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EXECUTIVE SUMMARY

1 The share of government in the funding of R&D in 1998 was 30% in the OECD, 31% in the U.S,
36% in Europe and 19% in Jgpan. Such an effort may have various effects on the dynamics of technology,
including contributing to basc knowledge, to the government's own missions, and to economic growth.
One possible channd for the latter effect is a leverage effect by government funding on business funding:
thanks to government support, or to the basic knowledge produced on government funds, the private return
on investment in R&D is improved, triggering higher expenditure on R&D by companies. However, it is
dso posshle that government funding crowds out business, ether directly (government pre-empts a
technologica opportunity or gives money to firms for prgects that they would have carried out anyway),
or indirectly (by increasing demand, hence the market price of resources needed for research). It is
uncertain whether, economy-wide, the leverage effect dominates the crowding out effect or not. This
document attempts to quantify the aggregate net effect of government funding on business R&D in 17
OECD Member countries over the past two decades.

2 Government funding of R&D is extremey variegated across countries and changing over time.
Government can directly fund business for doing research, either under procurement programs (the result is
government property) or as a grant (the result belongs to the recipient). The bulk of the former is made of
defence contracts.

3 A second way for government to support R&D is through tax incentives, notably R&D tax credit
(now in 10 OECD countries).

4. A third way is for government to perform R&D itsdf, in public laboratories. Such research
generdly serves the government’s own needs, in the defence, energy or public hedlth areas for instance,
but it may have broader use. Findly, the government funds university research, with the objective in
generd to generate basic knowledge. The direct purpose of these last two instruments is not to contribute
to industrid technology, but they may have such an impact through “technology spillovers’.

5. The magjor results of the study are the following:

Direct government funding of R&D performed by firms has a podtive effect on business
financed R&D. One dallar given to firms resultsin 1.70 dollars of research.

Tax incentives have a positive effect on business financed R&D.

These two policy instruments are more effective when they are stable over time: firms do not
invest in additional R& D if they are uncertain of the durability of the government support.

Direct government funding and R&D tax incentives are subgtitutes: incressed intensity of one
of them reduces the effect of the other on business R&D.
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The impact of direct government funding on business R&D is more longlived than that of tax
incentives, reflecting the fact that government programs target research projects with alonger
time horizon than those on the agenda of business.

The stimulating effect of government funding varies with respect to its generogity: it increases
up to some threshold and decreases beyond. On average for the 17 countries and the time
period under study this threshold is about 13 per cent of business R&D. It may of course differ
across countries and evolve over time. Funding too much or too little is less effective that
being somewhere in the middle.

Defence research performed in public labs and universties crowds out private R&D. This is
due partly to the increase in cost of research generated by government outlays (which boosts
the demand for researchers and other resources, hence their market price). Civilian public
research is neutrd for business R&D. The impact of knowledge spillovers coming out of
university (mainly basic) research takes too long alag to be seen in the data

The negative effect of university research is mitigated when government funding of business
R&D increases. Targeted government programs probably help firms to digest the knowledge
generated by universities.

6. These results are averages over many countries. As the economic structure and design of palicies
differ widely across countries, such conclusions may apply to various extent to each individua country.
However, they point to lessons that may be useful to policy makers. First, well designed government
programs have a leverage effect on busness R&D -- this is not wasted money. Second, frequently
redesigning a policy instrument -- e.g. the rules and generosity of R&D tax credit or government programs
reduces its effectiveness. Third, a piecemed agpproach to technology policy is detrimenta to its
effectiveness. tax bresks and direct funding of business are subgtitutes, whereas direct funding and
university research are complements. Hence, the various policy instruments should be consistent with each
other, which implies that the various administrative departments involved in ther desgn and management
need to be co-ordinated. Fourth, if government is willing to stimulate business R&D, providing too low or
too high a leved of funding is not effective. Fifth, dthough defencerdated R&D funding does not aim at
dimulaing private R&D expenditure, its crowding-out effect on business, civilian R&D, has to be taken
into account. Sixth, research performed in universities presents a potentia usefulness for business that can
be improved through targeted government funding enhancing the transfer of technology.
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1 INTRODUCTION

7. OECD governments spent around US$ 150 billion in research and development (R&D) activities
in 1998, which is dmogt one third of totd R&D expenditure in the concerned countries. Beside fulfilling
public needs (such as defence), the economic rationde for government involvement in this area is the
existence of market failures associated with R&D. Imperfect appropriability, or the diffusion of knowledge
uncontrolled by the inventor, implies that the private rate of return to R&D is lower than its socia return.
In addition, high risk for research implies extremely high hurdle rates for firms to engage in such activities,
that are especidly detrimental to small firms which have a more difficult access to funding. Therefore, the
amount invested by firms in research activities in a competitive framework is likey to be below the
socidly optima level (Arrow, B62). In this line of argument, the wedge between private and socia return
is likely to be higher in basic research, requiring a stronger involvement of government in this area
Government can commit funds for stimulating business performed research. This may am a reducing the
private cost of R&D (eg. grants) or a working out technological opportunities available to firms (which
reduces both the cogt and uncertainty of research). If this policy works, public and private funding will be
complementary (increasing the former enhances the latter). However, the effectiveness of the policies
aming a dimulating private R&D outlays can be chdlenged on three main grounds : crowding out
through prices, substitution effect and allocative distortions.

8. First, government spending may crowd out private money, by increesing the demand, hence the
cod, of R&D. Goolshee (1998) and David and Hall (1999) argue tha the mgor effect of government
funding is to raise the wage of researchers. Faced with higher research codts, firms will alocate money to
other activities so that, even if the tota amount of R&D is higher due to government funding, its “red
amount” (e.g. measured by the number of researchers) will be lower and of lesser economic efficiency.

9. A second argument is that public money directly displaces private funding, as firms just
substitute public money for their own, while keeping the same amount of research as planned. Theref ore,
the government supports projects that would have been implemented anyway.

10. Third, government funds, being alocated to projects in a less efficient way than market forces
would do, generate distortions in the dlocation of resources between the various fields of research (eg.
areas with lower opportunities would be favoured). It may aso distort competition between firms, by
helping some of them at the expense of others.

11 The purpose of this document is to assess the effect of government spending on R&D funded and
peformed by business. Does the externdity effect dominate the crowding out effect? Is there
complementarity or subgtitutability between various policy instruments and business R&D? How do the
various policy instruments interact with each other?

12 In order to assess the effect of government spending, it is necessary to identify the various
channels money flows take: where and how public money is spent. The effect of public spending may
differ depending on the policy instrument used. There are three main policy instruments (see figure 1) used
by government: public (government or university) research, government funding of business performed
R&D, and fisca incentives. Public research, carried out in public laboratories or universities, and funded
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by government, is exemplified by Nationd laboratories in the United States or the CNRS (Centre Nationd
de la Recherche Scientifique) in France. The god of these bodies is to satisfy public needs and to provide
the basic knowledge that may be used downstream by firms in their own, applied, research. Government
laboratories are more concerned with the former, univerdties and similar inditutions are more concerned
with the latter. Universties are usudly endowed with much more independence with regards to their
research agenda than government laboratories, making them a less responsive ingrument for policy.
However, as the government controls much of the research budget of these ingtitutions (through grants,
contracts or fellowships) it is rdlevant to include them in the list of policy instruments. Some argue that the
kind of science produced by public research facilities is irrdevant to the business sector (Kedey, 1996),
with the idea that if it were useful, business would do it itself. However, weak appropriagbility of basic
knowledge makes it difficult for firms to reap its rewards. as a contribution to this ongoing discussion, the
effect of public spending in this areais tested in this document.

13 Figure 1. Policy tools and their potential effects (dotted ling) on private R& D outlays

14.

POLICY TOOLS

Direct support to business R& D Indirect support to business R& D

Fiscal incentives University research
Grants, procurements, loans, .. Public labs
+ stimulating —— - crowding out + Spillovers —— - displacement
- substitution —— - displacement - crowding out —
15. A second policy ingrument is public funding of research performed by the business sector.

According to the Frascati Manua (OECD, 1993) used by daidticians of R&D, two categories of
government funds to business can be identified: (i) those which are specificaly for the procurement of
R&D (the reaults of the R&D belong to a recipient which is not necessarily the performer) and (ii) those
which are provided to the performers of R&D in the fam of grants or subsidies (the results belong to the
R&D performer). In al cases subsidies are targeted to specific goas chosen by the funder: Government
gives money to firms for particular technologica projects that are seen as having a high socid return (e.g.
“generic technologies’ or “precompetitive research™) or that are useful to the government own objectives
(hedth, defence). As government funds help the recipient (technology or firm) even if it is initidly inferior
to dternatives, such support gives rise to the criticism that government is “picking the winners’ in the
place of the market. Moreover grants are often conditional on some aspect of the firm dtrategy: they may
require for instance that the recipients set up research alliances with dher firms (co-operation), or that they
collaborate with universities.

16. Thirdly, government can help firms indirectly, through tax bresks. Most OECD countries dlow
for a full write-off of current R&D expenditures (depreciation adlowances are deducted from taxable
income). Amongst the 17 countries included in the present study, about one third aso provide R&D tax
credits (see Table Al). These are deducted directly from the corporate income tax and are based either on
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the level of R&D expenditures - flat rate - or on the incresse in these expenditures with respect to a given
base - incrementa rate. In addition, some countries alow for an accelerated depreciaion of investment in
machinery, eguipment, and buildings devoted to R&D activities. In some countries there are pecid tax
bresks rdlated to R&D for smal firms. The main criticism to this instrument is that it is windfal money for
firms. they do not change their R&D strategy (what the government is expecting), but are refunded for it.
In a way, this argument contradicts the one opposed to targeted funding: tax bresks are not discriminatory
enough, so that firms may use public money for any god that suits their own strategy, whatever the socid
return. Non discrimination may be viewed as an advantage, since the government does not distort the
research agenda as shaped by market forces. However, tax incentives are in fact somewhat discriminatory,
as they are not accessible to non taxable firms (e.g. new firms with investment higher than sdes). This is
unfortunate since such companies may be among the most innovative and short of cash. In some countries
specid provisons in the tax law alow refunding in cash of the credit for certain categories non taxable
firms.

17. Among these three policy instruments, only the last two ones have been subject to digtinct
quantitetive evauation. This is unfortunate, since the three policy tools have partly smilar, partly
complementary djectives that make it difficult to analyse the effectiveness of one of them separately from
the others. Public research, whether performed in government labs or universities, provides basic
knowledge that is egpecidly helpful for the firms in the most advanced technology aress (close to basic
research). Grants help firms in the applied research stage and encourage co-operation (another way of
interndising externdities). R&D tax bresks, as not or weskly discriminatory, help dl R&D performing
firms, especidly those that do not have not access to grants (smal companies) or do research that is not
basic enough to benefit from other policy instruments. Moreover there are interactions between these
ingruments, as the downstream ones (related to applied research) may enhance the efficiency of upstream
ones (basic research) by supporting the absorptive capacity of the recipient firms. Hence, these tools
constitute a system, whose efficiency can be best captured as a whole. It is the purpose of this study to do
0.

18. This document investigates whether public performed research, direct funding and fisca
incentives simulated business-funded R&D in 17 OECD countries over the period 1981-1996. This is an
integrated (three policy instruments), macroeconomic, and internationa approach that makes this study
digtinct from previous work in this field. The main results are that:

- Direct government funding of business R&D and tax bresks have a postive impact on
business spending in R&D.

- The effect of public funding, is more long-ived than that of tax incentives.

- The impact of direct support varies with respect to the funding rate it increases up to a
threshold (which average is estimated at about 13 per cent for the considered period of time
and set of countries) and decreases beyond.

- Thesetwo policy tools are more effective when stable over time.

- Direct support and tax bresks are subgtitutes (increasing the use of one of them reduces the
impact of the other - this finding contradicts the “complementarity thesis’ mentioned above,
while supporting the integrated approach taken in this study).

- Public research and university intramural research exert a negative impact on business funded
R&D: the crowding out effect seems to dominate the spillover effect (dternatively, it can be
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argued that the latter takes indirect channels or a too long lag for being captured by
econometric techniques).

- However, the negative effect of university research is mitigated when government funding of
business research is increased: the knowledge generated by academic research is better
transferred to firms when targeted funding is implemented.

- Findly, defenceoriented public funding seems to be the man factor underlying the
crowding-out effect of government intramura R&D outlays.

19. These results should be interpreted with some caution. The precise design of policies varies
substantidly across countries and has evolved over time, in a way that is not totdly reflected in the
financia flows used here. The edtimates herein capture an average, that may hide differences in the
effectiveness of public policies across countries and changes over time. However, such an average is useful
by itself, as a reference for individua countries to benchmark their policy. It gives a hint of the policy tools
that are better managed in most countries and of those that should be improved. Findly, this globd
gpproach adlows to identify the interactions between the various policy tools.
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2 THE MODEL AND DATA

20. Previous studies attempting to evauate the effectiveness of government support to business R&D
have focused either on the reationship between R&D subsidies and businessfunded R&D (see the survey
by Capron and van Pottelsberghe, 1997), or on the effect of fiscal incentives (see the survey by Mohnen,
1997). * A comparison exercise of these studies is made difficult by the heterogeneity of the empirical
models used - eg. different time periods, data sources, aggregation levels and regression techniques. On
average, however, the baance tilts towards the recognition of a positive effect of government-funding and
tax incentives on privady-financed R&D. This is even more so for sudies at the aggregate,
macroeconomic level: among seven such studies referenced by David et d. (1999), 6 find complementarity
between public and private expenditure, while the seventh finds no significant relaionship. Nevertheless,
the exidting literature has disregarded two important dimensions. There has been no attempt so far to test
smultaneoudy for the effectiveness of al instruments, and there are only few macroeconomic studies (7
out of the 33 studies referenced by David et d. (1999) are macroeconomic), most empirica analyses being
at the firm or industry level.

21 As compared to the firm level approach that is more common in the field, the macroecanomic
approach alows to capture indirect effects of policies - negative as wel as postive spillovers. A firm
benefiting from subsdies is likely to boost its own R&D activity: but the R&D activity of competing firms
might decline, for instance because hey see their chances of having a competitive edge as waning due to
the financid advantage given to the recipient. Negative externdities can dso take place between industries,
as shown by Nadiri and Mamuneas (1996) with US manufacturing industries. At the opposite, the recipient
firm's research may generate knowledge spillovers that will flow to its competitors as well. The potentia
presence of these effects makes the case for empirica studies a an aggregate level, which implicitly take
them into accaunt (be they podtive or negative). A second advantage of working a the macroeconomic
level is that government funding of R&D can be considered as exogenous with respect to privately-funded
R&D. Indeed, a the firm level the rdevance of the assumption of exogenety is questionable because
public authorities do not provide R&D subsdies to randomly chosen companies, « Federal contracts do
not descend upon firms like manna from heaven» [Lichtenberg, 1984, p. 74]. Public authorities may be
more inclined to support firms which do R&D and which dready have good innovative records. In other
words, a postive and significant relationship between a firm's R&D and the government funds it received
cannot be taken as an evidence of the efficiency of government support. The same argument holds,
dthough to a lesser extent, for crossindustry studies since R&D subsidies are directed mainly towards
R&D intensive industries. At the macro level, the exogeneity assumption is much more acceptable, as it is
clearly argued h David et d. (1999). An issue a this levd may be the presence of a common latent
variable influencing both business and government expenditure, which would bias the estimates. There are
two candidates : the business cycle is one, since it eases a the same time financid conditions for
government and for business. For deding with this issue, we have GDP growth as an explanaory variable
for business funded R&D. A second potentid latent variable is the cost of R&D: The price of specialised
inputs or the wage of researchers may increase when government expands its spending, triggering a growth
in busness spending that is only nomind. We will examine the potentid influence of this factor on our
egtimates by taking into account the reaction of R& D prices to demand as estimated by Gool shee (1998).

'An attempt to measure the simultaneous effect of direct government funding to business R& D and tax incentives on
privately-funded and performed R&D is presented in Guellec and van Pottelsherghe (1999). The present document
improves on these results by taking into account the other types of public R&D and by performing new econometric
specifications.
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22 Each of the policy tools raises specific measurement issues. Public research is broken down into
two components, government research and university research. Government funding of business R&D is
composed of procurement and grants or subsidies, the later being of specid interest here. However, even if
the explicit god of procurement is not to trigger a rise in business funded R&D, such an effect is often
cdled upon for judtifying government spending (“leverage effect”). Due to data availability constraints,
these two components of direct government funding of business R&D ae aggregated herein. If
government-funded R&D performed by firms primarily conssts of procurement and regular grants, it
should be noticed that there are other forms of support, such as loan guarantees, conditional loans, and
convertible loans. However, as shown by Young (1998), government procurements and grants, and fisca
incentives, account for the bulk of government support to business R&D.

23 The data on vdue added is taken from OECD (1999a). Privatdy-funded R&D, direct R&D
subsidies to business, and R&D outlays by public labs and universities are taken from OECD (1999b). All
the varidbles but the B-index are expressed in constant US PPP$ and deflated with the business sector’'s
GDP price index (base year 1990). The Bindex has been computed by the OECD Secretariat from nationa
sources (see table Al in the appendix).

24, OECD countries performed about 500 billion US PPP dadllars of R&D outlays in 1998. The lion
share of these activities (70%) was performed by firms, followed by higher education inditutions
(i.e. univergties : 17%) and government intramura research (or public labs : 11%). Government is by far
the mgjor source of funding for these two public ingtitutions, whereas it contributes for 10 per cent only to
the R&D performed by private firms. Over the st 20 years this distribution of R&D outlays by sources of
fund and inditutions of performance has substantiadly changed, witnessng a gradua reduction of the
government share, both in financing and performance. In the early 1980s as compared with the late 1990s,
the share of government in the funding of business R&D expenditure (23%) was more than twice as large,
and research performed in public labs accounted for 17 per cent of total R&D activities.

25. Besde these OECD-wide averages, important differences occur between countries. Public labs in
the US and Japan account for about 8 per cent of domestic research activities, against 15 per cent in the
European Union. > A similar difference appears across the Triad with respect to the share of research
performed by universities: it is 21 per cent in the European Union, againgt 14% in the United States and
Japan. Smaller countries seem to rely much more on that type of research than larger ones (more than 25%
in Audrdia, Norway, Spain, Belgium, and the Netherlands). The business sector in Jgpan and the United
States performs more than 73% of totd research activities (about 63% in the European Union), and the
funding structure differs significantly. In the United Sates and the European Union the share of business
performed R&D that is financed by government is 15 and 10 per cent respectively. In Japan it is about 1
per cent.

26. Fiscal incentives may take various forms, which make international comparisons problematic.
The so-cdled ‘B-index’, desgned by Warda (1996), gives a synthetic view of tax generosity (Annex 1
provides a complete description of the Bindex). It is a composite index computed as the present vaue of
before-tax income necessary to cover the initid cost of R&D investment and to pay the corporate income
tax, so that it becomes profitable to perform research activities. It is a kind of average effective rate of
taxation of R&D. The underlying methodology is Iighly flexible and enables various types of tax treatment
to be modelled in a comparable manner.®

% Smaller countries in the European Union, like Belgium and Sweden (4%) tend to have a lower share of public
research performed in public |abs than larger ones, especially France and Italy (more than 20%).

® The B-index is similar to the margina effective tax rate (METR) computed for 8 OECD countries by Bloom et al.
(1997). However, the latter is composed of a tax component and an “economic component” which is the sum of the

1C
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27. We rely on a smple R&D investment modd that considers businessfunded R&D as a function
of output, four policy instruments (government funding of R&D performed by business, tax incentives,
government intramural expenditure on R&D, research performed by universties), time dummies, and
country-specific fixed effects’ Since research activities are subject to high adjustment costs, a dynamic
specification that distinguishes short-run from long-run eadticities is required. The modd alows for a
dynamic mechanism by introducing the lagged dependent variable. It is worth noticing that a dynamic
specification for an R&D investment equation is not a common procedure in the exigting literature on the
effectiveness of government support to R&D®. On a priori grounds, however, the incluson of lagged
private R&D may be seen as an important determinant of present R&D investment. Mansfield (1964, p.
32) notices that «Firgt it takes time to hire people and build laboratories. Second, there are often
substantial costs in expanding too rapidly because it is difficult to assmilate large percentage increases in
R&D staff. (...) Third, the firm may be uncertain as to how long expenditures of (desired) R&D levels can
be maintained. It does not want to begin projects that will soon have to be interrupted. ». Therefore the
behaviour of private investors can be best described in terms of a dynamic mechanism that alows for a
long term adjustment path. The modd is written as follows:

DRFi),t :I DRPi,t— l+ bVADVA,t +bRG DRGI - l+ bBDBI,t— 1 +bGOVDGO\/i,t—1+ bHEDH Ei t-1 H t+Q,t (1)

28, This equation is a fird-difference autoregressive model. RP, VA, RG, B, GOV, and HE ae
respectively businessfunded and -performed R&D, business sector value added, government funding of
R&D implemented in business, the Bindex (which reflects the fiscal generosity for R&D, see gppendix 1),
government intramurd R&D expenditure (i.e, public labs), and higher education R&D outlays (i.e,
university research). The 17 OECD countries are indexed by i (=1, ..., 17), and the years 1983 to 1996 by t
(= 1, ..., 14). D is the first (logarithmic) difference operator. t characterises time dummies’ In this modd,
the short and long-term effects of the exogenous variables are [b] and [b/(1-1 )], respectively. The signs of
the parameters associated with the four policy tools can be either podtive or negative, depending on
whether the stimulating and spillover effects outweigh the crowding out, subgtitution, and displacement
effects.

firm's discount rate (actually, the interest rate) and R&D depreciation rate, less the rate of inflation. The empirical
results of Bloom et al. show that the tax component significantly affects business-funded R& D expenditure, whereas
the economic component has no significant impact.

“*These should take account of stable country characteristics that may influence the private decision to invest in R&D,
especially in thelong run, such as culture, tax policies, and institutional differences.

° Only two out of the eighteen studies surveyed in Table A2 adopt a partial adjustment mechanism for the R&D
investment equation.

6 Country dummies, which would control for the fixed effects generated by ‘level’ variables, are not included due to
the first difference specification. In addition, in a dynamic context, adding country dummies would yield inconsistent
estimates because the lagged endogenous variable is among the right-hand side variables. Indeed, Nickell (1981) and
Keane and Runkle (1992) show that the within transformation introduces a correlation between the lagged

endogenous variable and the error term. However, had they been introduced into the regression equation, unreported
results have shown that they would have been similar. Time dummies are included to take into account technology
shocks common to all countries, that are not controlled for by the eogenous variables, such as the increasing use of
information technology.

11
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3. REULTS

29. Before estimating the dynamic modd (1) and its various extensons, we investigate in a smpler,
non dynamic, framework the influence of the policy ingtruments on business R&D, with the purpose of
capturing basic relationships and their time pattern. Results reported in table 1, show that the mgor effect
of vaue added on private R&D investment is contemporaneous, with an dadticity of about 1.20. All policy
ingruments have a dgnificant impact on business funded R&D, dthough with different signs and time
patterns.

30. Government-funded R&D has a positive and sgnificant effect only with one and two-years lags.
Fiscd incentives have a contemporaneous and a larger one year lagged positive impact (remember that a
lower Bindex reflects higher tax breeks, hence the negative sign in the estimate). Apparently, the effect of
tax breaks is quicker and shorter than the effect of government funding. Such a difference was already
found in Guelec and van Pottesberghe (1999), and it is mentionned in David e d. (1999). Our
interpretation is the following. Tax concessions are not conditionna on the type of R&D performed by the
recipient, and therefore do not affect the composition of R&D, most of which is anyway of a short term
nature (in dmogt al OECD countries, basic research is less than 5% of busness R&D - see OECD 1999c¢).
Hence their short term impact, as is the impact of funding coming from any other source with no condition
attached. The same does not hold for government subsidies and contracts. These are spent in projects either
chosen by the government or a least fulfilling certain conditions decided by the government. In most
cases, the research will be of upstream, if not basic, nature, creating new opportunities that induce firms,
later, to start further research projects with their own money. The leverage effect of government funding
takes time, which is consistent with its goal of generating knowledge spillovers.

31 Government and university research both have a negative and dgnificant impact on business
funded R&D. Moreover, this negative impact is sporead over severa years (athough there is no
contemporaneous impact), especialy for government research. The crowding out effect (due either to an
induced increase in the cost of R&D or to direct displacement, see figure 1) dominates the stimulaing
effect. As a matter of fact, public labs are supposed to work mainly for the government, not for business ;
spillovers may occur but are not instantaneous and are not the primary god. The negative impact of
university research shows the difficulty of transferring basic knowledge to firms.”

"1t should be kept in mind however that a four year lag might be too short to capture the longer term effect of basic
research. The effect of basic research can take several decades before reaching the application stage (Adams 1990).
Moreover, it is not clear whether positive externalities should translate into increased private R& D expenditures.

12
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Table 1. Thetime structure of the determinants of private R& D expenditures

Value added Government Fiscal incentives Government Higher education
i (DVA) funding (DRG) (DB) research (DGOV) (DHE)

Expected sign ) G Q] @] ?

Timelag

T 1.201*** -0.009 -0.163*** 0.014 -0.002
(23.32) (-125) (-301) (0.80) (-015)

T-1 -0.032 0.085*** -0.343*** -0.072*** -0.070***
(-052) (11.66) (-10.92) (-3.99) (-5.14)

T-2 0.210%** 0.090%** -0.007 -0.002 -0.031**
(336) (13.02) (-021) (0.09) (-230)

T-3 -0.057 -0.018** 0.007 -0.084* ** 0.033*
(-088) (-239 (023 (4.44) (1.89)

T-4 0.170*** 0.013 0.039 -0.043** 0.013
(314) (159) (119 (203 0.71)

um 1.581 0.157 -0.506 -0.199 -0.134

Note The edimates cover 17 countries for the 1983-1996 period (165 observaions due to time lags). The varigbles are expressed in first
differences of logarithms (growth rates). RP, the dependant varidble denotes business-funded R&D investment, VA vdue added, B the Bindex,
GOVRD government intramura expenditure on R&D and HERD higher education expenditure on R&D. SURE edimates induding one intercept.
*** jndicatesthe parametersthat are Sgnificantly different from zero a a1 per cent probability threshold; ** at 5 per cent; and * at 10 per cent.

32 Table 2 reports the pand data edtimates of equation (1), correcting for the potentid
contemporaneous correlation of the error term across countries within a three stage least squares (3SLS)
method.® The Breush-Pagan test indicates that the error term of the OLS estimates is subject to significant
contemporaneous correlation between countries’ The etimates presented in column 1 show that the short-
term (longterm) private R&D dadticities are 1.36 (1.54) for vaue added, 0.07 (0.08) for government
funding, -0.29 (-0.33) for tax incentives, -0.07 (-0.08) for government research and -0.04 (-0.05) for
university research.®

® The econometric method isthree stage least squares. The first two stages, which are d eemed to take into account the
presence of the endogenous variable among the right-hand side variables, correspond to an instrumental variable
procedure. The last stage is used to correct for the contemporaneous correlation of the residuals. Stage 1. fit DRPt
with DRPt-2 and all the other exogenous variables. Stage 2: regress equation (1), with the fit of DRPt-1 . Stage 3:
correct for the contemporaneous correlation of the residuals.

®This test has to be interpreted cautiously. If it globally rejects the hypothesis of cross-sectional correlation for each
pair of countries, there may still be a strong correlation between some pairs of countries. In this case, the correction
for contemporaneous correlation has to be made, even if the null hypothesis is not rejected. With the present
estimates, the test always rejects the hypothesis of no contemporaneous correlation of the error terms. The pairs of
countries that are associated with the highest values of correlation between their error terms are often characterized by
acultural and geographical proximity, or size similarity.

 These estimated long term effects are similar to those obtained by summing up the significant parameters in the
non dynamic model that includes several lags (see table Al): 1.58 for value added, 0.16 for government funding,
-0.51 for fiscal incentives, -0.20 for government intramural expenditure, and -0.07 for university research.
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Table 2. The impact of policy instruments on businessfunded R&D.

dependent variable is DRP;

Funding rate I nstability I nteract. Defence
Regression # 1 2 3 4 5 6 7
Fit (DRP.) 0.115%**  0.154*** 0.127*** 0108+* 0102**  0.118** 0.147%**
(2.54) (323 (2.94) (2.25) (2.46) (249 (3.05)
DVA 1357+**  1.365%**  1.306*** 1.388** 1.349F**  1.365%** 1.362¢**
(19.67) (18.83) (20.22) (19.63) (21.82) (19.24) (18.27)
DRG.; 0.074*** 0.106*** 0.076***  0.063*** 0.079***
(11.05) (10.27) (11.54) (8.07) (8.82)
DBy -0.204%**  -0.292%** -0.292*** -0.843*** -0.206*** -0.295%** -0.203***
(-7.74) (-7.89) (-727) (4.08) (-6.19) (-7.99 (-7.54)
DGOVRD,.; -0.066*** -0.070*** -0.079*** -0.071x** -0.075***  -0.073*** -0.011
(-377) (-392) (-4.62) (4.11) (-4.20) (-4.10) (-0.36)
HERD, ; -0.043*** -0.044*** -0.062%** -0.041*** -0.045***  -0.055%** -0.046***
(-2.89) (-2.90) (-4.17) (-2.75) (-322 (-346) (-2.89)
DRG,,* DGT-high -0.030
(-1.30)
DRG,.;* DGT-medium high 0.042
(1.80)
DRG..1* DGT-medium low 0.085**
(10.02)
CRG..* DGT-low 0012
(-042)
CRG.1* (GT.y) 1757+
(10.55)
CRG.1* (GTe) ? 6936
(-6.95)
DRG.1* GT-instability -18.412%**
(-4.65)
DB.,* B-instability 3400+
(282
CRG.* DBy, 1.164%**
(7.17)
CRG,* DGOVRDy, -0.039
(-0.49)
DRG.;* DHERD,.; 0.176**
(194
[CRG...* DEFshare.; -002¢*
(-3.05)
DGOVRD,..* DEFshare,.1 -0.004+**
(-259)
AdR2 0.374 0.370 0.386 0.374 0.386 0.368 0.368

Note: See table 1. The esimates cover 17 countries for the 1984-1996 period (199 observations). DGT-high = a dummy varicble eque to one for
the countries whose average subsidisation rate is over 19 per cent and O otherwise, DGT-medium high [11 per cent - 19 per cent[, DGT 4medium low
DGTHow [0 per cent - 4 per cent]. GT is the share of government funded R&D in totd businesspaformed R&D, GT-
instability and B-instability the standard deviation over the studied period of GT ad B, regectively, and DEFshare the defence budget R&D as a
percentage of tota government budget appropriations or outlays for R&D . All regressons are esimated with the 3SLS method and incdude an
intercept and time dummies. Hatistics are shown between parentheses, *** indicates the parameters that are dgnificantly different from zero a a

[4 per cent - 11 per cent,

1 per cent probability threshold; ** a 5 per cent; and * at 10 per cent.
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33 How do these dadlicities trandate in dollar terms? What is the impact of one dollar spent in any
of these policies on the amount of R&D spent by firms? Edtimates of the margind rate of return of these
policies, consstent with the estimated dadticities, are reported in table 3. The margina reurn is calculated
as the product of the elagticity and the ratio of the impacted variable (business R&D) on the impacting one.
If two policy instruments have the same eadticity, the one whose relative amount is the biggest will have
the lowest return. It turns out that one dollar of government spending generates at the margin a 0.70 dollar
increase in busness funded R&D (then 1.70 in totd R&D) when it is direct funding, a 0.44 dollar
reduction when it is spent in government research, a 0.18 dollar reduction when it is spent in university
research. These reductions are less than the initid, one dollar, government expenditure. In other words,
totd R&D (public + business) will raise after government has increased its spending: the crowding out
effect of these last two indruments is only patid. In a smilar vein, a one dollar increase in vaue added
induces an additiona 0.03 dollar of private R&D (assuming an OECD average R&D intensty of about
2%).

34. Government spending may impact not only on the amount spent in R&D by business, but aso on
the price of R&D: increased demand for the scarce resources used for R&D, especialy researchers, should
push their price up. Goolshee (1998) edimates the eadticity of the R&D worker wage with respect to
government spending to 0.09 in the long term. Substracting this price effect from the coefficients estimated
in table 2 leads to an dadticity of -0.01 for direct funding in the long term (0.08-0.09), therefore making
government funding neutral with respect to business R&D. However, Goolshee' s edtimate is based on the
US, for the years 1968-1994. As the share of government was especidly high in the firgt part of this period
(between 50 and 60% until 1980, against 33% in 1996), which is not in the range of the present work, the
eladticity estimated by Goolsbee must overestimate by far what happens in other countries than the US and
in the period studied here. It remains however that part of the effect identified above is due to price
increase, not to incresse in the real ressources allocated to research.
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Table 3. Average marginal effect of a$lincreasein public support toR&D *

Business performed R& D R& D performed by public institutions
Government funded Government intramur al Higher education
X = (RG) (GOV) (HE)
Long term elasticities (D) 0.08 -0.08 -0.05
(RP/X) 8.71 5.54 3.59
Marginal effect onRP (r) 0.70 -0.44 -0.18
Marginal effect on total R& D 1.70 0.56 0.82

1. Since the dadticities b ae equivdent to (T RP/TX) / K/RP), X sanding for RG, GOV, or HE the margind effects (r) of a $1 increese in
government support on private R&D investments are computed as falows : rx = bx * RP/X . The magind effect on totd R&D isequd to 1 + r x
The eladticities conefrom teble 2, column 1, theratio (RP/X) isfor 1997, averaged over OECD countries

35. In column 2 of table 2, the private R&D dadticity of government R&D is alowed to vary across
four groups of countries. The countries are grouped according to their average subsidisation rates: over 19
per cent for the highly funded, from 11 to 19 per cent for the medium-high funded, 4 to 11 per cent for the
mediuntiow funded, and under 4 per cent for the low funded. The largest dadticities, are obtained for the
countries belonging to the two ‘medium’ groups. The countries with the highest or the lowest funding rates
exhibit non-significant eladticities. These figures suggest that the effectiveness of government funding
increases up to a particular threshold and then decreases. Other estimates, with a finer breskdown of
countries, also showed much wesker dadticities for the countries with the highest and the lowest levels of
funding.

36. In order to test directly for this inverted U-curve that seems to characterise the relationship
between government and privatdy financed R&D, the edimated private R&D dadticity of government
funding is combined with the rate of direct support, in a quadratic specification :

Beg =A%, 48X @
RG,,
where X, = —.
it
37. The results of this specification, in which a1 and a. are the parameters of interest, are reported in

the third column of Table 2. They suggest that the private R&D dasticity with respect to government
support increases with the subsidisation rate up to a threshold of 12.7 per cent, then decreases with the
subsidisation rate, and becomes negative over a threshold of 25.4 per cent. The reative position of each
country is reflected in figure 2.

1€
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Figure 2. Share of government funding in business performed R& D in 1983 and 1996 (per cent)
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Source: cf. Table 1.

38 It could ke argued that the variation across countries of the private R&D eadticity with respect to
government R&D smply reflects a constant marginal effect of (or rate of return to) R&D funding across
countries. Indeed, a condtant eadticity implies that the additiond dollar of private R&D for each additiond
public dollar spent - i.e. the margina effect of government funding - decreases with the rate of funding.
Hence, an dasticity varying across countries could trandate into constant margina effects. ™ As reported
above, the product of the estimated eadticities (columns 1 and 2 in Table 2) and the ratio of private R&D
to government R&D shows that one dollar of government money induces an average increase of 70 cents
in business funded R&D. It varies across countries from no significant marginal effects amongst the
countries with high and low government funding rate, to 47 cents and 101 cents for countries with
‘mediumhigh’ and ‘ medium-low’ rates, respectively.”

39. The effect of the time dahility of the policy tools on their effectiveness is invedigated by
combining the direct subsidies and the B-index with proxies for ther respective stability.”® The two
variables that reflect the stability of the schemes for each country are GT-ingability and B-ingtability,
which are respectively the standard deviation of the funding rate (GT) and of the Bindex over the period
1983-1996. For both policy tools, the estimates presented in column 4 of Table 2 show tha the more
volatle a policy is, the less effective. R&D investment involves a long-term commitment and trandates
into sunk cogts. Such invesment is therefore likely to be sengtive to uncertainty, including uncertainty
arisng from fiscal or government funding. Past ingability is taken by firms as a 9gnd of likdy future
change. These results confirm Hal’s (1992) insight that the impact of R&D tax incentives on US firms
grew over time, after it appeared that the scheme was to be maintained in the future. Smilar evidence

" With a constant elasticity, g = [(JRP/RG) * (RG/RP)] , the margina effect r = (JRPIRG) = g * (RPRG)
decreases when the rate of subsidisation increases.

12 Additional econometric results reported in Guellec and van Pottelsberghe (1999), were used to estimate directly
marginal effects, by replacing the first (logarithmic) difference of government R&D by the ratio of the increment of
government R&D to the level of private R& D. Results are similar to those reported here.

13 There is less case for an effect of the stability of government or university research affecting their impact on
business funded R&D.
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concerning R&D subsidies is reported in Capron and van Pottelsberghe’'s (1997) at the industry level. They
find for the G7 countries that R&D is more likely to be stimulated in those industries where government
funding is more stable.

40. The interaction between the various policy tools is aso important. The question is whether they
are complementary or subdtitutes in simulating business-funded R&D - i.e. are they mutudly reinforcing
or do they partly cancd ou each other ? Estimates reported in columns 5 and 6 of table 2 show that
government funding of business R&D is subgtitute to fiscal incentives, complementary to university
research, and does not interact with government research. In other words, increasing the direct funding (tax
incentives) of business research, reduces the simulaing effect of tax incentives (direct government
funding). When government funding of business research is high the negative effect of univerdty research
is reduced. This resut can be interpreted as government funding helping firms to digest knowledge
(otherwise poorly used) coming from university. In a way, this results shows the potentia usefulness of
university research to the economy, as soon as complementary instruments ae used to help its results to be
transferred to firms. The strong interaction between the various policy tools underlines the necessity of an
integrated approach to R&D palicy: a loss of effectiveness is to be expected when the instruments are used

separdely.

41 We now investigate whether defence-oriented R&D funding has a specid effect on business-
funded R&D. The usud argument of technology spillovers does not fit very well to defence R&D. Military
technology is quite specific, with less emphasis on cost congtraint but requirement of robustiness in the
extreme conditions of a battle fidd. There are ds0 severe secrecy condraints attached to defence R&D that
make its outcome difficult to apply to largdy diffused civilian products. In addition, the results of R&D
procurement may not necessarily be used by the R&D performer, which implies that firms do not provide
their own financia contributions to such R&D, leading to no leveraging effect. But, because defence
contracting is attractive (high reward, low risk) firms might allocate there their own resources (researchers,
equipment), that otherwise would have been used to civilian purposes. Hence, even if defence R&D had a
positive impact on business funded R&D, the effect may be expected to be lower than the effect of a same
amount of funding that would flow into projects with a civilian purpose.

42. The share of defence in government R&D budgets in OECD countries is around 30% on average
(OECD, 1999): however there are huge differences across countries, with three of them having a high
share (the United States around 60%, France and the United Kingdom around 30%) and the rest under
10%. In order to estimate the specific impact of defence funding, we dlow the dadticities of private R&D
(RP) with respect to both direct government funding of business R&D RG) and government intramura
R&D (GOV) to have a fixed component and a component that varies with the share of defence in totd
government R&D budget appropriation (as in equation (2)).** Results reported in column 7 of table 2 show
that the two eadticities are inversdly related to the share of defence-oriented public R&D: the higher the
share of defence, the lower the effect & government funding on business R&D. The effect of government
research, which was negdtive in the estimates above, jumps to zero when it is cleaned of its ‘defence
component. In other words, it seems that non-defence government intramural research, which is
overwheming in most OECD countries, has no negative effect on business R&D. ™

" In other words, we assume that by and b, in equation (1) have the following form: b = ¢ + g. DEFshare,
where ¢ is the fixed component of the elasticity and greflect the component that varies with respect to the share of
defencerelated R& D intotal government budget appropriation on R&D.

> Guellec and van Pottel sberghe (1999) relied on a different approach to get an insight into the effect of defence-
related government support. Data on the share of government procurement for defence purposes were collected from
five countries. It turned out that the defence component of direct government funding of business R&D has a
negative and significant impact for the three countries with very high funding rates. In the present study we use data
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4. POLICY IMPLICATIONS

43, Among the mgor ingruments of government policy, both fiscd incentives and direct funding
simulate business funded R&D, whereas government and university performed research seem to have a
crowding out effect. In short, gpparently when the purpose is to increase business funded R&D, it is better
to give money than knowledge to business. However, it must be reminded that publicly produced
knowledge may result in technology that is used by business while not inducing it to increase its research
expenditure. Moreover, it is not the major purpose of gvernment laboratories to produce knowledge for
the business sector. When the defence component is isolated from the civilian one, only the former has a
negetive impact on business, the latter being neutral. For university research, bariers to the transfer of
knowledge to business can be mitigated by government (targeted) funding of business R&D. And, whereas
the crowding out effect is immediate (contemporaneous with the research spending), spillovers may take
time before reaching the industry, beyond the horizon of our edtimates. Various features affect the
effectiveness of these policies. First, countries that provide a level of direct funding to business that is too
low or too high simulate private R&D less than countries with an intermediate level of miblic funding.
The effectiveness of government funding of business R&D seems to have an inverted-U shape, increasing
up to a subsdisation rate of about 13 per cent, and decreasing beyond. Over a level of 25 per cent,
additiond public money is likey to sibgtitute for private funding. These figures are only illudtrative, as the
actua thresholds may depend on the actua policy pattern and economic conditions, which differ across
countries and changes over time. Second, stable policies are more effective then changing (volatile)
policies. Third, the effectiveness of each of the various policy tools depends on the use of the others: in
particular, government funding of business R&D and tax incentives are subgtitutes, the increased use of
one of them reduces the effectiveness of the other.

44, An andyss caried out a an international and aggregaie levd does not lead to specific
conclusions with regards to policy design. However, broad policy recommendations can be dravn from
these reaults. Firdt, any type of government support to business R&D is more likely to be effective if it is
integrated within a long-term framework, thus reducing to some extent the uncertainty facing firms.
Second, the various policy instruments should be consistent with each other, which implies that the various
adminidretive departments involved in their design and management be coordinated. Third, if government
is willing to simulate busness R&D, providing too low or too high a levd of funding is not effective.
Fourth, although defencerelated R&D funding does not aim at dimulating private R&D expenditure, its
crowding-out effect on business, civilian R&D has to be taken into account. Fifth, the research performed
in universities presents a potential  usefulness for business that can be improved through targeted
government funding enhancing the transfer of technology.

available for the 17 OECD countries, which is the share of defence in total government budget outlays on R&D
(including procurement and intramural research).
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ANNEX 1 THE B INDEX

The Bindex is a synthetic measure of fiscd generosity towards R&D. It has been eaborated by Warda
(1996). Algebraicdly, the Bindex is equd to the after-tax cost of a $1 expenditure on R&D divided by one
less the corporate income tax rate. The after-tax cost is the net cost of investing in R&D, taking into
@-A

1-t)

= the net present discounted value of depreciation alowances, tax credits, and specid alowances on the
R&D assts. In a country with full write-off and no other scheme, A= t, and consequently B = 1 The
more favourable a country’s tax treatment of R&D, the lower its Bindex. The vadue for A may take three
forms. (i) the net present vaue (NPV) of depreciation adlowances A, (ii) the NPV of specid R&D
dlowances A, and (iii) the NPV of R&D tax credits A.. The proportions of the R&D codts that are entitled
to standard depreciation alowances are, respectively, Dgy, D, D.. The net present vadue of dl depreciation
alowances and tax credit is

A=Dyt Ay+ D t°+ DA

If the depreciation alowance is granted at an exponentid rate of d and with standard depreciation

: . _ @-em)
r with straight-line- 9. : =

d+r'o thstraight-line- 9@ A, T

For a tax credit that applies on incremental expenditures, it depends on how the base is defined: (i) last
year's expenditures, (ii) the previous largest expenditures, as in Japan; (iii) a fixed year in the pag; (iv) an
average of the past two years expenditures, as in France and Spain; (v) an average of the past three years
expenditures. The assumptions (i), (ii) and (iii) are treated smilarly, whereas for (iv) and (v):

C $ 1 Qo - ¥
A=t ds L@LA+D" Y

If the credit is on red expenditures, then A, is divided by (1+p). In the three years case (v), the term
between brackets is equal to .171; in the two-years case (iv) it is .132; and in the 1 year case it is .091. For
example, the United States has an incrementa tax credit of 20 per cent of the amount by which R&D
outlays of a fiscd year exceed a base amount. The base amount is the product of the “fixed-base
percentage” and the average of the gross receipts for the 4 preceding years. The fixed-base percentage is
the R&D intengity during the 1984-88 period (i.e. the share of R&D investments in gross receipts), which
should not exceed 16 per cent. The base amount is therefore varying with the growth of output; the higher
the ouput growth, the higher the base amount. The US treatment ams apparently at fostering the
propensity to invest in R&D rather than the increase of R&D as such. The base amount cannot be less than
50 per cent of the tax payer's current-year qudified research expenditures. Caculation of the Bindex has
been made under the assumption that the “representative firm” is taxable, so that it redises the full gain
from the tax deduction. For incrementa tax credits, calculation of the B-index implicitly assumes bhat
R&D invesment is fully digible to the credit, and does not exceed the ceiling when there is one.
Therefore, the flexibility of the policies according to refunding, carryback and carryforward of unused tax
credit, and flowthrough mechanisms are not teken into account by the Bindex. Practically, the Bindex of
a country that would apply both types of tax credits (level and incrementd), depreciation adlowances, and
taxable credits, is computed as follows:.

account al available tax incentives, Bindex = , Where t = datutory corporate income tax rate; A

dlowance- DB - Dedlining balance A, =

g LntA-D*t*@-t)- Dt (1-t)
1-1t)
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Table Al. R&D tax treatment and subsidisation in OECD countries, 1996

R& D Depreciation Rete (%) Tax Credit Base Flexibility Corporate  B-Index Subsidisation
Income Tax rate
Current Machin. &  Buildings Levd Inoem Specid  Credit 1981-96 1981-96 1981-96

Exp. Equip. Allowances  Taxable ©9 9

Augtralia 150 3ys S 40ys,SL 46-36 101- 076 8-3
Begium 100 3ysL 20ys, SL 13.5%(M) 48-40 101- 101 8-4
Canada 100 100 4,DB 2% yes 42-32 084- 083 11-10
Denmak 100 100 100 2% C M, 40-34 100- 087 12-5

B)

Finland 100 30,DB 20,DB 49-28 102- 101 4-6

France 100 5ys SL 20ys,SL 50% no 50-33 102- 092 25-13
or40,DB

Gamary 100 30,DB 25ys,SL 63-57 104- 105 17-9
Irdland 100 100 100 10-10 1.00- 100 14-5
Italy 100 10ys S 33ysSL 36-53 103- 106 9-12
Japan 100 18,DB 2,DB 2% b for high-no 55-51 102- 102 2-2

tech (M)

Netherlands 100 5ys 2AYSS 125% 2 (M,B) no 48-37 101- 090 7-7
Norway 100 20,DB 5,DB 51-28 104- 102 25- 16
Spain 100 100 10ys SL % A% no 38-35 0.86- 066 4-11
Sweden 100 30,DB 25ys, S 52-28 092 - 102 14- 10
Switzerland 100 40,DB 8,DB 28-34 101- 102 1-2
United Kingdom 100 100 100 52-33 1.00- 100 30-12
United States 100 5ys DB 39ys SL 2% yes 46-35 082- 0913 32-17

Note: These figures concern the tax treatment of large firms, which account for the bulk of totd R&D invesment in OECD countries “ys’
indicates the approximeate number of years needed for a full deprediaion of invetment in machinery, equipment and buildings devoted to R&D
activities. A levd of 100 implies that the related expenditures can be fully depreciated during the year incurred. SL indicates a sraightline
deprecigtion stheme, and DB a dedining bdance scheme C, M, ad B, ae abbrevidions for current expenditures, machinery, and buildings,
respectively.

Source: OECD, Technology, Productivity and Job Cregtion- Best Policy Practices, 1998.
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Table A2.

Estimated Marginal Impact (or elasticity - e) of Publicly-Financed R& D on Private R& D 2.

Author () Comments on specification, RHS variables, and results b
Firm-leve

Rosenberg (1976) Includes output growth, concentration and barrier to entry dummies, the market share, 2.35*

USA- 1963-CS o 100fims fraction of hightech inputs, fraction of highly subsidized inputs, and employment;
oLsS

Shrieves (1978)e Includes output, technology profiles and product-market factors and a concentration -.53*

USA- 1965-CS o 411 fimms raio; OLS The edimaed paameer is negaive for different kind of industies
exceptmaterids.

Carmichad (1981) Includesoutput. OLS. The estimated parameter isnil for thebig firms. -.08*

USA - 1977 -C.S of 46 trangpart firms

Link (1982) Includes firm's redive profits  product diversfication, the ownership foom, ad a .09

USA- 1977-CS o 275fims concentration ratio; OLS. The parameter is negative for basic research, nil for gpplied
research, and positive for development.

Lichtenberg (1984) No other varidbles the esimated parameter days negative in growth rates (1972- -22¢

USA- 1977-CS o %l fimms 1977); OLS.

Scott (1984)e Indudes output and firm dummie; OLS. 08¢

USA- 1974-C.S. of 3387 linesof business

Switzer (1984) Dynamic specification, induding change in output, capita invesment, divident .08

USA- 1977-CS o 125fims payments, longterm debt, internd financing, aconcentration ratio; 3SLS.

Lichtenberg (1987) Includes output and time dummies. When the output is separated into sdes to .13*

USA-1979-84- TSCS of 187fimms government and other sales, the parameter becomesinggnificant; OLS.

Holemans and Seuwagen (1988) e Includes output, employment, industry and foreign firms dummies a concentration .36*

Bdgium- 1980-84 T.SCS of 59finms ratio, adiversification index, and payment for roydtiesand fees OLS

Antonelli (1989) e Includes output, a diversfication dummy, the share of exports in totd sdes US .37*

Italy- 1983-CS of 86firms sectoral R& D intensity, price-cost margin, and profitability; OLS.

Leyden and Link (1992) Includes the shared efforts (eg. in conferences), inte-laboratory agreements, and a 2 1.99*

USA - 1987-C.S. of 137 laboratories digit R& D/Sdesratio; 3SLS.

Industry-leve

Nadiri (1980) e Dynamic specification, including value added, Labor, fixed capitd, utilization rate, .01*

USA-1969-75- T.SC.S of 10industries and the ratio of wage to user cost of capitd; OLS. Negative impact for 5 Durables
industries.

Levin and Reiss (1984)° Includes age of cepitd, a concentration ratio and sectord dummies Indrumentd .12*

USA- 1967, 72, 77- CS of 20indudtries varigblestechnique.

Lichtenberg (1984) Indudes time and industry dummies, varidbles in growth ratess OLS. When the time .01

USA-1963-79- T.SC.S of 12indudtries dummiesarewithdrawn from the modd, the parameter becomes positive (.22%).

Mamuneas and Nadiri (1996) Trandog cogt function, including output, labor, physcd capitd, the raive price of .54*

USA - 1956-88- T.SC.S of 15industries maerids atimetrend, andindustry dummies MML.

Country-level

Lichtenberg (1987) Includes output and a time trend. Edtimates adjusted for first-order serid corrdation  .33*

USA-1956-83-T.S of residuds. When output is separated into sdes to governnent and other sdes, the
parameter becomesinggnificant.

Levy and Terleckyj (1983) Includes output, corporate taxes, unemployment, and age of R&D dock. Generdized .21*

USA-1949-81 - T.S. (private business) least squares.

L evy (1990) Includes output and country dummies. BoxCox procedure applied to the pend daa -.73*

9 countries-1963-84-T.SCS The edimates are postive for 4 countries (induding the United States and Jgpan), to
insgnificant for 2, and negative for the UK and the Netherlands. AL*

Source Adapted and extended from Capron and van Pottelsherghe (1997).

Note 1. The last column reports the average impact (or dadicity: € of govenment R&D on private R&D in the man exising empiricd dudies 2.
TS = time smies CS = ooss sction; T.SCS = pand daa OLS = ordinary leest squares 39S = three dage leet squares MML = maximum
likelihood 3. The edimates by Levin and reiss have to be interpreted as a negaive rdaionship between government and private R&D because de
dependent variableistotal R& D instead of privately-financed R&D.

* Significantly different from zero & a10% probability threshold.
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