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1. Introduction: Looking for the Leading Indicators

The main expenditure aggregate used for internaltioomparison is gross
domestic expenditure on R&D (GERD), which coverseaxipenditures for R&D
performed on national territory in a given year.tlius includes domestically
performed R&D which is financed from abroad but lades R&D funds paid
abroad, notably to international agencies. Theesponding personnel measure
does not have a special name. It covers total paegavorking on R&D (in FTE) on
national territory during a given year. Internatbrcomparisons are sometimes
restricted to researchers (or university gradudiespuse it is considered that they
are the true core of the R&D system.

The use of research and technological data implied of problems with the
collection and measurement. The problems of datditguand comparability are
characteristic for the whole range of data on dyoaswcio-economic activities.
However, most of the research and technologicakators capture technological
investment in small industries and in small firrmyomperfectly. Usually only, the
manufacturing firms with more than 10,000 employesge established some research
and technological laboratories, while industriaitaimvith less than 1,000 employees
usually do not have any particular research aesitFinally, the research and
technological statistics concentrate mostly onnfamufacturing sectors, while usually
neglecting some service activities.

The collection of R&D data of regional statistiogplied a lot of problems in
comparison to data of national statistics. Fordblection of regional statistics, we
should take into the local differences and theialiffies. R&D units can operate in
more than one region and we should allocate thetsatias between regions. Usually,
regional statistics focused on the three first llevef NUTS (Nomenclature of
Territorial Units for Statistics). Innovation inditors measure aspects of the industrial
innovation process and the resources devoted tovation activities. They also
provide qualitative and quantitative information ¢me factors that enhance or
hinder innovation, on the impact of innovation,tbe performance of the enterprise
and on the diffusion of innovation.

The variables common used variables for S-R&Tvdigs are:

e R&D expenditures
e R&D personnel
e Patents of New Technologies.

Tables 1 and 2 illustrate some of the main typeaoiables in relation to the
measurement of scientific and technological adgsiand also the main titles and
Sources from which they derived. However, R&D stais are not enough. In the
context of the knowledge-based economy, it hasrbedacreasingly clear that such
data need to be examined within a conceptual frarewhat relates them both to
other types of resources and to the desired outamhegiven R&D activities.
Similarly, R&D personnel data need to be viewegas of a model for the training
and use of scientific and technical personnel.

The term R&D covers three activities: basic redeaapplied research and
experimental developmenBasic researchis “experimental or theoretical work
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undertaken primarily to acquire new knowledge o tinderlying foundation of
phenomena and observable facts, without any péatieyplication or use in view”.
Applied researchs also “original investigation undertaken in orderacquire new
knowledge”. However, it is directed primarily towdara specific practical aim or
objective. Experimental developmens “systematic work, drawing on existing
knowledge gained from research and/or practicabe&pce, which is directed to
producing new materials, products or devices, stailling new processes, systems
and services, or to improving substantially thokeaaly produced or installed”.
R&D covers both formal R&D in R&D units and inforinar occasional R&D in
other units.

Table 1: Innovation and Not Innovation Activities

Innovation Not
Innovation
Newto | Newto| Already in
the the the Firm
World Firm
Product
Production
Technologically Process
New Delivery
Process
Innovation Product

Significantly Production
Technologically Process
Improved Delivery
Process
Organisation
No Significant Product

Change. Production
Not Change without|  Process
Innovation | novelty or other| Delivery
creative Process

improvements | Organisation
Source: OECD (1981).
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Table 2: Type of Variables, Titles and Sources for the Mearsient of Scientific
and Technological Activities

Type of Main Titles and Sources
Variables
Research and Frascati Manual: “Standard Practice of Research and
Development (R&D) | Experimental Development” and alBeascati Manual
Supplement “Research and Development Statistics
and Output Measurement in the Higher Education

Sector”.
Technology Balance OECD: “Manual for the Measurement and
of Payments Interpretation of Technology Balance of Payments
Data”
Innovation Oslo Manual: OECD Proposed Guidelines for
Collecting and Interpreting Technological Innovatio
Data
Patents OECD-Patent Manual: “Using Patent Data as Science
and Technology Indicators”
Scientific and OECD-Canberrra Manual: “The Measurement of
Technical Personnel| Human Resources Devoted to Science and Technology”
High Technology OECD: “Revision of High Technology Sector and
Product Classification”
Bibliometrics OECD: “Bibliometric Indicators and Analysis of

Research Systems, Methods and Examples” (Working
Paper — Yoshika Okibo).

Globalisation OECD: “Manual of Economic Globalisation
Indicators”
Education Statistics | OECD: “OECD Manual for Comparative Education
Statistics”
Education OECD: “Classifying Educational Programmes: Manual
Classification for Implementation in OECD countries”
Training Statistics OECD: “Manual for Better Training Statistics:

Conceptual Measurement and Survey Issues”
Source: OECD/Eurostat (1997)

The reliability of R&D and innovation regional ssdics is directly connected
and depending on estimation-method and the applicaif statistical technique.
Another important question on R&D and innovatiorgioeal statistics is the
confidentiality and the collection-method of dagd-that may be cover the whole or the
majority of the local-units. For the statistical thhads focused on a regional level, we
can use either the “local-units” (i.e. enterpgseffice, manufacturing etc.) or the
“local-economic-units” (NACE codes, which is aviion of national codes of
European member states). Therefore, we can useshenethod «top-to-the-bottom
method» for the collection of aggregate R&D data (he whole country) and after
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that on the distribution of these figures into gioaal-level; the disadvantage of this
method is that there is not a direct collectiodatt from the regions.

The second method «bottom-to-the-top method» fer tollection of
disaggregated R&D data (for the whole regions) dase the direct-collection at a
regional-level and after that on the summationhesé figures in order to obtain the
aggregate-total R&D data (for the whole countrge &dvantage of this method is that
there is a consistency in the summary of figuréswdsen regional and national level.

2. Theory and Models in Economics of Innovation

There is a huge literature suggesting and denatimgirthat research and
scientific indicators make an important contribatito the growth at the firm,
industry and national levels. Most of these studiase investigated the relation
between productivity, employment, growth and R&D.

2.1 The Input-Output framework

The structural decomposition analysis can be ddfims a method of
characterizing major shifts within an economy byanseof comparative static changes.
The basic methodology was introduced by Leonti®68) for the structure of the US
economy and has been extended in several waygr CH60) has incorporated some
dynamic elements with a formal consideration ofible of investment in embodied
technical change. Chenery, Syrquin and others {1&@d¢®d elements of trade into this
framework.

Growth decomposition analysis uses input-outpahrtigjues because they
capture the flows of goods and services betwederelift industries. Input-output
methods exploit the inter-linkages effects and asarch for the components of
growth. In addition, input-output techniques allog to calculate the contribution of
technical changedo output growth. The principal argument of thethmd of inter-
industry analysis is to show explicitly the intgpdadence of growth rates in different
sectors of the economy. Usually, two different cosifional indicators are used to
analyze the extent of structural change, the angraaith rate of real output in each
industry and the share of national real output acted for each industry.

Input-output tables are available both in cureemt constant prices. Following
Kubo et al. (1986), we can consider tiasic material balance conditidior the gross
output of a sector as given by:

Xi=W+F+E;-M; (material balance equation (1)
where:
Xi=the gross output,
W,=the intermediate demand for the output of sedbgrgector |,
F=the domestic final demand for the output of sector
Ei=the export demand, and
M;=the total imports classified in sector i.

The gross output of sector i is the sum of outpuhtermediate demand plus
the domestic final demand plus the exports lesgnperts. In the matrix notation the
material balance conditiobhecomes:
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X=AX+F+E-M=(I-A) {(F+E-M), (2)

where (I-A), the inverse of the coefficients matrix, capturesindirect as well as the
direct flows of intermediate goods.

Holding one part of the material balangaation constant and varying the other
components over time, the change in an industotjsub can be decomposed into the
following factors:
= technical change (corresponding to changes imtlerted I-A matrix);
= changes in final demand;
= changes in the structure of exports; and
= changes in the structure of imports.

This equation provides at an aggregate level aposimensive picture of
structural change for each country. It does nolagxpvhy the structure of an economy
changed, but it describes how it came about andunedhe relative importance each
factor in each industry's growth.

Growth effects are analyzed in order teead how much output in each industry
would have changed with the same growth rate foh @ement in the final demand
category. When growth rates differ between thel fileanand categories, the resulting
growth rates for the industrial output will alsaywalhe positive or negative effects of
structural change affect the final demand categorie

2.2 Technological change in the Input-Output framrw

Technological change plays an important role éngkpansion and decline of
sectors. Technology intensity and real growth rafesutput can be used to classify
individual industries into different performancegps. These groups can then be used
to describe the patterns of structural change andake comparisons among various
countries.

The effects of technical change are analyzedderdo find out how much the
use of primary inputs has changed, because of ekanghe endogenous factors of the
model. Furthermore, the effects of technical chamgéndustrial output are analyzed,
in order to reveal how much output in each industty changed because input-output
coefficients have altered.

A way of measuring changes in input-output coedfits is to compute the
weighted average changes in the input-output @iefis of various sectors and to
compare the matrices at two different points ofetirkor instance, we can use the
following formula (3), in order to compute the wieigd indices:

2 1
;2(x§+ xi) (AT A)

Ti= (Xi+ Xi)l 3)

where: X; is the elements of matrix of input-output coeéfintis for the second period,
A’; is the elements of matrix of input-output coeéfits for the first period,
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X% is the matrix of inter-industry transactions fecend period at constant
1975 prices,

X% is the matrix of inter-industry transactions fostf period at constant 1975
prices.

This index measures the overall input changesaeh ef the n production
sectors due to technological changes, changesipribes, and product mix (the so
calledRasmussen index structural change).

The total change in sectoral output can be decsetponto sources by
category of demand. The total change in outputledba sum of the changes in each
sector and can also be decomposed either by sedigrcategory of demand.

The relations, (with the two intermediate termsbmed), can be shown as
following:

DD, + ER, + 1S + 10, = 4%
DD, + EE + 1S, + 10, = 4AX;

'DD.-I-EE,;+IS.1 + Ibh = AX,

2DDi+ JEE + 23S + 20; = 34X = 4AX

where: DDR=domestic demand expansion in sector i,
EE=export expansion in sector i,
IS=import substitution of final and intermediate gsddl sector i,
IG=input-output coefficients in sector i,

AX;=change in the output of sector i.

Reading down the columns gives the sectoral comipof each demand
category, while reading across the rows gives dwemhposition of changes in sectoral
demand by different demand categories. When mat@mgparisons across countries
and time periods, it is convenient to divide thdirentable byXAX;, so that all
components across sectors and demand categoriesos@fD. Alternatively, it is
sometimes convenient to divide the rowsA¥; and then to look at the percentage
contribution of each demand category to the changectoral output.

Table 3: Decomposition Formulas (*)
Sources of growth: Variable being decomposed

Domestic-final- OutputAX | Val.Add. | ImportsAM Emp
demand  expansioh AV l. AL
(FE)
Export expansion(EE) By, AF VoBo'oAF | (M11f+mYsAeBelo) | 10Bol
AF 'AF
Import-subst.of BoAE VoBoAE m"oAcBoAE loBoA
final goods (ISF) E
Import- subst.of BAGTF, VoBoAGF, | (I-M*0AqBg) AM*W, | 15BoA
interm. a'F,
goods(ISW)
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Technical BoAG"W, VoBoAD" | (I-m"AeBg) AM*W, | 1,BoA

change(IOA) W, a"w
1

Change in valuer Bol"oAAX: | VoBol"oA | (M"g+m"0ABy0"0) A | 10Bol

added-ratio (I0V) AX, AX, YoAA
X1

Labour-productivity- | ----- AvX,y |-

growth (IOL)

Labour- |- || - AlX,

productivity-growth

(10L)

Source: OECD Document: Structural change and Industriafpenance, 1992.
Note:(*)the previous analysis can be extended tmevadded, employment, &
imports.

At this stage, we can give aiternative modelwhich is known as the
deviation modelhnd measures changes in the relative shares mitoihe deviation
model starts from balanced growth, where it is meslithat all sectors grow at the
same rate equal to the growth rate of total outpe comparison of changes in output
shares and differences in growth rates revealslitbetion and the pace of structural
change. Japan represents the clearest examplerumftustl change. The high
technology sectors increased rapidly and contribstgnificantly to manufacturing's
share of total output. In Japan the low technokmptor showed the second largest loss
of output share of all countries examined.

2.3 Catching Up and the Production Models

Higher levels of innovation activities tend to hawéigher level of value
added per worker (or a higher GDP per head) andjlaeh level of innovation
activities than others. Following the technologigap arguments, it would be
expected that the more technologically advancedtces would be the most
economically advanced (in terms of a high levahabvation activities and in terms
of GDP per capita). The level of technology in aumtoy cannot be measured
directly. A proxy measure can be used to give aeral picture of the set of
techniques invented or diffused by the country loé tinternational economic
environment. For the productivity measure, we ceathe real GDP per capita as an
approximate measure. The most representative nesasortechnological inputs
and outputsare the indicators of patent activities and trlseaech expenditures.

For the level of productivity, we can use as axpreeal GDP per capita
(GDPCP). For the measurementradtional technological levelwe can also use
some approximate measures; for instance, we can aga the traditional variables
of technological inpueindtechnological outputeasures, (GERD and EXPA). The
majority of empirical studies in the estimationgvieen productivity growth and
R&D follow a standard linear model; on this contes use a similar approach. The
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reason is that even though a more dynamic reldtiprexists, the data limitations
(lackness of time series annual data on R&D a@wifor most countries) prevent
the application of some complex models.

We can test the basic technological gap modelh(\aitd without these
variables) reflecting the structural change, ineortb decide to what degree these
variables add something to the other explanatomabke of the model. We will use
the external patent applications (EXPA) and grogserditures on research and
development (GERD) as proxies for the growth of treional technological
activities, GDP per capita (GDPCP) (in absoluteugal at constant prices) as a
proxy for the total level of knowledge appropriatadhe country (oproductivity).
Investment share (INV) has been chosen as an todichgrowth in the capacity for
economic exploitation of innovation and diffusidhe share of investment may also
be seen as the outcome of a process in whichutigtial factors take part (since
differences in the size of investment share malecefifferences in institutional
system as well). For the structural change we asean approximation changes in
the shares of exports and agriculture in GDP.

We have tested the following version of the madels

GDP (or PROD) = f [GDPCP, EXPA (or GERD), INV], &ea model), (4)
GDP (or PROD) = f [GDPCP, EXPA (or GERD), INV, EXP] (5)
GDP= f [GDPCP, EXPA (or GERD), INV, TRD], (6)

The first model may be regarded as a mupply modelwhere economic
growth is supposed to be a function of the leved@inomic development GDPCP
(GDP per capita with a negative expected sign),gitwavth of patenting activity
(EXPA with a positive sign) and the investment sh@dNV with a positive sign).
However, it can be argued that this model overlodikgerences in overall growth
rates between periods due to other factors andciedlgedifferences in economic
policies.

The correlation between productivity and patentisgmuch closer than
between productivity and research expenditure. Wtwrducting an econometric
analysis of the technological gap models, it isontgnt to include the most relevant
variables. For the level of productivity, as a praxe can use real GDP per capita
(GDPPC). For the national technological level wen asse some approximate
measures, for instance we can again use the tnaditvariables of technological
input and technological output (GERD and EXPA). I6wing the model of
Fagerberg (1987, 1988, and 1994) we can test thie bechnological gap model
(with and without these variables), reflecting stamal change, in order to determine
the degree to which these variables have addedtsmmédo the other explanatory
variable of the model. We can use external patppliaations (EXPA) and gross
expenditure on research and development (GERD)raseg for the growth of
national technological activities, and GDP per maflDPPC) (in absolute values at
constant prices) as a proxy for the total levelknbwledge appropriated in the
country (or productivity).

Investment share (INV) has been chosen as arabodiof an improvement in
the capacity for economic exploitation of innovatiand diffusion; the share of
investment may also be seen as the outcome ofcag®dn which institutional factors
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take part (since differences in the size of investinshare may reflect differences in the
institutional system). The export variable also ties expected sign and the results
support the hypothesis of structural change asuacsof economic growth. The
second model takes account of structural changeg as a proxy the share of exports
in GDP. The third model uses an additional variabiat reflects changes in the
macroeconomic conditions and suggests that groatds rare seriously affected by
changes in the terms of trade. The models areltést&EU member states.
X The basic model is tested for the variables oPGBDP per capita, external
patent applications and investment as a share &.GBDe explanatory power (or the
overall goodness of fit of the estimated regressiadels) is not very high, but this is
not surprising for cross-sectional data. Howeveerdghis a problem with
interdependence between the variables. For thisomeave shall focus on the
relationship between productivity and innovationod¥l of the variables have the
expected signs.

Furthermore, a production function is by defimtia relationship between
output and inputs. For a single country, say ik, groduction function may be written
as:

y,tZF.(Xm,Xm, ....... ,th,t), (7)

where: y is the quantity of output produced per producéramd X; is the quantity of
the jth input employed per producer unit (j=1,2n).in the ith country for the period.

In a cross section study, technology can be redaad given in each country,
but this is clearly not in the case when we comsidsingle country over a period of
time. The country's production function will shas new and more efficient techniques
are adopted. A major problem with time series d¢ata distinguish between increases
in output resulting from movements along the prdidacfunction (for instance, from
increased inputs) and increases in output whiclurotecause of shifts in the
production function resulting from the technicabgmess. The problem of simultaneous
equation bias is present with time-series data itis atoss sectional data. However,
there is a more serious problem with time seri¢a theat of the technical progress or
innovation over time.

The concept of a production function plays an irtgrd role in both micro and
macroeconomics. At the macro level it has been awmdbwith the marginal
productivity theory to explain the prices of theigas factors of production and the
extent to which these factors are utilised. Thalpection function has been used as a
tool for assessing what proportion of any incremséhe output over time can be
attributed first to increase in the inputs of fastan the production, second to the
increasing returns to scale and thirdetchnical progress

Most studies of the production function (Solow 29&riliches 1967) have
been handled under one or more traditionally megiathhypothesis afonstant returns
of scale neutrality of technical progresand profit maximizationwith competitive
output and input markets. Therefore, the validity atherwise of each of these
hypotheses affects the measurement of technicgkgs® and the decomposition of
economic growth into its sources.
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Figure 1: Production Function and Technical Change

labour: (K/L)

We can also assume that there is a productiortidunthat relates output to
capital per unit of labour and also we also assiinstethat the economy is at the point
A (where labour force growth is static and investtris at an average level). When a
new technology is introduced there is an upwarft shithe production function. Of
course, the shift of the production function wii tifferent across different countries.
This shift of the production function implies adilital output per person and probably
this can lead to extra savings and consequentiyndce capital per worker, which
means that the economy will moves along the praoluéiinction. Figure 1, shows that
the economy reaches the point E for less advangedtrees and point D for more
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advanced countries. The real effects of innovatan now be measured by the
distances AE and AD respectively.
The aggregate cost (or production) function isedasn a cost function (or a
production function), which is characterised bystant returns to scale:
C=F(R,PR,Y,T) (8)
where: R, P, Y, T indicate the price of capital input, labagjput, the value added and
time.

3. Conclusions

This article attempts to identify the R&D actiesi and also to investigate the
estimation-methods, the techniques of scientifid sathnological activities and the
measurement problems. Series of R&D statisticsoahg a summary of quantitative
reflection of very complex patterns of activitiesdainstitutions. In the case of
international comparisons, the size aspirations iastitutional arrangements of the
countries concerned should be taken into considaraDne way of constructing
reliable indicators for international comparisossto compare R&D inputs with a
corresponding economic series, for example, byw/pKERD as a percentage of the
Gross Domestic Product. However, its quite diftidol make detailed comparisons
between R&D data and those of non-R&D series batbabse of the residual
differences in methodology and because of defedtsei non-R&D data.

The collection of R&D data of regional statistiogplied a lot of problems in
comparison to data of national statistics. Fordblection of regional statistics, we
should take into the local differences and thedatliffies. In addition, we can use either
the “local-units” or the “local-economic-units”The first method «top-to-the-bottom
method» focused on the collection of aggregate Ri&f (for the whole country) and
after that on the distribution of these figure®iatregional-level; the disadvantage of
this method is that there is not a direct collectid data from the regions or the second
method «bottom-to-the-top method» for the collectisaggregated R&D data (for the
whole regions) based on the direct-collection etgaonal-level and after that on the
summation of these figures in order to obtain thgregate-total R&D data (for the
whole country).

Technological progress has become virtually synwus with long run
economic growth. It raises a basic question aldmitcapacity of both industrial and
newly industrialized countries to translate the@ersingly greater technological
capacity into productivity and economic growth. blgy there are difficulties in the
estimation the relation between technical changa @moductivity. Technological
change may have accelerated, but in some casesisreefailure to capture the effects
of recent technological advances in productivitgvgh or a failure to account for the
guality changes of previously introduced technasgi

In the literature there are various explanations the slow-down in
productivity growth for OECD countries. One sourak the slow-down may be
substantial changes in the industrial compositibnoatput, employment, capital
accumulation and resource utilization. The secoodrce of the slow down in
productivity growth may be that technological ofpoities have declined; otherwise,
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new technologies have been developed but the apphcof new technologies to
production has been less successful. Technolofgicairs act in a long run way and
should not be expected to explain medium run vanatin the growth of GDP and
productivity.

Technological gapnodels represent two conflicting forces; innovatihich

tends to increase the productivity differences betwcountries and diffusion which
tends to reduce them. In the Schumpeterian thgoowth differences are seen as the
combined results of these forces. Researctwby growth rates diffehas a long
history which goes well beyond growth accountingreises.
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