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Human capital, R& D, productivity growth and assimilation of technologiesin the Netherlands

Abstract
This paper analyses technologicd change in the Dutch economy at a sedoral level. Total fador productivity is
explained by human cepital, R& D acaimulation (knowledge) and spill overs of R&D in other sedors and ather
countries. First, we find no evidence that human capital explains TFP growth. Second, R&D and spill overs from
R&D, both from domestic and foreign R&D sources, are important. The TFP-elasticity of R&D is about 0.35,
domestic spill overs from R&D have a TFP-elasticity of about .14, and foreign spill overs have aTFP-elagticity of
.03. Third, we look at the role of human cagpital in the processof assmilation and diffusion of technologies. Also
here, we canot find evidence that human capital is important for the asgmilation of technologies. Empiricd

evidence favours innovation driven economic growth, rather than human capital based growth.

JEL Clasdficdion: F43, 031, 038, 041, 047
Keywords. Human Capital, R& D, Spill overs, Productivity Growth, Assmilation

Bas Jaombs

Department of General Economics/NWO Priority Program * Scholar’
Faaulty of Economics and Econometrics - University of Amsterdam
Roetersdraa 11, 1018 WB, Amsterdam - The Netherlands

Richard Nahuis

Department of General Economics

Faaulty of Economics - Tilburg University

P.O. Box 90153 5000LE, Tilburg - The Netherlands

Paul J.G. Tang
CPB Netherlands Bureau for Economic Policy Analysis
P.O. Box 8051Q 2506 GM, The Hague - The Netherlands



INTRODUCTION

The theory of endogenous growth can be divided crudely into theories where growth is driven by R&D and those
where growth is driven by human capital acaimulation.! R&D based models originate from the work of Romer
(199@), Grossman and Helpman (1997 and Aghion and Howitt (1992. In dl these models economic growth isthe
result of technologicd change that derives from purposive R&D adivities by firms. Patents and blueprints are
non-riva goods that can be acumulated without bounds, so that diminishing returns of capital accumulation can be

avoided and growth continues.

Human capital based growth models, deriving from the work by Lucas (1988), place acamulation of human capital
at the heat of the growth process By acamulating both physica and human capital, constant returns to a broad
concept of capital apply so that economic growth does not diminish. Although the R& D based models do not exclude
a potential role of human cepital (Romer, 199(), the human capital based theories do not incorporate R&D

adivities. The empirical question which of the two classes of modelsisthe most relevant isfar from being settled.

The first contribution of this paper is therefore to analyse whether human capital and R&D are important
determinants in explaining TFP growth for the Netherlands. In Jaaobs, Nahuis, and Tang (1999 (INT) it isfourd
that R& D isarobust variable in explaining TFP growth. A TFP-elasticity of R& D roughly equd to .33isfound in
the Netherlands. Here, we extend our previous analysis by explicitly incorporating human capital as a determinant

of TFP growth.

The second pdnt of this paper relates to a palicy oriented question. Recently, the Netherlands is redesigning its
techndogy pdlicy. For long, policy has been nothing more or lessthan providing gereric subsidiesto R& D projeds
and subsidising R& D-intensive firmsin general. Gradually pdicy has shifted towards stimulating the assmil ation
and diffusion of knowledge (seeWijerset. al., 1997). The question is whether this pdlicy shift has been sensible.
In asmall open econamy one could doult whether stimulating R& D is aneffedive policy, since the berefits of this
policy might ‘le&k’ to foreign countries, rather than speeding up domedic productivity growth. This could be te case

in the Netherlands where multinational firms have a significant share in R&D activities. Additionally, there can be

1Of course there are other approactes based on learning by doing for example, seeY oung(1991),0r public capital, seefor
example Barro (1990. Nevertheless most recent work buil ds on human caital and R& D based models.



large informational difficultiesin judgng the dfectiveness of stimulating R&D. Consequently, stimulating R&D is

adifficult palicy to implement.

However, an emphasisin padicy onassmilation and diff usion of knowledge criticdly hinges on the question wheter
there are knowledge spill overs from research, and if so, how these could be asgmil ated. In INT the first question
is examined: substantial spill overs associated with R&D are found. This holds for both domestic spill overs and
foreign spill overs of R&D. Notwithstanding that the later are elaively modest in size One of the reasans is that
we asaime that knowledgeis embodied in traded goods; trade within the Netherlandsis far moreimportant than trace

between the Netherlands and the rest of the world.

The finding that foreign spill overs are dominated by domestic spillovers can give rise to two distinct condusions.
Thefirst conclusion is that the pdicy shift has not beena snsible one. Herce, the most important market fail ure,
the fad that domestic firms do ot take into acount te full return of their R& D expenditures for society, should
be resolved by means of an R&D subsidy. A second conclusion, however, could be that a padlicy increasing the

effeds of foreign spillovers is desirable.

Both human cepital and R&D can serve & ‘asgmilation devices for knowledge spill overs. Cohen and Levinthal
(1989 show that doing R&D isbeneficia for assmilating knowledge dedoped by others. Also, INT present some
wesk evidencethat R&D itself improvesthe assimilation and dffusion of spillovers. Not only R&D but potentially
also human capital can beimportant in the processof technology diffusion. Benhabib and Spiegel (1994) pesent

empirica evidencein favour of this conjedure.

The second contribution of this paper is thus to investigate whether human capital can serve the function of an
asgmilation devicein the Netherlands. |.e. we investigate whether alarge stock of human capital is beneficia in

order to internali se spill overs from reseach, from both domestic and foreign sources.

We use panel data of eleven sedors for the Netherlands over the period ‘ 73-'92. Our method is similar to the one
employed by Coe and Helpman (1995. Thefirst question, whether human cagpital is an important determinant of
TFP growth, canna be supparted by our empirica findings. The second question whether human capital is bengficial

for asdmilating technology spill overs does not recéve ampiricd suppat either. Disaggregating the sample in



manufaduring and services sedors reveds that the ésenceof human capital €f ectsremains for both the sewvices

and manufaduring sedors.

The remainder of the paper is organised as foll ows. The next sedion outlines briefly the theory and reviews some
of the empiricd research carried out so far. Sedion 3 explains the construction of the explanatory variables and
discusses ®vera econometric isaes. Sedion 4 gives an overview of the data and charaderises the sedors under

consideration. The main empiricd findings are presented in sedion 5. The last sedion concludes.

HUMAN CAPITAL, R&D, AND TECHNOLOGICAL CHANGE

The introduction raised several questions to assessthe posshility to base tedhnology palicy on asgmilation and
diffusion of knowledge. First, what is the relative relevance of human cepital versus R&D as an engine of growth?

Second, how important are foreign spillovers? Third, does human cepital help to internali se spilloversfrom R&D?

Thefirst question can be tackled drectly and indirectly. In the overview, which is not exhaustive, both lines will be
followed. An indired approach to examine the relevance of the two growth enginesis to provide surveys of the
literature examining one of the growth engines. Thisiswell beyond the scope of this paper but it is well established
that arobust positive dfed of R&D on productivity exists. For overviews seGrili ches (1992, Los (19979) and

Mohnen (1996.

The research on the eff ects of human capital islessabundant. Further, the influence of human capital on economic
growth isfound to be not that robust. Following the contribution by Lucas (1988, many authors have fourd aneffea
of (initial) levels of human capital on economic growth generally based on cross dions of courtries, cf. Romer
(1990b), Barro (1991), Mankiw, Romer and Weil (1992), and Barro and Sala-i-Marin (1995). However, this result
does nat seem to be very robust when human capital variables are taken in changes. Benhabib and Spiegel (1994
find that there daes not seam to be aconnection between autput growth andhuman capital growth for varioushuman
cgpital measures - based on the Kyriacou (1991), or Barro and Lee (1994) data sets. These results are corfirmed in

Hamilton and Monteagudo (1998).

Human cgpital measures might aso be heavily correlated with country spedfic effects as Islam (1995) has shown.



Idam (1995 re-estimates the Mankiw, Romer and Weil (199) spedfication on the basis of a pandl data. Idam finds
that the Mankiw, Romer and Well results are flawed: estimated cafficientsloose their statistical significanceand

switch in sign occasionally when country spedfic effeds are included.

These results may be due to the ladk of good quality data on human capital. Kruegerand Lindahl (1999) show that
measurement error in human cgpital variables is substantial. After corredions for measurement error, they find
estimates of the effed of humancapital on autput that are consistent with the micro-ecnomic literature. Thisimplies
however that large externdities at the mecro level are probably absent. Krueger and Lindah aso find that theinitial
level of human capital does not explain crosssedional differences in growth rates; thisis caused by too narrow

restrictions on the estimates in regresson equations tsed o far.

Griliches (1996) gives another explanation. Most of the human capital growth has been adieved in the public and
services sedors. However, there aie gea problemsin the measurement of red output and productivity growth in
these sedors. Quality improvements neal not be refleded in the data. Therefore, the role of human capital is

probably underestimated on the besis of current data.

A third argument is that the growth regressons are based on a misspecified regresson equaion. Jones (1996 argues
that the log(income) - log(human capital) spedficaion is not consistent with the robust findings in the
micro-economic lit erature where human capital variables enter in levels, and not log(levels), in aregresson equation
with log(income) as the explained variable. On the basis of the Barro and Lee(1994) data set, Jones resolves the
levels vs. differences puzzle. Regressons in levels and first-diff erences produce estimates that are similar and
comparable to conventional micro-eaonomic estimates. This finding also refleds that it is unlikely that there ae

positi ve externalities of human cepital.

Only afew studies compare R& D and human capitd diredly by looking simultaneoudly at the role of human capital
and R&D in the processof eaonomic growth. Nonneman and Vanhoudt (1996 estimate the Mankiw, Romer and
Weil (1992) specificationwith the inclusion of R&D intensitiesto control for increases in the stock of ‘know how’.
They find that the influence of human capital onincome growth is seriously reduced, and the estimated cafficients

on humancepital loose their statistica significance, whereas R& D variables appea significantly.



Klenow (1998 compares diredly both human capital based and innovation based growth models in a panel of
industry data for the US. Klenow (1998 finds that R& D based models do a considerably better jobin explaining
US productivity growth. The reason isthat if the human capital based growth models are true, then growth in human
cgpital intensive sedors sould be higher, other things being equal. The mnverse holds, ceteris paribus, for the
innovation based growth models: seadors with large shares of cgpital or use of intermediate goods sould display

higher growth rates.

Research on the second question, the relevanceof international spillovers, isinitiated by the seminal paper of Coe
and Helpman (1995 further CH). They analyse international spill overs at a @untry level.? CH find substantial
techndogical spillovers between OECD countries. The dagticity of total factor productivity with respect to foreign

R&D, emboded in traded goods, is about 0.06.

Keller (1997) carries out asimilar exercise as CH for all OECD countries using sectoral data. Domestic and foreign
R& D stocks are a weighed sum of R& D expendituresin other sedors, where the weights have been constructed from
input-output data and a technological distance matrix. Foreign R&D turns out to be a perfect substitute for domestic
R&D. In contrast to Keller, Verspagen (1997 estimates production functions and constructs the foreign R& D

spill over stock somewhat differently. He finds roughy equal effeds for foreign and domestic spillovers.

Some studies elaborate on the third question, whether arole exists for humen cagtal in assmil ating and diff using
R& D spill overs. Engelbrecnt (1997) tests the robustnessof the results of Coe and Helpman (1995)by introducing
a human capital variable and a cdch-up fador. The qualitative results of CH turn out to be insensitive for the
introduction of these alditional explanatory variables. The level of human capital has a significant and pdsitive
influence on total factor productivity. An important finding of Engelbredht is the robustnessof the results to the
estimation method. Estimations in log differences yield similar (and significant) results as those obtained by
estimating cointegrated relations. Engelbredit reports to have estimated equations where an interadion term of
human capital and the TFP catch-up factor and an interaction term between human capital and the foreign R&D stock

were included. These variables “had large standard errors relative to their coefficient estimates’ (p.1481). Hence,

2 Lichtenberg and Pottelsberghe de |la Potterie (1996 reexamine the estimated equaionsand the congruction of foreign
R& D stocks and examine a diff erent transmisson channel, namely FDI. Coe, Helpman and Hoff meister (1997 focus on
global North-South knowledge spill overs.



he rejeds the hybrid models.

Benhabib and Spiegel (1994 cast doult on theimpad of human cepital as a separate production factor based on the
estimation of Cobb-Douglas production functions. Their alternative model is a hybrid model where the level of
human capital has a positive dfed on the admilation of external or advanced knowledge, see éso Nelson and
Phelps (1966). This mecdhanism whereby human capital drives assimilation of foreign technology turns out to be a

powerful one empirically.

A related approadch is explored in Romer (1993. He examines theinteradion between imports of technologicdly
advanced goods (machinery and equipment) and the level of human capita in a cosscountry growth regresgon.
Thisinteradion termis significantly positive. Hence a courtry benefits from interading with the rest of the world
in propartion to the level of human cepital. This can be interpreted as evidence for the technology-asgmil ation

enhancing effed of human capital that we ae goingto explore (for the Netherdands) in the next sedion.

CONSTRUCTION OF DATA AND ESTIMATION METHOD

In this sedion we derive our regresson model from the following production function:

Yi= A(Ri.Rj.Rkj.H) F(QL),i,j O{L...N}, k O{1,...K}

whereY, Q, L denote value added, capital and labour, respedively. N isthe number of industries whereas K isthe
number of courtries. The actual total factor productivity (TFP) level denoted by A isafunction of the‘own’ R&D
stock (R), R&D stocks of other sedorsin the domestic economy, R& D stocksin foreign countriesand the human
capital stock in the industry.® Van der Wiel (1997) constructs TFP (T) indices by correcting changesin value alded

for the weighted labour and capital inputs applying the Jorgenson growth acounting approach.

Before procealing a remark should be made. R&D expenditures are acounted for in the growth acounting

approach. Essntialy the same holds for human capital. The reason isthat in the growth ac@unting approac the

3 Stocks are constructed out of R& D flows by a pempetud inventory method Seethe Appendix for detail s.



labour services have been adjusted for quality (for details, see the Appendix). When incorporating R& D or human
cgpital variables as an explanatory variable in a TFP regresson, one measures esentially an ‘excessreturn’. It is
the return in excess(or in short) of the returns attributed to either R& D or human capital in the growth acmunting

procedure.*

With respect to R& D, large retums are typically found, in the order of 30% or more, seefor example Nadiri (1993).
Thisimpliesthat the actud return isalot higher than the ‘return’ that is presumably used in the growth acourting
approach - for instance, the user cost of capital. It are therefore the excess' excessretums' thatend wp in the TFP

figures.

Adjustments for changes in quality of labour are usually made on the basis of wage differentials. This has the
implication that returns of human cgpita are controlled for in the growth accounting approach, and that, consequently

only true positive externalities of human capital at the macmoeanomic level end upin the TFP figures.

To limit the number of coefficients to be estimated, it is necessary to construct spillover stocks that are aweighted
average of domestic and foreign R& D stocks respectively. Weighting R& D stocks of diff erent sectors can be done
in several different ways. For domestic R& D spill overs Input-Output related weights are most common alongside
technology flow approadhes. Los (1997b) compares diff erent weighting schemes and finds that results are reasonably
robust to different weighting schemes. As the qualitative results do rot seem to hinge on the weighting schemesand
it is beyond the opeof this paper to enter the discusson an weighting matrices, we simply follow comnon practice
and use 10 weights. Hencethe stock of domestic R& D spilloversis constructed as foll ows: the growth rates of R& D
stocks of other Dutch sedors (j =) are weighted with the intermediate deliveries by these sedors to creae a

sedor-spedfic domestic R&D stock (RY),

R% - Rid,t-1: N Rijt=Rjt-1

- g Cijit
d )
Ri,t-l j:;#i Rj,t—l

G is the share intermediate inputs purchased from sedor j in total production of sedor i. From this constructed

* The authors thank Eric Bartelsman for making this point.



growth rate on the left-hand side of equation above we construct an index that, after taking logs, is our independent

variable.

Also with respea to international spill overs a similar discusson on the gpropriateness of different weighting
schemesis going on, seefor example Verspagen (1997, Lichtenberg and Pottel sberghe de la Potterie (1996 and

Branstetter (1996). The construction of the foreign stock R'; is simil ar to the domestic R& D stock:

Rtl Ryt - Ryjt-1
! Z Z Cjitbii AL T
thl T#i kjt-l

where by; isthe share of country k € {1,...,K} intotal Dutch imports of goods produced by sector j. Note that thisis
an approximation. The reason isthat data for bil ateral tradedo rot distinguish between intermediate and fina goodks.

Further, imports of goods are not distinguished by industry of use.

The oonstruction of indired R&D stocks based on weighted growth rates deserves sme daboration. Weighting
levels of the various R& D stocksis not appropriate for the following reasons. Firgt, by diredly weighting the stocks,
the changes in the weights also matter. Therefore, a shift towards inputs from a R& D-intensive sedor or from a
sedor in a large country would then raise total fador productivity. This implication is implausible. Second, a
weighting procedure based on levels of R& D stocks suffers from a serious aggregation bias. In our approac this
bias is absent if some restrictions apply. Lichtenberg and Van Pottelsberghe de |a Potterie (1996 point at the
aggregation bias in the work of CH. Their solution to eliminate the bias is only insensitive to aggregation urder
strong restrictions. Both solutions, however, share the feaure that the aggregation bias is only marginal compared

to that in the approadc of CH.

We have sectord data on the number of workers with a particular educationa attainment. Seven levels of educaion
are distinguished: primary education (Basisonderwijs), secondary education, which is split upin four types. lower
vocaional educaion (LBO), higher vocationa educaion (MBO), lower genera educaion (MAVO), higher general
educaion (HAVO and VWO) and higher educaion, which is glit up between workers with a profesgona or

acalemic educaion (HBO and WO) and students who are working.



The sedoral total human capital stock is constructed by multiplying employment of workers with a cetain
educational attainment with the number of yeasit approximately takes to achieve that level of education for every

sedor. The resulting sum istotal yeas of educaion per sedor (H;):

S
Hi= Z(A)s Lis
=3

where s is the total yeas of schooling to read education level s, and Ljs is total employment of workers with
education level sin sedor i. For the stocks of human capital an index (1973-1) is used in the estimations in

acordancewith the procedure to construct the R& D stocks.

A system of equations relating TFP to the different stocks and interactions is estimated. On basis of the discussion

so far we can formulate the regresson model in aformal way as:

Tu=a1t BipDut By laet Byg Fuet Brpy Haet By X Bt en

Tat=azt Bop Datt By latt Bop F2tt Boy Hatt Box X5t €2t

Tit=ai +BipDitt By litt Big Fit + By Huet Bix X+ &ie-

where T, D, |, and F stand for log levels of total fadtor productivity, the dired stock of R&D, theindired stock of
domestic R& D, and theindired foreign stock of R& D in sector i respectively. The human capital stock H istaken
in levelsinstead of log-levelsin conformity with the Mincerian wage eguations. X® is an interadion term that can
be anelement p of the following set of crossproducts: {H*D, H*I, H*F}. € denotes an error term. A constant ¢g; is
added to capture sedor spedfic dfeds. GBip, B, Bir Bn and B x are the parameters to be estimated. The

disturbances might be correlated among sedors, therefore we apply the SUR estimation technique.
CHARACTERISATION OF SECTORSAND DATA

We examine 11 Dutch industries, of which four are services sdors and seven manufaduring sedors. For these

industries we @nstruct dired R&D stocks, indired domestic R&D stocks using input-output data, and indired



foreign R&D stocks combining input-output data with bil ateral trade data. This sdion discusses briefly our data

sources and charaderises the eleven sedors.

Data sources

The data set used in this gudy contains four main components: TFP growth rates, R& D data, the weights to link

these two, and human capital data.

TFP figures are constructed Van der Wiel (1997)on the besis of the growth accounting approach: TFP growth is

constructed as value added orrecied for weighted labour services (contrad hours) and capital services.

The OECD (ANBERD) data set contains R&D data for manufacduring (and for some service industries). The
ANBERD data are supplemented with R& D datafrom Netherlands Statistics (CBS) for the servicessedorsin the

Netherlands. Business enterprise R& D expenditures are available for 15 countries and 26 manufaduring industries.

We use Dutch input-output data from the CPB Netherlands Bureau for Economic Policy Analysis acordingto a
Dutch sedora classgfication (SBI) for the cnstruction of the weights. These 10 tables are aggregated from the

National Accounts 80x80 IO data from Statistics Netherlands (CBS).

To construct weights for the foreign stocks, we use bilateral trade data for manufacturing on a sectoral level (STAN
Bilateral Trade Database) provided by the OECD. For non-manufaduring industries trade data ae not avail able.
Moreover, sectoral import sharescannot be computed for Construction, Communication and Utility, since data for
these services are lacking or consist of zeros. We therefore set the foreign R& D stocksfor service dorsequa to

Zero.

The data on human cgpital are mlleded by Van der Wiel (1997 and comprise the data from the so cdled
‘Arbeidskrachtentellingen’ and ‘Enqguete Beroepsbevolking from the CBS (Statistics Netherlands) and OSA
(Organisation for Strategic Labour Market Reseach). Data for missngyeashawe beea replaced by taking weighted

averages of the yeas before and after.



Industry characterisation

A more extensive overview of the datais provided in the Appendix. Here we highlight only some feaures of the dcata

for the eleven industries. The eleven industries are subdivided as services and manufacturing sectors. The latter are:

[1 Food, beverages and tobacco (Food);

[ Textile, wearing apparel and leather (Textile);

00 Wood, furniture and building material (Wood);

0 Paper, paper products and printing (Paper);

[ Petroleum refineries and miscellaneous products of petroleum and coal (Petroleum);
[0 Chemical and rubber products (Chemicals);

[0 Metal industries (Metal).

The latter two industries contain most of the so cdled *high-tech’ industries (seeKusters and Minne, 1992). In the

serviceindustries we distinguish:

[ Electricity, gas and water (Public utiliti es);

0 Construction (Construction);

[0 Communication services, sea, air and other transport and storage (Communication);

[ Real estate exploitation, trade, banking, insurance and engineering, commercial, social and health services (Other

Services).

Description of data

During the period 19731992 all i ndustries, except Petroleum as a amnsequence of the oil crises, show positive

TFP-growth. Table 1 shows the level in 1992relative to the level in 1973for TFP, the human cepital stocks, and

the R& D stocks. The secor Communication, the sectors Food, Textile and Paper, and the ‘ high-ted’ industries -

Metal and Chemicd - experienced (cumulative) TFP growth rates above the unweighted average (14%).

The sedor Other services acounts for over 40% of value alded in 1992 whereas the others ead hardly acount



for 5%. The shares do not sum up to unity as agriculture, mining and the public sedor are excluded.

Theindex of human capita displaysthe fastest growth for the ssctor Other Services: the stock hasincreased more
than 2.5 timesin last two decads. Asthis sector acournts for 42% of value added, the bulk of human capital growth
has been in this sedor whil e TFP growth hasbeenrelatively low. Chemicds, and Communicaion aso show high
human capital growth. Textile, Petroleum, Wood and Construction have experienced a deaease in the stock of
human capital. Although the average level of education has been increasing, lower levels of human capital in these

sedors are due to lower employment levels.

Between 1973 and 1992 the ‘own’ R& D stock increased in all industries. In Chemicals, Communication and Other
services it increased by a fador five or even six. It is, however, important to note that even in 1992 the R&D
intensity of the last two sectors, Communicaion and Other service, isvery small (lessthan 1% of value added). In

the other industries the stock at least doubled.

We have also derived the sectoral R& D intensities as measured by the share of R& D expenditures in value added.
The highest R& D intensity isfound in the Chemicd industry: 124% in 1992 Other industrieswith substantial R& D

adivity are Metal with almost 5% and Petroleum and Food with almost 2%.

Overal changesin theindired domestic R&D stock are lessdrameatic. Increases vary from only 8% in Petroleum
to somewhat more than 50% in Construction. The more moderate cevelopment here compared to ‘own’ R&D can
tracal bad to the fad that intermediate use & a share of grossproduction is usualy lessthan 50% (seethe last
columnin Table 1).> The fastest expansion in the indirea domestic R& D stock in Construction is explained by, first,
the fact that this sdtor usesalot of intermediate inputs and therefore potentially benefits a lot from others sectordl
R&D. Secondly, the compasition of the intermediate inputs is important. For example, Construction uses a large
fraction of total inputs from the Metd industry compared to other industries. Metalsis an industry that experienced
afivefold increase in the ‘own’ R&D stock. Moreover, the use of supplies from Chemicds in Construction is also

above averace.

5 Here, intra-industry deliveries are included as well as deliveries by the sedors Mining and Agriculture.



Changes over timeinforeignindired R& D stocks are somewhat more pronounced again. R& D-intensive industries,

such as Metal and Chemicds, and the Textil e industry faceincreasesin foreign R& D stocks over 50%.

Infigure 1 we plotted the scatter diagrams of the log index of TFP (T) against the logs of R& D and the human capital
indices used in the estimations. It is clear from these figuresthat all plain R& D variables show positive correlation

with TFP. Human cgpital and the interaction variableswith human captal show alessclearpattern.

[insert figure 1 here]

EMPIRICAL FINDINGS

The mgjor findings are presented in this sedion. However, before turning to the results me ecnametric issles are
addresed. We edtimatedafixed effeds regresson model, so asto capture the dor-spedfic effeds. This procedure
isequivaent to apodedestimation where dor-spedfic constants are added. Furthermore, we added time-dummies
to cepture time-spedfic dfects. One may regard the model as a‘two-way’ fixed effects model. Capacity utilisation
rates are included to corred for the businesscycle. We note that the kesic estimations results here dightly differ from

those in JNT (1999.°

We report that we did some diagnostic checks on unit roots and the order of cointegration. Theso called t-bar panel

unit-root tests developed by Im, Pesaran and Shin (1997) has been goplied andit was found that most variables are
I(1).” We aso tested for cointegration by applying the t-bar statistic to the residuals of the regresson equations. Most
of the panel statistics turned out to remain inconclusive gout the order of cointegration due to the short time series

used here.

The aggr egate model

In the aygregate estimations we restrict al parameters to be the same acossall sedors. Table 2 presents the

5 |n previous estimations we used time-trends instead of time-dummies and used sedtoral spedfic cgadty utilisation rates.
Furthermore, the standard errors have been computed diff erently.

" Thet-bar statistic isthe average of the dtoral ADF statistics, seelm, Pesaran, and Shin (1997.



estimations. Column (1) gives the base run estimation. Here the sectoral R& D and human cepital stocksare included
aswell asthe two measures for indired domestic and foreéign R&D. The dasticity of own R&D (D) isabout .33. This
elagticity is also the elasticity of output with resped to R&D. The domestic (1) and foreign (F) spillover terms are

positive and significant. Remamber that the foreign R& D stock is relevant only for manufaduring sedors.

The weights to construct indired R& D stocks must be used to find TFP-elasticities of these stocks, see a so Jacabs,
Nahuis and Tang (1999. We then find that the TFP elasticity associated with the domestic spill over is .14.
Consequently, we find a substantial effed from domestic spill overs on TFP. For OECD courtries Keller (1997

finds a coefficient of .21, whereas Verspagen (1997) finds an elagticity of .1. Our result is in between these findings.

With resped to the foreign effed we find that the TFP elagticity is .03 for the total economy. The reason for this
relatively low figureisthat services sdors have alow shareininternational trade - in our sample theseshareswere
set to zero - and ahigh dare in domestic output. Computing the implied TFP elasticity for manufaduring sedors
separately, we find an TFP elasticity of .14. As auch, foreign R&D spill overs are roughy equally important as

domestic spill overs for manufaduring.

The human capital variable produces an insignificant but positi ve estimate. Therefore, we cannot confirm pasitive
externdliti es of human capital at an economy-wide level. A reason could be that alot of growth in human caital has
been in the services sedors, as mentioned by Grili ches (1996. Thiswould not imply that this growth has not lead
to increases in productivity. Problems in measuring quality changesare especidly relevant for the srvices gdors.
So there might have been changesin productivity growth as a consequerceof alarger humancapital stock, but these

changes are not recorded in the TFP figures.

The result that human cepital is not alle 1o explain TFP growth confirms findings by 1slam (1995, Jones (1996,
Nonneman and Vanhoudt (1996), Hamilton and Monteagudo (1998), and Krueger and Lindahl (1999). In all these
studiesit is concluded that human cepital variables are either not robust in explaining economic growth or thereis

no evidence of externaliti es from human capital acaimulation.

[insert table 2aroundherq



We haveto beaware thatthe human cgpital variable might also pick up scaleeffects. Sedorsthat have alarger size,
measured by employment, might dso be growing fader. However, sedors thathave larger levels of employment,
also have larger human cepital stocks. To separate the dfeds from human capital acamulation, and from
employment shifts, one would rather use arerage human cepital per worker instead. This turned out, however, to
produce problems with multi colli neaity as the correlations of average human capital per worker and the R&D
variables are rather high, see aso table A.2 in the appendix. The estimate of the average human capital per worker

was -.068(.15), and the coefficient on own R&D increagd dout 3 percenege pointsto .362 (.032.

To get an ideato which extent scde dfeds are important, we have dso dane aregresson where employment is
included as avariable, besides R& D variables, in aregresson. This produced an estimate of .031(.041). Given that
the estimated coefficient of employment is almost the same & estimate on human capital in the estimations in table
3, we canot exclude the posshility that a scde dfed is driving the positive estimate on human capital. We note

however that none of the coefficients isstatisticdly significant at standad confidencelevels.

Although there might not be arobust dired role of human capital, it can be aucia for the asdmilation of
technologies as the innovation driven growth theories pointed out. We test whether human cagpital improves the
cgpadty to absorb ideas and technologies by incorporating an interadion term of human capital and indired

domestic or foreign R&D.

Since the idea is concerned with pure knowledge spillovers, we take the unweighted sum of stocks & a measure for
indired domestic and foreign R& D. This has the additional advanige thatwe are row able to condruct acrossterm
for the service sedors as well, thoughimport data are ladking. Asa‘by-product’ of the empirica analysiswe can
test whether human capital and R&D are in fact complementary by including the product of human capital and the

R&D stocksin asector. To avoid multicolli nearity in the estimations we include only one interadion term at atime.

Column (1) givesthe estimationsto investigatethe passible complementarity of human capital and R&D. We cannot
find robust evidence for the complementarity of human capital and ‘own’ R&D. Although the estimated coefficient
is paositive, it is not significantly diff erent from zero. In column (I1) we interad human capital with the ‘indired’
domestic stock of R&D. Also, this coefficient is insignificantly pasitive. As suchwe cannot find robug evidencethat

human cagpital serves as an asgmilation device The interadion of human cgpital in column (1V) with the foreign



R& D stock also gives an insignificant finding so that we cannot conclude that foreign spill overs can be assimilated

by means of human capital.

Overall we cannot conclude nor reject that human capital serves a an assmilation device. The results do rot confirm
the findings of Benhabib and Spiegel (1994). However, we suppat the finding by Engelbrecht (1997 that the

interacion of human cgpital with foreign R& D variablesis unimportant.

The disaggregated model

In table 3 we present estimations where a distinction between manufaduring and services sedorsis made. It could
be that the estimated parameters differ for manufaduring and services. A subscript m denotes a efficient for

manufaduring, and a subscript s stands for services.

[insert table 3aroundherd

Column (1) presents the base run. The mefficients on R&D for manufaduring are in the same range & in the
aggregate estimations. Coefficients for services however change considerably. First, wefind that the effect of ‘own’
R& D fals and bemmeswedly insignificant. Second, the indirecteffed in services is far more important than in
aggregate estimations: about three times ashigh. Thisis not surprisingin light of the low R& D intensities in services
sedors and the fad that services dors are mainly sheltered seaors. In columns (1), (11), (lll), and (1V), human
capitd variables are small and remain to enter insignificantly in all estimations. These effeds are nsistent with the

aggregate estimations.

CONCLUSION

Firgt, we find evidencefor the relevance of domestic and foreign R& D spill oversfor productivity growth, both when
considering the entire Dutch economy and when distingui shing between services and manufacturing. We find that
R& D and spillovers from R& D are important in explaining TFP growth. An elagticity of TFP to R&D at asectoral

level isfourd to equal 0.33 Furthermore, a TFP-elasticity of domestic spill overs from R&D is found to be dout



.14. For foreign spill overs the TFP-elasticity is approximately .03.

Seoond, in this paper we made an attempt to urnravel two pdentia roles of human capital in the process of
technologicd change. First, is human cgpital, besides R& D, as a determinant of TFP growth in the Netherlands?
Seoond, is human capital an ‘assmil ation device for R& D spill overs? We find no evidence for positive external
eff edts of human capital in the Netherlands. Further, we atempt to urravel whetherthe as$milation of both domestic
asforeigntechnologiesis fadlit ated by humancapital. Again, no positive role for the asorption of domegic and

foreign technologies by human capital isfourd in both the aggegate and disaggregated estimations.

In this study we find that R& D variables systemstically havepositive effect on produdivity increases whereas human
cgpital variables do not seam to influence TFP growth. These results indicate that the innovation driven growth

theories are perhaps better vehicles to decribe the growth processthan humean cagtal based growth models.

One might wonder whether the palicy shift towardsincreasing the assmil ation of technologies fasbeen sasible.
Clealy, spill overs from domestic research are found. Thiswould provide a rationale for subsidies on R&D asthe
social rate of return falls below the private rate of return. We cannot, however, find that these spill overs can be
assmil ated easily with the aid of humancapital. In aur previous pager (INT, 1999 we find some weak evidence that
assmilation of spillovers can be enharced by means of R& D, but the question ‘how to assmilate spillovers' remains.

Further research is therefore reedel.

REFERENCES

Aghion, P., P. Howitt (1992), “A model of growth through creative destruction” , Econometrica, vol. 51, no. 3, pp.

675692

Barro, R.J. (1990, “Government spending In asimple model of endogenous growth”, Journal of Political Economy,

vol. 98, no. 5, pp. 103125

Barro, R.J. (1997), “Economic growth in a cross-sedion of courtries’, Quarterly Journal of Economics, vol. 106,

no. 2, pp. 407-443



Barro, R.J., JW. Lee (1994, “International comparisons of educdiona attainment”, Journal of Monetary

Economics, vol. 32, no. 3, pp. 363394

Barro, R.J,, and X. Salai-Martin (1995. Economic Growth, McGraw-Hill, Inc., 1995

Benhabib, J., M.M. Spiegel (1994, “The role of human capital in economic development. Evidence from aggregate

crosscountry data”’, Journal of Monetary Economics, vol. 34, no. 2, pp. 143173

Brangtetter, L. (1996, “Are knowledge spill overs international or intranational in scope? Microecmnometric

evidencefrom the U.S and Japan”, NBER Working Paper, 5800

Coe, D. T., E. Helpman (1995, “International R&D spill overs’, European Economic Review, vol. 39, no. 5, pp.

859-887.

Coe, D. T., E. Helpman, A.W. Hoff maister (1997), “North-South R&D spill overs’, Economic Journal , vol. 107,

no. 440, pp. 134149,

Cohen, W.M., D.A. Levinthal (1989, “Innovation and leaning: the two faces of R&D”, Economic Journal, vol.

99, no. 397, pp. 569-597.

CPB - Netherlands Bureau for Economic Policy Analysis (1997). 10-data (used in the Athena model).

Engelbrednt, H.J. (1997), “International R& D spillovers, human capital and productivity in OECD economies. An

empiricd investigation”, European Economic Review, vol. 41, no 8., pp.14791488

Griliches, Z. (1992, “The seach for R&D spill overs’, Scandinavian Journal of Economics, vol. 94, no. O, pp.

29-47.

Griliches, Z. (1996), “Educaion, human capital and growth: A persona perspective]l, NBER Workingpaper, 5426.



Grossman, G.M., E. Helpman (1991). Innovation and Growth in the Global Economy, Cambridge-MA: MIT Press

1991

Hamilton, J.D., J. Monteagudo (1998), “ The augmented Solow-model and the productivity dowdown”, Journal of

Monetary Economics, vol. 42, no. 3, pp. 495509

Ilam, N. (1995), “Growth empirics: A panel data approach”, Quarterly Journal of Economics, vol. 110, no.4, pp.

11271170

Im, K.S., M.H. Pesaran, Y. Shin (1997, “Testing for unit Roots in heterogenous panels’, Mimeo: University of

Cambridge.

Jacobs, B., R. Nahuis, P.J.G. Tang (1999), “ Sedoral productivity growth and R& D spilloversin the Netherlands’,

CPB Research Memorandum, No 149, Appeaedalso as. CentER Discussion Paper, 9915

Jones, C.1. (1996, “Human capital, ideas, and economic growth”, Paper prepared for the VIl Villa Mondragone

International Economic Seminar on Finance, Education, and Growth in Rome on June 25-27, 1996

Klenow, P.J., (1998, “Ideas vs. rival human cgpital: Industry evidence on growth models’, Journal of Monetary

Economics, vol. 42, no. 1, pp. 3-24.

Keller, W. (1997, “Trade and the transmisson of technology”, NBER Working Paper, 6113

Kusters, A., B. Minne (1992, “Tecnologie, marktstruktuur en internationalisatie: De ontwikkeling van de

industrie”, CPB Onderzoeksmemorandum, 99.

Krueger, A.B., M. Lindahl (1999), “Education for growth in Sweden and the world”, NBER Working Paper, 7190.

Kyriacou, G. (1991), “Level and growth Effects of Human Capital”, Workingpaper 91-26, C.V. Starr Center, New



Y ork.

Lichtenberg, F. and B. van Pottelsberghe de la Potterie (1998, “International R&D spill overs: A comment”,

European Economic Review, vol. 42, no. 8, pp.14831491

Los, B., (19979), “A review of interindustry technology spill over measurement methods’, Mimeo: University of

Twente.

Los, B. (1997h, “The empirica performarnce of a rew interindustry technology spill over measurement measure”,

Mimeo: Maastricht University.

Los, B., B. Verspagen (1996, “R&D spill overs and productivity: Evidencefrom U.S. manufaduring microdata”,

Merit Research Memorandum, 2/96-007.

Lucas, R.E. jr. (1988), “On the mechanics of ecnamic development”, Journal of Monetary Economics, vol. 22, no.

1, pp. 3-42.

Mankiw, N.G., D. Romer, D.N. Weil (1992, “A contribution to the empirics of economic growth”, Quarterly

Journal of Economics, vol. 107, no. 2, pp. 407-437.

Mohnen, P. (1996, “R&D externaliti es and productivity growth”, STI-Review OECD, pp. 39-66.

Nadiri, M.I. (1993, “Innovations and technologicd spill overs’, NBER Working Paper, 4423

Nadiri, M.1., |.R. Prucha (1993), “Estimation of the deprecidion rate of physical and R& D capital in the U.S, total

manufaduring sedor”, NBER Working Paper, 4423

Nelson, R., E. Phelps (1966), “Investment in humans, technologicd diff usion and economic growth”, AER Papers

and Proceedings, vol. 61, pp. 69-75.



Nonneman, W., P. Vanhoudt (1996), “A further augmentation of the Solow model and the empirics of economic

growth for OECD countries’, Quarterly Journal of Economics, vol. 111, no. 3, pp. 943953

Organisation for Economic Development and Cooperation, (1997). DSTI(ANBERD), 1997, Paris.

Organisation for Economic Development and Cooperation, (1997). DSTI(STAN), 1997, Paris.

Pakes, A., M. Schankerman (1984), “The rate of obsolescence of patents, reseach gestation lags, and the private

rate of return to reseach resources’, in: Z. Griliches, ed., R&D, Patents and Productivity, Chicago: Chicago

University Press 1984

Romer, P.M. (199(), “Endogenous technologicd change”, Journal of Political Economy, vol. 98, no.5, pp.

S71-S103

Romer, P.M. (1990b), “Human capital and growth: Theory and evidence”, Carnegie-Rochester Conference Series

on Economic Poalicy, vol. 32, pp. 251-286.

Romer, P.M., (1993), “Idea gaps and object gaps in economic development,” Journal of Monetary Economics, vol.

32, no. 3, pp. 543573

Statistics Netherlands (CBS) (1997). R& D data downloadel on May 25 1997on: http://statline.cbs.nl /witch /etc

/scratch /531924634637 _d0oQhtml

Verspagen, B. (1997, “Estimating international technology spillovers ssng technology flow matrices’,

Weltwirtschaftliches Archiv, vol. 133 NO. 2, pp. 226-248

Wiel, H. van der (1997), “ Sectorale Productiviteitsgroel in Nederland 196-1995", Mimeo: CPB Dutch Bureau for

Economic Policy Analysis.

Wijers, G.J., Th.J.A. Roelandt, Y.L.C.H. Volman (1997), “Clusters en innovatiebeleid”, Economisch Satistische



Berichten, pp. 942-946.

Young A., (1991, “Leaning by doing and the dynamic efed of international trade”, Quarterly Journal of

Economics, vol. 106, no. 2, pp. 369-405.

APPENDIX

Van der Wid (1997) constructed the TFPfigures. The Jorgenson growth aacounting approach is used: TFP growth
is constructed as value alded correded for weighted labour services and cepital services. Weights are average
(Divisia) nominal income shares. Labour services are (contrad) hours worked. Labour services are aljusted for
quality by weighting changes in the composition of charaderistics of workers. Charaderistics of workers are related
to quality by estimating an equation with wages (as a proxy for quality) as dependent variable on worker

charaderistics.

R&D data ae from the OECD (ANBERD), supplemented with data from Netherlands Statistics (CBS) for the
Communication industry in the Netherlands. The maximum time period covered is 1973 to 1995 (we use:
1973-1992). Business enterprise R& D expenditures are available for 15 Countries and 26 manufacturing industries
and five service sedor industries. CBS data have been downloaded from (http:// statli ne.cbs.nl /witch /etc /scratch
/5319246346376 _d0Qhtml) on 25-6-97. Statistics Netherlands data for 1988 have been interpolated as huge
outliers were fourd for some industries. Statistics Netherlands (CBS) data - avail able asexpenditurein guilders -
have been transformed in constant dollars using the GDP PPPindicaor from STAN bil ateral trade data. CBS data

turn out to correspondvery well with awailable ANBERD data using the imperfed PPPmeasure.

R&D stocks (R) are constructed as a perpetual inventory of the flow of R&D investments (RD). Thefirst data point

constructed as,

where g isthe average growth rate of the R& D investments and J is the depredation rate. Subsequent stocks are



constructed as foll ows,

t=1
Rt= Y RDt-ORt-1 -
t=1

Nadiri and Prucha (1993 estimate the depredation rate to be 0.12 Pakesand Schanlerman (1984 find a rate of
0.25. The depredation rate we gply equals 15%, and is the same & in Coe and Helpman (1995 appendix B,

Branstetter (1996 and Los and Verspagen (1996.

Dutch inpu-output data arefrom the CPB Netherlands Bureau for Economic Policy Anaysisin the SBI (used for
the Athenamodel). The data arewithout sructural changsin definitions. 10 tablesare aggregated from the National

Accounts 80x80 10 data from Statistics Netherlands (CBS).

Bil atera trade data for manufaduring on a sedord level from OECD(STAN) Bilatera Trade Database are available
for Australia, Canada, Denmark, Finland, France Federal Republic of Germany, Ireland, Italy, Japan, The
Netherlands, New Zedand, Norway, Portugal, Spain, Sweden, The United Kingdom and The United States. The
avail able length of the time seriesis 1970to 1992 (we use: 19731992. Datafor Ireland, New Zealnd, Portugal

are not used.

To aggregate the ANBERD data, STAN Bilateral Trade Database, CPB |0 data, a wncordanceis used, which is

avail able upon request from the authors.

Human capital stocks are constructed from data on sedoral employment of diff erent educdion levels, provided by
Van der Wiel (1997). Seven categories are distingushed: primary education (H,), secondary education, which is
splitted up in four types. lower vocational educdion (Hg,), higher vocaiona educaion (Hg,), lower genera
education (Hgg), higher general education (Hg,g), students enrolled in tertiary education (Hys) and, higher education
(Hy), which comprises both professona and acalemic educaion (HBO and WO). The human capital stock is

constructed as foll ows:



H=6% H p+ 10% Hgy+ 15% Hgy+ 10* Hgg+ 12* H g+ 14* Hig+ 17* Hy,

where the coefficients reflect approximatdy the total number of yeas above primary educaion to finish the level

of educaion.

Data on educationa attainment were only available for the years 1973, 1975, 1977, 1979, 1981, 1983, 1985, 1990,

1991, and 1992 We have constructed the stocks for missng yeas by taking the weighted average of the observations

before and after amiss

Table A.1 gives the means and standard deviations of the variables used in the estimations.

[insert table A.1 herd

Table A.2 givesthe partial correlations between all variables.

[insert table A.2 herd



Table 1 Sedoral statisticsin 1992(1973=1.0)%

T H R | F Va Int Imp Interm
Chemicds 1.54 1.69 6.19 134 164 25 124 309 386
Metal 133 1.13 5.00 1.36 154 57 49 280 349
Petroleum .89 .83 2.00 1.08 1.03 13 19 516 136
Food 134 122 3.86 1.29 1.29 2.7 18 242 543
Textile 124 .85 3.13 141 1.79 5 .8 374 299
Communication 1.24 1.79 5.04 131 - 5.6 V4 137 280
Wood 1.01 .87 2.33 1.49 1.63 1.0 4 27.0 342
Public utilities  1.03 1.36 4.09 1.10 - 14 A 7.0 54.8
Other servicess 108 251 628 123 - 418 1 50 297
Paper 1.26 211 3.80 135 143 18 A 231 364
Construction 1.06 91 2.38 153 - 4.4 A 12.2 525
Average 114 1.35 401 132 1.48 21 236 37.0

dwhereT = TFP, H = Human capital, R="‘Own’ R&D, | = Domestic R&D spillover, F = Foreign R&D spil lover,
Va=Vaueadde, Int = R&D Intensity®, Imp = Imports”, and Interm = Intermediate inputs®

® 9% of GDP, percentages do not sum to hurdred since agriculture, mining and public sedor are excluded.

¢ As apercentage of value adde.

4 As apercentage of industries grossproduction.

Sources. R&D dataare from ANBERD. The other data ae provided by CPB The Netherlands Bureau for Economic
Policy Analysis.



Table 2 OL S-estimation results Aggregate model. Dependent variableis In(TFP).2

Variable (1) (I (1 (IV)

D 329" 0316 0.329" 0.326"
(.047) (.060) (0.042 (.043

| 901" 902" 907" 907"
(.18 (.18 (.18 (.18

F 698" 692" .709™ 707"
(.10) (.099 (.099 (.099

H 0341 - - -
(.034) - - -

D*H - 0185 - -
- (.020 - -

I*H - - .00395 -
- - (.0030 -

F*H - - - .000825
- - - (.00069

R 64 64 64 64

N 220 220 220 220

F(24,185) 25.36 25.34 25.49 25.47

@Sample period is 1973-1992, 11 sectors. Sector specific constants, time-dummies and capadty utilisation rates are
included. Standard errors are given in parentheses under the estimates. ”, ”, and ™ denote statisticd significance
at the 10% level, the 5% level, and the 1% level, respedively.



Table 3 OL S-estimation results manufaduring versus services. Dependent variableis In(TFP).2

Variable (1) (I (1 (IV)
Dm 338" 3377 3177 316"
(.047) (.059 (.046) (.047)
I 810" 794" 787" 790"
(.19 (.19 (.12) (.18
Frn 679" 655" 700”7 697"
(12 (.12) (.12) (.12)
Hm 0379 - - -
(.044) - - -
Dy Hm - 0114 - -
- (022 - -
L Hin - - 00575 -
- - (.0038 -
Fr*Hm - - - 0117
- - - (.0008)
Ds 105 .0803 168 163
(.097) (.12) (.12) (.12)
ls 3.027 305" 296 2977
(:29) (.28 (.29 (:29)
Hs .0010 - - -
(.040 - - -
Dg*Hs - 0113 - -
- (.030 - -
I Hs - - -.0017 -
- - (.0039 -
ForHs - - - -.000354
- - - (.00089
R 66 68 67 67
N 220 220 220 220
F(27,182 26.03 2597 26.34 26.30

@Sample period is 1973-1992, 11 sectors. Sector specific constants, time-dummies and capadty utilisation rates are
included. Standard errors are given in parentheses under the estimates. ”, ”, and ™ denote statisticd significance
at the 10% level, the 5% level, and the 1% level, respedively.



Table A.1 Means and standard deviations of variables

Variable
=3

D

|

Ha
D*H
I*H
F*H

N

220
220
220
220
220
220
220
220
220

Mean SD. Min
.08 A5 -57
.68 48 0
14 0 0
A5 A5 0
1209 .36 45
1208 .12 1.00
.93 .90 0
6716 5.13 0
31016 2423 O

Max
49
184
43
.58
251
1.46
461
2509
12030



Table A.2 Correlation matrix

Ha
D*H
I*H
F*H

1.00
.55
.55
.67
.18
27
44

.35
.36

.55
1.00
.63
48
.60
.76
.92

.89
.90

.55
.63
1.00
.83
.08
.70
45
.59
.58

.67
48

1.00
15
.58
24
34
34

.18
.60
.08

1.00
24
.85
74
.75

H2
27
.76
.70
.58
24
1.00
.57
72
71

D*H
44
92
45
24
85
57
1.00
93
94

I*H
35
89

.59
34
74
72
.93
1.00
1.00

F*H
36
.90

.58
34
.75
71
.94
1.00
1.00



Figure 1 - Scatter plot of R&D and human capital variables against TFP
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