia and conferenccs are other obvicus ways of
self-improvement on the part of members of professional organizations, particularly
wllen participants in such mestings are required to submit special papers on given
subjects, or when reports on research or occupational experiences are read.

Communication between professional colleagues within /frica, and even within
national boundaries, does constitute special problems. If ideas could flow freely
among members of the professions and 1f common efforts were pocled 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. Celections are made in accordance with
regular public service procedures. OSuccessful 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 sponscrs can affordthe 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.

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

In addition to the more orthodox educationsl facilities, such as colleges,
schools and universities, a number of countries of Africa hsve supplecmentary
institutions for relatively less formal development of skills and knowledge of
personnel in the Public Service and the private cectnr. Two such institutionc
in Ghana deserve mention. One is the Institute of Public Administration,
established by the Gocvernment of Ghana in association with the United Nations
Special Fund and situated in Accra, the capital of Ghana. The Institute provides
pre-cntry 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 gencral subjects and conducts seminars
and conferencec. The Confercnce on Research and Consultancy in Public
Administration in Africa (January 1966) 10/ was attended by pe ticipants from
seven African countries - Ethiopia, Ghana, Liberia, Niger, Nigeria, Somalia and
Sudan.

10/ 1In this connexion, see Institute of Public Administration, Research and
Consultancy in Public Administration in Africa (Greenhill, Achimota, 19606)
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The Ghana Incstitute of Public Administration is being expanded to
incorporate a staff college .hich will be known as the College of Advanced

lManagement. It will cater for the development of top executives and policy-makers
ir the nicrarchiecs of the Civil Service, public corporations, the armed forces and

private enterprise.

The other institution operative in manpower development outside of the
regular educational strcam is the Management Cevelopment and Productivity
Institute, ly 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 (ffice. Among other functions, the Institute has organized
training ccurses, conferences and seminars for personnel from all sectors of
industry in Ghana, covering such fields as general management, industrial
engincering, financial and management accounting, warketing 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 assumc, for purposes of argument, that the ideal determinant of
professionsl remuneration ic 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
cervice. Lven under those conditions, there is bound to be a lag between what an
cxpert earns for service and what the price mechanisa 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
scctor 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
Fublic 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 competition ror the
particula: classes of professionals. In the Fublic Service, orn the other hand, the
relativities must be determined by the management. Uince the variatles to te used
in the evaluation of positions and in the ranking of various posts is nceessarily
artitrary, humarn error is inevitatle. No way has been found to eguatc classes of
procfessional expertise. The situation with respect to the determination ot
reruneration for the categories of professional personnel with which this puper is
concerned is as set forth in the Report of the Commission on the Structurc and
Remuneration of the Public Services in Ghana (see annex VI).

A:s against the official presentation of the situation concerning the
remuneration of engineers, scientists and medical practitioners, the remarks of a
Ghanaian engineer, concerning conditions of employment of engineers in thce Civil
Service, are of interest:

"Ghanaians by nature are very sensitive to incertives and tend to 2im
at attaining levels with the highest incentives. In this connexion it is
interesting to note that the newly established Ghana Medical School will turu
out about forty graduate doctors next year. This is far more than the +otal
number of engineers produced by the University of Scicnce and Tcchr.olog:’
within the first nine years of its existence, and it will certainly be morc
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 turncd out
thirty-one graduate Lawyers. The above situation is obviourly due to the
fact that the training of an Ergineer is both rigorous and €xacting and the
practice painfully unattractive in pay and terms of service.

"Recommendations

"In order that we might lock 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:

"(a) The planning, design and execution of projccets with high engineering
content should be managed such that Ghanaian Engincers (including the
young) are identified with these projcets to ensure that there is a
sense of decisive purpose and somcthing 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 assistancc in
expanding and updating their facilitles for traiuing of ILngineers.

"(c) The Government must be more willing to involve Engincers iu national
issues by ensuring that on all technical matters and at all stagcs the
Gaana Institution of Engineers is not only consulted but invited to
participate in the discussions.

"(d) The Goverrment should not discriminate ugainst Loctors and Enginecrs,
as compared, for example, to Lawyers in pay and terms of gervice.
Medicines and Engineering are rigorous disciplines, and young mciu arnd
women need to be encouraged to undertake them. The Government, as the
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principal employer, must use its pay scales as market incentives to
direct the flow of talented people where they are most needed.

"(e) Probatly, 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) Engireers must be engaged in managerial positions in factories and other
industrial establishments. The need for this has been recognized in
industrially advanced countries.

"(@ ) Professional Frgineers must be employed in organizations that need them
/sic/, tor example, Ministries of Industries, Works, etc." 12/

To i1llustrate 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, op. cit.
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locss of trained ocrsonnel

Ut the several causes of loss of perscnnel - death, retirement, failure to
keep up-to-date, emigraticn and low productivity (known also as under-employment) -
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 ccientific and technological
developmentc, and of the prcblem of d>ctors trained abroad refusing to returr home
upon ccmpletion of their training.

The siz¢ 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 thc absolute number of emigrant high-level personnel, for the numbers arc small,
but rather in terms of the strategic or critical skills that are skimmed off.
Critical skills are thinly spread. To train a medical doctor overseas costs from
L4,000 to L6,C00. Those specialists who emigrate are usually engineers, medical
personnel or scientiste - 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 say,however, 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, "Fcr professional men, Ghana [;hd that goes for other developing
countries tog7 in the foreseeable future, even if she strains her economy to pay
world-market salaries, cannot provide the conditions of work,the equipment, the
infrastﬁucture that exists in the affluent countries where the students have been
trained’.

Remedies can be found only through a clcar 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 comscience and to a sense of patriotism are wholly beside tic
point. Ac a former Special Commissioner for Redeployment of Labour in the
Goverrment of Ghana, the author became well aware of the problem of misuse and
under-use of high-level manpowver. Such specialists are either given Jobe that are
not sufficiently challenging, or aure 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.

12/ Official Records of the General Assembly, Twenty-third Session, Annexes,

agenda item 47, document A/T294. See also documents E/LLB83/Add.1 and
E7uu85 /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. idd 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 cvercome by an appeal to natianal consciousness
or to a sease of missicn.

Conclusions

Important though the role of the State may bc in providing the averues and
conditions favourable for the career prospects of gscientists and technical
personnel in the Public Service, the onus of bringing about a recognition of the
career needs of scilentific and technical personnel, and the crucial contribution
that these professional categories can make to national development rests on the
professional assoclations 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
nome societies. High salaries, in themselves, will not engender 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 MANFOWER IN GIANA

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

Number reported employed

Vacant posts

as of March 1960

1960

FProfessional group

Architects and town-planners
(0-01)

Engineers (0-02)

Civil engineers (0-02 02-22)
Electrical engineers
(0-02 24-36)
Mechanical engineers
(0-02 38-58)
Chemical and metallurgical
engineers (0-02 60-72)
Mining engineers (0-02 Th-82)
Total engineers a/

Law officers (L-81) b/
Editors (0-92)
Accountants (0-Y110)

Social scientists

Econcmists (0-Y420)

Statisticians (0-YL4LO)

Sociologists (0-Y920)
Total social scientists

Physical sclentists

Chemists (0-11)

Geologists (0-19, 30)

Other physical scientists
Total physical scientists

Biological scientists

Botanists (0-22, 20)
Zoolcgists (0-22, 30)
Total biological scientists

Medical doctors

Dentists

Fharmacists

Agriculturalists (professional)




ANNEX I (continued)

Number reported employed

Vacant posts

as of March 1960 1960
Teachers

Primary and middle schools 12,900 -

Secondary schools T00 200

Technical Institute 181 30

Teacher Training College 348 25

University College staff 12 -

Kumasi College staff Th -

Total teachers 1k,345 T 255
Librarians (0-Y3) 20 5
Surveyors (0-03) 183 -
Auditors (0-Y1-20) 37 -
Other professionals 10 -

Total 16,573 690

Administrative-managerial

; group
Government and local officials

(1-01) 1,680 63
Mining, manufacturing, construction,

electricity, water-supply ete.

(1-11) 881 -
ywholesale and retail trade (l-ll) 523 -
Banks, financial institutions

(2-13) 370 -
Transport, storage and

communications (1-1k) 113 -
Service industries (1-15) 59 -
Other industries 403 -

Total 5,029 63

Subprofessional and technical

group
Agricultural technicians 385
Draughtsuen (0-X1) 339 -
Engineering and science technicians

(0-X9) 1,262 -
Medical technicians 350
Nurses and midwives 2,600 -
Engineering and deck officers

(ocean transport) (6-01-02) W7 -
Aireraft pilots (6-21) 20 -
Tesigners _ - -

Total 5,003 L

Source: Survey of High-level Manpower in Ghana, (Accra, Goverrment Frinter, 1961),

p. 13, table IIA.
a/ Including n.e.c.
b/ Govermment only-

-18-

S

HLownt 22




oy Tt 9 ce 61 92
] - T T 8 L 818 T30TOTO08
€ é 2 02 62 é SUBTOILSTI8S
L 2 4 2 49 ot §9.8 TWOUODF
S3STIUSTOS 181005
— —— — —4 — — —
Tt 9% 12 8% €T gl
c - 4 2 ot et S3ST30T00Z
8 - ] N ce 6T s3sTURjOg
T 9 | T 4T €T S3STIUITOS TeOTsAud IaU30
el 92 ] ch (44 €T 838180709)
= 1 S €T .9 12 838TWOYD
S1ST3USTOS
L9% 0ct ol TO¢ e 94S
189 9 T T 96 ch fuTuTi
LT 0 e ST (014 g TeoT8anTTe39W pus TEROTURYD
16T 0c 64 B8 €92 18T TeOTUeYOIY
eHt 62 M.n .:M WMM ::m Te®o1I3°9Td
2 e TIATD
9 <9 9 9 ST
Wt we ch LL 60¢ e
86 9 6c €9 942 €8T sI0£3AImS
o 8T 1T Ui ¢9 64 sxauueTd-us03} pu® s3933TPIY
/q_paXTnbsg 97BTI3BAXY S3SS80T  SuoyjIsad mumwom om 0961 _WoIeH ToT TeioTIeI50

TouuosIad TeudOTAITPPY

squswaoBTdaYy TBUOTATPPY Jo se Jaquny

Jaqumy

dnoxd Truorqednodo Lq \mndmnuowhmm PITIVTES JOTUSS JO UWOTINQTIASIA °¢ ITA8L

-19-

O




*ATuo 30FAIS3S JUaWUISACD /D

+qs0T Toumosxad Jo sjuawsdwydax SuypnToul \m

«quaTeATnbS 9y3 JO 33I89p A3TSISATUN BuTJITNDAX SUOTITEOd /®

*VAI a1q%? ‘2 °d ‘(T96T ‘I9UTId JUNMIIACD fBI00Y) BUWYD UT JAAOAUY TSAST-UETH JO AaAINS :32an0S

TSy 2Ly oKT‘T 906¢2 €916 L8629 T®30L
‘T st (1) 44 LL6 €09t 929
oL - ot 09 Cc9% 00% g3 SToBmIeyd
Lt - 0 Lt 114 9T 83STUQ
GX‘T et 00¢ 006 oTe‘t oT¢ Touuosxad TEOTPHM
] 4 E ] . — 4 . — . ——
CH9‘T < o6n =TT TST“S 620y
oTL € o4t 6£S 61e‘e 089°T STYIOTIIO JSU3O PUB JUSMIISACD o
9Lt - 4] «©’T oS coY SITIISNPUT IO R o
9N - L 6c g6 6% S3TIISNPUT IOTAISS &
i8] - = o2 149 5 ¢TT soJoumnod puv jxodsusyy, b
15e - 9s g6T 89¢ (1}14 souwuyy pue Bupyueg
18T - 98 0T 4129 ¢es apBI3 TT®I3X puUs STES3TOUM \
622 - LT b ¢l6 08 ButuTw -
puU® UOTIONXISUO0D ¢ BUTINOBINUEH
dhoxd TerleBeusn-aAT3eI3S TUTWRY
¢65 ¢zt ozt o 890 T ozl
gge 09 06 geT 965 gsY (suerIBIqQTT
€gI07TpPNE ‘S3UBUNCODE
¢-8+3) sTeUOTSsagoxd JI3Y30
= LS 02 0st A% Lot SuTys1y ‘AI3s3103 ‘aINITNOTIBY
4] - 9 6¢ 10T 29 SI03 TP
114 g8 | e Lt 114 \%um?ﬂ
/q_paIgnbax SjeTxjedxg sesso]  suofiisod N.m@llln.'mnlwmlha 096T_WoIW
TauuosJsd TBUOT3ITODV SqusmeoeTdsH “TeuoT3aTPOV P3303l0I0 75 5w Toqur Inoxd TeuoT3ednoOd0

Jaquny

(peruTauod) ¢ STASL




| =% &)

8‘%%'5
) -

BRD ZR|Y |

™~
[TaY

T2 (T &t 92t 8

8 114 114 o€ )14
] 0t 0t €T Al
L €2 ¢e ¢e 61
€T cot 01 06 Ly
| 4t %t %t €T
] (49 44 Ly €T
4 w© 114 62 T2
4T j14:] 058 669 gHs
T 9s 44 15 2n
2 ot oz 9 s
64 €92 192 gte 18T
61 gLt 99T TSt s
<9 (0,14 Lng 60¢ e
HT €9 29 29 6n

S3STIUITOS TBIAL

S3STIUITOS TBOTBOTOTQ TBIOL

(o ‘ee2-0) s3st30T1007
(o2 ‘22-0) sistuelod
S1STaUSTO8 TeoTdoTOoTd

S3STUSTOs TeOTsAud Te4ul

sq8T3uaTos TBOTsAud I3y3o

(o¢ “61-0) s3sTS0T02D

(TT-0) s3IsTwayd
S1STIUITOE TBOTSAYG

! @ s<eauilus TIaL

(e - 1l 20-0) sI93uTdus JFUTUTH

(2L - 09 20-0)
SI3sUuTBua TeoT3anTrelsW pur TBOTWSYD
(g5 - 8¢ 20-0) SII3UTIUS TBOTUBUOMN
(9¢ - %2 20-0) SJI33uT3us TBOTIIOSTI
(22 - 2020-0) SI33UT3u3 TIATD

{20-0) saesutday

(10-0) sIauuwyd -uso3 puB S3033TUDIY

T®U0TSS3joad

2961 AInr €961 _ATnr 1961 _ATne T QoJTeW
WEH W.HO sSY WWO sSY 8@

SassOoT 30 SV pakotdims
n 753 paiordme Posaodsaa
pII e 3q 03 padinbal Jaqumu paldafoxd Jaqunp

dnoxd [euuosaad

dnox8 Tauuwosxad Aq ‘suor3zoafoxd aming pus Q96T UT qusmlotdug

‘4 STQ8L

2]l




64 T 09 08¢ 61¢ 92¢ 00¢ S$3STOVWIBY]
T¢€e e 9 Ly 6¢ w 9T s3sTIU3Qq
T oTH oct 009 ]9 ] ale oT¢ 5I0300p TBOTPaH
et 88T 8¢ LTe 052 06T 19T \mmamﬁﬂsﬁsoﬁi
o~ ¢ T ct ct ct o1 sTeuoTssagoxd Isyl0
48 62 9 gh 1 6 ge  SISTIUIYOS TEroos Te8lql
62 4 T L 8 8 L (026%X~0) SISTIOTOT0S
me 2 e 62 %2 6T é (OfHhx-0) SUBTOTISTIVIS
(014 4 < T et T ot (o24x-0) saspmouodd
S1STIUITOS TVTO0S
(014 G6T 28 108§ 684 T T16¢ Aoa..ov §3UBUNOIDY
¢l Y 9 TOT 6 oL <9 (26-0) sxo3Ted
9L e V| (9 ¢S oY 114 (Tg~0) sI20T3Jo ae]
(ponuFauod) TBUOTSSIJOLd
T3A3T 0961 %96t Aor €961 _Arnr T961_Anr 0961 uoxeH
% Pakotdue po3I0dax :
¢pssu ss0XY PoTEITISd PoIWITISE 5q 03 PoIInbaa JsqunE pa3oalodd Toqun

(peTuTauUod) 4 STQRL

«b

-20+

Aruitoxt provided by Eic:

E




Te30L

SITJIISNPUT I3YW

(ST-T) S3TIISNPUT IOTAJISS

(4T-T) suol3eoTUNmUOd puzd 5B8I03S ¢ qrodsuer]
(€T-T) SUOTINITISUT TBTOUBUTY €ssusd

(ST-T) sapex3 T1e3aI pue aTES3aTOYM

(TT-T) °°3° Arddns-xajem ‘£370TIIO3T3
‘goTaonaasuod ‘JuranjosInuew ¢ BUTUTH

(TO-T) STEIOTJJO TEOOT PUB FUAMLIIACDH

TRTISZ8uBl PUB 3ATIBIISTUTUDY

Te30r,

SUBTOTUUD3] TEITPIW
SSATMPTE PUB S3asINY
SUSTOTUYD3] TINITNOTIBY
sxaudrsaq

(T2-9) s30T¥d 3JBIDITY

(20-10-9) (3xodsusry
ue3d0) SIIDTIJO }O3P pus ButxasuTdug

(¢x-0) umlIBIqQTI

(o2-1x-0) sxo3TPNY

(6X~0) SueTOTUYO3] IDUITOS puw ButaaauTdumy
(IX~0) uswsiyZneaq

(¢-0) sIoLarang

TeoTUYo23 puB TBUOTSSajoxdqns

TIAST 096T
JO a33vjuadxad

Taqumyy

[ 5961 0961
¢paSu SSoJd pojuaTySH

S96T-096T

S9SSOT
pPajewTysy

G961 _ATnr €961 _Amr T96T AT 096T UoT8W
Jo sy Jo sy Jo svY pakoTdme
paAoTAmD pa3xodax

2q 07 paJlXInbal Jaqunu pajoaloxd KETT

dnox? Tauuosasad

(peru3uod) 4 STQRL




syl -Arddns pajoadxs sy3 Tenba jnoqe prnoa 696T-096T Potxad suy3 J0J squamasprbax ayy fsawak usy JoJ umumue J3d Q06 JO I3BX
3y3 38 paoE(dal 3q TTTA SI9Y093} Ttdnd,, 38y} paumsss ST 3T JI

*gI3y0893 TYUOTITPPE 000°2T aITnbal pTnoa UOF3BONPS Aranpad LArosTndmoo JO WOTIONPOIIUT

* n8I°U0893 TTdna, pPSTJTTENbUN 000°g Jo juamedwTdax BUTPNToXI e

*813573J0 A13sazoy Suypnroul /q

*5*a*u Surpnpoul /®

*G-A a1q®3 ‘92 °d f4-A puw (-A sa1qe3l ‘G2 °d
f2-A puB T-A S9TqQe3 ‘42 °d fOAT sTqel ‘¢2 °d (19617 ‘INUTIJ FIUNWIIA0DH fwxdooy) WUSY UT ToAOAUEN [SASL-GOTH JO AeAINg :32anog

gL 06T TT y10¢2 9gTH‘e2 1S 61T TOT9T CHEHT T®30L
oRt o L) G BT 2T Tt W KBoTouyoa], Jo 3B3TTOD TsWumy
9T ¢2 A eht 64T 64T T aBaTro) £37s5I3ATUN
Lt sL 09 86¢ 08¢ 09¢ gHe SuTuyeIy JSYOB3]L
L6 olT Sh 92 gce s 18T TeSTUYo3l,
092 GB‘T G ooz‘e 009°¢T 000°T 0ol KAxepuooag
oL 0%0°6 G6S¢T 06261 ¢e6°9T 9241 0062t Tooyos aTPPTH pus Avewrad
uotjeonpld
TIAST T58T-008T G961 _Amnr €961 ATnP T96T ATNP 096T UOT8H
.o|ww.n JO adwuoodag Toqury kmwmmo.nﬁ 3O sV JO sVY JO sY pako ) dnoid [auuosaad
/o S96T-0961 53 Pakcdms Paaaodal
_“pasu ssox¥ poImmTIsd po3uny 3q 03 PeiInbax Joqunu pe3osloid Toqung

(permriuod) 4 STQEL

-2l

~S

[T

Aruitoxt provided by Eic:

E




saaudoTaaaq
e Supuueyd Spmouody Jo AIISTUWM  °

UeYd NP SJIPISTUWM  °

Butunergd oPwouodg JO AMISTUTH

S30U9TO5 Jo Amepwoy wawy)

aeTd np IVLIESSTEMO)

quamdoTaald pus Buruuerd Jo AISTUmM °
USTd NP 33 STWOUOdy,T IP JIYPWSTUW °
TWTd NP SNIYISTUPA  °*

33109q INBIJTIUITOB SYDJIAYOAI W 9P TEUOTIBU TFasuo) °
33050 JuawaddoTaazp nf 33 UV NP SIWSTUTH °

TIPS TO1 anbruyoey 30
INHIJTIUATOS IYOJIIYOSI W 9P TEUOT3WR OTII0 °

IuRIdOTIAPY NP 32 UE[d NP NMPISTUTH  °

3 TEeEETaEse TIOTINTIBUT BUTUUNT JUIOTaASP TWRIOTIW °

81

TGOTIM T38UT Bajuuwid ASTL0d 9oUsFos TwUorIsN °

WOIIIV JO SITIRMOD
Teo31doX3I93aT UT SUOTINGTISUT Bupunerd Lojrod 2oUsTOs TWWOFIW  °$ ITRRL

VOTH4Y TVOIdOML NI ALIALLOV OIJLINZIOS 40 NOLLOWOHd
IT XaMNV




~ofuo) au3 3o Syranday s,ardoad aud

g umouy moN /%

II0Aq
JUINKLIIA0D G961 TVTUIPIsad Suruueyd pue juamdorTarag TEUOTIW JO TR0 "IX
eI
1961 snowouony L96T ATW 30 WY YoJIwas3y OTJFIUITOS X0 TIOUNO) (WUOTIeN -1 vIQWeZ
onbyranday ey ToT3uapTsaxd .
Sp VUIPISPd 96T/ %961 3109 uw[d ne JELIESSTWIO) neg -IT
- - - - ‘I o8q],
snbyandyy wY
ap aoUaPISF 96T Isqusdaq jusweddoTaApp NP 33 UE(d NP MPWSTW  °II
asnbyrandyy w1 snbruyoa3 32 anbIJIUITOS
Ip IUIPTSPAI 996T JI3q0320 33103q aYoIayPar ¥ AP TATINISTUTWIWE TIasuo) I TeBaaas
ITeuAMLI3ANOCS STUUOTIVUIIUT
996T Xaquaaoy goy3uIeTdAq uoj3eIpdood BT 3P 39 U¥[d NP MAPSTU  °II
- - - Y wpaeny
w8y saa0aq
JO JUIMLIIA0D JUMNALISAOCD YOIBI8aY TeTIISnpul
Teaapad 996T Iaquadaq TRIIpAd PUT STJTIUSTOS JOJ TIMNMO) UWETIIBN I wrIaB Ty
3934, T 3P J2D 1961 snbrupay 39
np VTIPTSHI Lrenarer Of 1071 SNBIJTIUSTOS IYOIIYDIX V] Ip TEUOFIwU TFasuo) °I T
- ausadotaaaq puv Sutuuvid JO AIISTUTH °II
- °I FeTE
by w1 TaT3uepTsxd
Jp 20uapTSIA 096T ATne 33305 uvyd ne TRIFURP JVLIUSSTWIO) YT
€96T Uy
JuamauI2An08 np pazueBioax Teruapyspad anbyuyoay 39
1961 SDVIPTSPII-POTA 7961 330 .BFITIUSTOS JYOIIYOIX WY 3P TOUOTIW ITwo)  °I JeosuvBepuy
uamredag
Jo 33®is
pue Satuueld
TeROT3 e JINIVISTIST SITeIIV
JO INAIDIT 096T 3O 3V oTmouoYyy pue BuTuUUed TWIOFIWN JO Juammawdag °IT
- - - - °I VT TT
ﬁ«ﬁoﬂ
TOTUYRN
PUv OTJTIUITOS oy .
JO_uojjvnyead WS TR VIS U TR vIsS UOFINJTISUT ‘11 D T T
T TTo1I00 ymes
38313 Jo 23U 013890 3o fw ] GoTAITaeuT TTod 55Us1o8 TWoTIW I

(pstxyauod) S ITARL

-P6-

o 30




ANREX III
SCIENTIFIC MANPOWER IN CHAMA

Table 6. Chana: estimated number of graduate scientists, December 1966

Biological sciences
Agriculture a/

Agriculture- 430
Forestry 34
Fisheries 14
Veterinary 15
Soil science 10
- 0
Medical practice- 562
Dentistry b1}
Pharmacy ]
Ophthalmic optician 12
Physiotherapy 9
Other medical specialties 35
GCeneral 137
Mutrition, food science and biochemistry 26
Botany x
Zoology 48
Biology ¢/ Son
_ a7
Total biological sciences 1‘221
Physical sciences
ineer a/
Engineering- 361
Architecture 46
Physical planning and design T0
Earth sciences 417
QGeology 22
1and surveys 8
General %0
Meteorology 9
Chemistry b5
Physics T2
Mathematics 48
Total physical sciences 681
Total all sciences _34)2

Source: Ghana, Report of the Committee of Experts to Advise on the Future of the Chana Academy
of Sciences {Accra, Ghana Information Services, T)s Pe 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 by specialized

agencies of the United Nations, in technicsl assistance programmes of foreign Govermments
and by religious bodies are excluded unless listed in the above-mentioned sources.

2/ Including specialists not clearly shown in the sources.
_p/ Including specialists.

¢/ Including hydrobiology.
4/ Including all types of engineers.
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M™ble 7. Ghana:

(Figures in parenthesces indicate Ghanaian personnel)

distribution of scicntists by field of specialization, December 1967

8ector
Scientific field General Tigher — Business Total
Government education enterprisge —
Natural sciences
Physical sciences
Mathematicians o ( - ) 3 (16) - 16;
Physicists 37 7) 34 (16) 1(1) 22
Geologists, carth scientists,
geophysicists Ly 2 16; 5 2 2; 7 2 1; 19
Chemists 3 (10 28 (11 12 (3 714
Sub-total 155 ( 33) 101 (43) 20 ( 5) 276 ( &)
Biological sciences
Botanists a/ 2 ; 16 ( 5) 1(1) 29 ( 14
Biologists b/ 19 6 9 ( 6) - 28
Zoologists c/ ( 18) 3) - 55 ( 21)
Mutritionists, food scientists,
biochemists 28 ( 25) 15 ( 5) 5 (2) 48 ( 34)
Sub-total 95 ( 57) 59 (17) 6 (3) 160 ( 77)
General science graduates and
unspecified specialist degrees 347 (108) - 8 (u) 355 (112)
Group total 597 (198) 160 (60) 34 (12) 791 (270)
Engineering a
nhgineers: oll typea-/
Group tote! 291 (153) e (37) 262 (126) 615 (316)
Medical science
Physicians 32 (157 49 (39) 197 l‘9) su8 (245
Dentists 22 ( 18 - 33 ( 29
Pharmacists (graduates) 20 ( 20 21 213; 48 ( 38
Nurses (graduates) 5 5 L (1 9 6
Group total 349 (200) 4 (33) 216 ( 65) 639 (318)
Agriculture
Agronomists and rural scientists 116 116; u8 (36) 25 ( 25) 189 177;
Forestry scientists 33 ( 33 - - 33 ( 33
Soil scientists 10 ( 10) 3(2) - 13 ( 12
Fishery scientists n (1) - - n(un
Veterinarians 1 (1) bk ( 3) - 15 ( 14
Greup total 161 (181) 55 (k1) 25 (25) 261 (247)
Grand total 1,418 (739) 351 (191) 537 (128) 2,306 (1.151)
—————————

Source:
mamuscript.

a/ Including mycologists and plant geneticists.

b/ Including hydrobliologists.

¢/ Including entomologists and parsitologists.
d/ Mainly electrical, civil, mechanical and chemical engineers.
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ANNEX 1V
DISTRIBUTION OF STUDENTS AT UNIVERSITIES IN GHANA

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

Course 1961/62  1962/63  1963/6h  1964/65  1965/66

- o S 340 540 629 786 818
Law (Bachelor Of ATtE) « o o o o« ¢ o o ¢ o« ¢ o o o o o 68 gl 75 96 -
Iaw (Bachelor of IAWS) « « « ¢ « o o o ¢ o o o o o« o o - - 43 41 146
EcONOMICS « « o o o s o s o o o s s s o o o s o o s o 70 b7 75 98 129
Administration (Bachelor of Science) o « o o« o« o o o & - 38 92 133 145
Agriculture (Bachelor of Science) .+ « o o o o« o o « & 33 b2 ... 27 25 42
SclenNce & o o o o o o s o 0 0 s s 4 s s e s e s s e e 93 78 93 136 181
MEALCNe o « o 4 v o 4w o e e e e e e e e e e e s - 51 1 82 102
BAucation .+ ¢ o 4 4 o s o 6 0 o s e s 0 s 6 8 0 0 o o 33 36 33 - -
Social administration « « ¢ & ¢ s 4 o s 0 6 0 0 4 4o 30 31 33 3 14
DIploma N NUISING « ¢ o ¢ o « o o o o o o o o o o & o - - 20 4o I
Licentlate in theology . « « o « ¢ ¢ o s o o o s o s - 5 8 8 9
Non-degree courses of the Institute ol African Studies - L 25 T0 130
Non-degree courses of the School of Administration . . - 183 73 120 1ks
Special admisalon « 4 o o 6 6 o 6 s s 6 6 6 o 8 0 4 e 9 8 5 8 5
Special course N 1AW .« « ¢ ¢ o o s s s 0 6 6 s 8 o - - 24 24 -
Master Of ATES « o o ¢ ¢ o o o o o 6 o s o o o o o o o - ik 39 48 36
Education (Master of Science) .« ¢ ¢ o« ¢ o o ¢ o o o - - - 1 -
Master of Science . « ¢ o o o o o 0 6 s o o o o o o » - 3 19 16 9
Rescarch students .« o o o « o o o o o o o o ¢ 0 ¢ o & 6 3 11 5 8
Post-graduate Aiploma .+ « o ¢ 4 o ¢ ¢ ¢ 0 ¢ o 0 0 o o - - 2 T 5
Other higher Gegrees . « o ¢ « « o o s s ¢ o s s o & & - - - 12 10
Total 682 1,174 1,397 1,793 2,001

Source: Ghana, Report of the Committee to Advise on the Future of the Ghana Academy of Sciences (Accra, Ghama
Information Services, 1967), p. 58.




Teble 9. University of Ghana: provisional enrolment by faculty 1966/67

First year Second year Third year Total
Undergraduates
Arts and social studies
Special admission 6 1 -
Bachelor of Arts 368 289 249
Economics - 52 (&
Administration 60 46 48
13l 388 372 1,194
Agriculture (Bachelor of Science) 21 1 5 ko
Science
Bachelor of Science 122 56 L6
Pre-medical 62 - -
184 56 46 286
Law 36 36 35
308/
36 36 (3 146
Medical school 101 101
Post-Graduates
Arts snd social studies
Master of Arts 10 15 -
Research 7 - -
Diploma 6 - -
23 15 - 38
Science
Master of Science 4 8 -
Research 1 - -
5 8 - 13
Agriculture 2 - -
L]
Research 1 - -
3 - - 3
Diplomas and certificates
Arts and social studies 171 1ns kg 335
Agriculture 9 - - 9
Total mumber of students 2,170

emem——
——

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

Ghana Academy of Sciences

a/ Practical.

(Accra, Ghana Information Services, 1967), p. 59.
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Table 10. University of Science and Technology, Kumasi:
student enrolment, by faculty, 1960/61-1966/67

Faculty/department 1060/61 1961/62 1962/63 1963/64 1964/65 1965/66  1966/67
Agriculture Th 71 59 L7 4y 51 1
Architecture 79 95 114 125 189 153 200
Fine arts and crafts 22 34 30 51 80 24 136
Engineering 135 204 276 276 321, 357 302
Pharmacy 29 22 Te) 59 86 ol 71
Scienceg'-/ 194 228 208 250 379 543 362
Liberal and social studies - 55 - - - 118 88

Total 533 709 736 808 1,099 1,4k0 1,300

Source: Ghana, Report of the Conmittee of Experts to Advise on the Future of the Ghana
- Academy of Sciences, (Accra, Ghana Information Services, 1967), p. 6l.

_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 bilochemistry, applied physies, 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 T 3 - 2
Applied physics 29 1y 5 -

Total 51 26 1 12

-31-
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ANNEX VI

ENTRY POINTS FOR PROFESSICNALS IN THE FUBLIC SERVICES IN GHANA*

241, 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 beccme
obscured over the years. These rules are as follows:

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

119. Ve consider that where a post requires post-—graduate training as a
condition precedent to appointment, a candidate should be granted two
incremental credits for every year of such training. Thus where a candidate
for appointment 1is 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.

120, 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 seniority 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 which 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 point.

122. 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'',

542, 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 Oificers, Fisheries

* Material in this annex 1is excerpted from Ghana Ministry of Information,
Revort of the Commission on the Structure and Remuneration of the Public
Services in Ghana (Accra, 1667), pp. 52-5k.

_55_
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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),
Professioral Accountants, Game Wardens, Inspectors of Mines, Factories and
Machinery, Town Planning Officers, Meteorologists.

"3)3. Subject to their satisfying a strict test of professional and managerial
competence and performance on somevhat the same lines as for Administrative
Officers, Professional Officers would qualify for advancement to the main operative
grade - N¢2, 580-3,984 - arfter three years' satisfactory service or practical
experience. In 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 practicel 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.

"z}l . Advancemnent 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.

"3)5, The Salary ranges for the professional classes listed in paragraph 342 would
be:
. Ranges from Ngl1,812

Entry grade « o o o o o o o o o o o o 0 e
: upwards according to
the rules quoted in
paragraph 3ul.
Main Professional Grade . . . .« « « . « o o Range Ng2, 580-N¢3, 984
Senior Professional Grade . . + « . o « o o Range Ngl , 260-N¢L 848

(Regional Professional
Of ficers, Assistant
Directors, etc.)

"3L6. At all levels, Professionel 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.ve have commented elsevhere on the salary award made in July 1967 to Legal
Officers. We recommend the following salary structure:

"pssistant State Attorney . . « . o .« . . . N2,040 - N¢2,388

State Attorney )

Senior State Attorney ) =~ " " " T " 7 N¢2,580 — N¢/3,984
-3&-
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Principal State Attorney

Chief State Attorney o e oo+ .. . NghL,260 - Ngh,8LE

)
)
Director of Prosecutions ) .« « « « « « « o . N@6,180 - Ng6,972
Chief Parliamentary )
Draftsman )

Solicitor-General e e e e e e e e e e . . Ng6,56L4 - NEZT,LOL

"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 Dentgl Officers

"340,Ve 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 L4LT72. 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 any normal professional standards. In these conditions, there is a real threat
of imminent break-down in this important social service.

"351, Vhatever improvements we may make in conditions of service for doctors are
unlikely in the short term to bring the supply/demand 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. Ve 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.

"350, e 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 ror
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




appear to pre-empt a decision on the comparative importance of curative and

preventive medicine. We_ have_therefore decided not to recommend the re-introduction

of private practice for Government Medical Officers.

"z53 Yle do, however, feel that the situation demands that members of the public

should pay more for the scarce medical skills which they demand. We hope therefore

that the CGovernment will see fit to recoup at least some part of the cost of our
proposals by higher hospital fees.

"35l Ve recommend_that Government Medical Officers should be entitled to charge
fees for such services_as the provision of insurance certificates and other non-
Governmental Medical Reports. This recommendation we would hope could be given
immediate effect.

1355, fe recommend the following salary scales:

HOUSEIMAN + » + o o o o o o o « « o o « o« « « « Ng2,580 for one year
Medical OFFiCeT .+ o o o o o o o o o o « « o . Ng3,468-NE3,98L

Senior Medical Officer
(after five ye ars ) . . e o o . . . . . . . . N¢,+ 9 )+O,+-N¢5 9 820

Regional Medical Officer Consultant,
Deputy DireCtOI‘ . . . ¢ o o . . . . . . ¢ 9 N¢5,652"‘N¢6,372

Director e e e e e e e e e e e ... Ng6,56L-NgT,LOL

"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.

"z57 e consider it is_highly desirable to create a post of consultant so_as_to
provide equitable career prospects for speci alist doctors_who_wish to continue in
practice_rather than go_into administration.

"258, In addition to salary, we recommend the following professional allcwances:

Medical OFficer o + + o o « o o o o o + « « « NF1,500 p.a.
Senior Medical Officer . . « « « « o o o o & Ng2,500 p.a.

Regional Medical Officer/Deputy
Director/Director e s e e e w e . . .Ng3,000 p.a.

Consultant s s s e e e e e e .. .N3,500 p.a.

"350, e strongly recommend that the new rates of professional allowances should be
int roduced vith effect from the lst January 1968. as a practical recognition of

the difficult position of Medical Officers_at the present time. "

-36-
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THE ROLE OF SCIENTIFIC AND TECHNICAL PERSONNEL
IN NATIONAL DEVELOPMENT, WITHIN THZ FRAMEWORK :
OF THE FUBLIC SECTOR 1

Jorge A, Sabato¥

Vhile 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 from his experience and knowledge of Latin
American countries. The scientific and technical 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 understand 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 1
activities in science and technology defines the scientific and technical ,
infrastructure of the country, which comprises the following components: i

(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;

(g ) The institutional system of plenning, promotion, -co~ordination and stimulation :
of research and development (national research council, national academy of science
and engineering, science foundations etc.); ;'

(g) 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 whole 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, Fresident's Office, Buenos Aires, Argentina.

_57-
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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, some j
components are rather strong; but the resulting infrastructure is weaker than .
expected because other components are not in good shape. This is the case for ;
Argentina, where component (c) is quite developed, but as compunent (d) is always i
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 f
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 economy, and (c) the scientific-technological '
infrastructure.

To describe the complex set of relationships among these three elements, a
very simple model may be used: a triangle in which each vertex or angular point
corresponds to one of the three elements and each side to the corresponding i

interactions.




Government

roductive siructure Scientific-technological
of the economy infrastructure

)

4
Y

Source: J.Ai. 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 19€8.
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“he Covernment vertex ccnsists cf all the instituticnel ccupcnents
respensible for the fernulation of policies and the correspending mobilizaticn 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-
meking agencies, production units and various other activities. 1In the triengle
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 enalysis of the vertices and sides, a ranking can be established
among countries, differences can be evaluated and technological gaps can te
measured. From among Latin American counrtries, 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, end the scientific~technological
vertex is acceptable; but the Government vertex 1s 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;
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(g) 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 complex set 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 sector's 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




belong to the same "elass': a scientist doing pure 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
boith are employees ol the public sector. This is an unfortunate situation, one

that affects the definition of the role of scienwific 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, vho is institutionzlly located at the productive vertex, 1is regarded as
a kind of second-class scientist, just dedicated to simple, practical things.

This important problem could te solved using the triangle mcdel, vhere all
perscnnel engagid in research and development belong, by definit®-n, to the same
vertex: both thcrefore have the same status regardless of the fact that the
jnstitutions where they are employed are located at different vertices. 1In
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 rer cent; Brazil, 98 per cent; Colombia, 94 per cent; Peru,

9% rer cent; Venezuela, ¢C 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. Irn a developing
country, the scientific-technological infrastructure of the country is practically
equal to the scientific-technological infrastructuure of the public sector; therefore,
the main problems related to scientific and technical personnel must te solved in

the public sector.

Yet, to deal with the new &nd complex kinds of demands described above, the
public sector requ’res the following categ riesof highly 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 precduction control at a brewerv, or a civil engireer at
the Ministry of Public Vorks. 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) Iienagers: top personnel at the decision-making level of organs ard
institutions, such as ministers, members of planning councils and committees,
toards of directors, general manager's office, industrial boards, public service
boards. The scientific and technical capability of this category of persornel is
very important vhen decisions are taken in a wide spectrum of problems.

In the mcdel given here, these two categories of personnel are not located at
the scicentific-technological infrastructure vertex; they are therefore outside
+he scope of this report. Nevertheless, as they interact strongly with the research
ard development category, due consideration should be given to their mutual

relationships.

1/ Organization of American States, Department of Scientific Affairs,
Caracteristicas de los_Institutos Latinoamericanos, de Investigacidn

Tecrolégica (Vashington, 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, vhile the first problem has not yet been solved everywhere,
its existence has at least been recognized. The second problem - which in a number
of developlng 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 rere 0.5 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

> Emamm L e mem B L@t w s .t t M GaE e B B e & 6 e - @ S A e mgnl Ere - e - S e aamee o

Graduates per Proportion of the  Proportion of
Country 10,000 population economically active total
population population
(percentages)

United States of America L.7 2.7 1.1
France 2.0 .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
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Source: Organization of American States, Inter-American Cultural Council,
Situacion actual del desarrollo cierntifico v technnloglm
implicaciones al nivel de politica y de estrategia (

(Mashington, D.C., 1969).
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2/ Organizatior. of American States, Department of Scientific Affairs, Meeting
of the Inter-American Ad Hoc Sc1ence Advisory Committee (Washln[;ton D.C., 1966)/
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In absolute numters, Argentina - witn a population of 27 million - has
L 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/

thile in 1967, in the United States of America, 175,2C0 persons graduated in
sciences and engineering, 6/ in all Latin America, in 1965, only 12,000 persons
graduated in the same branches; 7/ but in 1966, the total rumber 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 1962-1GEG, of
which 37 per cent were engineers end scientists (2,423 engineers and 67
scientists). 9/

With respect to the procurement of human resources for science and technclogy,
these few data show that Latin America as a whole produces scientific and
technical personnel (graduates per l0,000,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 Costae Rica
have about half of what the Federal Republic of Germany has. A%t the same time,
and with respect to how efficiently these persomnel is utili-~ed, the brain drain
indicates that there are not good opportunities for the available persornel . This
conclusion is confirmed by the following available Information:

3/ Informe presentado a la 2a Reunién de 1la Conferencia Permarente de Dirigentes
de 1lcvs Censejos Nacionales de Polftica Clentifica y de Investigacidn de lcus
Estedos Mlembrce de América Latina, Ceracas, Venezuela, December 1968.

4/  National Science Foundation, American Science Manpower, NSF 68-7 (Washington,
D.C., 1566).

5/ Rapport du Comité consultatif de la recherche sciertifique et technique:
prospective de la recherche scientifique et technique en Frrance (1958).

6/ United States of America, House of Pepresentatives, Committee on Goverrnent
Cperations, "Scientific brain drain from the developing countries”, 27rd
report, 28 March 19C8.

7/ United Nations Economic Commission for latin America, Education, fiumar.
Resources and_Development_in Latin America (United Nations publication,

Sales No.: E.68.II.G.7).

8/ Inter-American Development Bank, Socio-Econcmic Progress in lLatin \merica
(Washington, D.C., 1S68).

9/  United States of America, The Brain Drain of Scilentists, fngineers, and
Fhysicians from the Developing Countries_into the United States, rearing
before a sub-committee of the Committee on Government Operations, House of
Fepresentatives, Ninetieth Congress, Second Session, 23 January 1908
(“Jashington, D.C., Government Printing Office, 1968).
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(_ﬂ_.) In Colombia, a recent study made by the Colombian Institute for Advaneed
training shows that enough engineers are being produced by Colombian universities
to meet future development needs, but their proper utilization will te 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
engireering field, but are in political, executive and administrative positions.

(9_) In Mexico, over 20 per cent of the engineers trained by Mexican
universities work in sales end management positions rather than in ergineering

rositions. 12/

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 techrnical personnel existing in Latin America are not properly
utilized in the scientific and technological system'". 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 understz;.ding 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, gererals, businessmen and even scholars emphasize
that science ard 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 Abro:«d, Colombian Institute for
Advenced Training, Human Resources Department, Resources and Requirements
for Hiehly Trained Personnel, 1964-1975 (19€6).

11/ M.A. Horowitz, "High level marpower in the economic development of
Argentina', in Frederick Harbison and Charles A. Myers, eds., Education,
VManpower and Economic Growth: Strategies of Human Resources Developmert
(New York, McGraw-Hill, 196L4).

12/ "the influerce of the availability of desirable human resources', parer
submitted to the International Conference on Interdisciplinary Aspects of
tre Application of Engineering Technology to the Industrialization of
Developing Countries, Pittsburgh, linited States of America, October 1968.

1% (rganizatjon of American States, Inter-American Cultural Council, Situacidn
actual del desarrollo cient{fico y tecnolégicg__implicaciones al nivel de
polftica vy estratepia (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 ard 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 selaries;
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 United 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 clear kut 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 Servants", 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 & direct consequence of a
poor understanding of the development process jtself. It is usually not understood
+ihat 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 Letin American technico-scientific infrastructure is weak, particularly
in quantity and quelity of human resources. fven worse, it is greatly
disconnected (very thin intra-relations) totally isolated (almost non-
existent inter-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 to the general progress of

/ Stateuent by Charles Kitd, Executive Secretary of the Federal Council for
Science and Technology, before the United States Senate, Immigration ard
Naturalization Sub-committee, 6 March 1967.
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Scierce end Technolcgy, that are considered from an intellectual point

of view and not as development tcols of their cwn 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". l_’_i_/

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

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

(b) 1Isolation 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/cr 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 teen
already pointed out that administratitions in the public sector have a resronsibility
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 te 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 event .lly transforming a traditional
society into a modern one. Cevelopment 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 ard to believe that a developing country is a
country aiready 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 tliem 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.

e

15/ Organization of American States, lLiconomic Commission for Latin America,
Informe para el Comité Asesor para la Aplicacidn de la Ciencia y la
Tecnologia al Desarrollo, de las Naciones Unidas, en relacién al Plan Mundial

de Accidn en Ciencia y Tecnologia, March 1969.
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oles_of scientific and technical personnel

— — ———— —— o - Co————_

A review of the various effects that research and development would produce
in a developing country would help to define what that country cculd expect from
its scientists and technolngists. Provided that proper "triangles'" have been
established where, throug. ‘he right kind of interactions, science and technology
are linked to the sccio-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 wvays:

(a) Mainly through interrelations 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;

(‘_o_) 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 how and where this can be done.

Mainly through its relations with foreign scientific and technological
infrastructures, research and development give capability to forecast techr.ological
changes and thus meke 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) TImprove the carability to céapt, of a rerticular importance at the
stage of substitution of imported goods;

(h) FProduce capability for sustained creation, of a particular importance at
the stege when substitution of imported goods has been ended;

(¢) Strengthen the capability to fird specific answers to specific problems,
particularly important in relation to national programmes for housing, food, health,

etc.;

(d) 1Improve the capability to obtain and to absorb external aid;
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(g) Strengthen the countervailing power of the country in its negotiations
with other countries;

(f) Improve the technological balance of payments;
(a) 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 importance of science and technology;
(c) Improve the quality and quantity of human resources;

(d) 1Increase the prohability - 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 development provide more opportunities to work, but because — through the
triangle - scientific and technical personnel are given a sense of belonging to a
socio-cconomie 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 js vhat 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 meny years ahead. It
is therefore important for a country in such a position to be able to analyse,
to judpe 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), vhich can be hired, bought or even obtained without charge.
But in any case, the final decision is up to the local persomnel, and they must
take into account parameters that are better evaluated by indigenous advice. This
is, at any rate. vhat 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.




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 "yrecipes" which will be valid for every
country. In all cases, however, there are various aspects that must be carefully

considered:

(_a_L) 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 ¢ ialogue with administrators;

(Q) 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 welcome 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 intrerelationship at the scientific technological vertex will be

eliminated;

(c) Chammels of communication established between the three vertices must
include mobility of personnel, so that scientists and technologists would te
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) Tt 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;

~50-

o4




(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 var%ety of incentives is necessary (intellectual challenge, social rewards and soO
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".
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NATIONAL SCIENCE POLICIES AFFECTING CAREER
STATUS AND WCRKING CONDITIONS OF SCIENTIFIC
AND TECENTCAL FERSCNNEL IN TEE FUFLIC SECTCR

Norman Kaplan*

Scientists and engineers and becoming increasingly important members of the

publis 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 ) Vhether scientific and technical personnel are contributing as much as
they could (or should) towards the realization of national objectives related
to science and technology;

(_‘9_) Vhether these rersonnel are organized in such ways that they are
encouraged to produce their best and most creative work;

(¢) VWhether there is a basic conflict between the necessity to organize
scientific activities and the apparently equal necessity of scientists 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 enharce 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 thei: sci¢ .tific establishments and activities;
or to concentrate on general factors affecting recruitment, career oprortunities,
performance and productivity in any sector of the public service;

(£f) vhether scientists (and rossibly engineers) should be considered a
group significantly different from others in the public sector so that separate
rolicies and practices should apply to them;

(g) 1If 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.

* Frofessor, George Washington University, Washington, D.C., United States of
America. This paper was prepared under the auspices of the Science Policy
Division of the United Nations Fducational, Scientific and Cultural
Organization.




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 develorment 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. WNational
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. 1In doing so,
particular attention is paid to a variety of tyres of organization, depending
not only upon the nature of research conducted, but (perhaps more significantly)
upon the nature of the organizatioral objectives and leadership. Next to be
considered are scientific and engineering 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 ressarch 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. .

tWhile scme observers feel that there are serious difficulties and conflicts
between the needs of individual scientists and organizations generally, most
people feel that this is rarticularly 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. 1In this view, the typical bureaucrat "plays it safe" and avoids
any unusually risky undertakings. 1In going by the book, the ovureaucrat protects
himself ard 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
rotentially 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 unfilled for too long a period.
Because of Jjob security the organization may find it difficult to transfer, or
even to dismiss, & man who is no longer producing adequately. TLe role of
seniority in the promotion system may make 1t 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, reople may be promoted

simply because new posts exist and may be lost to the organization if not used
promptly. 1t may oe difficult to undertake new projects, however promising

they may appear, until these have been aprroved and appear as line items in

the next budget cycle. By the time that happens, the initial enthusiasm for

the ideca 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 budget, even though
it is felt that the project 1is not progressing satisfactorily or has reached a
dead end. Cne could undoubtedly extend the list of stultifying characteristics
of many bureaucracles, whether in the public or the private sector. To the
extent that such rractices characterizz an organization, they would be clearly
inimjcal to the conduct of an effective, much less a creative, research enterprise.

while the degree of uncertainty 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 meke it difficult to reconcile
the rigidities and red tare of bureaucracy with the requirements of research.
This is rot to say that research cannot, or should not, be organized. Indeed,
it is difficult to couceive 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 sclentists from & 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 incompatlble 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 nave to be affirmative, tut it may be suggested
that rerhaps much more attention should be given to the natire of Government
organizations in general. It may well be that the old-style Government
bureaucracics are an inappropriate form of organization for many of the
activities carried out by modern Governments, with science as & prime, but
not an exclusive, example. It is bevond 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 twentieth 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, changec in other spheres of
Government organization. It is in this sense that the so-called "unique
requirements of scientific research" may one day bc seen 88 vs=? ~in> and
desirable requirements for many other types of activity which require as
much creativeness, risk-taking and flexibility.
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Cne may asi: whether ceientific work and research in the public sectcr are
sirnificantly or necessarily different from the same type of work carried out
in the ;rivate sectors. fThis is an imrortant question, and, yet, the answer
is a deceptively simple "no". There may well be differances between the public
and private sectors in many countries, but in the context of this raper, such
differences are both artificial and irrelevant. For example, there may well
be differences in salary scales, eithcr at the beginning or at other roints
in a scientific career. There may well be differences in status, so that
working in a covernment 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. Nevertneless, the fact that such differences mey exist in some
countries does not necessarily mean that these differences are either essential
or desirable. loreover, such differences are not inherent to the research
rrocess 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 hLold them; the
"eclimate" 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
vhether to continue a project, to bring it into the pilot stage and the liike,
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 differerces between public and private entergrisec
may turn out to be largely irrelevant for most research activities much of ihe
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 treat the
category of Government or public laboratory as a single homogeneous entity,
but the fact that the emrloyer 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 elso 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 latoratories, 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, csalary levels and a host of other
related personnel practices. ihat is crucial, as is shown below, is, first,
the clear recognition of the differences in objectives; and, secondly, the
formulation of internal rolicies and practices consonant with the objectives.
Thus, there may be much of value to be learned (and rerhaps even to be tried)
from a private industrial laboratory, even though one is considering a laboratory
in the public sector. In the remaindcr 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




what is known about lavoratories of different types, irrespective of where they
are located, with the major criteria being the similarity of objectives, in

the first instance, and row effcctively these objectives are being met, in the
second.

Relevance of national science rolicy

1t goes without saying that the first requisite of a national science
rolicy is clarity of objectives. It is not enough to state the general hope
and conviction that the pursuit of science and its progress are essential goals
of the country. There have been a number of eloquent and ringing affirmations
of the importance of science to a country when, at the same time, that country
might be losing some of its best young scientists to other countries and might
te unhappy with the achievements of its scientists because there had not yet
been any cash return from its investment in research. If the primary objective
of the country in question is to harness science to the task of economic
develorment, then the rolicies ghould 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 ir
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 Folicies.

All too often, scientists may be given responsibility for formulating national
science policies without a very clear understanding or without clear and
co-operative relationsrips with other rarts of the Government or the eccnomy
which those policies are suprosed to affect. This situation results in policies
that exist in a vacuum, operating at cross purroses with the very ends they

are trying to achieve. If the scientists have had an opportunity tc rarticirate
et 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. It wuld be less likely that
scientists could complain, for example, that a general science rolicy 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 & direct and determining effect on the structure of the scientific
enterprise which is created. They are also important because of their rotential
effect on the motivations and aspirations of a country's scientists.

In a similar vein, the hierarchy that attributes the highes® prestige (if
not, wtiler -¢v:rds ) to pure or basic research, less to applied and least to
develormental 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. ..s 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. WMo sirgle country
can, by itself, secure a complete change in scientists' attitudes towards thie

niersechy.  but cerentisto! ottitudes on this aquestion -re becinulos Lo envga
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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 he expected to do effective applied work that will have a
Airect impact on, for example, the country's steel industy. There may well be a
need for laktoratories at the university, at particular Goverrment ministries, and
at hospitals and industrial establishments, as well as for some that are, perhayps,
inderendent of any of these institutions. But its institutional location should
tell much about the objectives of a yarti.ular laboratory. There are still
difierences of opinion as to whether it is better to have a rarticular industrial
labecratory located prysically within the factory gates or whether scme slight
degree of physical. detachment is not more desireble. There seems to be little
doubt that comyl-te physical seraration and isolation are less likely to result
in work of reclevance to that rarticular industry. aAgain, there is no universally
accepted dictum concerning the optimal locatinn 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 main 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.

“hat is being stressed is the vital imrortance 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 develorment is complex and still 1little
understood. There is beginaing to be appreciation and understanding of some
aspects of some policies and practices which seem (do not seem) to work in
specific situations. it 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
resul*, in the short run. At the same time, merely emphasizing appiled research,
without a direct and continuing relationship to economic poliecies, is likely to
be equally unproductive. It is futile to encourage scientists to try one course
and then to abandon them because of imratience or rcor economic pianning. 1,

For some of the reasons already mentioned, as well as for some which are
develored below, very few, if any, srecial policies dealing specifically with the
conditions of work would aprear to be necessary. RBecause of the differing and
evolving objectives of different laboratories and research organizations, a
maximum of flexibility and local autonomy is likely to rroduce the best results.
It seems ludicrous to specify rarticular 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. '/ithin broad guidelines,

. @4 trr——

' The United Nations and the United Nations Educational, Scientific and Cultural
Organization have sjponsored a number of international and regional conferences
on this subject, the proceedings of which may be consulted with profit. GSee
also C.H.G. Oldham, "Science, technology and economic develorment: science
rolicy and science aid", in '‘ard lorehouse, ed., Science and the Human Condition
in india and Pakistan (New York, The Rockefeller University Press, 196€8),

pp. 1%3-137. In this volume, there are also a number of other highly relevant
repers, especlally those by Hoelscher M.G.K. Menon and Y. Nayudamma.
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each latoratory, and rerhars even sections of a latoratory where this is
aprropriate, should be free to set whatever rolicies are deemed appropriate
fcr the effective conduct of research in that rarticular 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 productivity and even
the creativeness of the laboratory. This examiration must, of course, be done
with great care and, ideally, should be part of the continuing programme of
research on research. 1In all probability, some degree of diversity would be
essential simpiy 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, srecial 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 enterrrise. There may be, however, special problems in specific
situations, especially in connexion with rolicies 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 1is
fairly well-accerted practice that promection should not be a matter of
organizational resronsibility. That 1s, promotion should not be based upon,
nor should it necessarily entail, responsibility over a number of subordinatec.
Scientists should be promoted with appropriate titles without having to assume
administrative resronsibilities for which they may not be at all suited. This
dual ladder of upward mobility within an orgarization is now fairly common
rractice in many of the more rrogressive research organizations and takes into
account the fact that not all scientists are good administrators; and, yet,
they may need increased recognition and prectige through promotion.

A second, rerhaps slightly more complicated problem lies in the relationship
of seniority to prcmotion, 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 occurational categories. The criteria should be more
nearly related to the objectives of the organization and the extent to which the
rarticular 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
revarding 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
rerson 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
crganizations. 1 man who has been engaged in research for a considerable period
of time may 11nd it more exciting and be more usefully engaged in teaching for
another rperiod.
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(reanizing research orpanizations

Mumerous "recipe" books huve been written to tell how to run a research
organization. There have been the "nine dilemmas" and the "ten myths', plus
a spate of bcoks and articles, some based on research, but more based on
rersonal experience and anecdotes, all of which purtort to be knowledge about
research organizations. 2, 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 autononmy; 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 "developmentel”, engaged in by scientists and engineers. Such activities
ar: subject to reasonably good estimates as to probable costs, number of
rersonnel required and the time needed for completion of the target. Such
activities can be programmed, to use the computer jargon, and the Job of the
organization is not only to facilitate rerformance, but to ensure that there
shall be some reasongble 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. TFairly
specific schedules and budgetary allocations make much less sense at this end
of the srectrum, vhile they may be essential at the other end. Neither tyre
of activity is in and of itself more important, or less, t the organization;
and the fact that greater control is and can be exercised in one case is a
function of the nature of “he activity and not of its prestige value.
Repardiess 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 ihe scientists and engineers with
the equirment and suprlies necessary to the conduct of their vork, within
budgetary limits and, in some cases, subject to the availability of the
instruments or supplies. This activity should be viewed as & co-operatiive
undertaking by the scientists, th: 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 & research organization to maintain
rigid control and constant vigilance so that it takes, for example, three
vouchers and six forms in triplicate to obtain a rencil or a chemical vital to
the conduct of an exreriment.

2,  See Herbert A. Shepard, "Nine dilemmas in industrial research", Administrative

Science Quarterly, Vol. 1, No. 2; (Fall 1956), pp. 1-20; K. Guy, Laboratory
Ormanization and Administration (london, lacliillan and Company, Ltd., 1962);
Charles D. Orth, I1Ii, Joserh C. Bailey and Francis U. lolek, Administering
Research and Develorment: The Behaviour of Scientists and Engineers in
Orranizations (Homewood, Illinois, Richard D. Irwin, Inc. and Dorsey FPress,
106%4). See also a short annotated bibliograprhy by George P. Bush and
Lovell H. Hattery, "The 1967 research administration bookshelf", Research/
Develorment, Vol. 18, No.11 (November 1967), pp. 3h-3T7.
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Lureaucratic requirements, as well as the tailure to revievw the ef'ficary of
past policics and ;rocedures, often result in a situchion in vhich rore and more
of the orpanization's time and ener;y are devoted to the maintensne: of jvocedures
and controls and less and less to the performence of the activitize “hick were
Lhourhit to be the very ralson d'€tre of the organization.

In the last analysis, the quality of leadership up Aand down the line in any
organization is probably the single most important variable in the situatiou.
Here apain, one must rely on perscnal reminiscing and other anecdotal ..aterial
rather than on hard data. It seems fairly safe to assert that the outstonding
scientist does not necesserily make an outstanding orpganizational leader. Very
often, the organization has succeeded in losing a good scientist -~ and his outjut -
while acquiring a pecor leader vho has a negative effect on the ovtput of many
other scientists os well. The current folklore centimues to maintain that the
1eader of a research and develoyment organization chould be, at least, a
respecteble scientist, rather than 2 layman or even a mediocre seientist. ‘lhis
folklore has rarely been challenged, so it would be difficult to consider
alternatives, although it should be noted in passing that even the lay
adninistrators of today ave likely to have at least come science tackground
and, in general, to have a greeter appreciation of the problems of science and
research than would have been the case several generations ago. again, the
contrast appears to be between the aaministrator turned out in the British
"tuo 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 o the United Lingdem of Creat Rritain and i'lorthern
Ireland.

The term "leader" is used here deliberately in contradistinction to the
usual rotions about a director. It is a commonplace to observe that the old-style
director who actually "directed" in a completely authoritarian foshion is probably
on the way out everyvhere. It is not simply the change in terminology, however,
thot 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. 'lithin 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. thile his work may te 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 ccrtainly toke rart of the
responsibility. Since the scientist chose to come to the particuvlar orpganization
and has had & hand in settling the kinds of problers on which he is engarcd, he can
in effect, enjoy all of the autonomy caid to be essentinl to bring oult the best
in him.

The scientific leader of a research orgenization must also be an effective
advocate for his organization with the organizations and peo.le to vwhem be is
ultimately responsible, vhether this bLe the finance winistry or scre other
cabinet minister, a legislative body, or another jnstitution. 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 & buffer between the layman and "his" scientists,
explaining to each group vhat the other needs and wants.
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" hether the rscientific leader assumes directly all or most of the

res,onsibilities for rurely administrative matters is difficult to asses: in
th.e abstract. It depends, in rart, uron the extensiveness of administrative
dutices characteristic of rublic sector laboratories in a particular country;
end, in part, won the rersonality and predilections of the rarticular
ccientiiiec leader. Dome thrive on a bit of administrative responsibility,
vhile others detest it. Some have found it helpful to work in tandem with

a chief administrator who 1s resyponsible for all non-scientific matters in the
orpanization, while others find it impossible to malie this acecmmodation.

411 research organizations are, by their very nature, plagued by the problem
often referred to eurhemistically s "hardening of the arteries" or, more
simply, aping. 7The general reason is that research is innovative and often
revolution2ry i its implications, while organizations tend to be more
conceyvative, once they come into being. The problems are exacerbated when
ar old organization is duminated by or predominantly made up of the "old-timers"
vho vere iinvclved with its inception. The problem is further exacerbated when
such 2n 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 ic
im.ossible to change with changing needs or changing goals. Very often, it is
not a matter of uging as such, but of the appropriateness of a particular style
of leadershii at a jarticular stage of develorment in an organization. Thus,
the kind of charismatic leader who may be the test rossible choice for an
organization that is just being formed may turn out to be the proverbial
"square rer 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 abcut some of the
rersonnel vho may no longer be productive or who have become obsolete. This
is a particularly trying situation when seniority and tenure regulations make
it virtually imrossible to effect any change. Still another kind of related
situation arises when there is a distinct change in the objectives of the
organization or in their emphasis; people originally hired to fmlfil given
kinds of objectives may not be appropriate in a newly defined situation.

""hile the foregoing examples by no means exhaust the types of situaticn
that have been encountered in various organizations, they are at least
illustrative of a wide range of problems encountered. again, solutions are not
simple, but at least there is indication of where one sliould be heading.
Orgcanizations, no less than the individuals within them, should review
themeelves reriodically to see whether goals are still meaningful and whether
the orgenization is effectively working towards their accomplishment. This
could te a matter for continuing self-appraisal, or a variety of other techniques
could be ecuployed, including the use of visiting committees of outsiders.

Orcanizations faced with a declining interest in their original goals need
not necessarily ccase functioning. They can shift their goals to those

considered more significant to the society, and, in the process, bring about
a change in the tyre of vork done and, over time, rerhaps even in the character
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of the personnel employed. Such efforts should be studied very carefully to

see vhether they yield any generalizations, cince it is not clear vhether it
it better for an organization uhose original purposes are no longer relevant
to quietly cease to exist or whether an eifective 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 vwhich these are being carried out can
also provide an early warning for those orgenizations 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 vhich may be exrected frem them.

1'hile the aging of an organization is a rersistent 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 equiprment 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 vworkers.
Research that requires very expensive equirment, such as an electron microscope,
must seek to achieve some optimal utilization of the equirment, 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 tne
laboratory, therc are a number of other equally significant considerations.
One of the most important of these factors is the often unexamined tendency
to permit lavoratories to become larger and larger in the mythical expectation

of achieving economies of scale. ‘hile it may be true that, up to a point,
centralized and large-scale purchasing or maintenance of experimental animals |
or some other service ccuponcni Ly be wore ccononic.l, 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, which obstruct rather than
facilitate the conduct of research, affect the morale and productivity of the
scientific vorkers and may be self-defeating in the end.




There 1is, however, the continuing problem of the critic.l mess needed for o
research undertaking in order to ensure &t leust ¢ minimcl cmount of heclthy
intceraction cnd an wvoidance of isolution und stagnution. Reluted to this
problem 1s the question of how m.ny disporcte tyres of activities cre best
carricd on within o single orgunizution. Once solution that hus been tried by
4 number of industriul firms in the United Stutes of Americu is to try to keep
the staff of any single luboratory ut somevhere cround 1C0-125 people. “hen a
loboratory begins to exceed this limit, considerution is given to forming a new
unit. [Ecch unit enjoys considerable autonomy, but ull participate in setting the
over-ull objectives of the firm. A number of these units may be located on the
same "cumpus" so as to enjoy scme of the cdvantoges of centralized library
Tacilities and other services, but ecuch is quite cutonomous with respect to its
own special requirements und objectives.

It must be emphasized ugain thot such solutions are more ¢ matter of
conventionaol wisdom und pragmatism. lMuch petter studles and duto are needed
before any particulor rattern of orgunization is cecepted ws optimal. At this
point, much more conscious und deliberate experimentation might well be undertuken.

Although budgeting proctices may seem at first glance to be the prime concern
of ¢ laboratory director cnd & finunce ministry, such practices inevitably exert
u considercble effect on the style and "climate" in a laboratory. And, to the
extent that th's is so, these practices have an effect on the careers, the
productivity and even the mobility of the scientists and engireers in the
loboratory. Some form of budgeting is obviously essential in any organization
and, properly utilized, cun be a valuable tool in plonning and maintaining some
degree of organizational- flexibility. Difficulties usuully crise, however,
because of the tendency of many Government officincls to view the budget primarily
as a mechansim of control. Uhen viewed in this fashion, the budget tends to be
akin to a strait jacket. 3/

p) In its most rigid forms, the typiccl nutional budget tends to be on an annual
cycle with each individual item broken down into minute detwils 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 os a mechanism for getting the job done. It is not
at all clear that such rigid conceptions of the budget actuclly do result in
greater control or even in greater savings. As was just mentioned, an enormous
amount of time &nd energy may be expended in aon 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
a stringent rule, variously stated, which, in effect, prohibits the carry-over
of unexrended 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
particulur budget period in un effort to expend cll the remcining funds. Such
& lost-minute spending spree moy not be very economical or even productive;
yet, it is often regarded by the organization in question as con essential
activity lest the budget for the following year be cut because scme official
may ianterpret unexrended funds as a sign that toc much funding had been
requested previously.
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This type of control is most certainly counter~productive in any kind of
resewrch and develorment orgenization. The uncertainties that are un inherent
pert of the research process make such a budget particularly inappropriate. ‘The
lack of flexibility and the discouragement of uny kind of creativeness would woke
such budgeting procedures almost disustrous for any resenrch orgunization.

The budget of a research organizetion should facilitate and not hamper the
attempt to achieve accepted objectives. Considerable flexibility can be achieved
with virtually no loss in accountability by relying on fewer fixed lines; by
providing ondy very broad cctegories instead of minute and detailed breakdowvus;
and by e.sing the process so that funds may be shifted from category to category,
ns deemed necesscry during the actual operation of thre organization. Cuce the
over-all level of the budget has been agreed upon, most, if not all, of the
responsibility for actual exrenditures and for allocations to particular
subcategories should be in the hands of the director of the reseurch organization,
The Girector 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 muin resronsibility
for the cllocation 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 developmen*s 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 encourogement of whitever
creustiveness there may be within the laboratory.

One further point might be mentioned in connexion with budget problems. Until
recently, the annucl 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 more and more manifest. As & recent British experience
indicates, it is not merely the fact of an annual cyecle that is disadvantapeous.

A recent paper comments on the difficulties experienced by the National Physical
Laboratory (United Kingdom) when it shifted from the annual to the quinquennial
plan in 1954k, Uhile 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 five-year pericd,
3t 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 lead
time necessary to draw up the plan and to move it through the rproper chonnel =)

Ia this connexion, the author of the report states:

"Shortly after the second quinquennium began, it became clear thot

a fixed quinquennicl plan was unworkable and in 1961 the concept of a
trolling' five-year plan or 'five-year forward look!' was intrcduced...
under this scheme the National Physical Laboratory reviews its five-year
plan annually. It is understood that the plan agreed foxr the first yonr
of the quinquennium is quite realistic in terms of staff complement

and expenditure on equipment und services. Tor the succeeding b0 years,
the plan is regorded as less firm and the provisional allocations for its
fulfilment are understood to be subject to some revision in the light of




uuio.eseoy cnonges in the finaneilal or scientific situaticn. The plaus

foe v 1.1 Lwo years are accepted hy both sides (the Treasury and the
st oo o0 Lo the tentative estinates which will become progressively
oo . ¢ bty year. EBach rolling five-year plan assumes a constant wvalue
foe v . o»nd oany adjustments for Increased costs are made when the

. . 1
feiiovitgr year's plan iv agreed."” y

het o Lhe particular scheme that hac evolved at the National Physical
saboentocy o, i faet, the ideal solution for all types of laboratorlies in
ajlferent countries 1o an empirical question to be examined very closely. All
that can be ruid ac this point is that it seems to be a very defir..te improvenent
over Lhe ripidities of a fixed budgetary cycle. But the fact that .he nature of
tle budgotuey cyele and the practices surrounding the actual ojeration of the
budpet. afrect the productivity of the laboratory and the effectiveness of its
scientiste and eneineers can no lonper be deniede It is to these twin problems
of crentivene. s nn preductivity in the laboratory that attention is now turned.

cicntiveness and preductivity in research organizations

Yhiic e stiveness and productivity are obviously highly interrelated, they
are not v ical, and such studies as have been made have attempted to treat these
two coneepts in v distinet fashien.  Underlying this tendency is an assumption,
which b0 o'ten 1mpiicit, that productivity is easier to deal with than

erediogsoese. Amongr those who have studied the problew, there is a general
feeiing, bul by no means universal agreement, that productivity in a research
Latoratory doce not differ too significantly from productivity in any other kind
of organizativn.  Creativeness, on the otker hand, is often felt to be a srecial
attribute wvith sypecial problems unigue to science and other activities. Be that
s Ty, the study of creativeness in research laboratories, in particular, is
£1tit1 in ios intfancy.

Betore it is possible to say with any degree of confidence what factors in
the iabcratory, its organization or even in the larger environment may affect
the crealliveness of scientists and engineers, it is obviously necessary to be
able Lo idenliiy what is meant by creativeness. Even if creativeness could be
lTdentificd satisfactorily, it would still be difficult, given the stage of
current. knowledpe, 1o be able to isolate with sufficient rigour the precise
itactors and thelir specific contribution. If such factors could be isolated, it
is conceivable that experiments could be conducted in which such factors would
be introiced in a controlled fashicn. This step is still quite distant; and
yat wost 0 the people who have ever been involved in research feel they have
quite a (ood idea about what creativeness is and sometimes even who the creative
people wre, although this is, admittedly, rcstly a matter of intuition.

There is a further difficulty with taith and intuition in so far as no one
Knows, wno ther= is o tendency to pay 1little attention to all the potential
creativeness which is lost or not fully awakened. In the last analysis,
areativeness, at the extreme ends of the scale (the very creative and those who
seem completely uncrea‘i;ive), 1s reascnably easy to detect - though not necessarily

it/ Siv Govdon Sutherland, "he National Physical Laboratory", in Sir John
voekeroft, ed., The Orpanization of Research Establishments (Cambridge,
Cambridee University Press, 1965).
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and not very often before the fact - but it is with the great mass wvhich lies
between these two extremesz that there is the wost difticulty and the most
oprortunity. As a reasonable working hypothesis, it may te suggested that *the
truly creative scientist at the very top of the scale will probably express his
creativeness almost irrespective of anything in the environment, human ov
otherviise. "he environment may, however, prove to be decislve for all who are
below the very top. The degree of encourag=ment or inhibiticn way influence a
rerson's realizing his maximum creativeness .

Cne of the main results that emerges from studies to date 2/ is the
complexity of the process of creating. There ls 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 stute of tension, but
they ull seem to agree that some state cf vushing ard pulling on these factors
15 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
tenuvion, and one would susrect that he dces wuch to create this state, at least
on a psycholeogical level, for himself. é/

y See, for example, S5.A. Mednick, "The associative basis of the creative process’,
Psychological Review, Vol. 69 (19€2), pp. 220-232; S.A. Mednick and M.T. Mednick,
[Manual: EBemote Associates Test. Ferm I, 'Bcston, Houghton Mifflin Co.,

71066); Tcnald C. Felz and Frank Andrews, Scientists in Organizations:
Productive Climates for Research and Development (New York, John vwiley and
Sons, Inc., 1966); and Gerald Gordon, "The identification and use of
creative abilities in scientific crganizations', 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 sc-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 words. Thus, when presented with the words
"rat", "blue" and "cottage", the correct ansver would be "eheese'. 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 who have a superior command of the English language .

The Mednick RAT 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, hovever,
does not suggest that this is a sufficient test of creativeness.

_6/ See Thomas S. Kuhn, "The escential tension: tradition and innovation in
scientifie research", in Calvin Taylor, ed., The Third (1959) University of
Utah Research Conference on the Identification of Creative Scientific Talent
(Salt Lake City, 1959), pp. 162-77.




For ilie reascns mentioncd above, much of the research on creativenecs hasg
focused on —=he psychologi~al dimensions, and considerably less attention has been
paid to the environmental sactorc which may encourage or inhibit creativeness. _7/
From the roint of view of any organization or its research director, there are
two important guestions. The first is how one recognizes the man with the wost
potential creative ebility from among a pumber of pocsible recruits; and even
if a man has already shown come 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 orpganization be doing,
or not doinyg, to encourage the maximum amcunt ofF creativeness pessible in each

person.

The best answer to the Tiist question is prrobably still the intuition and
judgement of the man who has a good record for having srotted such reople in
the past. There is no test or cowmbination of instruments known today that will
necessarily do as well as informed intuition. The answver to the second question
{s far more complex. Many of the roints have already been coverec in other
contexts. Essentially, it comes down to putting up as few barriers as russible,
so that whatever creativeness exists can find an outlet. Such barriers can be
psychological, organizational, interrersonal Or of other derivation. ®n the
more positive side, creativeness should be nurtured esrecially by the director,
in so far as the director makes it elear that he recognizes what is going on
and helps to convince others (usually top management or the financial officers)
that what is 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 . 8/ 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 wrapred. Who would not like to be thought of
as being original and novel, brimming with brilliant imagination. But, at the
came time, it is obvious that creativeness means different things in different
situations. This applies not only to the distinction between ability and
performance, Q_/ but, more concretely, %o the fact that wany phases of most
research require great care, precision and attention to routine details.
Undoubtedly, most routine tasks can be approsched creatively, even though they
require 1little, 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.

_7_/ For an extremely useful annotated bibliography, see Morris I. i5tein and
Shirley J. Heinze, Creativity and the Individual: sSummaries of Selected
Literature in Psychology and Psychiatry (Glencce, Illinois, The Free Press,
1960). See also Calvin W. Taylor and Frank Barron, ed., Scientific Creativity:

Its Recognition and Cevelopment (New York, John Viley and Sons, Inc., 1963);
Gary A. 3teiner, ed., The Creative Organization (Chicago, University of
Chicago Press, 1965).

8/ See, for example, Donald A. Bechon, "5ix ways to strangle innovation", Think
(July -August 1963), pp. 29-32; and N. Kaplan, "Some organizational iactors
affecting creativity', IRE_Tiransactions on Engineering Management, Vol.
EM-7 (1960), pp. 24-30.

9/ Pelz and Andrews, op. cit., p. 156.
(-
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Really novel ideas may not be suprorted or may have to go through ¢o many

check-points that, even if successful, they are quite worn by the time all of the
obstaclec have been overcome. A novel idea or a nove). approach is greeted by
a reminder that a more traditional result and effort are exrected first. The
unwillinmess of a research director to "go out on a limb" and support high-risk
undertukings may discourage such proposals from ever seeing the light of day.
[1 a labo:atory really needs and wants creativeness, there is much that can be
dce (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 sowe of his recent work, Gordon has made a distinction between
creativeness and innovation which looks quite promising. ;9/ By creativeness,
he means primarily the ability to recopnize 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
soclver 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 gnals in any given research organization. An
organization concerned primarily with new technology and its imprcvement will
undoubtedly want more of the quality Gordon has labelled "innovation". If high-
p.iority problems have already been defined, whether by the general econoiiic
plans for the country or by the specific neede of a particular industry, and
there is agreement in the laboratory or research organization that these are
meaningful or achievable goals, then the most important type of person is the
innovator who will lock for the most imaginative soluticn. Such an organization
would be less likely to want 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 valusble element, esperially as they serve to "jostle"
their colleagues into thinking of new and alternative ways of doing things. }_l/
For the most part, however, persons with this type of creativeriess 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 advantage 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 oi 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
creativenecss with the needs of an organization.

The organization can do much to foster the best in a man by putting up the
least possible number of barriers to getting a job done and by providing a
sufTiciently variegated environment so that there is stirulation from both
similar and different kinds of colleagues. It goes without saying that
reasonably satisfactory facilities, such as libraries, are a pre-condition.

Gordon, op., cite.

£l

Dennld Pelz' contribution is particularly noteworthy. See his discussion
of "pither" and the influence of colleague stimulation in Pelz and Andrews,
0D Cito —68-

72




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
vhich they are organized, because of the lack of clarity of goals, becauce of
the nature of their leadership, or for uther reasons) have been primarily
responsible for discouraging creative impulses or "strangling innovation". Z_L_@/
Creativeness and innovation 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 engincers, 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 outrut.

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. Lfforts to get at this wore 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 jownals. Nevertheless, the analysis of citaticns does
provide some clue about the "usefulness" of the paper, however rough a measure
it may be.

Onc further point shiould 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 wn index of productivity in such organizations, it would clearly be a
poor indicator and would be of little usefulness to the management of such
laboratorics in trying to evulucce -criorrance within their orpinizationse. 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 vants to publish primarily
because he thinks it is expected of him and because it is a basis for evaluating
his performance.

L?__/ sehon, 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 iew fundamentals which, in their essence, are not significantly different
from the Tactors believed to influence creativeness. If one begins with good
reople vho have a gocd idea of the specific objective and then stays out of
their vay, so to speak, then one has every reason to expect satisfactory resulte.
The kinds of tensions mentioned a&bove seem to work for productivity as well.
supervision 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 shculd 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 encugh to be visited by foreign scientists and engineers.
There scems Lo be considerable agreement over the mutual advantages to be gained
by this type of interchange, and onc finds some arrangements 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. _l_’)_/

Adequate facilities and their maintenance are, of course, essential for
continued productive work in the laboratory. There is somc indication that
"adequate" neans 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 nis problem, rather than pursuing it mechanically from instrument
to instrument. On 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 ouv

l._j_/ 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 oprortunities to exchange vicus
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 the
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 oniy if our own people are
thenselves 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 pa:iticular experiment cn a2 :and calculator for a jyear or
so when one knows that such calculations could te made in a matter of minutes were
a computer available.

¥ssential also for productive work arc adequatc salaries and other financial
incentives.lﬁ/ It is manifestly impossible for salaries to be comwetitive on a
world-wide scale; but, within any particular country, it is essential that salarics
for scientists and engineers should bear some relationship to the imnortance
assigned o such activities. This means, in effect, that salari s for scientists
and engineers should be on a par with (in specific crses, . bit lo.er or ¢ bit
higher) tk=z 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 cualified 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
importance 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 ard hold very highly qualified people in industrial and deve_.opmental
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 to 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. ~ Fut
beyond these factors, there are spccial 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 opportunitics 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 laboratcry
as a whole. The cost of providing thie king of communication and interchange
is relatively modest in rclation 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 rcsearch and development tend to be high, but the benefits
expected generally make these activities seem v-orth the price.

W United States of America, Federal Council for Science and Technology,
The Competition for Quality: The Effect of Current Salary Levels on the
Federal Governm _.t's Ability to Recruit and Retain Superior Scientific and
and Engineering Personnel (January 1962).
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Gencral comments and conclusions

In considering the carcer, status and working conditions of scic ntiste and
cngineers in the Public Scrvice, there arc essentially two approaches. ;L'z/ (ne
is asddressed to specific career and status problems with the implicit, cven
explicit, objective of bringing abcut some improvements in the existing systoem
through such devices as better pay scales and more fringe benefits The othcr
apprcach 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 cnvironment which make a real difference to the
outcome irrespective of the specific salaries or personnel practicces in any
particular country. The specific practices are certainly :mportant, but the
context in which they exist is far more so. For this rcason, emphasis has bcen
placed on the significance of policies and organizational practices, and a clicar
understanding of the relationship of all these factors to creativeness and
productivity. Once this relationship is understood adequately, any nccessary
modifications of snecific personnel practices will seem simple and self-cvidente.
The United Nations Fducational, 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 prescnt 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 engincer,
it is quitc 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 affcct his organization and him will be important determinants of
whether his contribution, for himself and the socicty, will ever be realized,
Although some progress has been madc towards acquiring more precise and more
reliable knowledige concerning such factors and the ways in which they may work,
the fact is there is still a long way to go. Regearch organizations, the
universitics and, indeed, the national organs responsible for science policy
should all be playing their parts in trying to achicve a better understanding
of the research process itself and of the relatioenship between the research
process and various national goals, such as economic development and teclinological
innovation. Much more research by social scientists, with the advice and
collaboration of othevr scientists, should be encouraged and supported. _l_'_(_/ The
possibility of much more deliberate experiementation with organizational torms and
practices for research activities should be entertained and studied carefully.

15/ For a pioneering work in this area, see Fdward McCrensky, Scientific Manpower
in Furope, (New York and London, Pergamon Press, 1958). Tor another
discussion, see Y. de Hamptinne, "Mhe career of the rcsearch workcr", Impact
of Science on Society, Vol. VI, No. 3 (Sept. 1955), pp. 169-180.

_lé/ 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 Rescarch Management, Vol. XI, No. 5 (September 1968), which is devoted
entirely to research on research.
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In bLrief, no country had the one and only solution to the problem of
running a research enterprise effectively., Even if it did, it i1s highly unlikely
that its policies and practices could be transferred intact to other countries,
to other cultural milieux and to differing traditions, There is undoubtedly
much to be lcarned Irom countries with long experience and many successes - Irance,
Japan, the Union of Socialist Republics, the United Kingdom, the United States of
America and many other countries - but there is also riuch to unlearn; and there
i nprobably much that can be done better and more effectively if one is not
henirered by outmoded thinking,

For example, part of the inheritance with respect to both science and the
Fublic Service has tended to rule out women for such careers, 18/ Vhile 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 tasi: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 sinilar
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 ot the fundamental ideas about the nature of science
and the Public Service derive directly from nineteenth century European models.
lMany of the ideas about the nature of science as a career and the Fublic 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 condttlons 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 crganized 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
sugpested 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
cointries; 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.,
__, Uomen and 801ent1flc Profe881onu: Massachusetts Institute of Technolorv
Symposium on American Women in Science and Engineering. (Cambrldge
Massachusetts, and London., The Massachusetts Institute of Technology

Press, 1965).

19/ ¥or a general treatment of this subject, as well as an extensive bibliography,
see N, Kaplan, ed,, Science and Society (Chicago, Rand McNally, 1965).

..73_

(a4

’




POLICIFS AND PRCGRAMMES Tv INCREASE AND IMPROVE IMCTIVATION,
CREATIVENIESS, LFADZRSHIP AND OTHER FACTORS BASIC TO EFFECTIVE
PERFORMANCE OF SCISNTIFIC AND TECHNICAL TERSONNEL IN THE

PUBLIC SECTOR

Caroll L. Wilson™®

The purpose of this paper is to examine the elements conducive to motivacion,
creaiviveness, leadership and other factors related to the effective pewformance
of scientific and technical persoanel in the public sector in developing
counivries. In consideriag affirmative factors, it is necessary also to coasider
the barriers and handicaps vhat confront developing countries in providing and
maintaining an environmen: chat can attract and hold high-quality scientific and
technical personnel in the public service.

The wrange 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, o
countries with centuries of independen: rule. There is also & 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 enviionment of challenge, recognition and reward for
sciencific and technical personnel. The basic value structure of the society and
che kinds of skills and accivities that the society rewards with recognition and
perquisites profoundly affect the career choices of talenved young people. If
the society confers its prestigious rewards upon those whose education is
classical scholarship, it is to such studies that talented young people will turn.

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 first Gegree in their fields. This category includes many
who are Geachers, but whose basic preparation was in science or engineering.

*¥ Alfred P. Sloan School of Management, Massachusetts Institute of Technology,
Cambridge, Massachusetis, United States of America.
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REearing in mind the definition of types of personnel and cheir educational
qualifications, it is useful to consider the types of employment opporcunities
for such personnel in developing couniries. These opporcunities occur under
the following categories:

(a) Teaching. Teaching may be in the secondary school system, at vocational
training institutes or at universities. The presumption is that for teaching
at such institutions, at leasi those at university level, one a priori
requirement is a first degree in science or engineering. The largest number or
employment opportunities foi scientific and technical personnel in developing
countries are in teaching atv university level;

(b) Research and development. It is to be hoped that there would be some
opportunities for research at universities. In many councries, however, research
is not done at universities, but at specisl institutes which are sometimes
allied with universities and sometimes independent. The main opportunity for
innovetive research and development is likely to be at such institutes. The
support, leadership and general environment ai such insticuces are of critical
imporcance in terms of their quality and ability to attract and hold highly
qualified people. There may be some employment opportunities for research work in
indusorial laboratories if such exist, and in technical control functions in
industry, but such non-public institutions are unlikely co provide such
enployment;

(c) Administration. ZIngineers are required in the administration and for
¢t he performance of technical functions in such organizeiions as the public works
deparsment, for the design and construciion of roads, bridges, water-supply,
bu:ldings etc. The electrical power organization, which may be either a
Goveranment department or a Goverament corporation, requires engineers for the
operation and maintenance of hydrozlectric and thermal power-statious, and ©o
build and operate the transmission and distribution systems. Other employment
opportunities for engineerin’ 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 establishmenis, machinery sales and servicing organizations, aad
in manufacturing and processing industries, there are also employment
opportunities and requirements for scientific and technical personnel.

Tt is clear that the above-mentioned types of employment opportunities are
to be found almost exclusively in the public sector, eithcr directly in a depari
depariment 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 couairies.
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In considering the performance requiremencs in the employment opportunicies
lisced above, it is useful co identify what is expected in the key positions.
There is, on the one hand, a requirement for research anG innovative scientilic
and developmental contribution in agriculture, health, industrial development,
geology and other services, where the need is for people with original minds
workirz in a situation that lavours their being productive. The other general
personnel requirement is for institutional leadership in the Government and ac
universities, research institutes and other technological enterprises. Such
insticucional 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
inscitutional leadership usually have the highest qualifications for service
elsevhere in the world ana are therefore subject to the strongest pulls to
emigrate.

Special characier of scientific and technical personnel

It is importeant 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 terms 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.: Loped couniries, which offer highly attractive conditions of
employment and recogoei ,iv Tor such personnel. Thus, scientific and technical
personnel have an cucuacabion that has a "cash value" in various countries. By

contrast, those with other preparations, such as in law, do not have an experiise

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 19€8.
I: 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 esiyablishing policies and practices which will tend ©co
counteract the "push" and "pull" factors so well described in the following
excerpt from the report of that Conference:

"a) The Fush Factors - Those which encourage scientific and technical
personnel to leave their country of origin.

"]. The educational policies and structures of developing countries
often seem inappropriate,both in quantity and qualitcy. As a result, too
many of the wrong kinds of graduates are thrown on to the labour market .




"2. The slow irate of economic growth in some couniries has mean: that
cheir capacity to absorp educated man-power into tne economy is less than |
sheir capacity to procuce such people in their education system. This
generaces an 'overflow'! which contributes to migratvion.

"%, One of the reasons for the misallocation of educational and
training resources is inappropriate man-power planning. This itself is
parcly due to limitations in present techniques of manpower plauning, aad
parcly to e lack of kaouledge or concern zbout such planning cn the part
of the governments.

", 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 Tive times his salary if he worked in the United Stactes.
But ac the same time he is probably already earning :chirty times the .
ner capita income in his own country.

"5, The social structure and traditions of some societies is such as
to hinder the efficienc use of high-level manpower. For example, in mauny
societies it is still considered beneath the dignity of an educated man to
perform any kind of manuval task.

"6. In some councries important minority groups are adversely affected
by discriminatory attitudes and legislation. The Chinese in Malaya, the
Asians in Kenya, the Tawnils in Ceylon, can all be cited as examples.

"7. In some councries... political factors have created a climate
vhich is inimical for economic development and academic freedom.

"b) The Pull Faciors - The main attractions of the more developed
councry for scientific and technical personnel from developing countries.

"l. 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 opporvunities for qualified immigrantis. This is especially
true of the United States, where the massive federal iuvestment in
aerospace and defence has created a tremendous demand for certain types
of scientists and enzineers. 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 furcher aggravated the
problem for developing countries by introducing immigiration 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 19G3.
Also the new American law which came into force on July lst 1968 will make
it even easier for scientists, engineers, and doctors from developiug
countries to enter the United States.
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"3, Other pull factors are the converse of the push factors in
developing countries: hisher salaries, greater social mobility, absence of
persecution of minoricy groups, greater opportunicies and political freedom
for some people, and feuer 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 Imaginary than real, and the
migranc tecomes disillusioned and returns homwe." 1/

Needs of scientific and technical personnel for effzctive performance

In comparison with the push-pull factors erumerated above, it is useful to
icentify some of the needs of scientific and te shnical personnel for effective
performance. The needs described below relate to high-quality scientific and
technical personnel who may be employed in n considerable range of activities,
from the direction of a scientific instituvte to teaching ac a medical school,
from heading a division in a geological survey to directin~ the meteorological
service, from the conduct of geophysica_ 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 employzent opportunities [lor professional performance and exercise many of the
pull faciors cited above for employment in some of the developed countries.

Some of the factors chat developing countries need tO consider in
accracting and holding good scientific and technical personnel are as follows:

(a) Means must be found to avoid isolation from scieacific and technical
colleagues in other parts of the world. An important component in effective
gscientcific and technical wori: is interaction with one's peers. This interaction
can come about through publicacions, through travel to incernational meetings
and chrough periods speni a: laboratories or centres in dev. loped countries.
The associateship scheme, which was first established by the Centre for
Theoretical Physics at Triesie, 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 work in their home countries during the remainder of
the vear. 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 quelity
of scientific work in developed countries will have been achieved. Important
inibiatives in these directions were taken by the United Nations Educational,
Sciencific and Cultural Organization at its 7968 General Conference;

(1_3_) The Government should keep abreast ¢f new literature. The pace of
advance in scientific and technical fields is very rapid, and means are needed to
enable scieatists to fellow the literature on a sufficiently broad basis to be
informed, to be stimulated and to avoid lengthy commitmenis of time and resources

1/ ‘"International migration of talent from and to the less developed countries”,
raper No. 13, - Report of the Conference on Migration of Talent from Less
Developed Countries, Ditchley Fark, England (United Kingdom),

15-19 February 1968.
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Aruitoxt provided by Eic:

©o questions that have already been answered by others. dJournals are expeasive,
vut chere are now available some services which provide o subscribers the
calles 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 atiractive to leading scientists and technologists from overseas. Suitable
accomodations, laboratory visitor status and quality of the work under way are
faciors in interesting prominent scientists and engineers to visit developing
countries and to remain for siznificant periods of time. The "natural
laboratory" potential of developing countries can provide opportunities for
research vhich 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 techanical personnel cesse to remain informed or productive in their
professional fields. Alchouzh there is often a lack of laboratory facilities,
perhaps the greatest handicap to effective performance of scientists and
vechnologists in teaching positions in developing countries is the overwhelming
teaching load they must handle.

A balance musi 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 ov.aer hand, providing such special privileges that they
arve given a "select €lite stacus" so that the remainder of the Public Service
personnel are demoralized and resentful. In such circumstances, the measures
taken ©o attract and hold scientific and technical personanel 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 <he
developed countries. If the conditions of status, recognition, potential for
professional achievement and avoidance of isolation are met, and the spirit
within the scientific establishments is stimulating and recognizes and rewards
meric, the best scientific and technical personnel in developing countries
will remain at home.

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 wich 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 activicies having no real
conuexion with the developmental needs of the country. The principal purpose
achieved by such activities has been to keep at home scme 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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Tart 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 revards and status for those engaged in
pure science and very 1ittle for those working in applied science.

A special challenge to developing ccuntries 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 problens 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 procesies 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 may merely 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 as 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

On= 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:

(g) 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 themselves understand
such matters;

(g_ ) 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 heve a sense of commitment,
excitement and enthusiasm for tackling the real problems of their country. This
means the cultivation of patriotism, which calls for special qualities of

leadership; o
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(d) Atvtracting ex-nationals to return. Ex-nationals generally have a
desire to return tc their native country even if they have migrated abroad
presumably permanently. If conditions are wade attractive enough for them to
return fur thiee months a year or during the academic vacation period, scme uway,
in due course,return permanently and greatly enrich the supply of local talent;

(e) Vigoros reocmitacnt of uversed gradnates, which, although rarely
practised by developing countries, can yield high dividende ipn terms of retention
of perscnnel in whcm the country has already made a substantial investment and who,
at that point in their careers, would readily return home if assure | of a job;

(£) 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
litecature, truvel to international meetings, funds for reprints of their own
articles to circulate abrcad, 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 baluiice within the Fublic Service as a whole. Under appropriate
leadership, however, ussistance of the types mentioned above might go far to
encourage the development of indigencus scientific and technical resources.

Kecent resesvch in the United States of America on research
and develoruwent management

A growing volume of research and literature reflects the interest of
management scholars in the behavicur of scicntists 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, scme 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 quantivative analysis was made of the factors of freedom,
communication, diversity, dedication, motivation, satisfaction, similarity,
creativeness, age, co-ordination 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 follcowing paragraph:

"As Andrews and I examined the conditions under which scientists and
:ngineers did effective work, we observed a number of apparent paradoxes.
Achievement was high under conditions that seemed inconsistent, including

g/ 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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sn the one hand sources of stability or confidence (what I have called
tcecurity') and on the other hand sources of disruption or intellectual
conflict (that is, 'chellenge'). It eppears that, if both are present,
the creative tension between them can promote technical achievement." >/

Thn 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 periormance and to certain groups of
individuals. There are, however, some general results that are well
worth noting:

"Ts co-ordination compatible with freedom? Best performance occurred
when both were present.

"pffective scientists both sought and received more contact with
colleagues.

"Tn 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 1in their work.

"Among various motives characterizing high performers, an
outstanding trait was self-reliance.

"prfective scientists reported good opportunities for professional
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.” y

3/ Donald C. Pelz “"Creative tensions in the research and development climate",
Science, Vol. 157 (14 July 1967).

l_#_/ Donald G. Marquis, review in Industrial Management Review (Cambridge,
Massachusetts Institute of Technology), Fall 197.
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In a ten-yecr study of seversl hundred groduate engineers, one ma jor
firm in the United States identified eriticsl fuctors in job satisfactions
ond performcnce. The most important conclusions were thct men vho found
their vork interesting, used their knouledge snd skills and felt the work
vas important found job satisfaction. If their superiors recognized their
perforicence and suitebly revarded thew for such performznce, their productivity
was hizh and they advanced steadily in achieve:ient ané responsibility. 2/
Some of these Tactors may seem obvious, but they are frequently ignored or
their importaance underestimated.

0f specicl relevance to developing countries is Project Hindsight,
a study of the utility of research conducted by the United States Lepartment
of Defense. The conclusions oi this study are so relevent to the comparative
volue of "science" and "technology' that the following summary of the study
merits quotation here:

"Recently developed veapon systems were compared with systems of
similcr function in use 10 to 20 years earlier. The most significent
finding was that the improvement in performance or reduction in cost is
lorgely the synergistic eifect of ¢ large number of scientific &nd
technological innovations, of which only about 10 per cent had been
mcde at the time the earlier system was designed. The common scientific
ond technological base of the systems was not analyzed. 0{ the innovations,
or Events, O per cent were classified as science and 91 per cent as
technology. Ninety-iive per cent of ¢l1 Events were funded by the delense
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 velue of undirected science on the
50-year-or-more time scale. In light of our finding thet 5 to 10 years
are often required before even a piece of highly applied research is
tfitted in'! as aon effective contributing member of a leorge 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 vway in which undirected science appears to enter into
technology and utilization on a substantial scale seems to be in the
compressed, highly organized form of a well-established, clearly expressed
general theory, or in the evaluated, ordered knowledge of hendbooks,
textbooks, and university courses." 6/

This study confirms that the lag from science to invention is rarely
less thon from ten to tuventy years. If resources are scarce, expenditures on
technology yield o very much higher return than expenditures on science.
Scientific findings zre slvoys available in the published literature.

y General Electric Co., Behavioural Research Service, Factors Which Influence
Careers in Genersl Flectric (1966).

6/ Chclmers W. Sherwin and Reymond S. Isenson, "Project Hindsight:
a Defense Department study of the utility of research", Science,
vol. 156 (23 June 1907).




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 suc- terms that a solution
w~uld find ready users, the task of the development organization would be to
tind and adapt existing technology to meet those needs. Much of the relevant
technology is available at no charge if one knous what is needed and where to
7ind other solutions tc the same need.

The following diagram illustrates the process of technical innovation,
which includes the steps of adoption and use. Inputs are reguired 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
firme in the United States of America are those guided by the philosophy that
"Tf 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 or
process, nd 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 smali industry assistance. The institute is largely
supported by the Government. A study ol completed projects showed that very
few had been put into use. Most of the projects had been initiated by the
instit'utc staff or by Government officials. Almost none had been proposed ny
"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; and, 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, vhich 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
are proposed by outsiders who are not users.

This review suggests that institutes should be rated on the basis of
the nueber and scale of actual use of their projects, and that, wherever
possible, the user should participate financially or by continuing consultation
as a solation 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 congidered
in several ways. As stated previously, the distinction betw=zen the public
and private sectors may not be meaningful in most developing countries
because employment opportunities for scientific and technical personnel
w#ill be almost entirely in the Public Service. In most hierarchical
systems, the largest revards and highest recognition are accorded to
those who supervise the largest number of people. This is almost always the
pettern in administrative services. Such an arrangement is not a suitable
revard 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
"gSenior Scientist" or "Reseerch Engineer", as 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
>f 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 trensferability 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
+raditional 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
gurposes and has strong commitments to the introduction of change which will
rore widely distribute wealth and participation, it is anlikely 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.
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DEVELOEMENT AND ADMINISTRATION OF PUBLIC PERSONNEL SYSTEMS TO ENSURE MAXIMUM
LFFECTIVENESS IN THE RECRUITMENT, ORIENTATION, PLACEMENT, PRONOTION,
RETINTION AND REMUNERATION OF SCIENTIFIC AND TECHNICAL PFRSONNEL

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 rersonnel 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 administraticn, 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,
i1llustrations 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-time commissioners, one of which must be a scoentist. l/
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 was 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 cther
specialists in the Public Service. The presence of a representative of scientists
and enrgineers as a.tommissioner in the Authority, where he may devote his major
attention to the improvement of governmental personnel administration as it involves
scientists and other specialists, supports the national policy of promotion of
gcience and technology.

* Commissioner, National Personnel Authority, Tokyo, Japan.

;/ A brief description of the role of the National Personnel Authority of the
Government of Japan is given in annex I to this paper.
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Such representation also helps to ensure effective recruitment, develorment and
retention of scientists and other specialists for the Fublic Service in order to
meet changing staffing requirements. It recognizes both the increased
participation and the significant role of scientists and engineers in a mcdern
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 Fublic Service.

Principles of recruitment

Persomnel 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 Personnel Authority. In a specialized field or in fields where
there is little demand for new appointees, an entrance examination may be held
by each ministry 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, researca institute or organization which intends to employ
them.

Univergity 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. Fntrance 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
grecater 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.

Tt should be noted that appointment on the basis of evaluation of candidates'
experience and/or demonstrated abilities is authorized only for laboratories,
research ingtitutes etc., in comnexion 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 wvalidity should be respected in determining
eligibility, a candidate should not be judged by a single examination for entrance
irio 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 Sexvice 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 adminictrative agencies should not normally be different from that
of general administrators, who require a knowledge of law, econcmics 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
cpecialists.

Professional achievement as a salary factor

The above-mcntioned evaluation method is not applicable to scientists and
engineers wvhose value and ability as managers might be low, but who are highly
capable and experienced in their respective fields and vhose 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 pcsitions 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 alsc be given full opportunity to
participate in major policy decisions affecting them and their specialized areas
of study. In this way, the value bo the country of the specialized knowledge and
crcativeness 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 remunecration on the basis of training and
achievemen, rather than on holding a place in the managerial hierarchy.

Laboratory organization

In a laboratory or research institute, employees in the research service
chould be divided into groups according to research activity. There should at
Jeast 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 waspreviously 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 i, on the basis of his knowledge and
achievements, to reach even the top grade held by the head of an institute.

Use of scientific rescecarch corporations

As a means of obtaining greater flexibility in organization and managecment,
including remuneration, a small number of research institutes in Japan, which
engage in spccial 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 Fublic Service Law, these corporate institutes are
permitted to operate more flexibly and freely as concerns establishing conditions
of 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
opnortunity 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 emplcyment of competent university teachers. A more flexible system
shculd be adopted, which wculd 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. Ir. order to maintain a
stimulating environment, a plan should be devised whereby a professor decmed 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 ccmpulsory 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
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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 alsc most desirable that the remuneration system for universities and
national research institutes should be so established that personnel interchange
could be smoothly made between tnem at any time.

Training

With the advance of science and technology, the responsibility of seientists
and engineers for undértakitg administrative tasks hes 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 seientific 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 ard 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
"sabbatical leave", that is, periods of leave with pay for professional
development.

Factors affecting retention

Tt is absolutely essential to give full consideration to the question of
providing researchers with ample funds, adequate facilities and better treatment.
The general envirorment of their research should also be the subject of careful
examination to ensure retention within the Fublic Scrvice 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.




Therefore the desirasble 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 admiristrator, must possess such character and
ability to lead that researchers will be attracted oy 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 tou 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 associate to deal with fiscal and administrative matters.
Speakirg conecretely, the head of the institute, besides knowing the trends in the
development of new technologies outside the institute should have more opportunities
to devote his time to research activities, including placement of the right man
in the right place.

In summary, one cannot over-estimace 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 offieials 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
adrinistrative 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 naticnal polieies 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 vresearch work and brings it to
successf{ul ccmpletion; co-operates with others as necessary; and clearly realizes
his lack of ability or his deficiencies, especially in his own field.




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.
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ANNEX T

THE NATIONAL PERSONNEL AUTIHORITY 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 commssioners 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, witkin 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 cf the same university."
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UArticle 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.

") 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 terrination 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
ottested 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 di.scipline 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 to, or issues statements for, the Government on measurcs for
promotion of science and technology.

Science and Technology Agency

The Science and Technology Agency, a ministerial level organization and an
importaant 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 planuing 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 Radictherapeutic Science, the National Research Centre for
Di.saster 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.

Cn 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,




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 technoclogy
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.




IMPROVEMENT OF MANAGEMENT IN NATIONAL CIVIL SERVICHE
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 VWorld 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
engineers, 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
“he results of proliferation to remain,

For the Government service of a developing country, coming newly into P
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 Scientifiec 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, United Kingdom of Great
Britain and Northern Ireland,

1/ United Kingdom, Barlow Committee, White Paper, Cmd, 6679 (London 1946),
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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
orpanizational 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 g/ 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, _3/

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 1946,
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 longer 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 questioen
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 meintaining a framework that meets the
needs of effective administration,

When rcorganizing the group of scientific and technical persornel in 1946,
it came naturally to members of a three-class Civil Service to think of a

2/ The Fulton Committee was set up in 1966 to examine thc structure, recomritment
and ranagement of the Civil Service, Its main recommendations altfectin;; the
Sciertific Civil Service which were accepted by the Government in 1068, are as
follows: (a) a unified grading system to replace the current three-class
stractures -(_13) an increase in opportunities for scientists and engineers to
reach kevy administrative posts; (c) the setting-up of an orgarized schene for
trainir; in management at all levels oi' the Service, See United Xirngder,
Tultor '~rmittee, The Civil Service, vols, 1 and 2, Cmd, 3623 (Lown.lon, 19637 .

%/ In thle lnited OJtates ot America, the term "class" is used in the Civil Service
to decipniate a particular professional or occupational group of nersons vithin
a 1 . 2 rroup made by vertical division within the grade, This conc:nt "o
ver:, Jirterent from the Britich usc of the term to designate o major group orf
pev. ne, the . roup being made by horizortal division across the whcl-
or i ..ation,
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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 for their organization and
execution in both the experimental and managerial senses;

(¢) 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 Serwvice 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 Scientific L 100
Executive 83,000 Experimental 7,600
Clerical 192,CCO Assistant 5,700

The Civil Service proper thus appears as a pyramid, with a tiny &lite found
within the apex-slice; while the Scientific Civil Service is more like an
up-ended briclk, divided into three nearly equal slices, This difference produces
a difference in the difficulty or getting into a particular class and of getting
promoted waewn in it, Tight is thrown on the latter difficulty by the fact that
in the adrinistrative clacs, Jjust under S50 per cent are earning over £3,5C0 per
annum; while in the scientific class, the figure for the same salary is just
urder 25 per cent,

fhe scientific Civil Service consists of these three classes, and the staff
of nuist Government rescarch establishments are Jdrawn predominantly from them, DBut
in those estaclisiments where the rescarch and development involves, for example,
engineering design and censtruction, or testing, or production on a limited
acale = and there are many such establishments - there are to be found members of
ceveral other specialist cluasses, such as those of the works group, comprising
er.;ineers of wll kinds, technicians, draughtsmen and so forth, 5/ These personnel

s/ The vorks group was formed to run those parts of the Government Service which
arc concerned mainly with production, for example, the Royal Ordinance
Facteries, Only a rclatively small segment of these personnel work ot
reseerch establislnients,

=1Cle

105




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, Thic 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, 5/

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 élite class, in order to try to attract into the
Civil Service scientists of a higher calibre than had usually been attracted before
the war, At that time, there had been a single class, comprising what was
subsequently divided into the scientific and experimental classes; it had
definiteiy 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 élite 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 =nd 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 orgenization 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
desirable for the organization, whose capacity for doing original research - as

4 In the Civil Service as a whole, there is an extraordinary multiplicity of
olasses - forty-seven generalist classes, each with its own gradings, pay
structure and prospects, most of them representing a classification of
specialists by vertical division into separate encluves, rather than by
further horizontal stratification; and 1,400 departmental classes,




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 appolintments
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 idez
wae 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 Lefcre the Second World War, recruitment fer the Civil Service had been
centralized in the Civil Service Corrission (a body of independent status appointed
by the Crown to ensure, in effect, fair play and absence of nepotism in the
selec*icL of persczmel). 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 Conmission ceased to require prospective recruits to take
its own 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 perconel interview vonducted
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 peing "self-
propelled" on whatever level (that is, in whichever class) he was proposing to
operate.

Certain interesting fects 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 establishments 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. DNot surprisingly, "stop-go" recruitment produces
characteristic troubles of its own, those in the "go'" phase being the greater.
Tn 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
to get the work dcne) he is likely to lover hie standards below the threshold
he had defined for himself beforehand.

For a Government Service, 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 then.

It is most important that a developing country, having decided to expand
(rapidly in scme cases) its group of scientific and technical personnel in the
Public Service, should be ccnstantly alert to this danger.

Because of the principle that, as a rule, the Civil Service offers
"permanent" appointments to recruits who are expected to make a career in the

Service, it aims at recruiting for junior grades of 2 class, expecting the
senior grades to be filled by internal promotion. This resul:s 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, sc that selection usually resolves itself into looking
for a ccmbination of education in the appropriate discipline with signs of
innate talent or capecity 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 scmething 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 coursz, 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, end the research establishments had settled down, it was possible
to consider alternatives, During the past ten years, there has been & steady
wiovement 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
appointuent and then submitting them to the Civil Service Commission. (The
nunber found below standard in quality by the Civil Service Ccmmission has been
very swmail.) This alternative now accounts for about 70 per cent of the total
recruitient to the scientific and experimental classes. First appointment of
yourn; school-leavers to the assistant class has always been temporary.

Promction

There are two types of promotion: (2) frcm grade to grade within a class;
and (Q\ from class to class. The principles of equity and fairness, together




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 _§/ 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
ccmes ontomatically 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 recomuended
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

Vithin 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
experinental officers. But the Jjunior 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

é/ 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.
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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 class has turned out to be more unlikely than

might have been expected. 7/

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 élite of scientists and
engineers distinguished by their cepacity 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 frem his scientific officer, of
getting a series of difficult experiments done perfectly - yet not capable of
putting up those suggestions himself. He 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 enjoy the scientific freedom and
authority of the scientific class. Furthermore, he very naturally wants to
enjoy the prestige of the scientific class. Few people object to being inside
an élite class, but many object to being kept out of it; to those who find
themselves just outside, the boundary is particularly galling. §/

There are a fair number of experimental officers of this kind, and even
more who, while not so good at their Jobs, to scme 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 attractiveness ol the Scientific Civil Service to the top-
level scientists and engineers, and it would necessitate costly operations in

job evaluation. ﬂ

~———

7/ Ccuparison with the Civil Service proper shows that though not specially

- justifiable, nearly cne-third of the administrative class be3an in the
executive class; of the scientific class, about one-tenth began in the
experimental class. The fact that relatively few of those frcm the
execntive class catch up with the dircct entrants to the adriristrative
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 €lite is beginning to offend. Actually, the word "élite"
is ceasing to be used in describing the scientific class.

QJ United Kingdom, Tennant Committee, The Orpanization 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,

Tt 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 s0lve 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 hLis laboratory superior, who may be an experimental officer, as well as from
the institute, Nobody would advise a boy to leave schonl 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 introduceu by the
awvard of "bursaries" or scholarships to a small number of persons in the grade
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 boing
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
cbtained his degree, but does not appear to have sufficient creativenesz ior the
scientific class,
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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 conversaticus, 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, Furthermore, 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 (p_) 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 workshop and for
discussing their problems with the man above him, One might call it a human
responsibility rather then a formal one, though the formal one exists and is the
basis for the formal reportire system,

Given this kind of set-up on the i'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 orgenization
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 particulsr 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,

~-109-

" 113




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,
Mfamilial" 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 munage 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 changss over, Under its
minister, who is a politician, the ministry is headed 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
"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
"common 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, conmecting 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; 10/ it was
recognized by tne 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 firencial
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

10/ Scme years zgo, this situation led to a chief scientist's moving out to be
head of a rescarch establishkment in ordcr, 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 Fublic 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 engineering; 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 erployed in tte
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 docs 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 rervice, offers a means of control second only to that o! finances, With
the two means of control operated in comjunction, 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 development 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 bte able
to exert this degree of control themselves, and it sometimes tends to te looked
on as a necessary evil,

As 2 as the encourazement of more efficient workirng is corcerned,
organization and methods studies constitute a sphere of activity that has been
seriously neglected, It is limited in the first place to the lower lev:ls of
work in the Service, and the people who do the studies frequently lack the baric
qualifications and expcrience, 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,

11/ 1t 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 change-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 orsanization 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 ccrmand resgrect
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, Furthermore,
when creativeness and inventiveness are being evaluated, they must have 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, non-engineer personnel technicians whose grasp of the
job would be lacking,

Vorking relationships

One cannot discuss the subject of working relationships for lorg with
admiristrators before one of them points out, with admirable restraint, that not
all scientists make j00d 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 incidentally - he must be doing his
job as scientist or engineer to qualify, as it were, for teing a scientist, for
"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 vere not so wholly ccncentrated 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) intellectunls; and (b) men of accionm, (Althoush 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 hynothesization -~ based on intuitionms about physical reality - alternate with
spells of action for investigatory or corroborative purroses, that is to say,
experimentation, One has only to be among a group of hi_h-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 fcroup 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 creativeness in the work of the top-level
administration, 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 an- on implementing cxisting policies, It is well to reccgnize
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 “he scientist,
but only fractionally open (even theoretically) to the administrator, Not
surprisingly, the difference gives the scientist a confidence beyond any thLat
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 tat difference terds to turn the two into
different l:inds 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 tazke 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
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working relationships of administrators and scientists on the group i:vel to go
through greater stresses, Lvery organizational structure tends to osgify - 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 cn greater reserves of flexibility
ar~® -oncession than it has ever needed before - whatever typc of new
organizational structure it chooses,

In the Civil Jervice, management training has thus far been, to a very great
extent, "on-the-job' trainin;, If a prospective manager is going to be trained
cither 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 iz 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
thorougch 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, espccially 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-jcb
training. and plans include the setting-ur 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 merbers to acquire techniques,
And as techniques increasinply Lecome 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 activity of sreat social importance, which could be properly made the
subject of theoretical and academic study, it began to folicw the line of
professionalization in which, as with, say, physics or chemistry, the level of
academic qualifications required for its practitioners 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 comes into being for off-the-job training in management, Incidentally,
one might otserve that because of its scientific content, one may expect
scientists and engineers to take to such training more readily than non-scientists,

As concerns crganizational structures, th: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
onthusiasm 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, chang: for its
own sake can sometimes be rewarding, Every organizational structure tends to




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 ranagement'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
engineers 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 specislization 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'';s 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 availahle, both on-the-job and
of f-the-job,

Possible recommendations for developing countries

Based on the experience in the United Kingdom, developing countries should
consgider:

(a) Judging the relative merits of setting up what is specifically a
distinct group of scientists and technical personnel rather than merging them
with the rest of the Civil Service, Consideration micht be given to such

criteria as:

(i) Attractiveness of a separate Servicc for purpcses of recruitment, internal
promotion, special recognition of talent for innovation;

(ii) Counter-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 exclusively for departmental careers;

(¢) 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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SOME MAJOR ISSUES IN ROLE, EMPIOYMENT AND LEVEIOPMENT OF
SCIENTIFIC AND TECHNICAL FERSONNEL IN PUBLIC SERVICE

Prepared by the United Nations Secretariat

This sctudy examines some major issues relating to improvement of the
managemen* of scientific and technical personnel in the public services of
developins, countries, Scientific and technical personnel are defined for this
purposc 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:

(3) Role describes the manner in which the purpose and the work activities
of such personnel 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;

(_g) Development is the aggregate of activities, both officially sponsored
and employee-generated, directed towar is jincreasing the professiovnal 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 “he public service, the major instrument available to cdeveloping
countries for ensuring most effective use of science and technolngy to establish
and meet national goals, The top-level administrators of all national public
services apparently face a similar task of strengthening the capability 3ud
adaptabili+y of tre public cervice to responé effectiveliy to the numter and
variety cf manrower rroblems resulting from the continuing and ac~2lerating
national impact of science and technology.

A common manifestation, for exampie, of such impact appears in the typical
conflict between the traditional practices imbedded in excessively static Civil
Service systems 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 developm2nt 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 alterrative 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 (P_) to describe specific policies and practices
tased 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 ccrsiderable
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 sre highly diversified, In general, they relate

to the role of the scientist in contributing to national policies and his role

in the development cf 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 funds 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 guide national
scientific and technical policies, usually 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, p..gramming,
overseeing and evaluation of duties broadly classified as administration or
managenent; 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, 1as 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 19%0-19€0, engineers
in the work force increased by 300 per cent and scientists, by €00 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, Fundamental 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, Vith 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 prsctice 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 contritution
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 rracticable, 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;

(g) 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,

Participation in development and administration of Governuent personnel 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
clerical 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, ks a preventive action, it is essential for
scicntists, 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. This 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, TFor example,
in the United States of America, the Federal Council of Science and Technology,
located in the Office of the Fresident, maintains active liaison with the

Civil Service Commission, which is legally responsible for Government personnel
policies, to ensure proper awareness of those personiacl 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 developirng countries, tue 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) Appointment 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;

(2) Temporary employment not conferring any special rights for continuation
of service beyond the fixed terms of the appointee's contract,




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 ensurc
knowledge of new developments in specialities and to help prepare them for
acceptance of new technical duties, they may be very effective, Vithout 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 (Q) 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 tke job, to create barriers to promotion and
retention, Its outstanding positive feature, however, is its potentiality for
flexible adaptatior. to the diverse career joals of specialized personnel, sone
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 en appraisal of performance
before renewal of an appointment, In some countries, ail professional
appointments to the public service are negotiated on a specified term contract
or 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 know.edge, Such planned mobility
may e introduced by:

(2) Fellowships and short-term employment contracts for qualified
personnel who may also be attracted to a Government career through such short-term

experience;

(_‘3) Arrangements with employers in other sectors in the cowntry for
assignment or exchange of selected specialists for specified periods of time;

(¢) Provision for leave with pay, including study abroad, to support
independent study and/or research in fields of related interest;

(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 educaticnal and other financial
investment in the training of such employees, Unlike mo::% other occupational
groups, scientific and technical personnel are able to seub alternative
employment on a world-wide basis, The recruitment and ret:ntion 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
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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 hased 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;

(_11) Establishment of a Governmment-wide unified grading structure in which
a specified number of levels or echelons would be set for the total service, FEach
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 made ,of 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;

(g) Agreement to special salary and other arrangements for recruiting of
qualified persons on short-term 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 an
autonomous Government corporation with sufficient independent administrative rowers
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 LOO roubles, Under the same
conditions, a scientist with the lower degree of Candidate of Science would
receive 200 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 salary of 150 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 range 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 1ifetime
career, In such instances, the personnel system is usually based on a hierarchy




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
typicarly 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 rot 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 specialiued 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 4O 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 35J roubles per
month, including the annuity payment,




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 &nd 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, carcer 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 scund 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 programmes,

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 prometion 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:

(3) 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 rsrformence are used as a basis for career advancement;

(:Q_) 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 each 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
promntion, 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 recognitionh 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 competeuce in emerging scientific and
technical areas, This policy has been particularly evideat in the developed
countries, where a diversified range of training and other developmertal
activities for scientific and technical personnel in the public service are now
Government-supported, ExXisting 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 scientifi:
and professional personnel employed by the Government participated in some aspect
of in-service training, Approximately 43,000 employees were sent, at Government
expense, tc 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
for 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 nonths 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 znd 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 196’+,
approximately 56 per cent of all students involved in a higher education
programme in the USSR were enrolled in evening or extension-correspondence
programmes, 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 recommernded 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 Academy 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
che institutions of higher education and the research institutes,

In a gereralized fashion, the following description of professional
development activities may serve as a guide for developing countries:

(9_) 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 Govermment 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 support, 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 cceative officials, apart from the
intangible values of enhanced morale and motivations

(2) Government encouragement is given to support of the following
activities:

(i) Active participation in both national and international scientific
and technical socisties, including participation at professional
meetings;
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(ii) BPBncouragement 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, 1
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 ihe 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 communication:s media,

Anmnual awards are given; for example, in the Soviet Union, such awards
include the Lenin Prizes and numerous State prizes, The highest national awvard,
"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 departmenis 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 snd 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 chamnels 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:

‘a) 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;

(E) 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;

(¢) Co-operative arrangements with international research centres providing
for limited~duration assignments of selected national personnel, followed by
return to the home country;

Qg) 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 i~ 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,
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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
requi.rements 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 their 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 scienti fic 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 trairing,

7 The employment system should facilitate planned mobility cf 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
competitive with salaries available for comparably qualified personnel in other
sectors of the national economy,

S Carefuvl study should be given and appropriate action taken to ensurz
that {le salaries offered shall permit the Government to compete effectively with
other enmployers in the same country,

10, A periodical national salary review programme should be established to
ensure »roper attention to salary trends in relation to cost of living and
comparanle factors,

11, Alternative methods of salary administration for scient.fic and
technical personnel should be evalunated for possible use, Among such methods
are a coatract 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, Persomnel systems employing a position structure whereby a fixed number
of posts is allotted to designated rank levels should introduce increased
flexibility ior promotion of personnel with demonstrated achievement in work
performance *hrough:

(a. Provision of a flexible number of posts at designated ranks of the
service;

(_lgf 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,

15, 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
trainirg, 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
truining 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;

(g) Stimulation of greater use of scientific and technical personnel in
the industrial and other public and non-public sectors of the country;

(2) Establishment of active programmes for encouragement of the return of
needed specialists to the home country:

(_91_) 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 MANPCWER PLANNING

Alfonso Mejia*

"Health is a state of complete physical, mental and social well-being and
not merely the absence of disease or infirmity." l/ 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
cctivities, 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 investument,
operating expenditures and manpover requlrements, the health sector in soue
countries ranks third or fourth among industries, classified in terms of
manpover potential. g/ In this sense, it contlnues 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 econcmic
problems associated with the prevalence of ignorance, poverty, excesslve
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
solution of these prctlems requires a multidisciplinary approach through
concerted action, at both national and international levels.

Few countries in the world, if any, currently have enough qualified
ranpover to satisfy their own demands for health services. While no country
can afford to waste its available human resources through inadequate manpover
planning, such planning is even more important in developing ccuntries where
the short supply of money and skills is often acute. 1In recognition of this
fact, the United Nations and its specialized agencies, in the first prograime
for the Second Levelopment Pecade, have made manpower planning an essential

* Medical Officer, National Health Planning, World Health Organization,
Geneva, Switzerland.

1/ Vorld Health Crganization, Basic Documents, 20th ed. (Geneva, 1969), p. 1.

_2_/ Vlorld Health Organization, Medical Research Programmes, 1964-1968
(Geneva, 1969), p. 227.
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issue in relation to the annlication of science and technology for the beneflit
L3 . Aoid / ’
of develowning countries. 5/

The concept of wmanpover as a whole includes, inter alia: (a) a deteraination
~f the nuri:er of people available foxr various occupations, and _(-‘g) the
qualities, in terms of educavion and experience, that they can tring to such
occupations . The notion taat all persons in the same category of work or
bearing the same occupational title should be lumped together is a faulty
assumption and one vhich underlies mos%: manpower studies. Surveys based on
this assuaption fail to take into account the wide range of training and
skills that such a group represents and the variety of activities they periorm.
Hence, such surveys have inherent limitations. L/

Health and manpower planning

Health manpower, as it is generally understood, includes the following
categories:

(_e_l_) Those already working in health services, i.e., ecconomically active
health personnel;

(1_3_) Potential workers in healich, i.e., economically inactive health
manpover ;

(9_) Prospective manpover, i.e. these who are undergoing education and
training for the health services.

Health manpower planning has been defined as a process of trying to
ensure that there shall be enough health workers with the required qualifications
to meet, but not to exceed, future effective demands for their services. 2/

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 1t into the planning framevork.

Modern approaches to health manpover planning require the following
actions:

3/ World Health Organization, "United Naticrs Seccnd Levelcprcent LCecade,

= 1971-1980", paper prepared by the Director-~-General of the VWorld Health
Organization, 1961. Scction I discusses the United Nations First velopment
Decade cnd summarizes achievements in the health sector, with regional
reviews of the health situation. See also Economic and Social Council

resolution 83k (XXXII).

4/ "Health manpower and medical education in TLatin America", report of a round-

~ table conference held at New York, 30 September-h October 1963 , under the joint
auspicec of the Panamerican Health Organization and the Milbank Memorial
Fund, Milbank Memorial Fund Quarterly, vol . XLII, No. 1 (196k4), pp. 11-G6.

5/ Timothy Baker, "Human resources”, "Survey of health planning", Baltiuwore,
Maryland: Johns Hopkins Tmiversity, School of Hygiene and Public Health,
1969 {mimeographed), p. 125.
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(a) ileasurement of the needs and demands for health sarvices and the
establishuent of geoals;

(E) Quantification and analysis of current recscurces and a projectio>n as
to these resources, inclucding an adequate supply of wanpoirer, needed to
achieve the above-mentioned goals;

(9_) Adaptation of educational and training programmes to the needé of
personnel actually engaged in health work or preparing to enter the field;

(4) Tefinition of a policy and the selection of strategies and techniques
for implewenting such & policy.

These approaches are ilwportant for realistic manpower wmlanning, since they
provide the means whereby the implication of education and training may be
considered in the context of the whole heaith planning nrocess, and the
projected demand for services may be balanced with the projected supply orf
health manpover.

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 concent,
however, appears to be inadequate for an assessment of demands that would be
expressed if health services were more readily available cr more satisfactory.
A first consideration, therefore, would be the development Of appropriate
measures to quantify demand in relation to both health services and manpover
supply. In this connexion, the human element should not be overlooked in
planning, since the "felt neesds" 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
ropulation 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 manpowver requirements usually involves some efforts
to relate the supply of health workers, particularly physicians, to the dewand
Tor 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 wmorbidity, 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

g_/ World Health Organization, Consultation on Health Practice Research,
2-10 Lecember 1963, OiC/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. Z/

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
(g) 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 manpovwer in all industries, not just
the health services.

According to the second method, & 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 »f 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,

7/ N.Y. Pennel, "Measuring the supply of manpower", Health Manpover,
United States, 1965-1967, United States Public Health Service publication
No. 1000; series 14, No. 1 (Washington, D.C., 1968), pp. 1-2.

-140-

144




it is not universally applied and continues to have different connotations in
different countries, depending upon the type of organization developed for the
provision of services. With respect to the health field, in some countries only
basic public heelth 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 voth 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 temms
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 3tandard Classification of
Occupation (ISCO), Ma jor Groups O7, these terms apply to those who conduct
research and apply scientific knowledge to the soluticn of problems in a large
variety of fields, including the health services. y

Other categories of health personnel also require definition. Not only does
the ecucational level of the categories vary, even when they have the same
essential function, but within each category there is great diversity in this
respect. Morecover, in different countries, different labels are attached to
personnel carrying out sir 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 I3CO
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/

Pro,jection 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 cervices will vary. For example, countries with a large proportion of infants
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 he
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 Iabour Office, International Standard Classification of
Occupations, rev. ed. (Geneva, 1969), p. 35.

9/ Vlorld Health Organization, Development and Utilization of Human Resources,
PC/68.2 (Geneva, 19%58).

Q/ Vlorld Health Organization, WHO Education and Training Activities: A Review,
1958-1967, LT/67.2 (Geneva, 1967).
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The possibilities of health personnel being able effectively to rrovide
sapvices to the community and of the population being able to reach such services
depends in part upon the density of the population and upcn transportation and
corrunications facilities. Travelling may veccine the princinal activity of
hzaleh perconnel in sone situations ard, in itself, way constitute an important
barrier arainst access of the population to services. In soe countries, for
exanple, & physicizn :7ould have to cover more than 2,C00 square kilometres if the
population were distributed evenly throughout the area. _l_l_/

On the other hard, concentration of pecple in the cities irplies not only a
detericration of urban life, including heslth status, but a uore widely dispersed
population outside cities than can be indicated by average figures. Greater
urbanization may influencz the utilization of health manpower by stimulating the
private practice of medicine, eventually leading to an exaqggerated ewmphasis on
curative aspects and on specialization. This situation may alsc cduse more
professional personnel to migrate to the cities, thus contributing to the pcor
geographical distribution of nanpover. g/

How man lives, as well as how long he 1ives, is largely determincd by social
and ecclogical factors that condition his attitude towards scientific and
technical knowledge and, thereiore, towards the applicability of such knowvledge to
his personal welfare. }_2_/ 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 Jroups. Thus,
it is reasonable to expect that any rise in the per capita income and in the
educational level of a population would malke those people more aware of the
importance of health and of the possibilities of preserving it. This increased
avareness would be reflected in changes in volume and nature of demand for
health services, for which additional manpower mist be provided.

The scientific and technological development of medicine is contributing 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 inTectious and varasitic diseases, and the disccvery of new techniques for
diagnosis and treatment, the resulting prolongation of life expectancy has given
rise to new types of disease.

Tt rust 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.
Torecasting 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. 13

y_._/ Brian Abel-3mith, "An irntevnational study of health expenditure and its
relevance to health planning", Public Health Papers, No. 32 (Geneva, Vorld
Health Organization, 1967), pp. 13-28.

12/ R.F. Badgely, V. Kasius and M. 3chultz, "3ocial and economic factors and
health services", Proceedinns of the International Conference on Health
Manpower and Medical Education. Maracay, Venezuela, 10-25 June 1967; Study
on Health Manpcuver and Medical Fducation in Colombia; ILI Working Papers and
Reports (iashington, D.C., Panamerican Health Organization, 1967), pp. 88-95.

;_5_/ United Kingdom. Report of the Royal Commission on Medical Education, 1965-196€8
(London, Her Majesty's Stationery Office, 1968), pp. 27-30.

-1h2-

tF 146




Projectinsn of supply

Factors involved in the projection of the gereral labour force also
influence the projection and utilization of health manpower. Such factors
include the numwber of persons in the working-age group, schcol enroluent age,
school-leaving age, coverage of education, retirement age, life expectancy,
type of economy and the degree to which women tuke part in econouic life. lh/
Chznges in culture and tradition that are expected to accompany or follow the -
propulsion of agrarian societies towards industriaiization also come into play.

This paper concentrates, however, only on those factors which are more
directly related to the utilization of health manpover. Utilization here refers
to the degree to which the capacities and skills of health wanw»owver,
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 unemployuent, under-employment or poor utilization. OSeveral 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 education and training for health careers.

Rapidly ciianging technoloxy 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 wany countries. In addition to the direct
providers of services - mainly physicians, dentists and nurses - the health
teain now includes other professional personnel having indirect, but essential,
supporting functions, e.g., statisticians, mathematicians, social scientists,
systems analysts, medical-record librarians and computer riogrammers, tO name
but a few. 12/ 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 orojection of supply implies the identification of elements governing
the availability of health wanpower, mainly retirement, death arnd migration,
which decrease manpower supply, and the output of teaching institutions, which
increases it. Current and future supplies are the final result >f the
interplay of these elements, Consequently, in order to estimate future trends
in manpower sunply consideration must be given to the weight of each of these
elements and to the factors associated with utilizaticn, particularly the pattern
of emigration and the expected degree of participation of women and ancillary
personnel in the services.

l&/ International Labour Office, Yearbook of Labour Statistics, 1963
(Geneva, 1958), pp. 15-17.

lﬁ/l\JI. Siegfried "Sources of manpover statistics", Health Manpower,

United States, 1965-1967, United States Fublic Health Service publication
No. 1000; series 1L, No. 1 (Washington, D.C., 1968), p. S.
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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 supnly 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, of 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
services at national, intermediate and local levels. It also provides advice
on selected 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 recearch 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 ccncern,
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

L
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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 iwportant period of their working life, often causing a substantial deficit
in health manpover. Since many vomen are eager to return to employment, active
measures may be taken to enable them to resume their place in the health labour
foree as early as possible. Many countries have increased their highly trained
manpover supply by accepting women to work part-time and retraining them througn
in-service education. The provision of kindergartens, créches and similar
facilities would favour their return to work.

vlider parvicipation of women in the health services, as in any other
productive activity, requires that local prejudices must be overcome and general
education exnanded. 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 unmarried women in the social welfare services of some countries.
This is expected to reflect some demdgraphic changes. lé/ Sharper insight into
the influences of demographic changes on female labour activity rates requilres
further research.

Auxiliaries

i'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. Morzover, 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
equally 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 reuwote,

The full scope of the role of auxiliaries 1is sometimes difficult to
determine. It usually requires tie 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,

———

15/ Gertrude Williams, "Functions in the social welfare field", paper submitted
to the Expert Group on Manpower Needs in the Social Welfare Field and
Iniplications for Training Programmes, organized by the Division of Social
Affairs of the United Nations Office at Geneva, in co-operation with the
Danisi Ministrles of Labour and Social Affairs, Hellebaek, Denmark,

13-21 May 1969 (UN/SOA/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 Jjustified in terms
of optimum utilization.

The application of functions and systems. analysis would permit the breakdown
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 elements 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 mcdelling, computer simulation and other techniques of analysis

have much to offer as concerns predictions of the probable effectiveness of each
conbination of personnel. i

Health system design

A realistic projection of health needs and demands and of the health manpower
required czn 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 a2 general strengthening of the system as it is constituted.

It has been recognized that the term "system" is "inaccurate if it implies the
e,.L tence of an organized, co-ordinated, planned undertaking". 17/ It has also been
st-. vexl that health services, however, do constitute a cybernetic system in that the
vrrious components of health services are subject to random, uncontrolled influences
aqd are intercomnected by a complex and almost untraceable pattern of
communi cations. 18/

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
alsc 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.

17/ United States of America, Report on the National Advisory Commission on Health
Manpower (Washington, D.C., Government Printing Office, 1967), p. 2.

18/ Vincente Navarro, "Systems analysis in the health field", Baltimore:
Johns Hopkins University, Department of Medical Care and Hospitals, 1969
(mimeographed).
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Education

Emphasis is currently being placed on the preventive aspects of disease
and on the importance of the physical, social and economic envirorment in
relation to health and disease, particularly in developing 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 problewms.

The modern concept of the healtih team is increasingly being applied with
regard to the provision of health care. This concept has led VHO to support and
promote programmes whereby all health wpersonnel, professional as well as
auxiliary, are educated and trained in the same institutions. This should lead
to a mutual understanding, amdong all health personnel, of the izzpective roles
of each category of personnel and the relationship that each nealth 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 planning,
supervision and control.

In the light of the above-mentioned organization of team-work, 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 leadershin within the health\
team and in the community as a whole, emphasis should be placed on educating .
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 and
technical capacity of institutions to operate effectively and t> maintain quality
of the final product. 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, mgy be trained by *the same teachers
and in the same institutions. Moreover, the ratio of attrition between enroluent
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.




The WHO extends assistance to countries in the establishment and/or
extension and improvement of their own facilities for training health personnel.
Tt also assists in the selection of national institutes for the training of
personnel fron 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 healtn 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. I_L_9_/ The training of high-level
personnel at local levels, hovever, pd>ses & problem concerning the availability
of textbooks and other teaching materials. In the Regional Office for the
Americas, this problem is being resolved through a library system whereby
selected textbooks are rented, loaned or sold to students.

The WHO fellowship programie 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. PFurthermore, 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. '

Summary 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. Vhile 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 wmethod.

Availeble inforwation on health needs and demands, as well as on health
manpover supply and the education of personnel for health careers, reflects the
degree to which statisticel systemns have been developed. The quality of this
information, in terms of coverage and accuracy, is expected to vary among
countries. In some countries, it may not provide an adequate base upon which to
build estimates of future trends and requirements.

}_9./ World Health Organization, "Pevelopment 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 hcalth services, properly co-ordinated within
the general plan for social and economic development. In this context,
consideration must be given to dewographic changes in manpower requirements
and utilization.

Most important of all, perhaps, as @ 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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