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1.0 INTRODUCTION

§§4‘:’&£9299

Unierdevelopment‘of science and technology in Third WOrld])
cantries has been attributed to a number of causes. Among
these are scarcity of financial resources, deficiencies in

the state planning organizations and the planning methodolo-
gy, an inadequately trained manpower pool and a dependency
synﬂrome, - The development of science and-technology (S & T)

in &hird World countries, being an induced development,
planning and -co-ordinating of science and technology activities

become important.

The need for ‘proper mechanisms to plan and co-ordinate science
and technology activities has been advocated forcefully in
thelpost-independence era by Sri Lankan scientistsz)u Although
attempts have been made to induce S & T planning processes

in the country, these have either failed or turned ineffective
owiﬁg to a variety of reasons. Among these have been the

lack of appreciation of S & T at the highest political levels,
a failure to}realjse the vital nature of S & T inputs in
socio—economik development; the lack of human and financial
resdurces, inefficiency of existing S & T infra-structures and

under~utilization and misdirection of S & T resources.

1) A considerable literature exists that describe the situation
in developing countries with respect to S & T development and
highlights various causes. See Herrera (1982) and Goonatilake
(1984) for an overview of this subject,
Several studies have been conducted into the use of S & T
indicators and statistics in- (1) the evaluation of research
programmes in institutions. (Irvine & Martin, 1980 and Smith -and
Karlesky, 1978),(b) the direction and growth of scientific fields
(Bud.et al, 1979), and (c) in the evaluation of national research
programmes (MITRE Corporation, 1980), Johnson and Liyanage (1984).
These studies by and large have pointed out some of the
difficulties in developing suitable indicators tv describe a
nation's S & T system and the advantages and limitations of
such indicators in assessing a national R & D system and in
formulating S & T policies.

2) Sri Lanka Association for the Advancement of Science was the
prime mover im initiating science planning activities and was
responsible for the creation of the National Science Council
of Sri Lanka.
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Further, there has been no reliable S & T data base to guide
dec1s1on makers to 1aunch S & T programmes and periodically

assess .the progress of theseu

In Sri Lanka, a systematlc and sustalned effort to collect
S&T statlst1cs has not  yet been made, and large gaps still
exist in the S & T 1nformat10n‘on Sri Lanka, The aim of this
study is to provide some of this basic data, namely to quantify
the volume, structure and direction of S & T .resources in Sri

Lanka. -

—
L
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Previous studies on the disbursement of S & T activities

In the'past-decade or so several governmental and non-governmental
1nst1tut10ns, such as the National Science Council of Sri

Lanka, Sri Lanka Institute for Development Administration,Manpower
Plannldg Dlv;SLOp of the Ministry of Plan Implementation, the
CISIR,;and the SLAAS have been involved at different periods in

S & T resources studies. These organizations, however, were

not directly involved in S & T resources studies on a regular basis.

The Sri; Lankd Association for the Advancement of Science (formally
CAAS§ has- on several occasions stressed the need to maintain reliable
statiséics; and in fact conducted the first survey on S & T

manpower (Pattiaiaehi,_l972). This survey, was largely confined

to memﬂefs of the SLAAS made an effort to include all officurs in
important:sciehtific and technical institutions. However, only

607 ofithe-scientists in public sector institutions were covered

by this survey.

The first;combreﬁensive and systematic survey of scientific and
technical manpowei was carried out by the National Science Council
3 of Sri Lahka for the period 1972/73. The survey strictly adhered
fo the:concepts and methodology suggested by UNESCO. The insticu-
tlons Were surveyed using three questionnaires., The first
| quest1onna1re addressed to the Secretaries of Ministries, yielded
a response rate of 100%. The second questionnaire addressed to the

Heads dof Dep&rtments and requesting a list of names of scieuctists



and engineers employed by the institution had a response
rate of 807%. The last questionnaire addressed to each
individual. scientist had only a rate of return of 35%. A
majqr outcome of this survey was the preparation of a
Directory of S & T personnel in Sri Lanka. The results

of this sukvey revealed that the total number of scientists

and engineers during 1972/73 period was 3430,

Thé NSC undertook its second national survey of S & T
manpower for the period 1977/78. A special feature of this
survey was:the use of a structured questionnaire for which
detailed replies were sought directly from individuals. Under
normal cirpumstancés such an elaborate survey of the entire
*"Scientific Community", would be a long drawn out exercise.

In fact'in.tﬁe;NSC,study, even after 12 months of sustained

"+ activity, involving.intensive persuasion, personal interviews,
radio and news.media publicity, the final response rate did

not exceed: 60 percent.

The survey' revealed that the number of scientists and
engineers then engaged in S & T activities was 4567 (Liyanage,
* S. and de Silva, M.A.T., 1979).

In a reéent effort to -assess S & T manpower in Sri Lanka, the
Inséitute :fér Development Administration carried out a
survey to ﬁrépare a directory of High-level S & T manpower
“in the couﬁt;y for the 1983/84 period. A preparation of a

difectory is.now'underway.

The first attempt to éurvey research and development (R & D)
expenditure was undertaken by the CISIR in 1970 (Cooray 1970)
for the_pe?iod.1955-1966. This survey, however, covered
only public sector institutions and the information obtained
was based sn-actual expenditure recorded under R & D expen-
diture in Government Estimates. This procedure was found to
be inadequate as budgetary items listed as '"research' were

not necessarily meant for research as defined in the survey.

@

@




The amount of R & D expenditure was estimated by this survey

i to be in the region of 0.3% of GNP during the early 1960's,

'.-I‘lhe National Science Council also carried out in 1975 .,

® §tudy of R & D expenditure. This study found that R & D
expenditure in 1975 was Rs.45.1 million (0.21% of GDP)(Liyanage,
et at, 1977). These studies have paved the way to developing

the beginnings of a S & T data base for Sri Lanka.

\

1.3 - Aims and Methodology of the Study

T':he» p'-_résen,t study was initiated by the National Science
® ﬁolicy Co-ordinating Committee of the Ministry of Plan
Implementation as a supplementary exercise in their eftorts
tb formulate a unified science policy for Sri Lanka. The
: m;glin objectives of the study were to review the current state
® of sci'ence and technology in the country and to examine the
pfob‘le_ms affecting the utilization of manpower and financial .
[N '. reso.(njces devoted to research.and development., The study
although wide in scope had to be completed in a short period,

o B to meet the time constraints of the plan.

The '})l:jeéent study attempts to elicit manpower data for the
-ye'lar. 1984 and R & D 'expenditure data for the 1983 calendar
ye‘a.r:.., ‘Ijt covers R & D activities in the natural sciences,
engineering and technology, agricultural sciences, medical,
social scieﬁce and humanities, A total of 503 private and

public. sector institutions were surveyed.

¢ The étudy‘ aimfs' at providing a basic data base for science

policy.studies, It intends to give a very broad picture of

the national science and technological efforts and identify
S ST some constraints in conducting R & D in the country. Tnis
9 : study concentrates primarily on inputs to R & D activities.
' The d]ef.ilnitions and methodology used conformed broadly to
UNESdp ‘guidelines and concepts on the measurement of § & T
activities (UNESCO, 1977).

i, 1 bl R L aaaddatlie. . o
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The survey was conducted through a circular letter issued
by the Ministry of Plan Implementation, giving background
information to the survey and operational instructions on
the manner in which three questionnaires were to be filled
by each iﬁstitutiona The three questionnaires referred to

as A, B and C sought to draw out three types of information.

" Form 'A' sought individual information on scientists, engi-

neers, medicalZpgrsonnel, social scientists and technicians.
This form  was to be completed by the Personnel :Manager of
the institute §qrve§edu The second questionnaire (form B)
was directed to the Finance Manager of the institution, and
called for;iﬁfqrmation on the financial resources allocated
for researbh'and/or other scientific activities. The third
questionnaire (form.C) was to be completed by the head of the
institution and it sought to elicit information pertaining

to policy directions, research orientation, problems and
constraints to research, and the head's personal viewpoints

on future directions.

'The study attempts to cover (a) private sector manufacturing

institutions (b) those:private companies likely to employ
scientists, engineers, and (c) all public sector institutions.
It should ﬁowévet, be noted that the medical service sector
and the seéonﬂary school science education sector have not
been covered in this sdrvey. .
The despatéh 6f'qdestionnaires was followed up later by
personal visits to the institutions concerned by field
investigators to assis; the officers nominated by each
institution te compile the necessary information. In many
of the méjof state dépqrtments and institutions, however,

this follow-up work itself was quite difficult,

For instance, the Department of Agriculture which has its
head .office in Peradeniya, has seven major technical divi-

sions including the Royal Botanical Gardens. Agricultural

~
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Research is carried out on a regional basis and serves

8 major agro-ecological divisions There are therefore
eight Regional Research Centres, which together with 4
spécial research centres and 12 satellite experimental
stations, form the arable crop research network in Sri
Lanka. Its extension services are even more diverse,

Thus with .a total staff strength of about 17,000 distri-
buted throughout the country, of which about 6,400 make

up the technical grades, it was difficult to expect statis-

tical information at short notice.

It is however, encouraging to note that in the public sector
as a whole 70 percent of the institutions provided the
necessary information within eight weeks of commencement

of the study. This number effectively accounted for more
than 90 .percent of the S & T efforts in the public sector

of the country, since a reconnaissance study has indicated
that the institutions which failed to respond represented
only a small segment of the national S & T effort (less than

250 scientists and engineers).

On.the other hand, the response from the private sector was
very- poor, mainly because a great majority of these insti-
tutions do.nmot engage in R & D. It is also significant

to note that while all the state sector commercial banks

énd the-only privately owned Sri Lankan bank provided all
information without any hesitation, the foreign owned comer-

cial banks, without exception, failed to respond.

The storage and analysis of data collected from this survey

_ was processed using the computer facilities of the Depart-

" ment of Census and Statistics All items of information

requested in the questionnaires were coded and fed into the

computer for statistical analysis.

Scientific_and Technical Manpower

The Questionnaire 'A' called for a listing of scientists,
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engineers, medical personnel, social scientists and

technicians as defined in Annex I. It sought informa-
tion on-age, sex, academic and professional qualifica-
tions, subject spéciality and whether or not engaged in

research and development activities. Since the study

~was largely in respect of inputs to S & T activities,

biographical and bibliometric information relavant to out-
put studies were excluded. Again, since the respondents

to this guestionnaire were either the personnel manager

or the administrative manger of the institution, the infor-
mation provided in respect of subject speciality was in some
cases baéed on brdéd.subject areas in which the person

had his first degree or higher degree. This information we

believe was adequate and meets the requirements of this study.

Expenditure. on Research and Development

The Questionnaire 'B' called for information on the intra-
mural and extra-mural expenditure on R & D. Since the
required :information had to be provided by the accountant

or finance manager of the institution, a simple apportioning
of funds in. respect of capital (equipment, instruments,etc.)

and recurrent (wages, travel, etc.) expenditure were requested.

In many of thejlarger organizations handling heterogenous
and complex activities, (e.g. Highways Department, Mahaweli
Authority, étc‘) the survey officials assisted the respec~
tive céntéct persons of the institutions to compile the
neéesséry;idformation‘ As had been anticipated, the major
prqbleﬁs for many institutions was the difficulty in
differehtiating;research and experimental development
activities fkdm-service activities. Some service activi-’
ties cbu}d sometimes lead to research activities, which are
not recognized by the institution concerned as R & D. Here
again the 'survey officials were in some instance able to

assist respondents.
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Employees in the Higher Education Sector, whose main func-
tion is teaching are also expected to devote time to research.
This time component had to be quantified for purposes of

estimating the expenditure on R & D. This was done by

' requesting the relevant higher education institutions to

specify the percentage of time their S & T personnel devoted
for the different activities such as teaching, research and
others. This apportioning of time was also recommended to
those other institutions that carried out research activi-

ties along with other functions.

Constraints to Scientific Research

The Questionnaire 'C' sought answers for 13 structured
questions relating to managerial problems and constraints

to scientific research. Many of the problems are very

well known, yet each such problem is the result of different

causes that affect each institution in diverse ways. Thus

" the purpose of this questionnaire was to help identify
- those heterogenous and diverse issues which affect the

" performance of research.

. Goverage and response rate

- A-variety of scientific and technical ( S & T)institutions

were covered in this study, in addition an attempt was

" also made to include also all those non-S & T institutions

in the state sector.

Scientists and engineers in all public sector institutions

~were thus covered extensively. The chief investigators

also interviewed a cross section of research scientists

-and engineers. It should be noted that no attempt was made
- to include medical officers in Health Services and secondary

- school teachers in this survey, because of time constraints.

A list of institutions to be surveyed was compiled after
.consulting several sources such as directories and instu-
tional lists as well as the previous NSC (1977) survey list

" Table 1 gives the extent of coverage.

UER711| 1 WA TGS UL U Y ¥ 937 S
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.Table 1

‘Response to questionnaire by
General Status of Institutions
Status of Total Replies Response
Institution  Issued {percent)
Government, 280 264 947
- Private 211 93 447
Private Non-
Profit 12 10 837%
Total 503 - 367 732

The response rate of public sector institutions conduc-
ting S & T was over 947. The survey thus covered almost
all S & T institutions in the state sector and those who
did not respond in state sector were found on closer
examination to be in non-S & T institutions. Private
sector response to the study was poor, presumably because
of their relative lack of interest in R & D. However, .
most of the major enterprises conducting R & D activities

were among those who responded in the private sector.

-
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\ i 2.0 SUMMARY OF HIGHLIGHTS

AU‘IKO'-}“ 'a':‘ '.v"-.(}.‘ ;4“”1..‘,'
The total economically active sgientists engaged in

) S & T activities reported in the s%udy was_J224. [3S0F

*

>%
Natural scientists comprised gf&é&%?ef the total,engi-
L 75
neers and technologists were 43%, medical scientists

zﬁfi and social scientists L&%."?a.

o * Economicallg agc‘cive natural scientists and engincers
amount to &557 in 1984 compared with 4567 personnel in
1978. This correspond to an average annual increase of

. 2.5 percent (ﬁa person per year). This is compared with

the annual average output of 645 scientists and engineers

from the universities from 1977 to 1982

*  The public sector continues to provide the major S & T
® service in the country by employing 927 of the econumi-
- “cally active scie?tists and engineers and being as well

. , responsible for 937 of the R & D expenditure,

The number of scientists @nd engineers engaged in R & D
[ 3 : ' ~activities amounts to 337 of the eco;xomlcally active
scientists and engineers and only 107 of them—were engi-

neers and technologists. wwn *Waﬂﬂ'd o By prduilie,

¢
IZ?»
) *  Women comprise only Jo% of scientists and engineers.
® 1934 ol 1o

* At constant 1970 prices (based oqﬁc P deflator),
total dlre;t R & D expenditure 1ncreased only marginally

yd
from Rs. %& million in 1975 to quaazé million in 1983

As a percentage of GDP 'R & D expenditure had declined

from 0.2% 1in 1975 to 0w447 in 1983.

‘ 1983 0.0
‘ o "% Per c€p%{a R & D expenditure in 4886 was around US$ U407
= .. 4 R

.. ook do:fr.)\_l-ees from the 1975 .gfg‘&é

. 7.

* égi of national R & D expenditure was spent on agricul-

tural sciences

L : 2 Co i oy i AR e o e e
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Full-time equivalent R & D scientists and engineers
. 18° .
per million. population was_/9-in 1984, the average

for developing countries being 125 in 1980.

Basic research constitute only 87 of the Gross Expen-
diture on R &-D and the research expenditure was heavily

weighted for Applied Research.

In some state sector employment total emoluments are
nearly twice that obtained by scientists in equivalent

positions,

®

L




during 1984

The results in this section cover data on -

(a) Total manpower available for S & T activities in

all categories of persons Section 3.1

(b) Total economically active natural scientists and

engineers only Section 3.2

(c) Natural scientists and engineers engaged in R & D

Section 3.3

(d) Social scientists, medical personnel and the suppor-

tive technicians. Section 3.4

[t should be noted that the term 'scientist' encompass all
personnel including social scientists and medical personnc]

who are engaged in S & T activities as defined by UNESCO

(See Annex 1)  However, the term 'scientist' in everyday
‘parlance is used to describe those who are engaged in "natural"
sciences. Therefore, to avoid confusion,we have five cate-
gdries of personnel in the survey, namely scientists (engaged
in "natural" sciences), medical personnel, (medical doctors)
sdcial scientists, engineers and architects The classifi-
cation is adopted purely on the basis of their academic and

professional qualifications.

Manpower Available_in_all Scientific_and Technical Categories

The availability of total economically active scientists and
the number engaged in research is given in Table 3 0. Total
scientific and technical manpower excludes secondary school
teachers and medical officers in health services identificd
was 9837  Scientists comprised of 25% of this total, and
engineers and architects amounted to 327, Wedical personncel

contributed 3% and social scientists contributed 13%, the



remaining 277 was technicians

scientific technical

-13-

More than 607 of the

manpower was under 30 years of

age and 2951 were engaged in R & D activities which

represent 307 of the total scientific and technical

potential.

Table 3.0

'Malg

Female

Male

-Femabe

Note:~-

Economically Active Scientists & Engineers in

Scientists

2432
2025 827
%457 183
a9y
2482
1O ,6
962 37
55 a4
>+,
1457
+302

Sri Lanka

Engineers Medical . Soc. Sci Techni.
25¢6 €3 2077 %% 7 2548 21
2894 947 221 Z 965 937 2229 87
268 f36 sy 3952
181 67 +15 3&2 324 257, 387 V7
@7 e 3G
3095 336 +289 26-1+6
Engaged in R & D
' : A 579 98 yul
224 917 136 677 487 BOT L4 767
7 'S9. g%
21 97 b6 337 424 207 144 242
T 2/9 Y FER
_248 202 611 588

All S &T Activitigg

1179/ :
8355 857

./ A
W19 s
2834 RSV

————

£9°,

1% %

All R & D Act1v1t1es

o i e e o it . T S Gt

Archi,

%

*
39n§h$

_g 56% 7/ Y
2 502297

e
F

g5t g
691w
29517124

Excludes Secondary School Teachers and Medical Officers

in the medical services:

According to Ministry of

Education Graduate Science Teachers amounts to 2242 and

Ministry of Health statistics reveals medical doctors

amounts to

1667

2% 629 0"
[y ‘
»H 38L - 7

. @
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Economically Active Natural Scicntists and Enginecrs, 1984
Table 3.0 covered all disciplines Taking now only two cate-
gories we note that cconomically active natural scientists
A
and_engineers in the country comprise a very small percentage
(o 13Z) of the total employed population in Sri Lunku3)
Further, they represent only 27 of the professional, technical
and related workers
Table 3.1 shows that the national scientific and technical
manpower 1s heavily weighted in favour of state sector insti-
tutions.
Table 3.1
Total Number of Economically Active Natural Scientists
and_Engineers in Sri Lanka During 1984
Sector State Sector 7% Private Sector % Total 7
Category
: Y A atr 4
Scientists—Male : +891 134 2025 82
$37 53
Female __a%9 __.8 __ &5 18
2828 98" & 967
Sub-total 2340 O _142 b 2482 100
: 2079 267  usub 73
Engineers-Male 2588 306 2894 94
. 263 2be 2
Female +6 5 ;P1 2
' ELA TS 375 TTRAI
| - 2SS 3 w0 F o
Total Scientists L2567 gty wR!
100

i

and Engineers 504 92 €53 8 5557

3) Based on lafest avallable census 1981 = Dept of Census and

Statistics, Statistical Year Book

o il il 4 e - s



s
A large percentage (597) of natural scientists and engineers
were spread among those institutions conducting general
services The institution in the productlve & hlgher sectors

were responsible for the employment of 287 and 187 respectively. ,

Table 3.2 presents the distribution of engineers and scientists

according to sector of performances

Table 3.2
Distribution of Natural Scientists and Engineers
According to Sector of Performances
Category Scientists Engineers
Sector - Male [Female Total % Male Female Total %

General service , 3:: 232 1565 L6 2030 /171 220}

sector 29 - 1385 &3 1860 36 1996 65
Productive LRy 42 73/ 285 /27 & /%55 op
sector 4 37 651 -26 892 29 9241 30
Higher Educa~  g4ro 1/ g7/ 19 4
.tion sector = 3 149 526 24 142 16 158 S
Total . 2025 ' 2894 30+
ota Sen S5 5%y Yy 10

3546 LY Y LA

Most of the scientists and engineers in the survey were employed
on. a full-time EaéiQ‘ Only 6 out of 2479 scientists were

employed on ﬁart-tiﬁe basis‘and 21 of the 3070 engineers were
cmployed on a part—timé basig. There wére 17 fore1gn consultants
among, the sc1entlsts and 52 foreign consultants among the
engineers. A significant number (208 scientists and 95 engineers)
were on Leéve'abroad from the institutes being on long term

specialized training.

According to age distribution, 437 of the scientists - the
largest segment - were between 3C-39 years old and were senior

scientists available in the institutes were low (Table 3 3)
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" and engineering and technology (127)

Up to 29
30-39
40-49
50-59
60 & over

Age not
specified

Note:~

The distribution

- -

Scientists %2 Engineers 4  Sci_ § Lngi. _Z%
653 104! 2 _
$6 23 0 2 1329 134 24
7290 592 e
4694_ 43 12072 39 2273 S0V 41
& 723 L&8 r/ i
S0t 20 605 20 106 'vt20
245 226 .
224 9 288 9 545 1 9
atb b
ECal 1 44 1 &> 13 ]
149 28Y o
93 __ b _ o b . 272:1 ______ 2
2947 =877
-2'&'?-2 100 307 100 5597 100

——— o . o e G . -y T R o e o S . . $00 e e OR p ke AE B be e B S W A= A e S . B & A

Age not specified

of all

scientists according to their field

- of specialization shows a high concentration in agricultural

sciences 467, (Table 3.4) followed by natural sciences (37%)

Distribution of Natural Scientists_and Enginecrs

According to Field of Science

Category of Personnel

Field of Science

Natural Sciences
Agri Sciences
Engi & Techno.
Medical Sciences

Soclal Sclences

bkt aiw

Scientists

bt . o o . S S Y " ——— S T ;A W TS SO0 S e wd e ¢ G A e

Male ¥ Female % Total 7 Male & Female R Tota)
27/ 28/ 1022 3¢
679 P S5 37 56 48 6O
1077 12 1389 w7 2 /26
- 958 77 rrz; 6 3 * P
27 s 17 ty/ / 3 8O¥ 2 4%
389 o AR G A G ed i
9 5 lﬁ} 1 1 - \
2 3 )
'3 4 "7 4 62 - h
2922 $36 3567 356L 13 2687 8¢
2025 82 w57 1b kB3 100 2894 Y« MK h I

- — -

2
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Note:- This category refers to natural scientists and engineers

(as defiﬁed:by their basic degree) working in the field

of medic:! sciences and social sciences.

For medical

scientists and-social scientists working in their own

field sée subsequent section 3.4,

The level of educational attainment of S & T personnel is a

partial indicator of the quality of workforce. The number of

post-graduates, particularly with doctoral degrees were small

in number (Table 3.5)

'Table 3.5

Educational Attainment of Scientists and Engineers

'gggggorx of Personnel

3
2
6

3
63ﬁ'

— —— ot e e S e

350 A
544-$%§
139- 162
3345 2200

2638 122 (4 ¢

%
6
9
2
6o S&
138

Educational Quali. Scientists % Engin%ers
e T L
Doctoral A 759? ¥ -%
: : o 2E7 13 ol
Masters ' 2337 +4 +80
] . «} +
Dip. (Post~graduates) 4%5 2 £99
o el ¢y ¥3%:
Bachelor - 4—363- 516@ Y 1%%;-,
o , 10"
Other : __;£3¢' oF 793

2503 NG,
2482 100 3075

100

5557 67%¢

Natural Scientists_and Engineers Engaged in Research & Development

A large percentage of natural scientists (52%) were reported

to be engaged in research activities. They represent about 447%

of' all rescarchers in the country. Among these natural scientists

who were engaged in research 417 were agriculturists.

Only

8% of the engineers were involved in R & D activities, hence,"

there was' a large reserve of talented engineers available for

R & D work. Another important feature of the R & D workforce

is the distribution of a large number of researchers in the

universities (Table 3.6)

100




L | Table 3.6
® -

Scientists and Engineers Available for R & D Activities

| : ' Ey Sector of Performance

Category of Personnel Scientists Engineers Sci.&Engl, _%

Sector - Male Female Total 7 Male Female Tdtal %

Geﬁe:al L% o007% Pb6 Lo yA %
Services +85 455 98 9 107 44 .818 53

' b

® : Productive 80 10 90 #+ 14 1 15 6 105 7
' Higher ' 4?8 33U

- Education 358 140 9503 38 112 11 123 50 626 40

7 Ll
oy 37 350
net % o 264352100 297 91 100

21 2 245 100 1549

It'is important to note that although the number involved in

R&D work in the Higher Education sector is relatively large

in magnitude, the actual full-time equivalent personnel would

be.small in number as they are involved in the dual function

of tgaching and research, teaching being the predominant activity.
— T It is beyond the scope of this study to make a detailed esti-
mation -of these separate activities by the university staff.
However, some estimates are given in the University Statistics

published by the University Grants Commission (UGC, 1982).

It}shbuld be noted that only the major research institutions
) are employing full-time researchers. The total of scientists
A énd engineers in major research institutions who are predominantly
involved in R & D amounts to 635 and the remaining -researchers

can be considered as part-time.

Distribution of -scientists and engineers according to field
. of activities shows that a large number of research personnel
rﬂ"wﬁi- are cbnEentrgted in Agricultural Sciences. A wide range of
®: P spacialities of these personnel are reported and it is not
possible to list all of them. However, Table 3,7 and 3.8 list
;ome of the major groupings according to field of science and

" . ', specialities.

.~v""‘ :
4
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" Natural
Science

Agri.
Science _
Engi. &
Tech.,

Medical *
Science

Social *
* Science

* See
note on
page 12

" Table §&§

Scientists
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R_& D Natural Scientists_and Engineers

According to Major Fields of Sciencgg

Scientists : Engineers

Male Female Total 7 Male Female Total Z

yb
489 188 677 5% 102 11 113 46 790 51
&8 1y 1y Iy |
409 gfi 538 4t 15 2 17 7 550448 36
46 8 54 4 107 8 115 47 169 10
7 /% "
B I I - - - ek !
10 37
7 26 2 - = = LB 2
7oy ffb" " %a
864 ) 3% 100 224 21 245 100 1548 o 100

Natural Science

Chemistry - 272 (Aﬁalytical chemists 34
Bio chemists 19)

Botanists - 115 (Micro biologiéts 24
Bio chemists 14)

Mathematicians - 98

Geologists - 67

Zoologists - 62 (Marine Biologists 14)

Physicists - 61

Surveyors - 40

Meterologists - 24 .

Number of Scientists & Engineers in top 10 specialities

@
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Engineers

Civil Engineers - 1,160
Mechanical Engi. =~ 544
Electrical Engi. -~ 398
Electronic Engi. - 192
Sanitary Engi. - 150
Chemical Engi. = 102
Production Engi. - 20
Mining Engi. - 13
Telecommunication - 11
Structural Engi. - 10
Industrial Engi. - 9

Agricultural Science

Agronomists

246

Dairy Technologists -88

Entronologists

Food Scientists

Agri.Statisticians-

Plant Breeders
Agri Economists
Horticulture
Soil Scientists

Pathologists

45
32
32
3
28
25
19
17

In the case of scientists in particular, post-graduate quali-

fications are important indicators of the extent of specialized

professional qualifications.

Speciality of engineers is often indicated by the

Table 3.10 shows the distribution

of scientists and engineers according to academic qualifications.

It is observed that a large percentagé of highly qualified man-

power is concentrated in the higher education sector.

Table 3.9.

Number of Post-graduate qualified R _& D scientists

and Engineers by Sector of Performance

Qggggoiy of Person Dip.

(Post-Gr.)
Engi, Sci. Total Z
General Service 22 3y 89
3 “+5 8 85

Sector

Productive

Sector

Higher
Edacation

o =.m3dm4jnhﬂ&ﬁmiuaﬁus'ﬁif-'

2 - 2

7
0
1 = 1 i?

M.Sc.

Engi. Sci. Total Z En
197 206 19

9 ) 184 67 4
b

15 3 18 4+ 6
'J)

20 73 26 31

g. Sci.Tota

8
a;?l’ 2b

175 206 b2

i 6 '3gL éEE 100

352 '%%llOObl

2873271
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Table 3. 10 illustrates the age.distribution of S & T

manpower for R & D activities in the country.

Distribution of R & D scientists & engineers

Age Group  Under 29 30 -39 40 -49 50 -59 60 & Total
' ' , )4 yA A % over %
R Y R YV 7> S )
Scientists A 857 237 w03 42 4»301.7- 8
Engineers ___ 83 103 45 9 5 243 1
e 5 377 T A Tomn
Total ﬁ& 31 & 4 £ 18 i WA ) 39

The results show that a large percentage of scientists and engineers

in R & D are Qistributed in the age group below 40 years.

An acute shortage of senior personnel was noted, particularly

in the Higher Education Sector.

égailability éf Medical and Social Scientists and Technicians

for S & T Activities Duriﬁg 1984

According;to the‘Health Ministry Statistics there were 1667
medical office?s;in-bhe health services of the Ministry in
1984. This stuhy; howeQer,'did not attempt to include those
medical officers in:fhe-health services due to resource and
time const?ainisn Iﬁ addition ‘to these medical officers, a
number of State Qnd'PﬁiQaté Sector institutions employed
medical scientists fpr'various S & T activities. Such mediéal
. scientists were included in this survey and this numbers
amounted to 336 medical sclentists, most of them were found

in the State Sector (95%). The women medical scientists accounted
for 34% of the total medical scientists Social scientists
engaged in S & T activities were mostly employed by the State
Sector (987) and the women social scientists comprised of

25% of the total.The technicians engaged in S & T activities

were 2616 personnel of which 157 were women technicians.
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Table 3.11
Distribution ol Mcdicgl_ggg Social SciunthLg
and Technicians by General Sector_of Employment
and_by_Sex
Category Medical Sci. Social Sci.  Technician
Sector Y 2 %7
23/ b2 9% 7¢ 276 S
State Male -23'05" ('64_;) 838 ('-:i') 2045  (8%)
/ 3 7 18
Female -H}r (86) %ﬁ'ﬁ ) 33‘4‘ (4-i)
_-36Y 1337 267
349 (100) =52 (100) 2428
. 283 99
Private Male 16 (94) 128 (95) o4 (98)
!
Female 1 (6) 7 (5) 4 )
i} otls
17 (100) 135 (100) 8 (100)
a1 72 29A=
Total 336 289 21h

The. distribution of these categories of personnel according
‘to the sector of performance is given in Table 5 13 A high

percentage (57%) of the medical scientists were employed in
the Higher Education Sector.

Category/ Medical Sci.  Social Sci. Technician
v Sector of performance 9 7 v
o ‘26 33 2¢9 sl 298 43
General Service 43 28 %25 &8 &5
/ 12 /8 262 59
Productive : 4’3’0 26% rai A
20 5 Y
Higher Education 93 5T 3£-§ 3 237 =
Py 1972 o b
Total 336 100 289 100 2&+6 100
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Those who were engaged in .research and development activities
1s presented in Table 3 15 The percentages of medical and
social scientists engaged in R & D activities are 60 and 47
percent respectively. The technicians involved in R & D work

was 227 of the total S & T techhicians.

Table 3,15

Availability of medical, social scientists and

Eeéhnicians for R_& D work - 1984

Medical Sci. Social Sci. Technicians
A % 2
o g 674 9% £5E
Government 98~ 98 546 7 8% 99
2.
Private 4 2 15 - 4 1

_“‘gg:z:" wo & 100 % 00

Total

Deve lopment During 1983

Research and dévelopment activities undertaken in private
and public sector institutions varied from occasional to
regular for thé 130 institutions surveyed. Of this number
80 institutions conducted R & D activity regularly, whilst
36 institutions had a separate R & D budget The identifi-
cation of R & D ekpenditure was very difficult in institu-
tions where R & Déactivity was carried out only occasionally
It was only in 54 institutions that R & D expenditure could
be accufatély identified  Therefore, unlike in the manpower

statistics, R & D expenditure statistics were difficult to

compile

Even in major rescarch institutes a considerable amount of
resources were spent not on research purposes but on ''related
scientific activities'" such as routine testing, extension

service, information services, seminars and consultancy work.
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The expenditure incurred on such activities was difficult

© to separate from R & D activities Moreover in the Higher

Education Sector the actual R & D expenditure was very

difficult to identify from the University budgets

There were also some difficulties in measuring R & D
expenditure within institutes of research. Research and
development activities are often understood and interpreted

differently by different individuals. The accounting

procedure for R & D expenditure also varied from institution
to institution. Although the Institute of Chartered
Accountants in Sri Lanka has recognized this problem and
adopted standards for treating research and development since

1980 ), only a few institutions have strictly followed these
procedures,

R & D Expenditure by Sectors of Performance

The total R & D expenditure during 1983 as reported was

Rs. 162.65 million of which 937 was accounted for by the

state sector (Table 4.1).

Table 4.1

Gross National R & D _Expenditure in Sri Lanka
During 1983 by State & Private Sectors (in Rs.'000)
Sector Recurrent Eeaasal Total ,
Y 7 AT Y, ¢ a073% qu’
" State b+0&£4-€' (73%) 469&4~} (277) 1é4685—0 (93%)
o ' % e Z ] 7 .
. Private A (617) W3ed 3 (392) 0 (97
S gRaTT L5637 3T7668
4% 6265170

5) See Sri Lanka Accounting Standard No. 11 of the Institute of

Chartered Accountants, Sri Lanka.
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In the private sectors the ratio between recurrent and

capital expenditure was slightly higher than the state sector.

Table 4.2

(Rs, 1000)
Recurrent Capital
Salary Others Equip,  Others  Total
No. 7 No. %2 No. 7 No. % No. A
General Servicer '+ ¢ ¥ 2049 s0@78 bR IR
Sector ‘ —“GOTR] 71 29BO8=4 73 leilefhmd 75 2725375 93 122904 76
Productive C e L E L 4P ld'f‘f NN [ RS
Sector 99TTTZ 11 506975 16 39%8T772T 1940 7 20259-4 12
Higher educa- & .29 3438 X7 ; -7

tion sector A5PEETS 18 3542w 11  bhbede 4 ddebk - 194842 12

8592558 100 Itbibr8 100 o348 00 294799 100 1626510 1
RN Lhoa2 o W3 T S

Note:- The proportion of academic services attributable to R & D
in the University was calculated using the statistics

of University Grants Commissions (UGC 1982)

¢ /According to the sector of performance (Table 4.2) R & D expen-
diture is largely concentrated (76%) in the general services
'sector (see definition in Anneﬁ 1). Both the Productive Sector
- .and Higher Education Sector in Sri Lanka had more or less similar
" ‘expenditure levei.:Natably the R & D inputs in the Productive

-~ :Sector has declihe& in-cémparisqn with earlier surveys. In the

: Higher Educdtion;Séctot, the R & D expenditure constitutes direc-
: tly identifiable; expenditure from the university budget and a

z component of estimated academic services directed to R & D In
some rare occasions, university staff receive individual grants

: direct from foreign agencdies.which have not been identified here

D
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R 4.2 R & D Exgendlcure Accordmg to Fleld of Science

R&D exPendlture according to f1e1d of science is given in

héi_ Table 43, Agrlcultural research received the highest per-

:?ﬁ ' Zentage.ln expend1ture whereas medical research had the lowest.
' %2 This ‘trend was very much similar to.the findings of the previous

’ ' survezys . »

i |

‘L 3 & D Expenditure by Field of Science
- (Nearest '000)

b Recurrent Capital Topal 4
" e Salary %  Other % Equip. 7 Other 7

. Natuzial; 9#9\5 {0 6‘6‘? ™ 1;1‘60 J - W 18
Science.  W038 M 0d5w8-13 LOB4rt 30 Ho4BB 4 BUIE I

l AgriculpuralbBO€3 o 30?6 /] A 2547/ 1% 120 b
s | Science 4Hb89t2 55 W3O 58 BT 55 199093 48 wetes 58 L0

i Y L 636 g €867 7232 L, 2su i
f . Englneermg M—# Jé'f W9w8 b W60FY 26 et 2 1D
) ' & Tech. : .

P L i | ' Medi,cja,l; 3.939 - &037 Vs - e

i Science - '5'5-1-81% £ 2edE- 9 kodwb 3 Sl 968t S5 Y
i R
,: Social : :,127, ' 1 &3¢ o €02 2 28?20 /6P

Vi Science :1'2'5'9'879- prs o TR e . o o k=9~ 10

-8&9%35-‘6 100 3ebleise8 100 Losklie—8 100 20452=8-00 162610

.93959-. K bosa 23243 _308%0- o1 4 g

® i P63 Related R & D Expenditure Reported by R & D Performing Institutions
o h There are a';nﬁmbegr of institutions which reported "Related" scientific

activities (see Afnex 1 for definitions) as shown in Table 4. 4.

1
®
Vot
L
x
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Expendi;uré on Related S & T Activities Reported

by the Institution conducting R & D Activities

(nearest Rs. '000)
“Field of
 Science_ decurrent Capital Total
. Salarx .
Natural = = =—=== z Other EBouip. % Other
‘Science 20343.4 66 12793.0 2658.8 30  a17:1 3 26212.3 ko
.Agricultural
Science * 1782.3 6 824,7 275.9 3 19.9 2902.8 4
;Engineering &
.Technology 1381.3 4 356.5 5608.0 64 11940,0 97 19285.8 27
‘Medical
.Science 3885.2 13 199.8 105.5 1 ~ 4190.,5 6
‘Social
‘Science _3572.5 11 5468.2 132.9 2 - . 9173.6__13
. 30964.6 100 19642.2 8781.0 100 12377.0 100 71765.0 100

* Note: This expenditure does not represent the extension services of the
: Department of Agriculture.

jOﬁe of the striking features of the related S & T activities is the low
'expenditure allocated to it by the private industries. The private sector
institutions we found on interview were largely involved in R & D activities
mainly in relation to specific problems and in minor modification to processes

‘and products development. This may indicate low investments by private
institutions on past R & D activities.

@xtramgral R & D Expenditure by Field of Science

The extent of contracted research from some institution to research agencies,
résearch institutes and universities is presented in Table 4.5,

Table 4.5
o Extramural Research and Development
Expenditure _
Recurrent Capital Total

- Salary % Other' % Equip. % OQOther Z° Z
ﬂ@tural
Science 587.2 72 2404.2 35 1848.1 36 367.6 99 5207.1 39
Aéricultural
Science - 954.9 14 134,13 -~ 1089.0 8
?ﬁgineering &
Technology 56.9 1 2740.9 52 - 2797.8 21
ﬁqdical
Science 225.0 28 2943.3 43 463.6 9 3.4 3635.3 28
Social

Kriana-
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 The recepients of most of the contracted research have been state sector
institutions and the funding bodies are also in the State Sector. There
were hardly any private research agencies and estimations to undertake
contract research in natural sciences, although such associations do exist
for social science research.

G.J Ssuices of Funds for R & D _Activities

Source of funding R & D activities is given in Table 4.6. A large part

being generated from government institutions.

asignificant 127 share of funding.

Table 4, 6

Local funds ™pgss 59 884wy —o “rOTITT 55
2?{»5'7? °n 122576 Q( 2283 IS

s o 700 2.

Foreign
funds

Foreign funds also constitute

R_& D Expenditure by source of fund (nearest '000)

% Agri.Sc, 7% Eng. & Tec,

S —— e o ————— o o v v -—— — e v e e i

2-40-39-;;400 Qb 100 SHOe—t

o330 4 kP

/13885086 28k

4.6 R&D Exgendlture by Type of Activity

Medical 7% Soclal He. % Totd

00523 70 dbbldebd I
Sy 69 2dued Gy 19938

2 83
Eel la-g:d 30 e o 19173

100 $0BTO 100 1sHadzy jon
fyta  Sreeb {8

Table 4.7 gives a breakdown of R & D expenditure according to type ol activities

such as basic,

applied, experimental development activities. The ol tment

to basic research in generally low, and a large part of the suppotl came f{iom

-~~—- State sector 1nst1tut1ons

Most of the general service sector tends to

undertake more experimental development type of research, Mcdical sclenves
reported very high percentage of basic research which was mainly supported
by the Higher Education Sector.

Table 4,7

Type of Activity/
Field of Science

Natural Science
Agricultural Science 5694—2 (67)
Engineering &

Technology

R & D Expenditure by Type of Activity

and by Field of Science
(nearest Rs '000)

Basic Applied

Liéﬁgz (78%)

89570 (737%)
772% Jy 83}

NS Wrbrs (57) M1%%a768-0 (642)

Medical Science M3¥e 484878 (§Q7) 3B &t04TT (477)

Social Science

Total

b8 (37) nnSbetort (977)

1284375 (87) 94720 (737)
Tl i -5

Exp. development

€i163
4«05, (17%)
2094—9—-9 (212)

37080
0772 6349t (312)
28% 238t (3%)
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Historical statistics on $ & T activities in Sri Lanka

Growth of sgténce and technology as measured by inputs to such
activiries may be taken as one indicators to describe the state of
lscience and technology in Sri Lanka.4)The development of indicators
requlre histprical statistics which are comparable. Unfortunately,

S & T statis xgs available in Sri Lanka do not permit such long term
comparlsons. he only surveys which can be compared with the present
study in terms of cove vage, scope and definitions was the 1977/78
surveys of § & T Manpower of the National Science Council, and the 1977
study of R & D Expenditure by the same organization.

Table 5.1 presents the growth of scientists and eng1neers (including
medical personnel in S & T institutes and social scientists for 1984)
during 1977/78 to 1984. The annual a erage growth rate excluding

social sciences for the period shows 3<67% increasein total S & T manpower
and- 77 increase in full-time equ1va1ent R & D manpower.

Table 5.1 ~ Growth of Economically Active Scientists and
' Engineers by Field of Sciences from 1977/78 to 1984

Year 1977/78 1984 Annual Average

Field of Science No. % No. % percentage increase
Natural Sciences 1074 24 ,L52§@ﬂgoju—49 607 7-17
Agricultural
Sciences 869 19 125015/818 19 637 9>
Engineering &
Technology 2420 53 2642 236 9] g 4%
Medical Sciences 204 4 Hr2 5 Y +0-3% ¥ )
Social Science 14557659 26 20, .

Total 4567 100 7221 100

It is important to note that the full-time equivalent researchers

in engineering and technology only amounts to 3% of the economically
active engineers and technologists in the country. The agriculture
sector was responsible for the highest percentage of researchers (427)
of the total economically active agriculturists in the country.

) Table 5.2 presents the growth of research scientists and engineers

by field of sciences from 1977/78 to 1984,

=

=

Y For a further discussion on this subject see Johnson, R and

" Liyanage, S (1983), Australian Science and Technology Indicators,
Feasibility Study - Higher Education, Department of Science and—
. Technology, -Canberra.

el b bl dien 0 e
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Table 5.2 =~ Growth of all Research Scientists and Engineers by Fivld vl
Science from 1377778 to 1384

Ycear - 1977/78 1984 Annual Average -
Field of Science Total (FTE) Total (FTE) % growth of total
. e —_— scientists
Natural Science @ 3400 (161) 790 (306) 18.9
Aar:cultural Science 463 (362) 550 (531) 2.7
Engineering & .
Technology @ - ;155 ( 61) 169 ( 78) 1,2
Medical Science - . 181 ( 78) 216 ( 85) 2.3
Soc1al Science n.a____ 638 (212)
" 1139 (662) 2363 (1212)
Note: - FTE refers to Full-time Equivalent Researchers. FTE is cdalculated an
the basis of UNESCO recommendation to count 3 researchers equival ent
to | FTE.

Natural Scxences show the highest growth and excludlng social seiences

‘ﬂu:avcragu annual growth of all research scientists and engineers was 77 whidl
is’ nearly double thie amount of increase in all economically active scivntista
and .enginegrs (3.6%). Therefore rate of increase of reseéarch personwel is

~ higher than the rate of al) working scientists which is a healrhy phenamenon.
Growth ol R & D' expenditure at current prices show rhat the levels of R & It

expenditure had grown gons1derab1y although not in proportion with ecanomi
activities as md;cated in Table 5.3.

N Tible 5.3

‘= Growth; of R & D expenditure from 1951/52 to 1983 (in rupees)
Year : R & D .penditure at constant %2 of G.D.P,
at:current prices prices
1951/52 . 8.2 willion 8.2 mil. 0.172
1959760 - ° " 18.8 million 18.2 mil. 0.292
1965/66 . 19.8 million 17.6 mil. 0.232
1970 . Do 21.5 million 15.6 mil. 0.187
97y t - 45,1 million" 22.7 mil. 0.217
1983 - . l-:@"'ﬁ million 289 mil, 0.14%
. . : e ..
* |952 IOO

.s;m_g__u_' R & D expendl.ture for financial years 1950/51, 1955/59 and 1965/6h werr
: . . recported 'in Cooray N (1970). Cucrrent l‘xpendlture on Scientific

Research and Development in Ceylon, CTSIR, Columbu. Expenditure
- Bon 1970 and 1975 from S. Liyanage et al. (1977). A Survuy of

lx;pendxture on Research and Experlmental Development in Sri Lanka,
1966 ;- 1975, N.S .C.. Colombo. : LT

Cautiunary Nol:_u: The figures given before 1970 may not be comparable wilh
later ones. due to different definitions etc.

Argnc.ullur.li Rnesearch Lontrzbuted a large percentage to the total national
K& D expenditure. In 1966. expendlture on. agrictultural research was 747 of the

total R & D' expenditure ‘and, it had dropped respectively to 537 in 1975 and
'-: vl “183
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.. The proportion of capital expenditure also has increased

from 22% in 1966 to 287 in 1975 to 37% in 1983. The
proportion of the recurrent expenditure incurred on per-
sonnel emoluments changed from 60% in 1966 and 65% in 1975
to 447 in 1983,

Lanka

Based on input statistics of expenditure and manpower, a number

of input indicators can be developed. The historical trends
have.shown that the R & D expenditure at constant prices as

well as S & T manpower has grown steadily.

A comparison of R & D expenditure per capita and R & D expen-

diture as a percentage of GDP are considered as common indica-
tors. for comparison of growth in different field of sciences.

These indicators are given in Table 6.1.

Table 6.1

R_& D Expenditure Per Researchers And_As A _Percentayge

of GDP by field of Science (1983/84)

R_& D Exp/Researcher R & D Exp.as_a_4%

(Rs. '000)
Natural Science 30.4 0.085
Agribultﬁrél Science 1721 0.21
Engineering & Technology 118.9 0.014
Medical Science 40.2 0.006
Social Science & '
Humanities 23.0 0.014
Average - 69.0 0.14h

—— o s - - o

A'series:of}ocher indicators also can be constructed. Howuver,
the absence of detail historical statistics it is possible

to compare thése indicators with previous years.
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Table 6.2 provides a series of indicators constructed

to describe the growth of science and technology in Sri
Lanka. thé institutional support per researcher is expressed
by these ipdicators.

L)

Table 62
Inpue Growth Indicators of S & T - 1983
Indicatdrsv Pef equipment Exp. Maintenance Exp. R & D technici
(Rs.. '000) per_researchers per_Researcher
(Rs. '000)
Natural Science 6.2 5.1 _ 0.37
Agric. Science 15.9 33.3 0.44
Engi. & Technology 10.8 23.6 0.25
Medical Sciencé 2.1 . 12.5 n.a.
Social Science 0.3 3.6 0.01
Average . 7.4 13,3 0,25

International Comparisens of R & D Resources

To put the:Sfi‘Lank&n figures if international perspective
it would:bé dseful tB Qork some international comparisons.
In 1980, only 10 67 of the total R & D scientists and engi-
neers and 6 OZ of the R & D expenditure in the world were
avallable in developlng countries for research and develop-
ment activities (UNESCO, 1984) . The average number of R & D
scientists'and engineers per million population was 2954

for developed countries compared with 125 for developing
countrles 1n 1980 R & D expenditure as a percentage of

GNP was 2.24% in developed countries as against 0.43% in

developing .countries: for the same period.

The status ‘of R & D in Sri Lanka in respect of both manpower
and'expehdituré'shows us in a poor light. The number of full

time equivalent R & D scientists and engineers was 79 per

@
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million population in 1984 and the R & D expenditure as
a percentage of Gross Domestic Product was 0.147. Table 8 1
shows comparative data for selected countries. According

to these statistics national financial commitment in Sri

-Lanka for research and development activities remains at

low level compared to other developing countries such as

India, Argentina, Turkey, Brazil, Mauritius and ludonesia,

The availability of R & D scientists and enginecrs pec million
population is also below most developing country average

and in the range of countries such as Pakistan, Togo, Thailand,

Philippines and Seychelles.

Table 8.1
Number of R & D Scientists and Engineers per
million population and R & D expenditure as
a percentage of GNP foF selected developing
countries _
R & D Exp. as a Scientists per
% of GNP million people
Mauritius 1982 0.5 176
Sudan 1978 0.2 219
Afgentina 1980 0.5 351
Guyana 1982 0.2 97
India 1982 : 0.6 1978 89
Indonesia 1982 0.5 13
Pakistan 1979 0.2 1981 61
Philippines 1982 0.2 101
Singapore 1981 0.3 296 nte
Sri Lanka 1983 0,14 7Y 1984 29 - !
Korea 1982 . 0.9 123

§gg§gg:— UNESCO (1984) -Statistics on Science & Technology-
' UNESCO, Paris.
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Some Majof Eacﬁots:Affeeting Science In Sri Lanka

Our Questionhaire 'C' attempted through structured questions
to lsolate some crltlcal factors in R & D as perceived by
senior R & D.Managers and: researchers. The result of this

exercise was a. collectxon of useful comments, observations

" and op1n1on based on the experience of the senior scientists

and englneers in the cOuntry. The responses received were
quite .diverse depending on the sector they served. Yet, it
was possible to extract some common problems through the

structured questionnaire.

Research andeevelopment Intensity of S & T Institutions in
Sr1 Lanka .

181 sc1ent1f1c and teehnlcal institutions responded to this
Questxonnalre "C'. "All maJor R &D performlng institutes and
major .8 &_E 1nst1tuteé ﬁefe among . the reépondents. 137
inscitutiohs:(762 bf Ehe:eample) have undertaken research and
development act1v1t1es of some form. However, only 80
1nst1tutes were undertaklng R & D work on a regular basis.

Even among che 80 1nst1tucas, only 35 had a separate budget

6)

for R & D The R: & D activities are p;lmarlly dlstrlbuted,.

among three majbi-etees..‘Agriculture, forestry and fisheries
(2272)., Comhefce and,Indestry (36%), Scientific and Technical
Services (15%) and the remainder serve medical services;
public utiliéiesjsuch as electricity, gas, water, sanitary,
transport;redueacion;'finance; accounting and legal services;
managementéand consultancy service; computer service; and

military services.

6) Dept. of Agriculture is counted as one unit for reporting
R&D ekpendiﬁuré due- to centralized budgeting and its

substations are not' included in this figure.
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These:various institutions have utilized S & T knowhow

inh a QatieCy of ways. Certain institutes felt that the
role of scienbe and technology was '"vital in all respect"
(452):to carry-out their daily functions, whereas 36% of

the ‘institutions responding found it only "moderately

~useful”. A small percentage of institutions (3%) found

S:&.T had no significance in conducting their daily

activities,

It is worth noting that although the major R & D instttutiuns
in the country did not exceed a total of 80, a wide array

of scientific and technical activities were covered by then

It is-.also important to note that some major 8§ & T institu:
. tions.such.as the Ceylon Electricity Board, the [rripition

. Dépértment, Mahaweli Development Authority, Petrolewn Govpe
: ration,‘Gedlogical Survey Department, and Meteorulopical

- Départment are not as active in research and development

| activity. as would be required by the importance of thuse

' iﬁstiﬁutions..A deep seated tradition of services and

.produétion.functions of these institutions have apparently

SUppthSed-the research and development capabilities of

these 'institutions. A number of scientists and engineers

i@terviewed in some of these institutions have e¢numerated
' quite a number of technical problems in their institutions
.tﬁat need researched solutions. However, they were apparently

“unable to make any significant contribution through tesearch

due to lack of recognition for such activities in the insti-

tutio@al functions generating S & T knowledge is through

own activities within the institute.

jA.cohsiderable number of institutions (147) gained 8 # 7T

- know~how via contract research, which was carried vui in

universities and research institutes. There are, however,
no private research Associations and Institutes except in

the field of Social Science ro conduct such contract jesearch,
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A“ignificani number of institutions (147) depend on

iV Seas '
ov}rseas‘sources:for S & T know-how. Other institutions
(28% have indicated that they are using a combination
of the above three methods (own activities, contract

research, borrow overseas know-how) to acquire new knowledpe.

Dependency on Foreign Technology

Most institutions depended to varying degrees on foreign
know-how. 156Z of the S & T institutions surveyed have
indicated that they depended un foreign S & T know—how
whereas the remaining institutes indicated that they do

not depend on overseas S & T know-how. A large percentage
(40%) of the institutions that depend on S & T know- how
from overseas;wasgfrom the private sector, and were involved
in'industriél;anafcommercial activities, The reasons

for this de#eﬁdehcy.on imported technology are many (Figure 1)

Combinatién ofia b

gy

14%
Superior

standard of
foreign techno-
logy

80%
Lack of Local
Capabilities

Figure 1 - Major causes for.the preference for_ foreign know-how
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The mos( important reason for the preterence of toredpu

téchnol&gy‘wes:the Laci.ot local capability and expertise

to develpp - such technOQOgies. [t is interesting to note

that: none qfithe-tespondents fuund that the competitive

pricing of‘fo&eign S: & T know-how as a major cause for tluit

preference ifor forexgn S & T, although 1t was cited by some

respondents as a sccondary cause 147 preterred oversvas

technology due td che superior quallty of the toreign

technology nasy ‘ac¢ess to forelgn technology in some tieids

was the ma;pr:researehffor foreign dependency according
to our respondents.

The Process;oﬁ R §fD.Pnojec5_§e1ectigg

The particulan diteccion of scientific research in Sri Lanka
depends on the type of R & D projects selected by the

R & D 1nst1tutes A varxeCy of tactors influence the project

seieetlon;ptocess.. Significant among these, are the
avaiﬁabilﬁty ofifinance;;the urgéncy of the problem, the
de- sdion of;the-ptoject;.the technical and economic
feasibilities and pribritie« in national development. in
a Third World sxtuatxon wxrh limited funds tor research for
research .what pro;ect is selected becomes very critical.

The effectxveness of any: ‘R 6D program depends on such dacisiony
The most common method of R & D project selection (38%)
accordlng to. our respondent was that carried out partiy by

management andnpantly,by:the individual LLSQEICerS” t b=

selves Thrs mode was most pruvalent among major R & D

1nst1tutes such as spec1a11&ed research -institutes. [ was

also common to fxnd lnbtltutes (2872 of the total) where K & D

' prOJect selectlon was carried out completely by the wanuyem il

of the Lnstltutxon, relegdtxng the executiun ol such redgcaren

projects t?.imdividuat rescarchers. There were 3 instituton
(2%) where.R:& -D.project .selection was carried out entirelv
on theSdedisibn}of_individual researchers. Six institutes
(67) reported:thatgrhey did not follow any specific method
for selection-dfian:RE& D project.
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Major Criteria for Project Selection

The major criterion used for R & D project selection
adopted by most institutions were in accordance to the
"broad institutional guidelines" of the institute (44%).
Nearly 107 of the Institutes, particularly in the produc-

tive sector, used market trends and surveys as the basis

of project selection. A small number of institutes (472)

was solely dependent on the advise of experts in the

field being researched, and some institutes (3%) indicated

the need for new investment decisions as a criterion for

project selection. However, 287 of the institutes indicat«d
that there was no one method used for project selectinn,

In the institutions surveyed there was lack of cvopsistenc,
in approach as well as an adequate information hase 1n

planning R & D activities, a fact borne out by our jifervicue

449 \

Broad Institutional Cuidelines \\

28%
Mo specific method

11% Miscellaneou
Methods /7

/

107

Market trends
& Surveys

.
New Investment Advise of
Decisions EXperts
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Causes for t..: Failure of R & D Based lnnovative Projects

R & D output should in the normal chain of events leads
naturally to innovation in industry. Success and failure

of innovative projects can be due to several factors. We
attempted here to isolate some key factors in the failure

of innovative projects. The largest number of institutes
(257) identified market failures as a major cause for the
failure of innovative projects. This was a common feature
in most private sector institutions. 20% of the institutes
found the rapid turnover or the brain-drain of trained
personnel as a major cause for the failures. Another 127

of the institutes found that the most frequent causes as

the failure of the R & D process itself or the technical
infeasibility of the project. The last two reasons were
given ﬁost'frequeﬁtly in research institutes. A small number
of institutes blamed the project failure on pilot plant or
proto-type deﬁelopment.problems. Among other responses were
poor commuqication and;information flow, lack of co-ordination
and failures in'follbw—up'éctiOnL Thus, a variety of factors

had influenced innovative projects.

Major Constiaincstfor Undertaking R & D

The que;tiohnairé sought to elicit the major causes inhibiting
R&D a?tivitiesm The reasons cited were inadequate funds

(32 ins;ituﬁes or 23%), inadequate trained persomnel (24 or 177),
inadequate equipment and instruments (4 or 3%) and a combi-
nation of the above mentioned three factors (24Z). A small
number of institutes have indicated that an inadequate
support'facility and lack of motivation of staff as the major
cause. (For example, the Department of Geological Survey

had one trained Chemist due to a rapid turnover of personnel
in that department and apparently this department is on the
verge of cominé to a complete halt with a large number of

equipment and instruments in this department lying idle).
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8.7 Transmission of R & D Know-how

There are several mechanisms available for the diffusion
of knowledge in Sri Lanka. Figure 3 shows the method ol

diffusion of § & T knowledge from producers to users.

!’

36%
Extension Services (a)

Otherwise methods
or combination of
a,04Ce

35%
Through R & D Personnel

themselves (b)

1 results not shared at
nroposed combination

Sale of R&D results (c)

S~ e

—— e T

Figure 3 - Major methods of transmission of R & I know=huw

P

Most frequent means through which knowledge is diffused

1s by extension services and communication among researchers

8.8 Evaluation of R & D Projects

A large number of institutes (86) evaluated their R & D
work regularly, and another 43 institutes evaluated bhey
projects occasionally. Some institutes have not evaluated
their projects at all. The decision to abandon such proaj 1ty
after evaluation have been taken by nearly 507 of the

institutes surveyed. This is important as it may indic.at,

the effectiveness of the evaluaring system  Most il av
industries undertaking K & D had concentrated therr efiodt.

in product development, with process development aciivitres

undertaken only occasionally.

~h
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We would like to put the data presented in the perspective

of the general performance of scientists as a whole, as well

as the socio—economic restraints to their performance.

A study (Goonatilake et al.1984) done by the General Research
Committee of the SLAAS on the output of scientists in Sri
Lanka in 10 selected disciplines and three selected institutes
indicated that the rate of growth of publications was above

7% per annum. It also brought our significant data on the

productivity of scientists indicating that a few scientists

~working in scientific enterprises in Sri Lanka were in operation.

The study also noted some of the problems related to formation
of critical masses in some subjects arising from both an

internal and external brain-drain.

The brain-drain in Sri Lanka is important for our study here
too, because it governs the entry of scientific personnel into
scientific éctivity. Although we have recorded a steady
increase in scientific personnel, this has to be muted by the
fact that théré has been an equal stead&, perhaps even more
dramatic, exodus of scientific personnel from Sri Lanka. The

figures for brain-drain for selected d¥sciplines are given in

the table beiow.

Table 9.1

———— s St

Trained Personnel who left for Employment Abroad

Occupation . May May - May May July July July Total
Category 1971 1972 1973 and 1974 1975 1976

"Apr.  Apr. Apr. June June June Dec.
1972 1973 1974 1974 1975 1976 1976

- - ———— - - — S - ——

Doctors - 108 171 238 41 243 343 110 1,254
Engineers 54 113 94 14 118 498 183 1,074
Accountants = 23 41 88 (R 86 162 88 499
University

Teachers - 15 24 02 14 54 32 141
Other ’

Teachers 82 55 52 04 70 279 86 628
Lawyers - 08 35 13 02 28 49 25 160
Technicians - 20 - 27 15 228 176 71 537
Total 275 450 536 89 787 1,561 595 4,293

* Data were obtained by examining Embarkation Cards.
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and unskilled labour to West Asia, Fuplovment
| and Manpower Planning Division, Ministry of
W:% : Plan Implementation, 26.9.78,

® In fact these figures related to a period less turbulear 1 han
the last couple of years specially 1983 and 1984 where an 1n-
formal assessment has revealed a haemorrage ol scient |sts
occurred. The previous five years also recorded a brain-ctiain

® : ~ categories, specially to the Middle East.

The brain-drain for economic reasons is directly related tn
remuneration of scientists. The table below gives the relative

remuneration in certain categoriles of state sector and private

sector employment, in comparison with those of scientists It
is noted that in certain categories of state sector employment,
payment is very much higher than in scientific pursuits. A
. . quick glance at Table 9.2 reveals that remuneration structure
 is anti-intellectual. This position was further explored in

a recent article by Siddeek (1985)

Table 9.2
Comparative Monthly Emoluments
Institute Post Qualifications Total moutl |y
e Lument

Scientists
NARA-NARESA  (a)Grade V A Degree (mo experience) 2050 (lux fruee)

(b)Grade III Post-graduate qualifica-

tions 2600 CTax Hiee)

Scientists
University (a)Asst.Lecturer Degree (no experience) 1977 (Tax tree)
: (b)Lecturer Post-graduate 200 (Has tree!

(¢)Professor Post-graduate degree 6125 lax tveel

Grade II with experience
(d)Professor Post-graduate degrec 4625 (Max troe,
Grade I with experience

Others_
Private Trainee Execu. Degree 5500 (Taxable)
Banks
Private Junior Execu. SSC/GCE(0.L) or graduate 1500 (Taxable)
Companies
State Banks (a)Messengers JSC or 8th grade 2800 (Tix free

(BEquivalem
total includi
loan subsidie

\
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(b) Junior SSC/GCE(0.L) 4800 (Tax free)
Executive or graduate (Equivalent total
including loun
subsidies, bunus,

etc.)
(c) General Minimum Academic 8600 (Approx)
Manager SSC or GCE (0.L) (Equivalent total
qualifications including loan
subsidies, bonus,
etc.)

We have also:obtained some comparative figures of the brain-
drain for the scientific sector and others. A strong impression
that we have'is that although there is a heavy haemorrage of
scientific. and technical personnel to foreign countries, it
hardly occurs among the highest paid state sector, namely the

Banks (and one should add,. also in the administrative sector).

Non-monetary reasons for the brain drain have been adduced
to the préfessional isolation of scientists. For example
informal interviews among Sri Lankan mathematicians revealed
that they, during their graduate studies had researched in
very diffefen; areas. It is here that allowing academics Lo
meet profeésibnal'colleagues and thus interact with the
"invisible collegés" of their disciplines would be a very

useful device for keeping the local scientists in Sri Lanka.

Howevef, we fhund in our interviews that inspite of the
liberalizing policies followed in the case of foreign travel

for other $ectors - such as private business - there were still,
rather long drawn. out ﬁrocedures for scientific personnel,
Speciaily in fhe universities desiring to interact with foreign
counterparﬁs.'UniQersity personnel desiring to meet professional
colleagues.evén during university vacation time have apparently
‘to go through a cumbersome process of approval. Lessening

these * barriers would we believe, help lessen the brain-drain
and .in¢rease productivity, as much as would enhancement

of other incentives.

khhkhhkkkk
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[1.7 Definitions and. concepts used in the study
i

=£ f-§99é§£-§9§§2§i§£§ - Any person who has racelven
.i scientific and technical training in the fields of scienuew
(Natural Sciences, Eryinecering and Technoloyy, Moedical
Sciences, Agriculture, Social Sciences and who meats ny

of the followina criteria).

(1) Completed tertiary education leading to an avademi:
degree,
(ii) Completed tertiary non-university education which has
been recognized as equivalent to a degree for thao
: j j : f - purpose of career requirements. Those who qualified
‘ in departmental examinations and are classified as
engineers or scientists by the institutions may be
alsec included,
(iii)Completed education say with professional expericnce
- which is nationally recognized (e.g. Membership of
professional institute) as being equivalent to a formal

proféssiqnal education at graduate level.

. . .
Technicians -' (Please note this category does not in:lude

" skilled craftsmen).

Any person who has received specialized vocational or tech-
nical training i1n any branch of science or technology s

specified below:

(i) One to two years training after completing educalion
at secondary schaol level, or has received peoper and
adequate training whether or not leading to o degree
or diploma but is nationally identified as a technician,
(ii) Obtain training abroad on short-term or long-term

periods and currently working at technicians yrade.

(1ii) Completed nationally recognized institutional
examinations and have received a formal training as

a technician.
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Scientific end technolocical ectivities - (STA} man e zgfinec

as all systematic ectivitiaes whicn ere zlosely concermedn wiir ©Te
generation, advancement, disemiration and application of sclentific
and techmical knowledge in all fields of scdence and technology,
that is the matural sclences, sngineering and technology, the medical
and the egriculturel sciences as wall as the social sclences and
humard ties.

Rasearch and Experimental Development - (R & D) can ba definad

as systematic aﬁd creative wark undertaken in order to increase tha
stock oF-knaf{ledge, including knowledgeof man, culture end socisty,
and the use of this knowledgs to devise new applications.

Jasic Research can be defined as any experimental or theorstical

work undar’t:al{en,prd.marily to acquire new knowledge of the underlying
foundation of. phenomere and observable facts, without any particular
or, specific application ar use in view,

Applie_d Research — can be defined as any original investigation
undertaken in order to acquire new knowledge. It is, however,
directed pt'imar'ily towards a specific practical aim ar objective,

Exparimental Davelopnent can be defined as any systematic work

drewing an ax:l.st:.lng knowlsdge gained from research and/or mrectical
axperience that is directsd to producing new materials, products
and devises, = installing new processss, systems and services, and
to improving substentielly those already produced or installed,

EXALANATORY NDTES

The percentage af‘ time devoted to R & O sctivity is tmken as
a crude measure ‘to separets the R & D component from other

related ;cien:t:if?ic actvities such as teaching, consultancy,
routine testing, surveys and general purpose data collection,

explomtl.on of wminerals and oils, sclentific informatdion services,
etc. It is, however, dif‘f‘icult to keep an er:\ct record of time
devoted for R &0 work, therefore, subjectdve judgement may have to
be exsrcised. '

Pleasa use this Emeesur-e to estimate R & D expenditurs whersver it
1s impossible to directly identify research expenditure,



C———_E -

1;7.2

The R & D activities differ from the other related
activities in the presence of an appreciable amownt o
novelty. For an activity to be classified as R &4 D
there should be something innovative, e.y. the intro-
duction of an improved technique. The standard piloce

dure is not classified as R & D,

o o

the national economy comprising a significant number «;
institutiens carrying out S & T activities (as defined
in items 1.1) that present a certain degree of homogeneity

with respect to the principal function or service provided

irrespective of source of funds, the authority to whirch

such institutions are responsible or the category of STA

_being carried out. According to these criteria, three

major sectors of performance can be distinguished: the

productive sector, the higher education sector and the

general service sector.,

-~ domestic and foreign industrial and trading enterprises

situated within the country which produce and distribute
goods and services for sale, and institutions directly
serving them with or without contract whatever thei:
form of ownership (public and private). The § & T
activities of these enterprises and institutions clesely
linked to production are known as "S & T activities

integrated with production";

~ governmental, non-governmental and non-profit inutituliniong
most or all of whose S & T activities indirectly seown
.one or mor: uf the categories or classes of activities

- with a two-o1 three-digit classification in the IFIC,
The S & T activities of these institutions which are
only indirectly linked to production are known as

- "S:& T activities not integrated with production". In




countries with a centralized economy, R & D institutes
attached to the ministries responsible for the different
branches: of the national economy should be classified

in this category of institutions.

establishments of. education at the third level which
require as a minimum condition of admission successful
complétibn;of education at the second level or evidence
of the attainment oﬁ an equivalent level of knowledge,
together-with research institutes, experimental stations,
hospitals and other 'S & T institutions serving such
establishmen;s and directly administered by or associated

with them.

e e e . S - —— " - ——

- bodieé,‘départﬁeﬁts and establishments subordinate to
: thé éedtﬁal, State (in federal systems), provincial,
: diétrict or couniy, municipal, town or village authorities
| that Sefve the:coﬁmunity as a whole and provide a wide
: raﬁge:of serbices.such as administration, maintenance
f ahd reguldtion of public order, public health, culture,
: soéial services, promotion of economic growth, welfare and

technical progress, etc.;

- . institutions such as national scientific research and

- technology Councils, academics of scilence, professional
' sci?ntific organizations and other institutions which

" serve ‘the whole of the community;

- . institutions whose. S & T activities (including R & D)

Earefcérrﬁéd'out.qu the general benefit of agriculture,
indpséryqﬁtfansbokt and communications, building and

;publiq wbrks or the public electricity, gas and water
serVi¢e5'4 i.e. activities classified under a single-

_digit ireference in .the ISIC.
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Field of Sciences

(ii)

“ii)

(v)

§§Eg£§£_§g£gggg§, including : astronomy, bacteriology,
biochemistry, biology, botany, chemistry, computer
sciences, entomology, geology, geophysics, mathemitics,
meteorology, mineralogy, physical geography, physics,

zoology, other alloed subjects.

such as chemical, civil, electrical, and mechanic.l
engineering, and specialized subdivisions of thesg;
forest products; applied sciences such as geodesy,
industrial chemistry, etc.; architecture; the science
and technology of food production; specialized tachnol:s-
gies of inter-disciplinary fields, e.g. systems analysi:,
metallurgy, mining, textile, technology, other allied

subjects.

medicine, nursing, obstetrics, optometry, osteopathy,
pharmacy, physiotherapy, public health, othex allied

subjects.

husbandry, fisheries, forestry, horticulture, veterinaty

medicine, other allied subjects.

Social scienve and humanities, comprising:

Group 1 - Social aciences, including : anthrupaloay
(social and cultural) and ethnology, demoyraphy,
economics, education and training, gqeography (human,
economic and soclal), law, linguistics {(exclwling
lanquage studies based on set texts, which should be
classified i1n Group II under "Ancient and modexn
lanquage and literature"), management, political sciences,
psychology, sociology, organization and methods,
miscellaneous social sciences and interdisciplinary,
methodological and historical S & T activities relating
to ;ubjects in this group. Physical anthropology,
pﬁysical geography and psychophysiology should normally

be classified within the natural sciences.
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Group II - Humanities, including: arts (history of

the: arts and art criticism excluding artistic "research"

éf any kind), languages (ancient and modern languages
and literature), philosophy (including the history
éf SCience and technology, prehistory and history,
;ogethe? with auxiliary historical disciplines such as
archaéolojy,_numismatics, paleography, etc., religion,
other fields aﬁd'subjects pertaining to the humanities
: and, inter-disciplinary, methodological, historical

and other S & T activities relating to the subjects
in this: group.

Expendithre

- - —— ep—p—

- 4 i et o e e e

Referé to funds used for the performance of R & D within a

particular organization or sector of the economy, regardless

of the spurce.

This inciudes wages and salaries and all related elements
of labouk,>inc1uding such "fringe behefits" as bonuses,
holiday §ay, contributions toc pension funds, payroll taxes,
etc..Alsp intluded are expendable supplies and minor
equipﬁent and other supporting costs including share of
over-ﬁeads; for example: rent, maintenance and repair of
bdildingé,.réplacement of office furniture, water, gas,
e;ect#icity, administrative expenses such as expenses for
security, janitorial and mainﬁenance personnel engaged in

geéneral house-keeping activities,

Capital Expenditure

e s Be e ey o e T

Includes;actuai expenditure or investment in land, building,

méjorieqpipment and phrchase of books and journals.

Refers to payments made for the performance of R & D

outside a particular organization or sector of performance.




1.7.8 HNational R & D _Coefficient. (Manpower)

. _ National coefficient of manpower is defined as
, ' : humber of full-time equivalent S & T personnel
® ; for 10,000 posulation.
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1;5 1.7.5 - Bource of Funds

e et e e e e o s Y e e a2 2t

(1). Government funds. This category includes funds

provided by the central (federal) State or local

authorities and originating from the ordinary or

e e e

extraordinary budget or from extra-budgetary sources.

It also covers funds received from public intermediary

institutions established and wholly financed by.lhe Stute.

e o

(2) Productive enterprise funds and special funds,

This category includes funds allocated to § & T acti-
vities by institutions classified in the productive
sector as productive establishments or enterprisss

. and all sums received from the "Technical and Economic
Progress Fund”, in countries with a centralized

economy, and other similar special funds.

(3) - Foreign funds. This category includes funds received

from abroad for natioral S & T activities, insluding
funds received from international organizattions,

.governments or foreign institutions.

'(4)° Other funds. This category includes funds that
: cannot be classified under any of the preceding
héadings, e.g. "own funds" of establishments in :he

higher education sector, endowments and gifts.

1.7.6  Gross_National Sxpenditure on Research and Experimental

- e s -t i s e s et e B e . e e T S W | T o > o 4 o ol et T e o o B e e 2 - - e -

In accordance with the "Frascati Manual", GERD comprises
current and carital R & D expenditures financed by bath
government and by private sources: and undertaken in any
facilities within the country, excluding those ised and
financed by international organizations, but includ.ng
those fecilities abroad which are used to undertake an

integral part of the national governmental R & D progranae.

1.7.7 - National R & D Coufficient (Expunditure)

Country"s total expenditure on R & D expressed as 4

percentage of the Gross National Product.

kS -

® i
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S groas )
! wreet s | o
[ wd My No. }
L ey f 25306 Wed s
‘.A Her . Fad il @,(l. }
; : Your No.
w

1L g et s
cazugu Huroido B86H q@roniwe st

SO G s e

B ah GouinBdmsh oennde; 7:‘;‘:"‘ m‘:’:u ‘:'_"' .
o 7th Floor (Mogther, Tovine
. MINISIRY OF PLAN IMPLEMENTATION &h Moot {blagthr, Tesren)
. ; ﬂ&rﬁfu}n4n ’“*j:l'qm Gl 1
. L6 LR Y] . :
] : P. O. Box No. Colombo f
.' ';i ................ feesoanaaan
) ' 3 e ieeeaa . Cr e
‘ Dear Sir,
® : o
=N .= .. His Excellency The President has directed that a «dacuient
p : on Nat1ona1 Science Plan be prepared by the Ministry of Flan lmnlenenta-
} tion under the technical yuidance of Prof. Cyr11 Ponnamperuma, the
3 Sen1or ‘Science Adv1sur to the President.
® i - S
i Co o+ .. A Nat1ondl Science Policy Co-ordinating Committee has |uve
S set up Tor this purpose. One of the serious impediments o the formute-
: : ~ tion-of a science plan and the implementation of it is the ab.ence uf W
. - reliable information base on scientific and technoloaical (& & T)
R 1% - resources available in the country. Therefore, it is decided tn launch
®» . . an immediate program to assess the current S & T situation in Lhe
SR country. The Institute ot Fundamental Studies (IFS) has aqreeid to b
L : .the foca] p01nt of this study.
s i ‘ii? S It is 1mpor1dnf that this study should be comnletil befure
R @} E .the 315t of November, 1984, and your active co-operation s kially
® L " requested. Please Lormder this matter with highest priority and datteml

to_the following :

g - : i(é)' Nominate officers (involved in finance and pursomnel
R ~ management) with whom IFS can communicate directly on
this matter and inform the Director of the [FS,

- {B): - Please provide a 1ist of academically and professionally
; + qualified full-time scientists, engineers and techpical
personnel attached to your institution. (See attached
. Form A for details required.)

: T(C)? .Codld-you kindly request the finance section to complete
Lol 'the attached form B ?

%(dQE 'K1nd1y complete Form C by you or by a senior manager of
Do 5}your 1nst1tur|on

(e) Elease provide conies of documents prepared by vour
L institution related to finance and manpower plannina,

forecastinu activity in your institution to the Director
- IFS.

a1
7%

1 et ek el
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‘ i . Thaaking you .for your co-operation in this national
end@avpur; ‘

A ; _ L Y,urs'faithfully,
: ' . © D/"' e d ‘.}
L 'Dr.W.S.Weerasooriy,

- Secretary,
Ministry of Plan Implementation.
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FURM A

' (-T(:):'bef filled by thu PurSonnul Departmant)

A STUDY OF : NA[‘IONAL SCIENTLFLC :\ND TECHNICAL MANFOWER POT ENT1AL

-———--—-—_--—-—---—_———-—_--.——_--—_-——————_——-_--_-——_—-n - o - abe o o

; 1-.'-'|sv furmsh' mromaclon required to the U1RECTOR,

.1: 1 \Lblﬁ:\ "‘MWA'IL’\

LFS, 380/72,

COLUMBU 7 - LELE; 54073473

® -’le.u,c respund bLtUL the 25 OF OCTOBER, 'yB4
: LUSTLTUTE ;-
e | NAME & TELEPHONE NO: OF CONTACT PERSON:-
: FoomaL = ‘Please list all scientlsts, cngineers, medical doctors,
® ‘technicians and social scientiscs (see definiciun belus.
) : ;Lhdicaie:with an asterick (*) those who dre un lTeave dbre .l
: iaﬁa_inqicate with o cross (x) those who sctve youul iusyitutioe
aé Toriign'consultwnts LE o person ts cmployed on part=tinwe
°® :baals, plca:«. indicate wah (P/e) against che name = v g
R PeLerson (e/c).
BUIENTISTS: - . . ,
e ———er— ! LA . e -
Iy . i . i i « oa . . Y . .
— | o C Numc.: Age Sex ualifications Spuclallity Eopaged {n Kesyvan
o Ly Age  dex Q peciality FEogage i h
4.8 Dr.. Rlchard 28 yrs| M B.Sc.(Cey ) Agrunomy Yes
: Peterson (x) : Ph.D. (Oxfd.)
LR ) l ) R
Dr BIM. 35 yrs| F B.sc. (Eng.) Micco No
) Fernando * : M.Sc (Lond.) | Bioloyy
» dP/T). :
{ BRGINEERS : - -
® . Name Age.  Sex Qualifications Speciality Engage ir\-”_ : -'_q .
LI o o
: B8, Mr.D.lSilwa 147 yry M bept qualified Civil * No
: : _ M.I Eng
A S ; - Mr. T Slva- 50 yrg M B Sc.. (Cey.) Electronics| - tes
@ 3 palan :
L» : ﬂJplLAL PLRQONNLL.- :
1 Nu e . Ame -ECA Ouali? Teations Speciality Engaged bn ke b i'3‘|
® \'.,; BEV] S JJ yx;‘st " Mk ob.o

;Salgadu

MK oGP (lond)

l'hy.'s elarn

Yo

36 s i s

.....
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r

ar
dxploma but is nationally identified as a technician
(i1) ObCain.tratnihg.ébroad on short-term or long-term periods
and currently warking at technicians grade.
(Lii)

- .
_xo Al SCIENTISTS:~ | '
Name ° . Age Sex Qualilications Speciality Eugaged in Moo S
¢ oy Mp, N 29§yrf M |{M.A  (Lond) soclologis Yis

Arartswala

L

TECHNICIAN:- = .. . - ’

:' Namei .. o Age Sex Qualifications Speciallly Engaged In resed

cﬂg.'mﬁ. S.: 21 yrs| Diplome [nstrument Yeu
Nadesan . (Cey) Tech

DFEINIP(ONb

Scientists & Engineers

& Social Scientists

- Any person who has received scientilic ar
S o techuical teaining in the fields ot seienes
(Natural Sciénces, Enginecering and Technology, Medical Science
Social Sciences ana whe weets any uf che tollowing criceria)
(L) ..

(ii)

§, Apricl

Comblétéd'"ertxary caucarion leuding to an academic deyree,

Gompleted cerclary non-— uanLrhlLV education which has huen
recogwxzed as aquivaleut te a degree for the purpose of
career requlremunts Those who gqualified 1n Jdepurtment .l
examinations and are classified as engineers or scientists '
: by che 1n5t1tucxous may be also included.
(1ii) Completed education say with p:otc551ona1 exp;riencc

' . which is nationally vecognized (¢ g. Membership af pruofessional
insgitute) as' being zquivalent to a tormal professional
educatlon at graduan level.

Technicians '='(Pledse note this category does not include skilled
o I : hraftsmen )

Any person whu ‘has reLelved Specxalxzeu vocational or technlcal

craxnxng xn any branch of sclence ur technology as :peclti&d below:

1) - Ohe:to-cwu yearS:trainxng after completing e¢ucatlun
at secondary school level, ur has received proper aud
adequdte training whether or not leading to a degree

Completed nactlonaily recognized institucional examinations
and have veceived 4 formal ctraining as a technician,

-t

s

o




FOURM

(To be L‘l.].lt.d by the l-manu_ Section)

gy, ehl O NATTONAL EXBENDITURE ON_RESHARCH AND_EXPERIMENTAL DLW LMERDESL Y

.Q vt Loase ijl‘n;lSh ;h@e‘, informat oo l.‘uqu.lrud tu che DIRECTOR, 1FS, '!fl(]/?_‘.!_,

_;.-'l-,uQHALOKAg MAWATHA, .COLOMBU 7.

.'-l.-..n{..:f respond before che 15 11| DF OCTOLER, 1984
o LNSTLTUTE: -

AMME & TELEPHONE NO:OF CONTACT PERSON:~-
e

The ova..ctWe of thls study is to quunuly actual expendicure invalvud

ol res-..arch and t.xp(_rl.mencal developuwent (se¢e definition) [f your

lnatnunon does not undertdke research and experimental development,
® p:..:..-..: mdl.cate No R&D and recurn the form to us. In the cuase of

m rt.search mstxtucxons and institutions whlch have a R & D budget, please
,; ~ provide che actual l.xpendume for most recent year (1983) according to

the fellowxn,;, format If your institution does not have a scpurata W & D

'. Division gnd: a:separate budget for R & D, please attempt to fdentlfy
., the expendit}xre items directed at R & b accivity as described in the

explanatoty note.
® gqes_tion 3 - "~ Do you have a separate budget for R & D YE3/HO

uns'?c‘i.o:p 2 - What x., the exp;endx.turze ipcurred in 1983

' o ~ for R & D by differenc..R & D divisions in the Institute "

[ E L
' Yé_ar - I§83 :? “Current Expendicure Capital Expenditure | Totual
i ) |f" - —— . j -
L mmze& - | salary Other | Equipment |  Opher
v '

'R Plant Patholqu




(2% ..-n"»-,n‘ 3 _

-t

Has any part of the above expenditure used tor res.

, commissioned outside your institucion ? YES/Nu
' If:so, what is cthe amount spent for such extramural actiy
Yeatr = 1983 : | Current Expenditure | Capital Expenditure
' Division ‘| Salary | Ocher  |Fquipmenc | Othey

i

fot?l-Inséituté:

Question: 4! -

" Has any component of expendicture given in-Ques<riop &
. being used Fur related scientific activity such as
" seminars, «onferences, twaching, consultancy, test’
--and quality control, vaccine production, infornatiova
cand Library scrvices dund extension scrvices 7 YES/NU

~Ifiso, could you indicate the amount spent an such dctivf§

?Divisibn:
-

keiaccd Ra&aD Expuﬁdicurc Zof tine spent on related
' ' R & D work by the staft

Question 5 ~

in cerms of toreign grants received (either by the
dinstiturioa or by irdividuals).

Foreign Funds Curvene . Capital . Total
. . . © e "

Question . 6° -

" Could you partition thes R*% D expenditure a:cording

Lo "to;bésic/appliud/uxpgrimuntal development resegreh
- : - projects by your institution.
198 5

Basic Kesearch Applied Reocarch  Experimenral Deveil
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DlllNllth

Reseérch,and ExperimcﬁtaL Duvalopment (R & D) can be defined s

ayStématic and creative work undertaken in ordur to increase the
acock of knowledge including knowledge of man, culture and

aoclety, and the use ol this knuwluduc to devise new applicaticn.

-Basic Research can be detined as any experimental ot theoretical

work undercaken primarily Lo acquire new knowledge of the under-
lyxng foundation of phenomena and observable Eacts, without

any particular or specific application or use in view

Applied Research can be defined as any original ipvestigation
undertaken in order to acquire new knowledge It 1s, however,

directed primarily towards a specific practical aim ur abjzcrive

Experimental ' Development can.be defined as any systewatic wor

¢rawing an existing knowledge gained from research and/or practi :uy
experlence that is divected to producing new matariails, ptoducts

and’ dcvxses ‘to 1nnLa111ng new prutesses, Systems and services, and

to improvin substantially those atready produced or installed.
_ 8 y ;P

- EXPLANATORY MOTES

e o S W e @ o s o U — -

: The Per;cntage of Ltm; devoted to R & D activity xs tiken 4s a

j Lruq -measure . to aeparaCe che R & D component from vther

. réléted scientific activities such as teaching, consultancy,
: réuﬁiﬂeiteécfng, surveys and ganeral purpoée duta»collectlan,
: exploration of minerals and oils, scientific infoyrmation services, cte
. It ﬁs, however, difficult to keep an exact record of time devoted
: fér»R,&.D work; therefore, subjective judgement m#y have to be
;eXenciséd.r

‘ Please use thl: measure to estimate R & D expendtrure wheraever

:1t 18 1mpossxb1e to directly identify research expenditure,
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FORM C

(To be :£illed. by the Head of the Imstitute)

!!-":?ﬁ'ﬁ
o 3 .nqase return thls form to the DIRECTOR, IFS, 380/72, BAUDDHALOKA
¥ 2 j,wArnA COLOMBO 7,.not later than 25 OCTOBER, 1984.

s 0}

) :E INSTITUTE:- phEQ.:.:nnn.n:nnlﬂn-..-u-\ol\.\- nNn - rTegerNENnO e A DD
| ———— S o

E;}iv Please circle Ehé appfopriate answer.

%i"al QMeStion 1 ﬂ—; What 'is the ma]or area of activity in your jostitution ?

%iﬁ%i . S - ; .(a) Agrxculture, Forestry & Fisheries {
§iﬁ,f j : : ; ::(b) Commerce & Industry 2

® : : ‘ . - (e) Medical Services 3
: %é{?' 5 11 d) ‘Public Utilitles 4

g X ‘ % Lo " Electricity | 8

5 - © . . Gas 6

- f ! - Water 7
? i év;:j é ; E Sanitary 8

E ?';f E : ? L L ; Transport 9

—-—
o

Eif.A S ' "(e) Education

et
—

) ;i'?f; : o o (f) Finance, Accounting & Legal

—
]

Y 3 f Lo ‘(g) Scientific¢ and Technical Services

§§5-‘i' .t~ .(h) Managément & Consultancy 13

.§§; ;_ ' (1) fCémputer Services 4
] ‘il,té ' f . (j) Military Services 15

%%3’ : o . (k) Other (Please specify)

AR .

Gommenté ahd;explpnétiohs it any :-

g~

"
R~ - -~ e

éueécioﬁ é E-E jDo you perform research and development (R & D) In your
o L glnstxtutxon 7 '

i 1) Yes - as a regular activity

' ;2); Yes - occasionally

- 3)- Never

1
2
3
4

; s ;ﬁ)' Other (Please specify)

a a0 L] ~ e e

Comment$ and. explanations i1f any:-

b i g
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Question 3 ~ What is the role of science and technology ( § & T)

in daily activities of your institution ?

a) Vital in all respect

b) Vital for some activities
c) Moderately useful

d). Rarely useful

e) No use

Comments and explanations if any:-

Question % - When you need new S & T knowledge, where do you mainly
| look for such knowledge ?
a) Generation within the institute
b) Contréccing out to a research institute/univer-
| sity
c) Purchase from abroad

d)  Others (please specify)

e AN AEeR e - uenANeOn AN

Comment s éndierlanations.if any :-

Questﬁén 'S5 —:Do.ﬁuu- dépend on  foreign S & T know-how ?
.b) - No -

Comment’s and explanations if any:-

Questién '6'- If the answer is Yes for Question 5, why do you pref{

.éurchasé of foreign know-how ?

a) Lack of local capability and expertise
b) = Competitive pricing of foreign S & T know-how

| .¢) Superior standards & quality of foreign
technology

d) . Others (please specify)

e ST aammr e o hc e B

H :"\_ . ; P : e
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Comments ‘and explanations if any :-

e — .

; ‘a)
' b)

' c)

d)
e)

3 guestioh -7 = 1f you have an R & D department, who selects
' the R & D projects ?

Entirely by the Management of the institution

Entirely by the individual Researchers themselves

Partly by Management of the Institution and
partly by the individual Researchers
No specific method for selection

Others (please specify)

6N eNeONAONNANDBODCOENODNSEAEDEO OSSP

a)
b)

c)
d)
e)
£)

Comments: and -explanations if any :-

gueétibn' 8 ~ R & D projects in the institute are selected primarily

according to -

Advise of experts in-the field being researched

‘'The broad objectives and guidelines of the

institution

Market trends and surveys

The need of new investment decisions
No single method

Others (please specify)

ANBSDEBAADNANDNGLOIONMNOENS SR

Comments and explanations if anyi- °

[ - I S - T % ]
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Question 9 - In your opinion what is the most common cause
leading to failures of an innuvative project ?

a) Failures of the R & D process itself
b) Pilot plant and prototype development failures 2
¢) Market failures 3
d) Rapid turnover of trained personnel 4
e) Others (please specify) 5
Comments and explanations if any:-
Question 10 - What in your opinion is the major constraint for
undertaking R & D in your institution ?
a) Inadequate funds |
b) Inadequate trained personnel
¢) Inadequate equipment and instruments 3
d) Inadequate support facility 4
e) Lack of motivation of staff 5
f) Others (please specify) 6
Comments and explanations if any :-
Question 11 - What in your opinion is the major incentive available for
undertaking R & D by the staff of your institution ?
a) Financial rewards !
b) Promotional prospects 2
c) Recognition of their work 3
d) Other material incentives such as vehicles,housing 4
"e) Others (please specify) 5

¢ - 9 mr anangonananoa

Comments and explanations if any :-

@ Sy

i
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éLestiun 12 -

What arce the Covernment incentives  that you are

! .
! © aware of, available for post R & D development ?
a) Assistance for prototype development 1
| b) Assistance for pilot plant development 2
- ¢)  Manufacturing and tooling incentives 3
d) Provision for market research 4
- e) Protection policies for products 5
- f) No incentives -at présent time 6
g) Others (please specify) 7
Comments and explanations if any :-
Question 13 ~ What is the most common problem in the development
of pilot plants and prototypes ?
a) Absence of vital components in bthe local market 1
b) Lack of certain specific technological skills 2

¢) Poor quality material and/or components available 3

locally
d) High costs. 4
e) Investment in pilot plant financially risky 5
f) Others (please specify) 6

Comments and explanations if any:-

Question 14 -

o di il

If .you do not have an' R & D programe,in your opinion what
should be the most preferred incentive for developing

R & D activity in your institution ?

a) R & D project grants from outside institutions 1
b) Taxation incentives

c) Tarift protection (to protect new praducts

emerging from R & D) 3
d) Capital grants and credit facilities 4
e) Protection of R'& D knowhow(patents) 5

f) Others (please-specify)
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Comments and explanations if any:-

Question 15 - What is the major vehicle in your institution for the

transmission and diffusion of S & T knowledge from R & D

to actual practice?

a) Extension services

b) Through R & D personnel themselves 2

c) Sale of R & D results(of technology) to outside 3
‘customers

d) R & D results are strictly confidential 4

e) Others (please specify) 5

se~ngoan ¢ B it A @ gna

Comments and explanations if any:-

Question 16 - Do you have a formal wechanismfor periodic review

or evaluation of the progréss of a project ?

a) Projects are never evaluated 1
b) Projects are evaluated occasionally .2

¢) Evalwated vepularly

d)  Others (please specify) 4
Comments and explanations if any:-
Question 17 - After project evaluation, have you at any stage

abandoned the project ?

a) Yes |
- c) Others (please specify) _ 3

neoae “Ne e ~“enN e N -
o

—_=_
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. Comments and explanations if any:-

|

"Question 18 - If your institution is involved in production, what

is the approximat® proportion of financial resources

directed to products and process development ?

a)
b)
c)
d)
e)
£)

More than 752 product and 25 process
50Z product and 502 process

257 product and 75 process

100Z product

1002 process

Others (please specify)

e nNnanenNnesssennnNeanaNERA N

Comments and explanations if any:-

kkkkkhkkk
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] EXECUTIVE SUMMARY

INPUTS INTO SCIENTIFIC RESEARCH IN SRI LANKA

MANPOWER - 1984 and FINANCE -~ 1983
(]
Table 1 Personnel Available for S & T Activities
. All s & T R&D No. of No. in University
® Activities Activities Ph.D. (PhD holders)
Natural Scientists 2482 1340 301 526 (179)
Engineers & Architects 3114 169 56 169 (35)
L Medical Scientists 336 216 4* 193 -
Social Scientists 2613 . 638 143 384 (125)
9 Note :- * Medical Scientists possess other post-doctoral qualifications
equivalent or higher than Ph.D.
-.' The above data do not include medical officérs (1667) engaged
in Health Services in the Ministry of Health and Secondary
School teachers - estimated as 2242 science graduatés and
@ 15379 arts and commerce graduates for 1984 by the Department
of Education.
‘: Table 2 Expenditure Incurred on R & D
- ) (Million Rupees)
| Recurrent Exp. Capital Exp. Total Exp.
.' Current prices 117.34 (72%) 45.31 (28%) 162.65
, Constant prices 24.05 9.35 33.04
o
-
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n Distribution of Expenditure according to the objectives of :-
Natural Sciences 15%
Agricultufal Sciences' 58%
Engineering & Technoiogy 12%
Medical Sciences 5%

Social Sciences &
Humanities 10%

Situation Analysis with respect to High Turnover of Manpower and

Problems of Developing Science in Sri Lanka.

Underdevelopment of science and teéhnology in Sri Lanka is attributed
to a large number of causes as described in this study. Some of the

most profound factors are as follows :~

a) inadequate funds for research’
b) unévailability of trained and experienced S & T Workforce and
under utilisation of local talents

c) inadequate equipment, facilities and incentives for S & T

activities.

It is important to note that a large number of S & T manpower is not
utilised for research and development activities (nearly 46% of
natural scientists and 95% of engiheers). Most of the available
S & T manpower is relati?ely young and the number of senior and

post-doctoral S & T personnel available in the country is small.

.



fhere were only 12% of natural scientists with doctoral degrees
and 60% of them were'in the universities. This would mean that
any depletion of senior and qualified personnel will severely
hamper the training of young scientists and jeopardise the

development of existing R & D structures.

Brain-Drain

Both internal and external brain~drain is adequately recognised
as a major problem for the development of science in all circles.
In 1974, a cabinet committee was set up to inquire into the
problem of Technologically, Professionally and Academically
qualified personnel leaving Sri Lanka. (Sessional paper No. 18
of 1974). This report enumerated various constraints that
affects brain-drain and made several important recommendations.
However, these recommendations were not fully implemented and

it is worth reviewing theée recommendations to take necessary

steps for their implementation.

In their study, major causes for brain-drain were as follows :-

a) inadequate remune:ation for scientists compared with other
professionals (it is worth noting that the present salary
structure is anti-intellectual. A messenger in a State
Bank receives higher:.. remunerations,.and enjoy ‘bther »privi~-

leges than a lecturer in an University).
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b) lack of recognition of sciéntific work by politicians and
sometimes by their_peers. A considerable degree of inconsis-
tency in the evaluation of scientific work was noted. Another
striking feature is the inadequate incentives to undertake
_doctoral work as the remuneration structures Eh&nge oniy

marginally with post-doctoral qualifications.

Major Constraints for Research Work

The constraints for R & D work noted in this study varies according

to field of sciences and according to different institutions.

Cextain institutions such as Medical Research Institute, Metereo-
logical Department, Geological Survey Department was not in a
position to carry out their routine activities due to inadequate

funds and lack of equipment.

Some of the major constraints noted are as follows :-

a) Inadequate funds and lack of trained personnel
b) Difficulties in the formation of "critical masses" and lack
" of effective communication among local scientists and
scientists abroad.
¢) Inadequate funds for Journals, Books and.equipment
d) Inadequate rewarding schemes for performance of scientists.
ey "Insﬁitutional violence" and rigid administrative procedures.

f) Absence of incentives for post - R & D development
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INTERNATIONAL COMPARISONS OF R & D RESOURCES

To put the Sri Lankan figures in international perspective

it would be useful to work some international comparisons.

In 1980, only 10.6% of the total R & D scientists and
engineers and 6.0% of the R & D expenditure in the world

were available in developing countries for research and
development activities (UNESCO, 1984). The average number

of R & D scientists and engineers per million population

was 2954 for developed countries compared with 125 for
developing countries in 1980. R & D'expenditure as a
percentage of GNP was 2.24% in developed countries as against

0.43% in developing countries for the same period.

The status of R & D in Sri Lanka in respect of both manpower
and expenditure shows us in a poor light. The number of

full time equivalent R & D scientists and engineers was 79
per million population in 1984 and the R & D expenditure

as a percentage of Gross Domestic Product was 0.14%, Table
8.1 shows comparative data for selected countries. Accorxding
to these statistics national financial commitments in Sri
Lanka for research and development activities remains at a
low level compared to other developing countries such as
India, Argentina, Turkey, Brazil, Mauritius and Indonesia.

The availability of R & D scientists and engineers per

/.



million population is also below most developing country
average and in the range of countries such as Pakistan, Togo,
Thailand, Philippines and Seychelles.

- Table 8.1

Number of R & D Scientists and Engineers per million
population and R & D expenditure as a percentage of
GNP for selected developing countries.

R & D Exp. as a Scientists per

% of GNP million people
Mauritius 1082 0.5 176
Sudan 1978 0.2 219
Argentina 1980 0.5 351
Guyana ~ 1982 0.2 97
‘India 1982 0.6 1978 89
Indonesia 1982 0.5 . 113
Pakistan 1979 0.2 ' 1981 61
Philippines 1982 0.2 101
Singapore 1981 0.3 296
Sri Lanka 1983 0.14 1984 79
Korea 1982 0.9 723

Source:- UNESCO (1984) - statistics on Science & Technology
' UNESCO, Paris.
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' SUMMARY OF HIGHLIGHTS

1.

The total economically active scien;ists engaged.in S&T
activities reported in the study was 7221. Natural
scientists comprised of 34% of the total, engineers and
technologists were 43%, medical scientists 5% and social

scientists 18%.

Economically activé natural scientists and engineers
amount to 5557 .in 1984 compared with 4567 personnel in
1978. This corresponds to an average annual increase of
2.5 percent (141 persons per year). This is compared with
the annual average output of 645 scientists and engineers

from the universities from 1977 to 1982.

The public sector continues to provide the major S & T
sexvice in the country by employing 92% of the economically
active scientists and engineers and being as well respon-

sible for 93% of the R & D expenditure.

The number of scientists and engineers engaged in R & D
activities amounts to 33% of the economically active
scientists and engineers and only 10% of them were

engineers and technologists.



10.

11.

12.

Women comprise only 15% of scientists and engineers.

At constant 1970 prices (based on GDP deflator), the
total direct R & D expendituie increased only marginally

from Rs. 25 million in 1975 to Rs. 33.4 million in 1983.

As a percentage of GDP, R & D expenditure had declined

from 0.2% in-1975 to 0.14% in 1983.

Per capita R & D expenditure in 1984 was around US$ 0.40

down 7 cts from the 1975 figure.

58% of national R & D expenditure was spent on agricul- -

tural sciences.

Full-time equivalent R & D scientists and engineers~§er
million population was 79 in 1984, the average for

developing countries being 125 in 1980.

Basic research constitute only 6% of the Gross Expenditure

on R & D and the research expenditure was heavily weighted

for Applied Research.

In some state sector employment total emoluments are - .,lh
nearly twice that obtained by scientists in equivalent

positions.
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