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The remit for this paper was to conduct a rapid review of the

literature encompassing science and technology indicators and the
relationship between technology and economic growth and to recommend

those indicators that could assist AID both in identifying likely
candidates for country programs based on science and technology (S&T) and
in designing those programs. Vhile this latter aim appears straight-
forward, in fact it could only be accomplished by first compiling a

fairly comprehensive set of indicators that would permit assessment of

the scientific and technological capacities of an economy, the S&T
"systen” within which these capacities are developed and deployed, and
the impact of both these elements on the economy.

These tasks pose a number of difficult and unusual challenges.
because the work involved, in effect, requires breaking new ground in the
Tield. There are two reasons for this. First, although there have been

attempts to assess comparatively various aspects of the relationship

between S&T and economic advance in developing countries, this bas not
been done on a systematic and comprehensive basis. There are thus no
previously develaoped and tested methodologies to draw on which take
account of and allow the measurement of the myriad array of factors at
work in this area.

The second reason stems from the accepted criteria of precisely what
constitutes an indicator. Indicators are variables that represent an
assumed relationship. Indicators are not simply statistics nor are
statistics necessarily indicators - unless a theory makes them so by
explaining how the indicator measures the underlying phenomenon that is
of particular interest.l/

¥oreover, specific indicators only acquire legitimacy for use in
policy-making after the assumed relationships being measured are
extensively emprically validated, and after standards and definitions

have been agreed at the national and ideally international level. Casual
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grounds to justify the use of an indicator for policy making purposes.

The relationships observed might be entirely spurious or due largely to
other factors. '

Given this strict criteria, it is not surprising that there are few,
if any, reliable, 1nternationally recognized S&T indicators that properly

reflect the complicated interactions that occur between SaT-related

activities and economic progress in developing countries. This is quite

unlike the situation pertainiag to social and economic indicators (such

as the literacy rate, GNP and value-added) where there is agreement among

analysts and governments over the content and implications of a broad
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ite all importance attached to
S3T issves, the development of empirically validated, S&T indicators
relevant tn developing countries has been seriously neglected.

This does not inply that thie task should not be attempted nor does
it in any way undercut the critical need to have S&T as a focus of AID

bilateral programs for the countries of Asia and the Near East. There is
little question that the creation and effective deployment S&T capacities

will be perhaps the most critical determinant of the ability of these

tional economy in which they are
Indeed we would argue that

privatization and liberalization

now deeply integrated.
the success of AlD efforts to promote

as a means of creating a dynamic,

sustaining private enterprise sector in these economies could depend

largely both on the ability of domestic firms to marshall their

tecﬂnological resources in the competitive struggle, and on the support

for these firm-level efforts provided by the SA&T infrastructure and

goverament policy measures.

However the lack of a stock of accepted,

indicators does pose problems that are beyond

t0 resolve.

the terms of reference,

international S&T indicators that do exist, with

To develop the comprehensive set

it would be necessary

valid, "on-the-shelf"S&T
the capacity of this paper
of

to

indicators called for by

complement the few
both a variety of



established but clearly indirect and partial measures, as well as
tosuggest a number of new indicators relating to aspects of S&T where
measurement has not yet been attempted. This ie the primary task that
was attempted in this paper.

"~ To move from gﬂisiééibilation of potential indicators, to identi-
fying those most specifically suited to AID purposes requires that each
candidate indicator (and relevant data set) be reviewed and assessed with
regards to its theoretical rationale, empirical validity, availability,
costs of collection and the numercus qualifications relating to coverage,

c

meaning, etc. that need to be taken account of during

nalysis and inter-
pretation. This would be a time and space consuning task that could only
be properly done on the basis of a certain degree of interaction with
AID. Given the time and resource constraints imposed on the preparation
of this paper and because the initial compilation and preliminary
apalysis bad to occur first, we have only been able to move a limited but
we believe useful way in the direction of this objective.

The paper is structured as follows. The first section reviews the
literature on international S&T indicators and draws lessons from efforts
to use these indicators for the objectives of this paper. Section 2
presents a conceptual framework for understanding the relationship
between S&T and industrial development in order to provide a conceptiuval
and theoretical starting point for the subsequent compilation of
indicators under different categories. Thie is done in Sectioms 3 to 5.
The concluding section addresses the explicit problems confronting AID as
to which set of indicators, however imperfect and inadequately analyized,
might veed to make judgenents about country suitability for S&T support

and the possible focus for these efforts.
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McGranahan, 1972

2. Indeed, the complexity of the relationship between S&T inputs, the
ipnovation process (broadly defined), the often intangible nature of the
outputs of that process and the impact of these on the economy as a whole
= while well documented empirically - has defeated many attempts to
generate valid S&T indicators even within the context of the advanced
industrialized econonies. See the discussion in Freeman, 1982.



ffort to identify S&T indicators in relation to developing

countries must start with reference to the comsiderable literature and
work concerned with internationally accepted measures of scientific and
technological activity (S&T). At the present tine, thé;eif;iiiigig ;i;ee
categories all of which relate to inputs into the S&T system - indicators
of skilled personnel involved principally in R&D activities (formally
defined) both inside ;;r;; ;;d in specialized R&D institutions; private
and public sector expenditure on scientific and technical training and
education; and, private and public sector expenditure on R&D

It has been frequently pointed out that these ipput indicator
categories in fact measure activity relating to only one part of what is
an extremely complex process linking S&T inputs to SaT outputs to 7777777
competitive performance.3/ However it is necessary to start our
discussion with reference to these indicators precisely because the
assumed relationsﬁiéiigg;een tiége indicators and industrial development
is supported by a broad body of theoretical and empirical work - at least
in relation to the developed economies.

The collection of standardized data on scientific and tecknological
activities at a national level for purposes of international comparision
bhas a long history. 508, 1960s and much of the 1970s work
on S&T indicators was narrowly concerned with measuring (and refining)
the above mentioned input indicatore of science based activities and R&D
eéfforts in order to allow international comparisions between the OECD
countries. 4/

Since 1965, thke U¥ system, particularly UNESCO, has organized the

collection and analysis of data on these S&T indicators on a more global
level, including developing countries. Again, the main focus of this
work has been on scientific and R&D manpower and finance input indicators

to facilitate international comparisions. However, over the last decade

there have been efforts to expand the range of data collected beyond
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these narrow boundaries. For exanple. in 1978, UNESCO issued a set of
recommendations for the collection and standardization of measurement of
a greatly expanded variety of what it called SAT services that go well
beyond R&D measurement to include the flow of technical information and
services from providers to users within the econonmy. 9/

As mentioned above, it has long been recognized that measuring S&T

economic advance. However, the measurement of putput of scientific and

technological activities on an internationally comparable basis has been

a continuing problem for a variety of well known reasons.f/ But recently

1
as a result of the efforts of individval rsearchers and national agencies
such as the National Science Foundation, some progress is being made
towards identifying acceptable output indicators.

Inter alia these include a variety of what bave come to be known as

"partial” indicators relating to:

a) the level of innovative activity - as measured by new product
counts, costs of innovation and patent statistics;

b) the impact of science and technbology on the economy - as measured
by the technological balance of payments, trade in high
technology products, and the relationship between technology
and productivity;

¢) the level and quality of the output of scientific effort - as
measured by biblionetric analysis, citation indices and peer
reviews. =

However, though tbese output indicators are increasingly widely used by
independent analysts in the developed countries to make comparative

not greatly influencing the policy-making process with regard to S&T in
these countries.

Doalovan~srn +n Navalandne Canndévd as

Despite the efforte of international agencies to improve the

neasurement of S&T input and incorporate new output indicators, there is

longstanding and widespread recognition that existing internationally

accepted S&T indicators suffer major problems of validity in relation to



assessing the scientific and technological capacity of developing
countries and the contribution of S&T activities to economic performance
in these countries. The central problem is that the assumptions

underlying the use of these indicators as proxies for innovative effort

in the developed countries bear no relation to "context" of production
and ipnovation in the developing countries, nor can they take account of

the substantial quantitative and qualitative differences in the way

science and technology interact with the process of industrialization in
developing countries.
These reservations a
indicators. For example, the problems start with the type of data that
is collected. Many developing countries do not even show a distinct
budgetary item for S&T or R&D in total or sectoral expenditure
allocations. Moreover while the measurement of R&D expenditure captures

a significant share of innovative effort in the industrialized countries,

formal (and recorded) R&D accounts for a very small share of these
activities in developing countries where most technical change occurs as
a result of
of existing techniques.?/ On the output side, there is concern for
instance, that the limited coverage by citation data banks of research
activity and journals in the developing countries leads them tb seriously
misrepresent the level of S&T activity and competence in developing
countries. 8§/

Given these reservations, there is ample justification to question
the usefulness of this data for either comparisions between countries or
correlations within countries between S&T indicators and other indicators
of socail and economic development.9/ Nevertheless, as these are the
only data available, researchers have to use them and there have been a
number of studies primarily involving either comparisions between
countries or exploring correlations between a given S&T indicators (i.e.
expenditure on R&D or number of patents) and some indicator of economic
perormanceor socio—economic development. These studies have generated

some interesting but not unexpected results. 10/
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The

national planning purposes or for this project - except as

;gfornation and, perhape in a few cases, as method examples.

weaknesses of theiindiéators and the lack of clarity sometimes
accompanying the analysis of S&T input data has lead to some barsh

comments in the literature. For example, after undertaking a correlation

exercise following a UNESCO methodolgy for relating SAT activities to 32
indicators of socio-economic development, Bballa and Fluitman (1985)

» . we will not discuss the results as they did not appear to be of
much practical relevance..for example what should 2 planner do with
the fact that for 150 countries a certain correlation exists between
infant mortality and the number of patents grated, or between
electricity consumption per capita and secondary school

enrollments?" (p.41).

Some Lessons From The Indicator Literature

Nevertheless, despite these qualificatioms, the S&T indicator

to be reviewed more

literature is extensive and needs
possible in this paper as part of
ite own S&T indicators projects.

more recent methodological papers

mentioned above by proposing new conceptual frameworks and new

indicators. 11/
Indeed, perhaps the greatest

fully than has been
might undertake for
Particularly useful

£
which attempt to overcome the problems

value of the literature on S&T

indicators lies not in thé results of the studies but in the lessons to

be learned about the identificationm, construction, collection, analysis

and interpretation of data which purports to measure S4T activities or

the relationships between S&T and
Thus it is worthwhile highlightin

ct+

to subseguent discussion i

program objectives and metbods:

some dimension of economic performance.

some of these lessons both in relation

g
paper and in relation to AID's overall

-



indicatars

1. As mentioned earlier, despite all the emphasis given to the
importance of S&T in developing countries. there has been very little
real progress in developing indicators specifically designed for

developing country contexts and specifically designed to assist the

planning function at national or project level. This is at least in part
due to both political and economic constraints that lie beyond the scope
of this paper tp address.

However, there continue to be efforts to expand the range of
interpnationally accepted indicators with most of the recent activity
centering around initiatives arising from ECOSOC, ACAST and UNACSTD
activities in relation to the Vienmna Conference on S&T in developing
countries and the folllow ups to the agreed Agenda for Action. The
Commonwealth Secretariat has also launched an indicators ffajéctjiilt
would be useful for AID purposes to find out how far these initiatives
have gone in developing and testing new indicators and which countries
have continued to participate as they might be client countries for AID
Sa&T projects. This information was not accessible for this review. 12/

" 2. Existing S&T data bases in most developing countries are very
weak and the accuracy of the data is suspect; yet thbeir improvement is
constrained by the resource costs of doing so, the lack of skilled
people, and theiiﬁherent problems of data collection in developing
countries. This suggests that one possible focus for AID S&T support
activities in client countries could be to belp identify a set of
indicators uniquely suited to national né;dgjiéuiéort national S&T data
collection and analysis efforts, and contribute to tbe development of
both human and institutional capacities in this area.

3. Because of the weakness of the data, the lack of contextual
relevance, and other biases.the three main internationally accepted S&T
indicators (relating to scientd ersonnel, R&D expenditureand sclence
output) should, under the very best of conditionms, be considered only as

partial indicators. They must be assessed together, and interpreted in
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light of other indicators as well as country specific, empirical and
experience-based knowledge possessed by the project designer or
consultant. 1Indeed, this is true for any single indicator mentioned in

thie paper or elsewhere.

On the value of developing and measuring new quantitative SAT indicators

4. One way to overcome weakness of existing quantitative indicators
is to develop new ones. There are two ways forward. The first is to use
existing data series compiled for other purposes in innovative ways as
proxies for various S&T related variables. The usual problems of
validity, comparability and interpretation apply. However the advantage

is that these data (whatever they might be) already exist thus

eliminating costs ofrcollection and speeding up tbe process of project
design. Some a priori suggestions along these lines are givern in
Sections 3 to 5. It is difficult to be specific however since we do not
know what data sets are avaiable for client countries - identifying these
should be one of the first steps of any AID effort to measure S&T
activities.

5. The second way is to develop entirely new data series that will

allow national level analyses tp be carried out. However to be domne
properly, this is a major undertaking. The ideal way forward is start
from a broad concept and break it down into its component variables. If

these variables are not directly measurable then indicators need to be

selected on the basis of plausible assumptions about cause-effect

relationships backed up by theoretical argumeuts or empirical proof. The

out to see if indicator provides a reasonable and rigourous explanation
of the phenomenon being measured. 13/

Thus in principle for every indicator proposed, it is necessary to
make the cause-effect logic transparent and then prove it empirically or
discard it. Experience suggests that a fairly lengthy process is
involved between conceptuailzing and specificétionﬁofﬂappropriate

indicators, the running of pilot project to test availability,
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iocn. There is much to be learned from the recen

C be learned irom the recent experience

er

of the NSF and its funding of research projects that attempted to
develop new indicators relating to imnovative activities - some of which
though very rigourous and methodologically sound, hardly advanced the
state of knowledge at all and the indicators proposed have not been taken
further. 14/

6. To be useful in the particular context of developing countries,
S3T indicators need to measure both input and output primarily because
the ad hoc and distorted nature of the innovation process means inputs
cannot be expected to be adequate measures of output. Moreover, the
indicators used need to be disaggregated in variety of ways. The most
obvious type of disaggregation is to move below national level to
sectoral, branch, institution and firm level irndicators.

7. Less obvious but more important is the need to disaggregate
indicators in order to measure the contribution of S&T activities to a
well-defined set of mational (and AID) objectives.lH/ These cbjectives
need themselves to be disaggregated - otherwise any data collected will
be of 1ittle use in project design. For example, increasing the S&T
capacity of a given country will undoubtedly be both a national and AID
objective, But measuring the existence of these ca
undifferentiated manner will tell us little about precisely what kind of
capacities are needed or the desired form of their institutional

By extension, there is little point in measuring the existence of
S&T capacities or increasing resources devoted to their creation if that
capacity is not being deployed to meet agreed national objectives. {i.e. a

national objective to maximize enmployment and meet basic needs is not

likely to be met by the allocation of R&D/engineering resources and

efforts to support large-scale capital intensive projects but by

concentrating innovative efforts on small-scale projects involving
"appropriate" technology. 16/
Thus the design of a bilateral aid program for S&T should start

from a judgment of where the client countries' national plans and



priorities suggest efforts ehould be focused. Against this assessment of

national objectives, the capacity of AID to support projects that
contribute directly to the attainment of these objectives needs to
judged. There is little point in attempting to construct new S&T
indicatoréi;;d collect the relevant data if AID is unable to deliver
support in the areas or at the scale called for by the analysis.

8. This suggests more interaction is required between AID and
consultants than possible soD far in ord;; ;Bigétter define AID pbjectives
and project capacities (both general and country specific) and therefore
velop indicators which actually relate to those objectives and
capacities. Part of this process could be the submission of a detailed
proposal to AID on the costs and time scales involved in developing new

quantitative S&T indicators.

[
tr
m
ts
('0‘
(2
[
(]
t3

pssible to provide this
ijpformation in the context of this paper.

One major implication of the above for this paper ig that while some

pnew measures are proposed in the sections to follow, as noted earlier,
these cannot be properly developed, tested and applied within framework
of ent project. Nevertheless, we would strongly encourage AID
to pursue a larger indicator project with these objectives since théii
benefits would be considerable.

Despite these reserva t{cns on the usefulmess of existing and the
feasibility of developing new indicators, a large number of possible
peasures do exist. Likewise, it is also possible to point to any nunber
of "entry pointe“ for AID S&T projects, where a prior reasoning suggests
jptervention would be beneficial. There is an pbvious need to focus

these efforts in areas where projects will bave maximium impact.

The first step ve must take in suggesting where these efforts should
be focussed is to make clear the assunptions/logic underlying pour views
about how S&T activities should and could relate to econonic advance.
There are, of course, many perpsectives on these 1ss;;;ﬁigfihé literature
- some of which diverge quite substantially from our own approach which

is briefly outlined in the next section.



The starting point for policy (and project) design to improve S&T

and S&T capacities of developing countries is inevitably determined
(implicitly or explicitly) by some set of judgements and empirical
observations about what is wrong with, or where improvements can be made
in, current conditions. In this section, as a prelude to our indicator
discussion, we present pur analysis of the key features of the evolution

r
and operation of S&T systems and the development of technological

capacity within the productive sector within developing countries,.

Underinvestment in Capacity Creation and Functional Incoherence in the
m-

The history of industrialization in the developed countries is

characterized

=

v twn features relevant to our concerns in thic naner
Yy twD Ieatures relevan

-~ v ¥ v Wes SWLUTs S 4 YaaS pEpTe .

First, the well docunmented central role of technical change as a driving
force in the continual improvement of productivity and the creation of
wealth demonstrates the importance of “technological dynamism” within
productive enterprises as a key determinant of economic expansion and
competitiveness. We define technological dynamism as the capacity to
coniinually jmprove and adapt existiig techhiques as well as the ébility
to develup new techniques internally and to choose and assimilate those
brought in from outside. Dablzan and Vestphal (1982) use the term
technological "mastery” in essentially the same manner. 17/

Second, the prior existence of technologically competent producers
firms acted as a source of stimulus for the creation of organic linkages
with specialized educational and R&D institutions that were first created
and then evolved in response to the demands for new knowledge arising
rom the produc
(and are) able to count on the existence of a "knowledge-rich”
environment in the productive sector that lay outside their laboratories
to provide a fertile ground for the implantation of new ideas emerging

out of their basic R&D work. 18/
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The history of industrialization in developing countries differs
significantly from this experience. Third World industrial development
since Vorld Var II clearly features fairly impressive advances in terms
of growth in output, structural change, and the expansion of manufactured
exports. This performance has beer dominated by a select group of
industrially advanced develo;;néiégu;{;igg who exhibit many of the
features of technological dynamism characteristic of industrialization in
developed countries.

Extensive research bas documented that these dynamic technological
capacities have not suddenly appeared automatically but have frequently

been deli concious decisions on the part of individual
firms to invest in various mechanisms for technological *“learning.”
This investment in capacity creation has usually occurred in response to
market conditions that actually reward innovative effort - amnd
importantly, these efforts have often been stimulated and supported by
state intervention. 19/

Nost of the other developing countries do not exhibit an pervasive

degree of technological dynamism - though obviously some elements of

and countries. If one looks closely at the data, it is clear that a
large share of the increase in output and structural change registered by

these countries is due not to technical change but to tb
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the physical base of production via new investment and the importation of

foreign technology Yet despite investments of hundreds of millions of

dollars over many years in 'technology transfer* projects throughtout the
Third Vorld, there has been very little acquisition or transfer of the
range of “change-related" skills and knowledge which provide the

foundation for technological dynamism in an economy.ZQ/

The skills that were acquired were primarily limited to the
not even well developed. Similarly, over the course of year to year
operation, many Third VWorld firms make relatively little effort to
develop or acquire new chang

nge-
and micro level evidence of the effects of this lack of learning and the
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ninimal accumulation of technological capacities - long term stagnation

or decline in productivity growth; continual dependence

hardware, knowledge and technical services; low levels of capacity

utilization; lack of improvement in internatioral competitiveness and in
local supply capacity; poor quality; etc.2i/

To be sure, major investments in education were made with the
specific objective of creating ST capacities - universities and
technical colleges were built throughout developing countries in order to
train skilled manpower. Likewise, formal RAD institutioms (either
connected to universities or engaged in sector or product specific
research) were set up to create capacities and gen;;;;;i;e;iiié;i;dge
that would allegedly be used by the productive sector.

However, there were three problems with this approach to the
creation of S&T capacities. First, massive state support of investment
in education gutside of firms was not matched by state support and
encouragement for investment in kmowledge creation and skill accumulation
inside firms - yet firm and productior specific knowledge not just

knowledge based on formal learning and laboratory experiments is crucial

to successful technical change efforts.
Second, the educational and R&D institutions that were established
in developing countries were essentially copies of SA&T institutions that

already existed in mature industrialized countries such as the U.S. and
U.X. - institutions that were designed to specifically suit conditions in

e and whirh hara nn roacomhlancre +tn ~
S &Lt WaAila o0fe U0 TeSemuiantce v <©

countries. Thus institutional imitation rather than institutional
innpvation governmed the creation of developing country S&T institutioms
and rendered those that were created inherently structurally
inappropriate to the particular scientific and technological needs of the
productive sector.22/

Third, the “knowledge—poor' environment both within and surrounding
productive enterprises in developing countries (which lead initially to
dependence on external sources of supply) has meant there is little
effective demand by producers for output of R3D institutions and,

importantly but rarely recognized, a lack of involvement of producers 1in
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these countries with the evolution of the R&D and technical education
systens.

7 This, coupled with the failure of scientists to (want to) learn
about production and develop firm specific knowledge, meant that no
organic relationships developed between the education/RAD system and the
productive system. Thus firms remain dependent on foreign souréeéwsf”m
supply and the local R&D system produces new knowledge that is frequently
irrelevant or unsujited to the needs of local producers.23/ The net
result of all three features mentioned above is what might be termed the

*functional incoherence® of the S&T system in developing countries.

the creation of a seperate S&T systenr went forward within macro policy

context defined by two sets of measures by government.

- Macroecopomic policy. Policies in areas of trade, tariffs, exchange

structure, local content, etc. worked against the efficient operation of
a price system and demand structure that would reward innovative effort.

Mo memm omldadaoac alom w~e
fOVI U PUiALLIED Q4w wul

and investment in capacity creation. Excessive and inefficient direct
state involvement in production was also counter-productive vis a vis

development of technological dynamism. 24/

- Sclence and technology policy. The creation and operation of

government organizations responsible for national S&Trpolicy has

generally also worked ugainst the creation of dynamic capacities. Again
inappropriate institutional imitation vis developed country models
governed the design of these policy agencies and limited their
effectiveness from their very inception.25/ In addition, their policy
focus in practice was almost entirely concerned with running the R&D
system and squeezing more money for R&D and science education out of
government. In effect, agencies set up to oversee the development of

,,,,,, LY

scientific and technological capabilities throughout the economy were
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basically only concerned with science policy issues and the strenghtening
of science.

There was, some concern with whether the output of the

R3D system was of use to the productive sector but the steps taken to
deal with this issue were usually quite limited as this was largely seen

as problem of demand and not the responsibility of R&D system of supply.

Consequently, little or no attention given to policy support for the
development of “user" capacities, to ensuring that technology transfer
and investment projects were organized to effect maximium learning
benefits, to oversee and make clear the impact of other policies on
science and technology or to build build up the structure of input and

services supply. Rather than removing the causes of functional

incokerency, science and technlogy policy as typically followed by many
Of course, the above analysis is oversimplified. There were and are
many differences between countries in each of the areas specified both in
qualititative and quantitative terms. Even the poorest countries
demonstrate a degree of technological capacity in some sectors. Through

their education policies, some countries have built up impressive levels

of qualified personnel even 1f they are not well deplbyed; Some
effective policy measures were introduced to facilitate learning and
capacity accumulation, some R&D institutions are making a2 contribution to
the productive sector.26/ HNevertheless these positive features of
developing country S&T systems and the S&T policy environment are not

A mane
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The general implications of this analysis suggest four general sets

of S&T policy objectives:

1) the development and accumulation of techno-managerial
capacities for technical change and technological mastery within

rieac:
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11> exploration of the possibilities for institutional innovation
with respect to established and new Sa&T institutions;

111> the pursuit of functional coherence and integration between

£
the productive sector and R&D systen and the design of "knowledge
bridges" to better link the two;

iv) the development of macro economic and S&T policies which
create the appropriate context that rewards innovative effort and
investment in learning, and facilitates development of systemic
linkages between firms and between producers and users of
knowledge.

In practice, the design of policies and programmes to achieve these
objectives will depend, inter alia, on the basic characteristics of the
economy, the nature of existing firm and institutional S&T capacities,
the prior and present macro economic and national S&T policy environment,

industrial structure, and so on. Thus the steps needed will differ

countries according to six sets of S&T related variables that in
Principle define different countries at different stages of economic and
S8T capacity development and in effect determine the starting point for
policy, and in the case of AID, project design. These are: éeheral o
economic and social measures; technological capacity in the productive

sector; human resources; S&T infrastructg;g; S&T policy; and financial

institutions to sﬁpport firm creation and innovation. Though for reasons

of space we so not do it here, each one of these sets of variable can be

above thus providing the necessary theoretical rationale for their use as
indicators.

Given thig, it is
each of these six categories whose analysis should in principle allow
analyste to build up realistic picture of the S&T situation in particular

ossible to id

fy a variety of indicators under

couniry and point to possible projects for bilateral support. This is

the focus of the discussion in the next three sections.
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Over the next three sections, we shall be using the categories
proposed in the Main paper to discuss S&T indicators. However, in order
ibiéiﬁfii;§ the é}ééeifiéioﬁiofrthernaterial, we shall incorpofate the
presentation of human resource indicators in the discussion relating to
the general characteristics of the economy, technological capacity in the
productive sector and the S&T infrastructure. Similarly we will cover
indicators for financial institutions in the presentation on S&T
infrastructure and S&T policy. In this section, we introduce the
indicator reveiw by first exploring some of the preparatory work that
should ideally be done before carrying out a program of original data
collection and analysis. Section 4 concentrates on indicatore related to
technological capacity in tbe productive sector, while Section 5 covers

the last two sets of indicators on S&T infrastructure and S&T policy.

Cnollectinn

The first stage in any attempt to identify and collect new S&T data
is to bring together and review available background information and
studies that relate to AID objectives - the design and implementation of
bilateral assistance projects that will facilitate the development of S&T
capacities and the acceleration of economic development in client
contries. Though it may seem obvious, the review of ezisting knowledge is
a step often neglected, with the result that money and time is wasted
generatinérin%b;ﬁ$£{bﬁraﬁaiiné;ie&ggi;iré;a§ ;;;;iagig -

The field of study of S&T and development is relatively well advanced
articularly in relation to countries who have reached a minimium degree of

industrial development. Consequently the economics of innovation, and the

technology and development literature will be major sources for insights



-19-

A comprehensive review of this literature (which was not possible in

the context of this study) particularly the many case studies that exist,

would provide an invaluable basis both for the design of new quantitative
indicators and for the design of qualitative assessments based on select
case studies in the client country.

There are numerous sources for this material ranging from published
books and mainstream journals available in the U.S. and U.K. to country
and sector studies carried put in-hnuse and commissioned by bilateral,
regional and international development organizations - of which the main
sources would be the Vorld Bank, UNIDO, UNCTAD, UNRISD, UNESCO, ILO, the
Asian Development Bank, IADB, etc. The International Development Research
Centre of Canada is also very active in this field and has financed a
large number of studies likely to be quite useful. One final source of
background knowledge would be the now quite numerous Ph.D. theses that
have been written on a variety of topics in the S&T field and in related
areas of industrial development - with all U.S and U.K. theses being
available centrally.

In-country information sources should also be reviewed. Published
government documents, studies commissioned by other bilateral or
international agency missions, national and local journals, unpublished
reports from university-based researchers, etc. are all sources of
poseibly useful information. In larger countries with a tradition of
social science research such as India or Brazil there will be many
Televant published sources of 1nfornntion. perhaps too many. This will
Dot be the case inm smaller countries.

In addition, there sare numerous individuals who should be consulted
eituation in the country. Government officials and university-based
policy researchers are obvious places to start but industry “wise men"
should also be contacted. If any back
are to be commissioned, either during preparation or during the actual
data collection phase, these should ideally be dome by local researchers

or at least involve local researchers extensively.
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However, S&T policy analysts are in short supply in most developing
countries. If this is the case in the client country, this suggests
another possibléiigc;; ig; ;;73157$&T project - the development of SaT
policy analysis capacities in governnment ministries, development banks,
and specialized agencies, or among universitu staff,ies, pershaps industry
associations and in the private sector via support for research training,
fellowships, workshops, etc.

a competent country-specific review of knowledge
(both embodied in written material and present in individuals) in relation
to S&T and industrial development issues, coupled with the analysis of

already avaiable statistical material,could eliminate eed for major

(1]
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new information collection efforts and thus lead directly or at least more

quickly and efficiently to project design.

SAT Indicators by Category

Ve can now begin our discussion of S3T indicators, organized by the
four categories discussed at the beginning of this section. It should be
noted, however, that as explained in the Introductiom, our prima
this paper has been to suggest the widest range possible of data
categories and indicators that, a priori, we believe reasonably reflect
some”aspect of the S&T issues that concern us here.

Consequently, in most cases we have not fully developed the logic
linking the indicators specified to the conceptual approach outlined in
Section 2; nor have we reviewed e;;hii;d;;;ga;iélih;;iia terns of the
constraints on data availability and reliability or in relation to the
many questions of method and interpretation that always need to be taken

account of in the analysis of empirical data.

ATETIN AT CWRAPT MR PO BEONENNVY Z1EINNICTRIAY SRCTNR

The collection and analysis of general information on the economy

3

and the industrial sector is necessary to orient the project desigmer to

the overall characteristics of the economy, its recent performance and
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position vis other countries. There is no real need to attempt to
establish any cause-effect relationships between this macro data and S&T
activities or elements in the economy. The aim behind collecting this
data together is simply to build up a picture of the economy and of the

changes that have occurred over time in the main areas of snocial and

economic performance. Any analysis necessary can be carried out using
standard macro-economic tools.
The data falls into five categories, with the data sets for the first

four usually being readily available from annual publications by the Vorld
Bank (such as the Vorld Development Report) and statistical compilatioms,
h

rly by the UN, especially UNIDO,

va, Sepeesass

UNCTAD and ILO and other regional development agencies.

As can be seen from the listings below, there is a large range of
social and economic data from which to choose a representative sampiing.
Whichever data sets are selected, in order to aid comparison and analysis,

the presentation of the data should (whenever relevant) show it in terms

of current/constant values, over time, by indices, by per capita, as a

percentage of the relevant totals, as a share of GDP/GNP, by breakdown

:

rvices as well as showing country

performance in relationship to the performance of related countries (by

income level or region), all developing countries and all countries.

General: Population Paved roads Literacy rate
Physical Area Vehicles
Life expectancy Telephone density
School enrollment Energy consumption (commercial)
Economic: GNP/GDP per capita Size of labour force
Government/private consumption Vholesale/consumer price
Gross domestic investment/savings - “index
Central government expenditure Rate of inflation
Income distribution Balance of payments/debt
Capital inflows service/external debt

Production: Distribution/Growth of GDP across sectors;
Industrial production indices;
Enploynent - total/by production workers/wage categories;
Share of production/imports in consumption/share of

exparts in production;
Eapufacturing value added (NVA); Earnings per employee;
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Distribution of NVA across sectors/ocutput/employee/wages;
Capital stock estimmtes if available;

Nanufacturing investment/share of imported capital goods;
Gross domestic fixed capital formation/share of domestic
capital goods/growth of manufacturing capital stock;
Productivity measures (labor) - by gross output or value-
added/worker;

Indices of industrial structural cbange/growth rate/degree
of specialization

Irade and foreign investment:

Merchandise and manufacturing exports/imports by broad sectoral
category to GDF/manufacturing production;

Foreign direct investment - by stock, by profits - inflows and
outflows by origination and destination;

Foreign direct investment by sector - shares of production,

f
amn]lavmant avynn

Macro-economic policies: As argued in Section 2 and in the Main paper,

macroeconomic policy can influence strongly the conditions under which

scientific and technological development occur. Thus a review of the

available information on macro-economic policy will provide a critical
element of the overall context in which S&T policy and AID Sa

need to be planned. Both quantitative and

need to be collected on a variety of policy measures and, wherever the

analysis has already been done, on their economic effects. The INF and

the Vorld Bank will be the best sources for this information outside of

Import policies and the effective rate of protection,

Interest rate and credit policies;

Exchange rate policy; -

Price control policy vis industrial materials, goods and equipment;
Policies on competition and regulation of the market;

Policies relating to industry structure and market entry and exit;

Trade policies; -

Labor policies;
Policies on direct foreign investment;
Public sector ownership policies;
Share of state enterprises in different segments of the eccnomy;

Costs and/or measures of performance of public sector enterprises
in the industrial sector.



-23-

By drawing together this macro data base, the project designer will
be able to get a good picture of the main economic parameters currently
defining the operation of the economy. One could also carry out a variety
of analyses to reveal relationships and trends that might have specific
and direct implications for action in the S&T area. For exanmple, by
relating pastrand esimating future trends in debt servicing and nmanufac-
turing 1nvestnent the scope for new investment (and bence introducing new
policy (and AID projects) should focus on improving the assinilation of
imported techmology or on improving effiency in existing plants.

Alternatively by calculating the elasticity of MVA with respect to
imports of raw materials and intermediates in different industries (which
shows the capacity of the economy to substitute domestic inputs for
imported ones), the effect of an import squeeze {(caused by
restrictions or a lack of foreign exchange) on output and employment can
be shown. This could be interpreted as demonstrating both the cost of
restrictive policy and as a means of identifying sectors where the
creation of domestic technological capacity might be pursued - in order to
eliminate costly import dependencies.

One could also explore the ratio of potential output/employment/
foreign exchange foregone with actual performance by calculating gross
incremental capital-output ratios Ior some past period and relating to
these to estimates of the rate of capacity expansion in particular
industries. Though numerous limiting assumptions apply, the results might
allow some informed speculation about a variety of issues such as where
there bhave been nmissed opportunities for expansion in output. A closer

examination of the reasons why output did not grow as it nught have done,

might well reveal tbat some set of technological factors were at fault -
such as the lack of technical change capacity at the plant level capacity.

Depending on the data and resources available, there are other

similar possibilities to be explored using macro data which while not
directly observing S&T-related activities, can certainly be assumed to be
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PRODUCTIVE SECTOR

Because of the central importance of firm-level technological
capacities in our analysis and thus the need to devote comsiderable
effort to its neasurenent we shall discuss indicators issues under this
heading in a little more detail than we do under other headings. The
measurement of technological capacity in the productive sector could
focus on a variety of areas, be carried out at different levels of
disaggregation and involve a range of methods. The apalysie in Section 2

and in the Main paper suggeste three aspects that should receive
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i) ]Impacts and outpuis. Evidence of firm-level i vat
efforts and the impact of these on performance is needed
document the existence/ non existence of enterprise-based
technological capacities to produce efficiently, improve
performance, acquire and adapt technologies, develop new
techniques and products and generally respond to changes in
competitive environment both domestically and internationally.
The analyeis of impact/ouput phenomena can be carried out at a

macro or micro level. T T T T

v
to

i1> Investment, flows and stocks. Evidence on firm-level

investment in innovative effort, in learning and capacity
accumulation and on the size, nature and costs of external (
{lows of embodied and disembodied technology that expand the stock
of skille and enhance competitive abilities of the firm will provide

a picture of the scale and distribution of these activities.
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level.

111) The process of innovation. Information on the processes of
firm-level innovation that do <(or do not) occur and the factors
external and internal to the firm affecting the innovation process
will provide insight useful to the design of policy interventioms.
Primarily micro-level analysis will be necessary to generate

knowledge needed in this area.

=}

Ve discuss indicator possibilities for each of these areas first at
the macro level primarily using data that should already exist either in
international or national sources, and then at the micro level where

information will need to be collected via case study or surveys.



Impact and output at the macro level

a.Total factor productivity (ITFP>. TFP analyses typically seek to
identify the sources of output growth in the economy and constitute the
most robust and direct of all the macro level indicators of firm-level
Q;;ﬁnbiaéicalicapacity Past studies have shown that a large share of
output growth, particularly in rapidly growing economies, is due not to
growth in inputs but to growth of TFP. Though commonly treated the same
as the "residual,” TFP is slightly different and is technically defined
as the ratio of the rates of growtk of output and the weighted average of
inputs (labour and capital where output is measured by GDP or value-
added) .27/

judgement about the degree of technological capacity
the extent to which output growth is due, for instance, to simple
capacity expansion - as was argued in Section 2 to be the case in most
developing countries. TFP analysis also allows limited comparisons with
other economies.

TFP analyses are relatively straigthforward if reliable data is
available - though there are a variety of well known measurement and
interpretation problems - particularly if the analyeis is only carried
out for the economy as a whole.28/ Thus a complete evaluation of
productivity performance at the macro level would require subsectoral
data on gross outputs, material inputs and working capital as well as on
labour and fixed assets.

Nizhimizu and Page (1982) have sought to overcome the limitations of
aggregate TFP analysis by measuring TFP growth rates at the subsectoral

level in their examination of the Yugoslava economy. Pack (1984)
presents a useful approachk for comparing and explaining developing
country performance at the sectoral level that, unusually, uses effective
protection rates as a deflator, and explores explanations in terms of
skill requirenents. relative capital intensity and firm size.

retation problems plaguing

an that such analyses can

8

aggregate and even subsectoral TFP analyses
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only be a starting point for assessing the capacity question. Since ,

for instance, the measures do not adequately distinquish between scale

and specialization effects, the forme of technical éhange taking place or

the location of these, or the reasons why it does or does not occur, TFP
analyses do not on their own explain productivity performance or give an
unequivocal indication of what needs to be done to improve it. -

As Tidrick (1984) demonstrates in the case of China, other
information derived from studies carried out at a more micro level is
needed to give a meaningful policy interpretation to TFP analysis. Pack
(1982), in a similar vein, points out that in the case of TFP

a4 o

comparisions between countries that while additional indus

statistical analysis and refinement of data might prove useful:

*..a greater rate of return can be obtaired from detailed studies
at the firm level which will provide a better understanding of the
technical and behavioral base of the more aggregative

pbservations.” (p.18)

Staying at the macro level there are other measures that arguably shed
light shed light on tbhe capacity issue.

Among these tbhree,
patents are increasingly accepted as a reasonable output indicator in the
context of developed countries. The measurement of developing country

patents taken out in a third country (usually the U.S) would almost
certainly show relatively little innovative activity except for the very
largest economies where 1t might be possible to get a statistically
significant result by relating patent performance to some input indicator
and some measure of economic performance. S
. However, comprebensive data on patents, trademarks and copyrights
registered and worked (by domestic or foreign firms) within the country
itself might be a valid indicator. A nunmber of objections can be raised
about the usefulness of this type of data because all three devices are
often used to restrain the growth of local competititon. Yet at the same
time it could be argued that their use in the domestic economy either by

local or foreign firms represents the attainment of some minimal level of
techﬁalﬁgieal capacit'j i madmtainine internatinnal standards of quglity;
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or the fact that the market has reached a sufficient size and maturity to
sustain technology based competition. Moreover, the rise in importance

of knowledge intensive products such as software and biotechnology
innovaticns is being paralleled by renmewed interest in the role of

ULVH VAWHES 45 Voadp presessS=S%" 1 EUEWE

patents and copyright as devices to protect international property
rights.
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Thus patent data, as well as data on trademarks and copyrights taken
together might provide useful reference points for assessing techno-
logical strengths and weaknesses both in mature consumer and producer
goods and in more technologically complex products. To do this,data on
numbers of patents, trademarks and copyrights registered locally could
be related to indicators of usage, output, investment and ownership.
Among the different ways of categorizing this data, the following four
are possible:

- National patents/trademarks/copyrights registered and/or applied
for/by product/sector;

- Domestic patents/trademarks/copyright applications registerd
and/or applied for/by product/sector;

- Foreign patent/trademark/copyright registered and/or applied
for/by product/sector;

- External patent/trademark/copyright registered and/or applied

for/by product/sector;

c.Structural change. It is possible to infer some useful knowledge about

a country's evolving techmological capacity at the sectoral level via the

examination of structural change. Some of the more simple indicators
which illustrate the dimensions of structural change and are usually

compiled in international sources are:

- indices which capture variations in the composition of
manufacturing output; :

- measurement of changing output composition according to end-use as
consumer, intermediate and capital goods - or according to other
sectoral groupings choosen to bighlight different types of
technological capacity e.g. in assembly intensive products,
engineering or electronics goods;

- the changing size distribution of firm share in output which
assumes that as industrialization proceeeds, consolidation takes

place involving a shift from cottage and small industry to larger,
more technplogically competent firms.

- measures of intra-industry specialization

Ariff and Hill (1986) propose an approach that goes beyond the use of

above absplute indicators which see
structural change by relating variatione in the composition of industrial
output, via comparative advantage theory, to changing factor endowments

in the ASEAN countries.
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They assume a stages model of changing comparative advantage (from

resource-based processing, through unskilled labour-intensive

manufactures to more ekill and capital-intensive activities.) To assess
performance across different sectors, they classify production and trade
figures (following Krause (1982) and Tyers and Phillips (1984)) according

to the intensity of use of four factors of production - natural
resources, unskilled labour, technology and human capital.

uld be noted that while the trade data for this type of study
is available from international sources, the necessary manufacturing
statistics can only be attained from national censuses of industrial
production.29/ In the case of this study, explanations are socught in
terms of relative resource endownent, the rate of capital accumulation
and, interestingly, state policy intervention in the form of domestic

profeéiion poliéy'? with this last variable being particularly important
in explaining the changing pattern of manufacturing production.

d. Trade-related measures. Various trade-related measures also give
indications of the de facto competitive strength of an economy in various
{pdustries and these could beinterpreted as an indirect measure of

o
technological capacity. There are a variety of direct measures such as:

- changes in the the overall structure and rate of growth of
manufactured exports distinguishing between broad categories of
resource-based, labour-intensive and skill intensive products;

- exports/imports of capital goods, other engineering products, etc.
to domestic production and consumption of tlkese goods;

- share of capital goods, engineering products, and other technology
intensive products such as electromics in total manufactured

exports;

- export/import ratios in major export sectors and/or imn selected
technology-intensive sectors by value/per capita/growth rate/share
in country/region/world exports and imports;

H

However as with similar types of aggregate data, these data on thei

own do not imply a cause and effect relationship between the exis

technological capacities and international competitiveness since the
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observed exports could be the result of temporary lulls in domestic

demand during which producers sell abroad at a loss to maintain nininium
capacity; government incentives and/or an undervalued exchange rate; nnd
the activities of foreign firms.

To judge these issues, it is necessary to test for a relationship

between each of these factors and export performance, as well as trying
to link an explicit indicator for technological capacities or efforts
(such as numbers of engineers employed or eatering the workforce;
investments in R&D) to that performance. As the data and information
necessary to do these tests and interpretations (e,g. domestic resource
costs, the details of government incentive schemes, share of foreign
firms in production and export, etc) are rarely as easily available as
trade data, additional data collection efforts may have to be made.
Teitel and Thoumi721566;7£;ciié7£ﬁ1;75et of problems and provide a good
example of the additional data required and the difficulties involved in

interpretation.

e. Exparts of disembodied techmology. Data on exporte of disembodied
technalogy (as distinquised from exports of technology embodied in

equipment) are valuable indicators of the presence and nature of

capacities that do not suffer so much from the problens nentioned above.

Such disembodied techmology exports typically include licenses and other
technical assistance contracts, industrial and civil construction
contracts, various copsulting and engineering services, sales of turnkey
plants, direct foreign investment - and, arguably because of the growing
importance of information technology, exports of software. Unfortunately

o de =

this data is only likely to be already available if studies explicitly

focussing on this issue have already been carried out as is the case for
some Latin American and Asian countries.30/ Otherwise it will have to be

collected via firm surveys.

IL_Rexgn1ed_gn-pntniixe_ndxnn&nza. Ve reiterate, however, that apart

from disembodied technology exports. trade related data may be of limited

use on their own for the purposes of this project because they do not
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establish cause-effect relationships. One, perhaps roundabout, route
around these problems is to carry out (or extend available) assessments
of revealed comparative advantage (RCA).

RCA analysis - particularly if carried out at a sufficiently
disaggregated level and informed by a perspective that accepts the
proposition that “conmparative advantage ie made not given '(Cline, 1982)
- provides a starting point for designing policy measures which seek to
create, develop or enhance competitive advantage. Further, assessing
trade performance under past trade regimes suggests possibilities for
areas of expansion under different conditions - most notably the shift

Similarly, by identiiying the sequence of industries in which
relative efficiency is likely to grow, RCA analysis can give a sense of

e s v o S e L2

ion of government effort to promote

priority to the coaceantra
competitiveness in certain sectors and/or on the creation of certain
types of buman and institutional capacity. Thkis is information and
insight that would also be useful for AID purposes in targetting those
sectors where an S&T project aimed at increasing firmlevel capacities
might have the greatest impact.

The field of comparative advantage studies is well defined, the
technical and data considerations are substantial and the need for

R R G U S

ercising cavtion in interpretation on both theoretical and empirical

(1]
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grounds is extensively argued in the literature. UNIDO has done a good

deal of innovative work in this area and UFIDO (1984>, besides providing
RCA indices for three digit industries across countries, also contains a
comprebensive and balanced discussion of the theoreticial, technical and

policy issues 31/

g. Export destipation. Information useful for this project could also

come from examination of export performance in different sectors such as
capital goods in relation to the destination of those exports.

Disaggregating export destination with respect to South-South trade and
4

regional export expansion in particular sectors that might otherwise be
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ignored. This in turn provides a basis first for the examination of
capacities in those sectors and secondly for identifying interventions
thkat could strégggie;ié;;;;i;;;siié;iexploiting these opportunites
Fugent (1986) applies this approach in relation to capital goods and
identifies a range of opportunities for South-South trade normally
excluded from consideration because of scale, technology or demand
constraintes or because of the assumption that South-South exports are
t 1lik o labour intensive because of similar factor endowments.

®OS ely

Nacro Indicators of Firm-Level Innovative Efforts and Stocke of
T

Because of the past concentration on S&T input indicators as
discussed in Section 1, macroc level data relating to firm level
innovative effort and stocks and flows of embodied and disembodied
s are likely to be the best S&T data available in
developing countries. Depending on the strength of past and current data
collection efforts at the national level, the data categories available
might range from the minimium information on the numbers of people wi
scientific and technical qualifications in the total population and the
scale of govenment support for R&D (both of these data sets in most

productive sector) to much more detailed information.

Below we list some selected indicators under each of these headings

for which data might already be available (from international or national
sources or from previously conducted studies as discussed earlier) or
where cpllection via firm surveys (perhaps at the sectoral level) might
be feasible. These indicators include information typically only

collected at the national level in developed countries and data

+ ing countries.
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categories more closely related
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a. Firmlevel investment in ipnovative effort

Annual expenditures for industrial R&D in current and constant values;
Average annual growth rate of industrial R&D at fixed prices;
Industrial R&D as a percentage of total R&D; of other R&D;

Industrial R&D as a percentage of domestic product of indusiry

/by sector;

Total industrial R&D - by private sector/by foreign ve local/by
private non-profit/by public non-profit;

Annual expenditures for industrial R&D - by sector/foreign ve local/by
size (employment) of firm;

R&D expenditures - by source of funds (goverment, internal, external);
Expenditures for R&D by major cost category - labour, other current
costs, land and building, instruments and equipment;

Vage costs for salaried and/or skilled personmel;

Value and share of enterprise R&D contracted to outside agencies/by
category - university/industrial R&D institute/other private -

foreign and local;

b. Stocks of technological resources (including both people employed in

innovative activities and suppliers of technology-related services and

knowhow - both of which fall under the category”bf human resources as

defined in the Main paper.)

i. Persomnel engaged in innovative effort.

Total industrial persomnel with scientific or technical qualifications;

)} .
by numbers/wages/qualification category;

by/function within enterprise - R&D, engineering, repair and
maintenance, etc.;

by sector/size of firm/foreign vs local/private - public non-profit;
average annual growth rate;

Percentage of recent graduates with technical qualifications entering the
labour force.

(the objective here is to

document the quantity and if possible the quality of specialized sources

of technological knowhow and services within the economy)

Fumber/output/employnent/fixed assets of capital goods, engineering
and metalworking firms - by product specialization if possible;

Number of mechanical repair, metalworking repair and maintenance work-
shops and facilities/location by sector/public-private/foreign-local;
Number/output/employnent/specialization/nationality of consultant
engineering and design organizations;



Number/output/employment/fixed assets of electronics and software
firms;

Fumber/output/employment/fixed assets of specialist suppliers o
technological services including quality control, testing, market
research, equipment selection, etc.;
Number/output/employnent/fixed assets/specialization of foreign
distributors of capital goods, engineering services 1T ct

ces, IT p

¢, Flows of enbodied technology

uipment to capital goods production;
to fixed capital formation;

production by sector/firm size/nationality;
./production ratios for capital goods and intermediates by

key sectors/firm size/nationality;

Technological balance of payments data on receipts/payments/and net

balance
(covering inter alia payments and receipts for -
licenses; management contracts
royalties; marketing and disribution contracts
lump sums; information services;
turnkey plants; civil and industrial construction projects;

technical services (quality, testing, maintenance and repair;
profit remittances on joint ventures/wholly owned subsidiaries.

k% mitTianc

Some qualifications on interpretation. We bave already discussed the

problems associated with analysis and interpretation of some of these
;;;;aia;tirsets. Macro data on R&D expenditure probably captures only a
tiny fraction of firm level investment in innovative effort but may still
be of use in relation to the large econcmies. The same qualification
applies to the manpower data - unlessriﬂéi;;ﬁil;gieiagiaiﬁétually
distinquishes between those involved in R&D and in other types of
technical change effort.

In terms of the pother categories however, provided the data is
available and reasonably representative, comparisions over time and
between countries, normalized for size and shown as a share of the
relevant total, though the simplest form of analysis is the least open to
misinterpretation and could be of considerable use in project design.

Again, dépending on the data, it may be worthwile exploring more
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complicated cause-effect relationships through some form of regression

analyeis - but this cannot be judged a priori.

As we argued earlier, knowledge gained from the empirical
examination of firm-level performance could be a valuable complement to
n gleaned from macro indicators and existing studies. Two
broad levels of analysis can be pursued - via surveys based on data
collected from a selected sample of firms and designed to allow a
rigourous examination of a limited number of features/determinants of
firm performance; and in-depth case studies of fewer fiirmes but allowing

a deeper quantitative and/or qualitative examination to be carried out of

cause and effect relationships under specific circumstances.

Heedless to say, the range of information that can be collected with
either of these methods is quite large - with the choice of data set
depending obviously enough on the questions for which answers are being
sought. Innovation analysts in the developed countries are exploring new
sectoral and firm-level indicators of the innovative process in order to
better understand this process.

However our preliminary judgement of these indicators is that they
are ngg”;ﬁifagié ibéifié”éfﬁdﬁﬁéirihﬁbvation in developing countries. 32/
A more extensive review might, however, suggest some new data categories
that are worthwhile exploring further. Nevertheless in what follows, we

draw on the mainstream technology and development literature to

selectively discuss data requirements and indicators useful for micro

Although we do draw attention to specific issues, we have choosen
not to segregate the discussion under the three headings explored earlier
= — impact/output; investments, stocks and flows; and processes of
technical change and determinants of firm behavior - because of the
similarities in the information required under each. Also we shall not
discuss the many issues of method that arise in relation to studies of

this nature but make reference to the relevant literature.
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Ibe examination of technical change and itc determinants at the micro
level. Our concern with technological capacities in the fira means any
analysis must start with some measures of firm productivity performance
over time. Otherwise it is not possible to judge the relative importance
of different factors that affect or determine firm performance (or lack
of it.) In our case, this involvee tbe collection of data on basic

economic and physical measures of unit input use per unit of output but

might also necessitate collecting data on product quality, net profits,
market share, export share of production, product mix and changes over
time, and perhaps even type of customer.

Assessing the determinants of performance requires that quantita-
tive and qualititative data be collected on a variety of variables of
which we would suggest the following groups are particularly important

- firm characteristics - in particular structure of the managerial
and technical skill base;

- the nature and impact of any government poli
operation;

- the engineering determinants of productivity;33/

- the nature, cost, duration and benefits of specific technical

change efforts undertaken by the firm;

- the reasons for undertaking or not undertaking technical change
efforts - i.e. market demand, competition, adapting to raw
material change, quality improvements, self-motivation, lack of
skills/knowldege, financial constraint; etc.;

- market structure - both demand and supply;

- the individuals and firms/institutions who were the sources of
knowledge to carry out the changes - and their sources of

knowledge and expertise;
How this data is treated and analyized is a question of choice of
method. Pack (1988) demonstrates one approach which essentially involves
carrying out a rigourous TFP analysis of plant level performance in one

sector across different countries. Although the data collection

requirements to carry out a study of this sort, Pack's work demonstrates

that a great deal of policy relevant insight and conclusians can be drawn

from this level of detailed analysis.34/
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A good example of analysis using survey type data (that may already
be available in some countries) is carried out by UNIDO (1987a) which

uses a method based on Caves and Uekusa (1985) (and quite différent data

categories combining macro and micro variables) to assess the

determinants of manufacturing efficiency in the Bast Asian econonies.35/
There are many other examples of case study and survey analysis in this
topic area. 36/

Vhatever method is choosen, the aim of the analyesis must be to yvield
insight and information on firm level technological capacities and on the
nost important factors affecting the accumulation and deployment of those
capacities at a level of detail and rigour that is useful for AID project
planning purposes. This is best decided in comsultation between the

analyst and project desigmner.

Capacity accumulation and technology transfer. The Main paper stressed
b

that the ability to select the a

i
............. y to
then to effectively assimilate it is critical for those many developing
countries not in a position to generate the techmology themselves. Ve
argued in Section 2 that the evidence suggests that many countries in
fact do a very poor job of assimilating imported techmnology.
Consequently the micro-level analysis of this issue could provide
valuable guidelines for project focus and design. There are many case
studies of technology transfer that would be useful in providing guidance
on method and use of indicatore.37/
7 One way would be to compile information on a succession of transfer
events involving say the establishment of new textile production lines or
plants. The technology transferred could be broken down into its
embodied and disembodied elements and the degree of local versus foreign
supply of each element over different projects could be tracked. this
would be one iandica
could also be collected on performance over time for each imported limne
or plant, it might be possible toc judge the existence of estimate the

costs or benefits arising from the degree of assimilation.
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Alternatively, a single investment project involving the acquisition
of foreign technology could be examined to determine the extent to which

a concern to absorb”ﬁnderlying technological knb;iéasé and”éi;iléidhring
the transfer process figured in the negotiation efforts and strategy of
its policies regarding technology transfer and foreign investment. These

issues are taken up further in the next section.



As discussed in Section 2, the performance of the S&T infrastructure
in developing countries cannot be assessed solely on the basis of
internationally accepted input and output indicators. An explicit effort
must be made to assemble data sets that capture properly the particular
characteristics of the S&T 1n£rastructure. particularly in relation to

output and form and functional aspects of the institution. We try to
take account of this aspect by proposing both conventional and new,
untested indicators under the headings of institutional input, output and
Q;éﬁnization.

The scientific and technological infrastructure consists of a wide
variety of educational institutions; public and private sector suppliers
of embodied technological inputs and technical sclutions; public and

private sector suppliers of technological services, specialist expertise

and knowledge/information, sector specific industry and professional
associations; public and private sector sources of financial support for
for firm start-ups and investments in innovative effort. A represen-
tative listing of the different categories of institutions and agencies
would include the following:

- primary and secondary educational institutions providing imstruction
with a technical and scientific content;

- universities and kigher educational institutions;

- technical vocational and industrial training institutionms;

- public sector basic and applied R&D institutions attached to
universities or government ministries;

= public or private sector R&D institutions with

problenm focused specialization;

- public and private sector agencies supplying technological services to
the productive sector such as testing and quality control, design and
marketing, computer and software support, etc.;

— consultancy and engineering design organizations (CEDOs), capital
goods and engineering firms, formal sector repair and maintenance

workshope and informal sector metalworking shops;

o
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- public and private sector suppliers of information and informestion
related services and support such as libraries and data banks;

- sector and discipline specific industry and professional associations;

= development banks, ministry-administered sources of finance, private
sector sources of capital.

Input indicators. Input data on S&T infrastructure institutions (at

"3
[¢ N

least for the public sector) should be among the most avajlable S&
categories in all countries due to the past exphasis on collecting this

data by international agencies. And, except for the largest countries,

it should not be an onerous task to compile input data on private sector
enterprises. The categories listed below include conventional

quantitative input measures, data which covers the main categories of

stocks of human resources involved in S&T infrastructurai acfivities. as
well as some data which would shed direct light on the issue of linkages

with tke productive sector.

- number/size/coverage of primary and secondary educational
institutions; - -

- number/size/coverage/focus of technical vocational and industrial
training institutions;

- number/size (by costs, student and staff)/discipline/coverage of
universities and higher educational institutions with special
emphasis on details of students and resources involved in industry
related science and engineering courses;

- any available details on course content and curriculum design
process;

- pumber/type of R&D/service institutions/CEDOs/workshops/
professional associations by sector/focus/discipline/or by
function (pure basic research, strategic research, applied
research, extension, service provisiom, etc.>;

- size by staff/budget/revenue;

- costs (by source if any costs met by ocutside agencies) and by
function within the institution;

- personnel by qualifications/age/length of duration/specific
experience withk industry;

- date of establishment.

Output indicators. The discussion in Section 2 and in the Main paper
suggests that the main focus of output measurement should not simply be

absolute counts of citations, papers published, etc. but rather bear some



relation to the impact of institutional activities on the productive

sector and also take account of the specific conditons under which these

T s W= = =

institutions operate. There are various ways of getting at these aspects

through data collected via surveys and/or case-studies. Below we give a

=

fairly detailed listing of different types of output indicator for
differing institutional forms and activity.

FORM/ACTIVITY INDICATOR

Pure basic research Number of papers published:

in national and regional journals;

- {in world's most highly cited journals;

- in all external journals;

- total number including formal internal papers;

- above grouped according to discipline.

- Fumber of national/regional/international
citations from outside the institution;

- Peer review of output;

- Peer recognition in international scientific
and technological community (prizes, invita-
tions to speak at international conferences or
visit overseas laboratories, nembersbip in

acadenies.
Strategic basic As for basic research, plus the following:
research ~ - Number of discoveries having direct potential

for national benpefit;

- Total estimated (projected) net benefits for
10 years, if implemented;

- Fumber of requests for informstion from
external researchers or other users,
received snd satisfactorily answered.

Applied research As for strategic basic research, with less
emphasis on paper and citation counts, plus the
following:

- Success in meeting goals within budget/time
estimate;

- Fumber and type of innovations;
- Source of idea/source of contract
- Estimated net benefit if implemented/diffused

- Number of innovations successfully
commercialized in-house over past ten years;
- Extent of diffusion of in-house commercialized



Provision of Service,
Linkage, Extension

Private/public sector
sources of finance
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innovations by users/sales volume measured in
relation to time and adopter population;

- Number and characteristics of failures;
- FNumber of patents;
- Sales of technical know-how:

- to local companies;
- to overseas companies

(Universities and Higher Education Institutes)

Consultancy, research and theses topics of

staff and students;

Employment (by location and function) of new
graduates;

(R&D institutions)

Nature of extension activities and mandate;
Mechanisms to commercialize innovations;

Size of extension effort by projects/people
employed (if different from researchers)
/resources - as % of total;

Qualifications background of extension agent/
degree of industry specific experience

Share of revenue derived from industry
contracts

Type and number of interactions between
extension service and users - Vis promotion
efforts by extension personuel associated with
specific projects as well as comnsultancy
activities, visits, telephone calls for
advice;

(Service institutiomns)

As for R&D institutions but categories
adjusted to take account of service being
provided.

Size of initial capitalization
Size of annual disbursements;
Rate of return on assets;

Fumber and type of project;

Fumber and reasons for rejection of
application for funds;

Share of successes and failures/reasons,;
Performance measure of funds receipients;
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Functional and organizational indicators for S&T imstitutiops. It is
important to attempt an assessment of the internal and extermnal

determinante of institutional performance vis a vis linkages with the

productive sector. These are issues that are particularly important with
repsect to public sector RaD and service imstitutions. Such an
assessment can probaly not be carried out on the basis oENAQyW;reviously
collected data or information since these concerns lie outside the normal
focus on evaluating institutional performance. Both qualitiative and

required and below we suggest a number

quantitative information will be
111 help to illuminate the scope for

) |
of data information that will

inpstitutional reform and innovation.

- Original terms of referemce, model and mandate for the creation of the
institution - including any details of foreign assistance in its

creation;

- Brief history of involvement/relation of users in evolution and past
work of institute;

- Present pattern of user involvement in institutional operation;

- Relationship and degree of autonomy between institution and source of
financing/oversight in government;

- Views of responeible government officials, and current institute
administration and staff on primary audience and cbjective of
institution’s work;

- How are goals established and projects selected;

- Who is consulted in goal setting and project design/selection process
with particular reference to inpvovlement of user community;

- Mechanisms to expose researchers (and students where relevant) to
industry reality vis secondment, involvement in industry surveys, etc;

- Criteria and mechanisms for promotion and hiring - relative balance
between emphasis on publishing versus producing usable results;

- Pattern of career development for staff;

- Training mechanisms and pattern of training;

- Information from case studies of success and failure;

- If case-study information not available, these should be carried out
if possible alopg with survey of views of actual and potential users
of issves such as:

- their past experience in working with institution;

- their awareness of institutional capabilities and what is on
offer; S - h

- the relevance to user needs and skills of services/output
provided by institution; etc.

a



The analysis in Section 2 argued that in many developing countries
the agencies, officials and policy mechanisms that
responsible for scientific and technological development throughout the
whole economy, in practice are often primarily concerned with science
policy and the development of science. Explicit and implicit technology
policy issues are left largely unattended to and on occasion, vested
interests in the science community may practice a strategy of benign
neglect towards these when scarce financial resources aré'being coﬁpeted
for. This is likely to be true even in those countries where the stated

policy gives full weight to technological development as a national

objective,
The main paper argues that as a country progresses through different
T

,,,,,

stages that S38T policy, in primciple, should gradually incorporate a more
explicit concern with technology elements within a more strategic
approach that is both more comprebensive and more focussed. The aim of
assessing the status of S&T policy in the client country is to
essentially to determine where the country is currently located in
relation to this continuvum between relative neglect of technology issues
and the full integration of technoloé&iéélicy concerns both in explicit
S&T policy and in macroeconomic and strategic developmental policy.

Assessment thus needs to focus on a number of features of the S&T

policy system and S&T policy, many of which are not amenable to

quantitative measurement but will require subjective evaluation. Some

have to be collected through direct interviews. Sincemany of the
detailed data categories would be adaptations of those listed above for
the assessment of S&T infrastructure, we conine our comments below to

only two general areas.



An assessment of this set of issues should in primciple be possible

by reviewing a number o

ocuments, data categories and learning of the
nature of individual perceptions.

The terms of reference of the national body charged with overseeing
S&T policy as well as any specific pieces of relevant legislation
authorizing action or creating S&T institutionms should specify the
pfficial scope of S&T policy. Personnal interviews with relevant
;;}ié;;isiresponsible for the different parts of the explicit S&T policy
system will, partly, reveal bhow they interpret the stated policy.
Available data on how resources are actually allocated to projects and
spending units will show how the stated objecti;;;ié;; éatiiito practice
at least at the level of resource allocation.

Beyond this and where possible, the sorts oi issues listed above
under the output and organizational categories for S8T infrastructure
institutions that try to highlight the impact of S&T policy actions on
;;;;7é££;§;ises. and the scope for institutional innovation should be
explored with relevant officials in S&T policy institutions.

It is legitimate to argue that the mere fact that a law or policy

exists or that an institution or agency has been created to deal
explicitly with some dimension of S&T development is evidence that a
e in S&T policy development has been reached. For example,
the creation of a special mechanism to finance innovative effort, R&D
projects, start-up enterprises, etc. would suggest that S&T policy is
relatively sophisticated compared to counis ries where such explicit
mechanisms are not in place. As the Main paper suggests, projects to
assist the S&T policy making process could be designed on the basis of
such information.

It is however quite a different matter to assess the extent to which

resources and action flowing from the stated policy actually effects the

performance of the policy institution, and has 1npacts in practice upon
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the performance of the relevant user enterprises and institutions, and

the overall effects of this on the econonmy.

For example, development banks play a crucial role as sources of
finance for investment by the productive sector. Often they have an
explicit mandate to support the development of local industry.They may
however, (and often do) take decisions with regard to finance or foreign
exchange applications on the basis of strict financial criteria rather

than taking account of whether the planned projects will contribute to

the development of local capacities.38/
Certainly within the scope of any assessment efforts undertaken by

AlD, the degree of empirical validation of these connections that can be

accomplished will be limited. How much depends on how well tke
information gained from direct examination of the S&T policy system is

complemented by the knowle from the assessment of the S&T

- 0q

infrastructure and the performance of the productive sector.

In most economies, the range of explicit S&T policy agencies, items

of legislation and especific S&T financing/promotional activities will be
relatively small and collecting the relevant published materials should
be straightforward in principle. The ease and possibility of attaining
interviews with the relevant people is, of course, an entirely different

matter that cannot be judged in advance.

wgmmmmmmwm
Kakers.

Background work on the macro economic environment should give some

indication of the extent to which macro policies take explicit account of

and impact upon SAT issues, particularly in relation to capacity creation
in the producive sector. This information on its own will be an

important set of indicatore as to the strength and weaknesses of the

client country in this area. Ideally however, this knowledge sioﬁié be
complemented with an understanding of bow S&T policy concerns are dealt

with in the process of policy formulation and resource allocation in

<

major areas of economic and social policy.
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This requires documenting both the formal mechanisms and structures
for dealing with SAT issues (a relatively easy task) and the informal
process by which decision makers deal with the policy and finﬁgéiﬁiir
implications of SAT issues that impinge upon their own area of
11ity - a more difficult undertaking both because of the large
number of areas where macro policy impinges upon S&T issues, and because
generating this knowledge will require direct interviews.

Among the most relevant parte of the government policy system that
could be explored are those agencies and ministries concerned with
industrial plannig, trade, commerce and domestic market regulation,
finance and credit, public sector management, education, direct foreign
investment and government purchasing and procurement. Direct interviews,

where possible, will need to explore whether and to what extent S&T

issues are taken account of in policy formulation witbin the relevant
agency, the awareness of individual policymakers of how their decisicns
affect different aspects of S&T, and more specif fically whether S&T issues
have become an integral element of strategic industrial planning.39/

The information gained from such assessments would of course be
invaluable in informiig the design of projects aimed at other aspects of
th S&T system - unless of course, AID is in a position to influence

policy making directly. 1f, as is likely, there is a great deal of

misunderstanding and ignorance of the importance of S&T and the
connections at the policy level, this might suggest a focus for AID
roject efforts that could impact directly upon this area of policy - the
training and “conciousness raising® of senior policy makers with regard

to S&T.
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possible indicators that would be useful in carrying out a comprehensive
assessment of S&T capacities and the effect of these on economic advance
in developing countries. However, as argued in the imtroduction, without
carrying out more rigourous review and testing, 1t is difficult a priori
to select the subsets of these variables best able to yield a valid
comprehensive assessment and those best suited to meet AID pbjectives.
However, it is possible to move some distance in that direction on
claiming that analysis of the indicators suggested will ;226;11§7§;5&ch
robust and rigourous conclusions. Of course much depends on the amount
exercise prior to embarking on project design - the greater and nore
competent the effort, the greater the liklibood that the subsequent
projects will make a positive contribution to economic advance in the
client country. Nevertheless choices will have to be made and in what
follows we make a number of suggestions as to the focus of assessment

efforts, sources of data and the interpretatior of results.

Acssessine Countrv Cand cY

The Main paper properly devotes considerable attention to

discussing special country circumstances that are likely

ot

usefulness of S&T interventions. It suggests six different country
categories distinquisbed by a variety of geographical, economic, size and
political criteria, a number of which are in fact likely to be present
simultaneously in particular countries and thus the categories cannot be

considered to be mutually exclusive (i.e. a small isolated country may be

opern or closed, close to or far away fron major markets and progréssihg
rapidly or falling behind). FNevertheless as the Nain paper argues each
set of characteristice is likely to imply a different set of policy



course on the starting point of the economy with regard to each set of
characteristics.

Fronm the perspective of the analysis carried out for this paper, the
most important criteria for judging the candidacy of a country for S&T
intervention is likely to be the degree of outward vs inward orientation
gf government policy. Assessing a country's position in this continuum
should be relaf¥§éi§rsiﬁﬁiérﬁ76;d;r7;£;7é$t;g;;;i6%76e;;réiiic6;;ﬁ§”7ﬁ
indicators discussed in Section 3 (and further discussed in Section 5,
we listed a set concerned with macroeconomic and industrial policy that

are reproduced below for reference.

Import policies and the effective rate of protection for final,
intermediates and capital goods;

Interest rate and credit policies;

Exchange rate policy;

Price control policy vis industrial materials, goods and equipment;

Policies on competition and regulation of the market;

Policies relating to industry structure and market entry and exit;

Rate of inflation;

irade policies;

Labor policies;

Policies on direct foreign investment;

Public sector ownership policies;
Location and share of public sector
segments of tbe economy;
Costs and/or measures of performance of public sector enterprises

in the industrial sector.

Government policy documents and laws setting out the specificatioms
and elements of these macroeconomic policies should be easily available
either from the government itself or agencies such as the Vorld Bank and
INF. Equally, country specific assessments of the impact of various
measures and government policies are also likely to be available as are
protection, the shadow prices of
labour, capital and foreign exchange and perhaps some composite index of
price distortion or foregone output due to government intervention.40/

Vhile it would be a difficult, complicated and inevitably subjective

task to judge the “"relative" degree of inward-outward orientation of an
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econonmy, 41/ it should however be evident from this evidence whether or
not a country is moving towards a greater degree of outward orientation -
at least in its stated policies. If this is the case, then it suggests
that the thrust of AID projects should be towards facilitating the
technological ability of ;1;;§7t;7;;;;o;3 ig gigig;;ater market freedom
and greater competition which liberalization implies - perbkaps via direct
advanced equipment testing and training of engineers.

If there is little movement towards greater opemness, than the
uch

prospects of positive firm responses to AID S&T initiatives ar

o
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less. While this isn't necessarily grounds for not undertaking an S&T
programme, it does suggest that the effort might focus less on firm
specific action and more on the generation of information and knowledge
to inform policy makers and industrialists about the economic, social and

technological costs and benefits of different policy regimes.

Ve would make one final point here with regard to the current wave
of enthusiasn for advancing greater liberalization and privatization
within developing countries. There is little doubt that moves in this
direction can be an important catalyst in creating conditions conducive
to economic advance in most countries. However widespread experience
alsp suggests that such moves on their own will neither automatically
make previously protected firms competitive (particularly against foreign
enterprises), nor will they immediately cause enterprises to take steps
(and invest resources) to strengthen their technological capacities.
Movenment towards greater liberalization needs to be pursued in

conjunction with policies (and AID projects) which encourage and support

the attainment of technological dynamism and mastery.

program activities should focus on 3 sets of phenomena - strengthening

the technological capacity of the productive sector; support for S&T



infrastructural activities that either improve links with the productive
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sector or ectablish new institutions designed to fit occa
conditions and specifically address local problenms; and improving the
contribution of explicit S&T policy to creating conditions favourable to
t within the productive sector. As discussed above and in
Section 5, any interventions that are planned, need to take account of
the conditions created by the macro economic and industrial policy
environment - an area where AID presumably does not normallyibecoﬁe
directly involved.

Under each of the three main headings (technological capacity in the
productive sector, the Sgiiing;;;t;;;{;;;iand S&T policy) we proposed a
range of indicators that would both give some idea of the relative
position of the economy vis others and suggest possible points of
intervention. Below we make some suggestions as to a possible focus for

data collection and assessment efforts in each of these areas.

Technological capacity in the productive sector

Since most of the questions that need answering under this heading
cannot in practice be dealt with for the economy as a whole at sufficient
detail to determine policy and project design, assessment efforts will

need to focus on specific segments of the economy.

Sector selectign. One way of specifying tbis sectoral assessment focus

would be in consultation with the government which should have some sense
of priorities for its preferred pattern of sectoral development. The
indusiries selected in this way might include - natural resource-based
industries, employment-intensive industries, export-oriented sectors,
basic industries with a high degree of import dependence. sectors
attractive to foreign investment where the supplier base needs
strengthening, activities of particular importance to social developnent
and quality of life such as the provision of potable water, housing or

energy, etc.
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A second approach would be to concentrate on the core sources of

technical change and skill creation within the economy - for exanple. the

engineering industries, CEDOs, workshops and informal metalworking shops|
or public sector industries with a large elenment of existing or potential
backward linkage that can be used to foster technological development in
the supplier networks; or “leading edge!” sectoré such as those in the
electronics complex, IT services (including software) and telecommuni-
cations which can act as a locus for
|

or the
technological capacities which will be in widespread demand throughout
the economy in the future.

A third approach to sector selection would be to use some
combination of the readily available production and trade indicators

listed in the General Economy part of Section 3, plus existing measures

of RCA, labor productivity indices, sectoral TFP rates of growth trade

performance, structural change, etc. to identify sectors that are either

a

performing above average and 1 erefore a source of dypamic gains; or
those not performing up to potential but which could be a source of

economic benefit and stimulate other sectors if it was performing well.

Capacity assessment. This data alone, combined with existing studies,
should be sufficient to 1dentify the sectoral focus of project support

and possibly even the specific character of these activities. If it
proves necessary to garner further information than sectoral surveys Or
firmlevel case studies might be called for. By careful sample selection

and focussed objectives, it should be possible to keep these information
gathering efforts to a manageable size, ’

Data collec orts at this level should, to the extent
possible, answer three questions - what is the current stock of techno-
logical capacities and how do these match up to existing and future

JL -
L

demand; what contribution do existing capacities mak ke

G fl——

competitiveness and, what are the main constraints affecting the
accumulation and effective exploitation of the relevant capacities in the

future. Surveys/case studies with these objectives should concentrate on
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collecting and analyising the following data sets (on a time series basis
11 possible):

- market structure, pattern of demand, deteraminante of
competitiveness (1.price, quality, etc);

- basic firm characteristics - size, age, employment, output,
product mix, profitability, productivity, etc.;

- stock and deployment of skilled resources by function;

- scale, nature and causes of jnvestment in innovative effort
(hrmaadlvy Aafinad):

WWTORGL Yy W LT’y

- sources of technological inputs (embodied and disembodied, local
and foreign) and market knowledge;

- impact of policy environment;

- management views of future needs and copstraints inm relation to
technology issues. S

The pattern of answers to these questions should provide sufficient

information to base initial p
P

= ns on - provided the rationale
for the projects does not depend solely on the precision, rigour and
robustness of the relationships explored.

SAT Infrastructure

Two issues are critical in this area - the extent to which existing
ipstitutions are serving as a source of relevant knowledge, expertise and
technical solutions to the productive sector; and the possibilities for
ipstitutional reform and/or creation to better meet the needs of enter-
prises and where relevant national objectives. Assuming that input data
on public sector enterprises is readily available but not other data,
survey-based assessment efforte should have both an institutional
category focus and concentrate on a fairly narrow range of issues.

riifﬁé éiBi;e*SE which institutions is an open question best decided by
those with knowledge of country conditions but should include some or all
of the following - universities and technical training imstitutions;
applied research institutes with a sectoralifoéﬁggi;;a CEDOs and other
pudblic and private sector technical service agencies.

ata collected by the survey should answer two questions - what
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successfully meeting user needs (broadly defined>?; and, how can this

performance be improved both in terms of quality and quantity to neet

x - hd — &7 T T I

exisitng and futue demand? The data required to provide this information
will vary depending on the type of institution involved (e.g educatiomnal,

versus R&D versus service provision) bu
different categories proposed under output and organizational indicators
in Section 5.

For example, it will be essential to assess the scale, quality and
relative size of the relevant engineering and technical training courses

on offer to form some idea of the basic constraints that exist on the

creation of skilled manpower and determine if project support would be
feasible and useful. In relation to public sector research and
service/support agencies, it will be necessary to assess the output in
terms of meeting user needs and to judge the degree of user involvement
in goal setting and project selection. The nature of the mechanisms in
place to facilitate meeting these objectives and the views of management
and staff on these issues will be a good indication of what forms of user

involvement/extension work best and whether there are possibilities for

internal 1nstitutional reforn versus institutional creation.
The issues to be addressed in relation to private sector providers

of technological inputs and services will differ slightly from the above

in that it will be most important to assess the forms of operationm,

marketing effort and product provided in relation to market demand; and

to get a

o ge good idea of the prime internal and external constraints on

further expansion.

As the work of Tiffen (1987) and others demonstrates, the existence

] o PO Ve
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and degree of functional incoberence present in the relati
the S8T infrastructure and user enterprises should be readily apparent.
Unfortunately, the self-preservation instinct of S&T institutions means
they will eee the problenm of performance largely in terms of underfunding
and a lack of interest in "good research” on the part of users.

Overcoming these perceptions is likely to be one of the greatest

obstacles to institutional reform - and might itself be a focus of an

educational research project. Beyond that the basic objective of project
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design will be to create knowledge bridges to the users, and to get the

suppliers of knowledge more aware of the specifics of production and

competition at the firm level.

SAT Policy

Vhile there is 1i
most important determinants of S&T development possibilities, the scope
for rapid assessment of the interactions between policy and performance
will be limited. The minimium assesssment exercise should involve the
collection of secondary material relating both to S&T policy institutions
per se and the najor economic policy agencies such as policy statements,
iééislation, etc. (showing how S&T issues are formally handled within
governemnt policy making process) and data showing the allocation of
funds to different activities - ideally separating out those concerned
with S&T (and particularly capacity creation in the productive sector).
This information should be sufficient to allow a judgement to be made of
the level of awareness of the importance of S&8T issues (in the way these
have been discussed in this paper) and of the degree of integration and
co—ordination between pulicies for S&T and macro economic policy

concerns.

If a2 small number of interviews are possible, assessment should
focus on three agencies - the national body responsible for S&T policy,
the ministry responsible for industry and trade (including DFI and
technology transfer) and any development banks with an industry
portfolio. Very broadly, the basic thrust of the assesspent will be to
pinpoint current policy concerns and activities with regards to the
development of capacities in the productive sector and the creation of

_____ A Ak -

infrastructure to support these; evaluate the level of
competence to deal with these issues and the degree of understanding of
how the agency's policies affect critical dimensions of S&T development;
identify areas of future policy intervention where S&T issues can be more

explicitly addressed.



1. See the discussion in Bhalla and Fluitman, 1985; Baster, 1972 and
McGrapnahan, 1972. '

2. Though even such indicators as GNP are admittedly imperfect and
subject to differeing interpretations by those collecting and
inerpreting the data- -

3. Indeed the complexity of the relationship between S&T inputs, the
innovation process (broadly defined),the often intangidle nature of the
outputs of that process and the impact of these on the econonmy as a
whole - while well documented empirically - has defeated many attempts
to generate valid S&T indicators even within the context of the
advanced industrialized economies. See the discussion in Freemanm,

4. See Freeman, 1982 and the discussion in Apnandakrishnan and Morita-
Lou, 1985.

5. See UNESCO 1978 which defines science and technology services in
terms of the following activities - S&T services provided by
libraries, information centres, data banks etc., and museums of science
and/or technology; the translation and editing of S&T books and
periodicals; various routine scientific activities concerned with
carrying out surveys and measuring physical phenomena and natural
resources; prospecting and related activites to locate mineral and
other resources; the gathering of information on economic and cultural
phencmena to compile statistical bases; materials testing and standards
setting; provision of advice to users to bhelp them make use of S&T
related information; and activities related to patents and licenses.

6. See Saltykov, 1985 for a good review and also Freeman, 198Z.

7. See Bell, Ross-Larson and Vestphal, 1984 and Hoffman and Girvan,

8. See Anandakrishnan and Morita-Lou, 1985 and Frame, 1985.

9. Bballa Egg ?}Eftnan. 1985 are particularly dismissive.

10. See for instance Teitel, 1987 and IADB, 1588.

11. See Bhalla and Fluitman, 1985; Saltykov, 1985 and Bochet, 1985.

12. Though see the discussion in Anandakrishnan and Morita-Lou, 1985
for details.

14. See the criticism of Hill et al, 1983 in Freeman, 1983.



15. See Bhalla and Fluitman, 1985 for a innovative approach to S&RT
assessment using nationalobjectives as the starting point in defing

what needs to be assessed.

16. For example the state-supported development and production of
combine barvesters in India.

17. For Dahlman and VWestpbal, 1982, different levels of techological
mastery exist relevant to - production engineering for operating
existing plants; project execution that relates to the establishment of
new production capacity; capital goods manufacture; and R&D to generate
new knowledge. See also Hoffman and Girvan, 1988 for an extensive
discussion.

18. See Hill, 1987 for an illuminating approach to this issue.

19. See Dahlman, Ross-larson and Westphal, 1987 for the most recent
review of research in this area.

20. See Hoffman and Girvan, 1988.

21. See Bell, Ross-Larson and Vestphal, 1984.

22. See Bell, 1986 for an extensive historical review and Bell, 1988
for a succinct statement

24. See Vorld Bank, 1987 for a good summary of how macroeconomic
policies affect the developmen o) ol

25. Bell, 1986; Bell, 1988.

26, See the review of ¥IC experience in Dahlman, Ross-lLarson and

Westphal, 1987 as well as Teitel, 1084.
27. See the discussion in Tidrick, 1984.
28. See the discussion in Tidrick, 1984; Pack, 1984 and forthcoming.

29. Appendix 1 in Ariff and Hill, 1986 gives a good discussion of data
sources and data problems for this type of analysis.

30. See for example the studies cited in Teitel and Thoumi, 1986.

- UNIDC, 1687 b also contains a useful discussion and application of
lysis. T Tt T o o
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32. Primarily because the data required are too specialized. However,
Hill, 1983 does contain an excellent discussion of method questions in

relation to collecting and assessing new innovation data categories.

33. See the discussion in Pack, 1988 for the numerous technical
factors that can affect productivity and performance.

34. For instance Pack, 1988 shows that decisions to invest in new
capacity creation in the textile indusry in the Phillipnes and Kenya
involve much bigher costs than efforts to expand output by inproving
the efficiency of existing plamts.  ~ —

35. However, they use only two variables, fixed assets per employee and
turnover ratio of total assets, to explore the contribution of

technology and technical change to efficiency improvement.

36. See the review of evidence and methods in Bell, Ross-lLarson and
Westpbal, 1984.

37. See those reviewed in Hoffman and Girvan, 1988.
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