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ABSTRACT

Does FDI Work as a Channel for R&D Spillovers?
Evidence Based on Swedish Data*

Multinational enterprises (MNEs) are important in transmitting technology
across national borders. Not only do they allow for transfer of technology
within the firm, but it is also believed that they are important channels for
international R&D spillovers as well. This Paper analyses empirically whether
inward and outward foreign direct investment (FDI) work as channels for
international R&D spillovers. We utilize firm-level as well as industry-level data
for Swedish manufacturing in the analysis. We find no evidence of FDI-related
R&D spillovers — neither at the firm-level nor at the industry-level in Swedish
manufacturing. The only variable that consistently affects total factor
productivity is own investment in R&D.
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NON-TECHNICAL SUMMARY

The hypothesis that international transactions, such as cross-border trade and
foreign direct investment (FDI), are important channels of international
technology diffusion has recently been subject to significant attention and
research. A number of studies have addressed the issue of whether trade
and/or FDI seem to facilitate international research and development (R&D)
spillovers. While several of these studies have suggested that trade and FDI
do in fact facilitate R&D spillovers, it has been pointed out that they are
associated with inherent problems with respect to methodology as well as
data coverage.

Studies that focus on FDI as a potential channel for spillovers face an
especially serious problem due to the lack of reliable data on multinational
firms. A drawback with all existing studies of FDI-related R&D spillovers is that
they use macroeconomic investment data on FDI to measure the extent of the
foreign operations of multinational enterprises (MNES). Because these data
measure financial flows between countries, they are not necessarily good
measures of real activity levels of MNEs. For instance, investments financed
by locally borrowed funds will not be included in measures based on FDI data.
Moreover, the notion that outward FDI may work as a channel for R&D
spillovers rests on the idea that MNEs may learn foreign technology through
their foreign affiliates. In order to test this hypothesis properly, firm-level data
on productivity in the MNEs themselves are needed.

In this Paper, we investigate the existence of R&D spillovers transmitted
through inward and outward FDI in the case of Sweden. The choice of
Sweden is guided by the fact that it is one of the very few countries for which
firm-level data on multinational activity are available. We apply the analysis to
two different datasets. The first consists of a panel of Swedish MNEs and thus
constitutes a firm-level sample. The second is a panel of industry-distributed
data for the Swedish manufacturing sector as a whole. The fact that we use
two different datasets enables us to examine separately the effect of R&D
spillovers at the firm level and at the national industry level. Furthermore,
because the database on Swedish MNEs incorporates data on the affiliates’
activity levels, our measure of multinational activity is superior to measures
based on direct investment data.

Using firm or industry-level data, as opposed to the country-level data used in
several previous studies, also mitigates potential causality problems. At the
country-level, a positive association between productivity growth and FDI may
simply reflect that MNEs invest more heavily in fast-growing economies in
order to supply a growing market. The strong connection between productivity



growth and demand growth that we observe on the aggregate level is likely to
be much weaker on the industry-level and especially on the firm level.

Another advantage of our data is that they allow us to examine whether the
kind of activity undertaken by a foreign affiliate matters for the extent to which
spillovers are transmitted. It may be easier for an MNE to learn foreign
technological knowledge if its foreign affiliates have their own R&D
departments, as compared to the case where they only have assembly plants.
Earlier studies have indeed found evidence of R&D in foreign affiliates partly
being motivated by so-called technology sourcing, i.e. R&D is located abroad
in order to get access to knowledge in foreign ‘centres of excellence’. Hence,
we examine whether the extent of R&D activities conducted abroad facilitates
the transmission of international R&D spillovers.

Our main conclusion drawn from the study is that we do not find any evidence
of FDI-transmitted R&D spillovers. The only variables that consistently affect
the labour productivity of MNEs are their own R&D spending and capital-
labour ratio. For total factor productivity (TFP) in Swedish industries, the only
significant explanatory variables are time dummies, suggesting a positive
trend in TFP over time. This trend may be caused by improvements in overall
technology or increased average skills of the workforce.

To check the robustness of our results, we have used several different
specifications and weighting schemes for calculating FDI-transmitted foreign
R&D stocks. The main conclusions are however robust to the choice of
specification.

The lack of evidence of FDI-transmitted R&D spillovers is somewhat
surprising, given the force of argument that MNEs play a crucial role in
spreading technology. However, it should be noted that the fact that Sweden
as a country has very high R&D expenditures and can be considered to be a
technological leader in many of the sectors in which its MNEs operate may
make the scope for international R&D spillovers limited. Still, the lack of
evidence of FDI-related spillovers for one of the few countries for which proper
data on MNE activity are available is notable. It makes more persuasive
evidence of such spillovers for other countries desirable if we are to believe in
the argument that MNEs transmit R&D spillovers.



1 Introduction

The hypothesis that international transactions, such as cross-border trade
and foreign direct investment (F'DI), are important channels of international
technology diffusion has recently been subject to significant attention and re-
search. A number of studies have addressed the issue of whether trade and /or
I'DI seem to facilitate international R&D spillovers (e.g. Coe & Helpman,
1995; Lichtenberg & van Pottelsberghe de la Potterie, 1996; Braconier &
Sjcholm, 1998; Keller, 1998; Baldwin et al., 1999).! However, as pointed out
by e.g. Keller (1998), there are inherent problems with respect to method-
ology and data coverage associated with these studies. For instance, Keller
(1998) shows that using the unweighted foreign R&D stocks rather than
the trade-weighted stocks actually improves the explanatory value of these
stocks. Furthermore, the empirical analysis in the aforementioned studies
is performed at the aggregated country or industry level, which means that
important aspects of technology diffusion at the firm level remain unexplored.

Studies that focus on FDI as a potential channel for spillovers face a
specific problem due to the lack of reliable data on the foreign operations of
multinational firms. A drawback with all existing studies of FDI-related R&D
spillovers is that they use macroeconomic investment data on FDI to measure
the extent of the foreign operations of multinational enterprises (MNEs).
Because these FDI data only measure financial flows between countries, they
tend to be rather poor measures of activity levels of MNEs.?

In this paper, we investigate the existence of R&D spillovers transmitted
through inward and outward FDI in the case of Sweden. The choice of
Sweden is guided by the fact that it is one of the very few countries for
which firm-level data on multinational activity are available. We apply the
analysis to two different data-sets. The first consists of a panel of Swedish
MNEs and thus constitutes a firm-level sample. The second is a panel of
industry-distributed data for the Swedish manufacturing sector as a whole.
The fact that we use two different data-sets enables us to examine separately

IThere is also an extensive literature focusing on technology spillovers between devel-
oped and developing countries, of which Blomstrém and Kokko (1998) provide a compre-
hensive overview.

’For instance, investments financed by locally borrowed funds will not be included in
measures based on FDI data. For a discussion of the drawbacks of using FDI data to
measure foreign operations of MNEs, see Ekholm (1995, p. 50).



the effect of R&D spillovers at the firm level, and at the national industry
level. Furthermore, because the data base on Swedish MNEs incorporates
data on the affiliates’ activity levels, our measure of multinational activity is
superior to measures based on direct investment data.

Another advantage of our data is that they allow us to examine whether
the kind of activity undertaken by a foreign affiliate matters for the extent
to which spillovers are transmitted. An MNE might benefit from a higher
degree of technology acquisition, if its foreign affiliates have their own R&D
departments, as compared to the case where they only have assembly plants.?
Hence, we examine whether the extent of R&D activities conducted abroad
facilitates the transmission of international R&D spillovers.

The rest of this paper is organized as follows. In section 2, we survey the
literature on potential channels for international R&D spillovers. Section 3
specifies the empirical model used in the analysis and section 4 presents the
estimation results. Finally, in section 5 we offer some concluding remarks.

2 International R&D spillovers

2.1 Inward FDI and R&D Spillovers

It is rather straightforward to see that inward FDI may work as a channel for
R&D spillovers and technology diffusion. The existence of MNEs is usually
taken to be the consequence of (a) the firm’s possession of unique and
superior technology, and (b) incentives to utilize this technology abroad in
foreign affiliates.* Thus, transferring technology between different locations
is an important task of MNEs. The benefit of technology transfer through
inward FDI for the host country is two-fold. First, the MNE may introduce
new technology in the host country. Second, through the MNE’s use of this
technology in the host country, it may become more accessible to domestically
owned firms as diffusion costs associated with geographic distance decline.’

3Studies by Cantwell and Hodson (1991) and Fors (1998) find evidence that R&D in
foreign affiliates is partly motivated by technology sourcing, i.e. R&D is located abroad
in order to get access to knowledge in foreign ”centres of excellence”.

4This idea underlies the so-called knowledge-capital model recently developed by
Markusen and Venables (1998); a model which is partially a formalization of the OLI
framework advanced by John Dunning (Dunning, 1977).

°Tt should be noted that the MNE has strong incentives to try to conceal its technology
from competitors as it may be the rationale for their existence. These efforts will of course



Hence, inward FDI may affect productivity growth positively by increasing
international R&D spillovers (Baldwin et al. 1999).°

However, the efficiency of FDI as a transferor of technology across coun-
tries depends on a number of factors; firm-related as well as market-related.
The most fundamental firm-related factor is probably the mode of entry into
the foreign market. If a firm enters through a merger or acquisition, the
potential for spillovers may be relatively small as new technology will be in-
troduced in the host country only gradually. But if FDI takes place through
greenfield investment, the MNE introduces new technology instantly. Con-
sequently, the potential for R&D spillovers is likely to be larger.”

The specific type of technology that the MNE chooses to install in a for-
eign affiliate may also affect the potential for spillovers from R&D. As Teece
(1977) shows, transfer costs decrease with the age of the transferred tech-
nology and the experience of the transferee. Similarly, Abramovitz (1986)
argues that social capabilities are important for absorbing new technologies.
If this is the case, there may be a tendency for newer vintages of technol-
ogy to be installed in more advanced countries and thus for FDI to have a
larger effect on productivity in such countries. At the same time, however,
more advanced countries are likely to experience a smaller technology-gap to
the technological leader and may therefore benefit relatively less from FDI
transmitted R&D spillovers. Similarly, because of the pro-competitive na-
ture of international trade, firms in countries with a history of openness to
international trade are likely to have a higher average productivity.® Again,
this works in the direction of reducing the potential for productivity effects
of FDI transmitted spillovers.

Another important factor determining the potential for FDI transmitted
R&D spillovers is the degree to which the MNE interacts with other agents
in the host country. If the affiliates form an enclave within the host country
with little contact with domestic firms, there will be few spillovers and the

tend to diminish any spillover effects.

5Tt should, however, be noted that our ability to measure productivity effects from
inward FDI hinges on the assumption that pricing decisions are not affected by FDI. If
prices do change, for example due to more or less competition in the local market, then
the measured productivity effects of FDI will be affected.

"Blonigen & Slaugther (1999) find that Japanese greenfield investment is the only type
of FDI into the US that affects relative factor demand.

8See Edwards (1997) on evidence on the linkage between openess and growth and
productivity.



increase in productivity will mainly accrue to the MNE itself. Consequently,
the more diversified the firms are in the host country and the more integrated
the foreign-owned firms are in the host economy, the larger the spillovers are
likely to be. In particular, the establishment of networks with local suppliers
in the host country on the part of the MNE is likely to be important for
increasing technology diffusion (Lall, 1980). Also, a high degree of labor
mobility between the foreign affiliates of the MNE and domestic firms is
likely to have an effect in the same direction, as the workers bring with
them the knowledge of new techniques when they move from one employer
to another (Fosfuri et al., 1999).

Looking for evidence of R&D spillovers transmitted by inward FDI, it is
important to establish at what level we should expect to observe any effects.
For a foreign affiliate, R&D conducted by the parent firm is likely to affect
productivity. However, this is, per definition, not a spillover effect. The nat-
ural unit of observation is rather the industry in the host country, excluding
the foreign affiliate, or individual local firms. However, industry-level data do
not allow such a separation. Hence, empirically, studies using industry-level
data are not able to distinguish between the within-MNE productivity effect
and the spillover effect. By examining firm-level data, it is possible to test
for the impact of inward FDI on the productivity of domestic firms, thereby
focusing directly on the spillover effect. This has been done for different
developing countries, see e.g. Aitken and Harrison (1999), and Blomstrsm
and Kokko (1998) for a survey. The empirical evidence appears to be mixed:
inward FDI is found to have a significant positive impact on productivity in
some countries, while Aitken and Harrison (1999) find a negative impact of
inward FDI on local firms’ productivity.

2.2 Outward FDI and R&D Spillovers

The standard theory of the MNE builds on the idea that the firm possesses
some unique asset which may be exploited abroad through the establishment
of foreign affiliates.” However, a further explanation may be the firm’s desire
to acquire new technology either by purchasing foreign firms or establishing

®The firm’s incentives to produce abroad may stem from the existence of trade costs
which make exporting a less advantageous strategy (see Markusen & Venables, 1998), or
from low production costs abroad (see Helpman 1984, 1985, Markusen et al., 1998).



R&D facilities in so-called ’centers of excellence’ abroad.!” Through this kind
of technology sourcing, the firm may gain access to technological knowledge
stemming from the host country. Thus, there may be reversed technology
flows where technology is transferred from a particular host country to units
in the home country, or to affiliates in other host countries. Consequently, a
country may enjoy R&D spillovers through outward FDI.

The extent of R&D spillovers transmitted through outward FDI depends
on a number of factors. First, there must be a pool of knowledge in the host
country from which the MNE can extract new technologies. Therefore, the
level of technological proficiency of domestic firms relative to the MNE is
likely to affect the potential for R&D spillovers (e.g. Kogut & Chang, 1991).
Second, the level of interaction between the MNE’s affiliates and other agents
in the host economies is a very important factor. Especially the interaction
between scientists and technicians engaged in R&D is likely to promote the
spreading of technological knowledge. Hence, it seems reasonable to expect
that the extent of R&D undertaken in affiliates in a host country will affect
the MNE’s ability to absorb new technologies from that country. However,
there are cases where foreign R&D operations may have little to do with
technology sourcing; for instance in the case where R&D is undertaken solely
in order to adapt the MNE’s technology to local conditions. Finally, just as
in the case of inward FDI, the mode of entry, the degree of labor mobility,
and the extent of supply linkages are likely to be important for the amount
of R&D spillovers that will be transmitted through outward FDI.

In analyzing R&D spillovers transmitted through outward FDI, it is im-
portant to make a distinction between productivity effects on the MNE as
a whole, on the home parts of the MNE, and on the home economy of the
MNE. If R&D spillovers are transmitted through outward FDI, we should
primarily expect productivity increases at the level of the whole MNE. The
firm absorbs new technologies, and this should lead to a higher level of pro-
ductivity at the level of the firm. From a policy perspective, however, the
more relevant issue is whether this also leads to a productivity increase in the
parts of the firm that are located in the home country and in purely domestic
firms. Obviously, this does not have to be the case, since any productivity

10The importance of technology sourcing as motive for investing abroad is underscored
by the findings of Kogut and Chang (1991), and Neven and Siotis (1996), who report that
R&D intensity in the host country has a positive impact on outward FDI. This was found
to apply for Japanese investment in the US, as well as for US and Japanese investment in
Europe.



increase may be confined to foreign affiliates. However, the total effect on the
home economy is potentially larger than the effect on the home part of the
MNE, since the knowledge of foreign technologies may diffuse even further
as the MNE interacts with other agents in the home economy.

3 The Empirical Model

In this section we specify the model used in the empirical analysis. We
assume the following Cobb-Douglas specification of the production function
of firm :

Y; = A LE KA (1)

where Y is output (value added), A is a technology parameter capturing
total factor productivity (TEFP) and L and K are labor and capital inputs,
respectively. The technology is assumed to be constant returns to scale in
capital and labor. Given the specification of the production function, TFP
(A;) can be computed as:

A; Ys

ZZW (2)

where « is labor’s share of value-added. For firm-level data, we have no reli-
able data on capital stocks, and are therefore reluctant to construct measures
of TFP. Instead, we measure productivity in terms of labor productivity (%)

From (1) it follows that
Y; K\
=A== 3
F-4(%) &

We assume that TFP depends on the firm’s own R&D capital and, due
to R&D spillovers, also on R&D capital stemming from other firms. More
specifically, we assume the following relationship to hold for a firm 7 that
belongs to industry k:

+8,,In[FDI, (4)



where S; is the firm’s own R&D capital stock, SP is the total domestic R&D
stock in sector k and S¥ is the stock of foreign R&D in sector k available to 4
through other channels than FDI. Possible channels for R&D spillovers cap-
tured by S{ are international trade, migration, industrial espionage, scientific
writing etc. OFDI; and IFDI; measure R&D spillovers through outward
and inward FDIL

In order to model R&D spillovers through FDI we have to define the po-
tential for R&D spillovers and model the mechanism of transmission. We fol-
low the previous literature in defining the potential source of R&D spillovers
from a certain country as the R&D stock of that country.!!
assume that the technological knowledge which is potentially relevant for a
firm, is the one which belongs to firms that are ’similar’ to the firm at hand.
More specifically, in our firm-level analysis, we define the potential for for-
eign R&D spillovers as the foreign country’s R&D stock in the industry (k)
in which the MNE is active. Hence, we restrict our analysis to intra-industry
spillovers. The fact that we use a fairly high level of aggregation regard-
ing industry classification increases the potential for intra-industry spillovers
relative to inter-industry spillovers. Moreover, because we use fixed effect
estimators and time dummies we will control for inter-industry spillovers as

However, we

long as they are stable across firms and industries over time.

In order to model the transmission mechanism through FDI, we would
have liked to take a number of factors into account, such as the mode of
entry and local market conditions. However, the lack of data, as well as
tractability, forces us to use a cruder approach.

Starting with outward FDI, the first question is how to measure the firm’s
ability to absorb foreign technology. We define the transmission potential as
the MNE’s share of total host country activity in the industry to which
the MNE belongs. This means that our measure of R&D spillovers from a
particular host country is the MNE’s share of activity in industry & multiplied
by the host country’s R&D stock in the same industry. A similar weighting
scheme is employed by Lichtenberg and van Pottelsberghe de la Potterie
(1996).

More specifically, our primary measure of R&D spillovers through out-

11See e.g. Coe & Helpman (1995) and Grilliches (1979, 1994). Note, however, that
ideally we would have liked to measure the output of the R&D process (new technologies)
rather than inputs. See Grilliches (1979) on the relationship betweeen input and output
in R&D activity.



ward FDI (OF DI) is defined in the following way:

OF DI, = Z [;’“

J

S (5)

kj

where L, ;;, is a measure of the activity level of MNE 4 that is active in sector
k in country j, Lg; is a measure of the activity level in industry k in country
7, and Sg; is the R&D stock in industry & in country ;.

In the empirical analysis we use employment as our primary measure of
activity levels. However, in an attempt to tie the analysis closer to the litera-
ture on technology sourcing, we also use R&D activities in foreign affiliates in
order to define the transmission potential. In the latter case, R&D spillovers
through outward FDI are defined as the MNE’s share of the host country’s
total R&D activities in industry & multiplied by the host country’s R&D
stock in k (see Appendix A).

For inward FDI, we use industry-level data. We define the transmission
mechanism in a similar way as for R&D spillovers through outward FDI.
Thus, the potential for R&D spillovers through inward FDI is measured as
the ratio between Swedish employment in affiliates of MNEs originating in
country j and total employment in industry k& in country 7, multiplied by
the home country’s R&D stock in industry k. More specifically, we use the

following definition:'?

Lia:
IFDL; =) L’“:J Shkj (6)
j J

where Lyg; is the number of employees in Sweden in industry k that work in
affiliates of MNEs from country j.

To check the robustness of our results, we have also defined a num-
ber of variables capturing FDI-related R&D spillovers using other weighting
schemes. A complete list of weighting schemes is found in Appendix A. As
the results of the empirical analysis turn out to be qualitatively unaffected
by the choice of weighting scheme, we shall only present results based on (5)

and (6).

12Tn the analysis based on industry-level data, the corresponding variable is defined as:

ki J
13The weighting scheme used is again analoguous to that used by Lichtenberg and van
Pottelsberghe de la Potterie (1996).




As for the variable S}’ i.e. the variable capturing R&D spillovers trans-
mitted through other channels than FDI, this is simply measured as the sum
of foreign R&D stocks in industry k:

Sk = Z Sk (7)

4 Empirical Results for Swedish Manufactur-
ing

The empirical analysis is conducted on two data sets: one consisting of a
panel of Swedish multinational firms and one consisting of industry-distributed
data for Sweden. The firm-specific data are taken from the Research Institute
of Industrial Economics (IUT) database on Swedish MNEs.!* These data are
collected every four years since 1970, with the exception of 1982, and we use
observations for 1978, 1986, 1990 and 1994. Data on value added, employ-
ment in the Swedish parts of the MNEs as well as in affiliates in foreign coun-
tries (outward FDI), book value of capital stocks and R&D spending within
the firm are from this database, while employment data for each industry in
each country are from STAN (OECD). Data on domestic (Swedish) industry-
level R&D and foreign industry-level R&D are from the OECD database
ANBERD. Data on foreign multinational activity in Sweden (inward FDI)
are from Statistics Sweden. All variables have been converted into 1990 USD
by using the Swedish GDP deflator and the PPP exchange rates from STAN
(OECD). As for the industry-level analysis, the data sources are the same as
in the firm-level analysis, except for data on employment and value added
which are from STAN (OECD) and capital stocks from Statistics Sweden.'®

4.1 Firm-Level Analysis

In the econometric analysis of the firm-level data, firms are only included if
we have at least two observations during the period 1978 to 1994. Altogether,

14See Braunerhjelm & Ekholm (1998) for a description of the dataset.

5Tn the industry-level analysis, our time series for productivity levels start 1980. We
have used data on foreign operations by Swedish multinationals in 1978 to construct our
measure of R&D spillovers through outward FDI for 1980.

10



this leaves us with an unbalanced sample of 84 firms and 217 observations.!®

We use the (log of) labor productivity, computed as value added per employee
at firm level, as the dependent variable. However, to examine whether R&D
spillovers benefit the home country of the MNEs, we have also used labor
productivity of the Swedish part of the firms as regressand.

In our base specification the (log of) labor productivity in firm i takes
the form:

K;
85 InIF DIy + ﬂ61n< t> + > 8D,

Ly B
y=1978,1936,
1990

where R; is total R&D spending of firm i (as a proxy for the firm’s R&D
stock), SP is the Swedish R&D stock in the industry in which firm i is active,
S} is the unweighted foreign R&D stock, OF DI; is the measure of R&D
spillovers through outward FDI and [F' DI the measure of R&D spillovers
through inward FDI. Finally, (%) is the capital intensity of firm ¢ while
D, represents a time dummy for each year included in the analysis, except

1994.17

In Table 1, we present some preliminary statistics for the four years of
observation. We see that labor productivity and the capital-labor ratio have
increased over the period of observation, with mild decreases between 1986
and 1990 and sharp increases taking place between 1990 and 1994. Average
real R&D spending in Swedish MNFEs more than doubled during the period.
FDIIN denotes degree of penetration of inward FDI in Sweden, measured
as the share of Swedish manufacturing employment that can be attributed to
foreign-owned firms. Similarly, F'DIOUT is degree of penetration of outward
FDI, measured as the foreign share of the Swedish MNEs’ total employment.
Table 1 shows that the unweighted average of F'DIIN has risen from 6 to 12
percent, while the unweighted average of I'DIOUT has increased from 21 to
29 percent between 1978 and 1994.

{Table 1 about here}

Table 2 shows the correlation between the different variables included in
the econometric analysis. The (log of) labor productivity is fairly highly

16These firms cover somewhat less than half the total sample of Swedish multinationals.
I"For a detailed account of the construction of the variables in (8), see appendix A.

11



correlated with the firms’ own R&D spending, R&D spending within the
industry in Sweden and the capital-labor ratio, while the correlation with all
the other independent variables is low.

{Table 2 about here}

To begin with, we estimate equation (8) with OLS, a fixed-effects (FE)
model and a random-effects (RE) model. The results are presented in the
first three columns of Table 3. All three methods yield similar results. Re-
gardless of estimation technique, the capital-intensity and firm’s own R&D
spending have positive and significant effects on labor productivity and the
estimated coefficients are very similar.'!® However, there is no evidence of
R&D spillovers transmitted through inward or outward FDI — regardless of
whether we analyze total variation across firms and over time (OLS), or
whether we focus on the variation when time-invariant firm-specific effects
have been removed (FE).

{Table 3 about here}

IFrom Table 2 we see that OF DI, IF DI and ST are highly correlated
with each other. This leads us to believe that we may have a problem with
multicollinearity regarding these variables. In column 4 we therefore present
the results from an FE estimation where we have excluded the unweighted
foreign R&D stock (ST). However, this is not found to have an impact on
the significance of the remaining variables.'®

The sample of MNEs constitutes a very particular sub-sample of firms
which is not necessarily representative for local Swedish firms, and possibly
less affected by inward FDI than the average local firm. Hence, in column 5
of Table 3 we report the results from an estimation where both IF'DI and S*
are excluded. The results for the other variables included in the specification,
still do not change.

As argued earlier, R&D spending in foreign affiliates may be a better
indicator of the MNE’s capacity to absorb foreign R&D results than em-
ployment. Consequently, in column 6 of Table 3 we use the R&D-weighted
foreign R&D stocks instead of the employment-weighted ones. Compared
to the employment data there are fewer observations on R&D conducted in
foreign affiliates, which leaves us with a panel of only 66 firms. We may

¥ Time dummies are not reported.

9Tn the following we only use the FE model, as the hypothesis of no fixed-effects is
rejected and it seems likely that (unobserved) determinants of productivity differences are
better captured by an FE model than an RE model. The test statistic for Hg: No fixed
effects is F(37,74) = 2.92%
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also encounter selection-bias problems when using R&D spending instead of
employment, as R&D data are mainly missing for the smaller firms in the
sample.?’ Still, with these caveats in mind, we conclude that the results
give no support for the hypothesis that R&D in foreign affiliates increase the
firms’ ability to absorb foreign R&D results.?!

As argued in section 2, productivity in the home parts of the MNE is
the relevant variable for domestic welfare considerations. Moreover, when
estimating the impact of R&D spillovers transmitted through inward FDI
at the firm level, it is probably more relevant to confine the analysis to the
productivity of the Swedish parts of the firms (bearing in mind that our
sample lacks representativeness). Therefore, we also present the results from
an estimation of equation (8) where the dependent variable is taken to be the
labor productivity in the Swedish parts of the firms. Since physical capital
is a rival (location-specific) input whereas R&D is a non-rival (firm-specific)
input, we use the capital intensity of the Swedish part of the MNE, while
retaining total firm-level R&D spending, in this estimation. The results from
this estimation are presented in column 7 of Table 3. As can be seen, there
are no significant effects from R&D spillovers transmitted through either
outward or inward FDI. Nor do we find any significant effects from the firms’
own R&D spending in this estimation. This suggests that the firms’ R&D
investments, which are mainly undertaken in Sweden, may do more to raise
productivity in foreign affiliates than in the parent firms in Sweden. However,
this result could also be due to the fact that most of the costs of conducting
R&D are allocated to the Swedish parts of the MNEs while the benefits (in
terms of higher productivity) are shared across all units.

We conclude that neither inward nor outward DI seems to be essential
for the transmission of R&D spillovers affecting labor productivity in Swedish
MNEs. The only variables that consistently seem to affect labor productivity
are the firms’ own R&D spending and their capital-labor ratios.??

20A further problem is that for a large number of observations, reported R&D spending
in foreign locations is zero, which means that we cannot take the logs of these observations.
We therefore set R&D spendings in these cases to one.

2Tt should be noted that, qualitatively, the reported results also hold for the inclusion
of the variables IF DI and S¥ and an RE specification of the model.

22We also divided the sample into high and low-tech industries — according to R&D
intensity — to see whether the effects differed between the two samples. As we found no
significant effects for OF DI and IF DI in any of the samples, these regressions are not
presented.
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Finally, it may be instructive to see whether inward and outward FDI
per se affect labor productivity in the Swedish MNEs. In the last column
of Table 3, we present results from estimations where we have replaced the
FDI-weighted R&D stocks with the two measures of the degree of FDI pen-
etration, F'DIIN and FDIOUT, measured at the industry and firm level,
respectively. The results indicate that none of the penetration variables affect
labor productivity. Thus, the extent to which an industry is characterized
by inward FDI activity does not appear to be related to the productivity
in Swedish MNEs. Nor does the MNESs’ degree of outward FDI seem to be

correlated with labor productivity within the firm.

4.2 Industry-Level Analysis

Next we turn to the analysis of spillovers at the industry level. Given that
we did not find any strong evidence of R&D spillovers transmitted through
outward FDI at the firm level, it seems unlikely that we should find evidence
of such spillovers at the industry level. However, potential effects on produc-
tivity stemming from inward FDI are more likely to be picked up when we
focus on productivity in aggregates, including both the foreign-owned firms
themselves as well as pure domestic firms.
For the industry level, the following base equation is estimated:

InTFPy = ao+ailnSh+ayInSiy, +azln [FDI, 9)
+oyInOFDLy+ > 6,D,

y=1980,1986,
1990
where T'F'P,; i1s an index measuring total factor productivity in industry k
and D, again is a time dummy controlling for fixed time effects.

Table 4 shows summary statistics for the variables included in the industry-
level analysis. As can be seen, the TFP index increases by 68 percent in the
period 1980-1994. A particularly sharp increase in TFP is found between
1990 and 1994. This is probably due to the increase in productivity that
occurred after Sweden went into a deep recession in the early 1990’s. During
the first years of the 1990’s, there was a very sharp decline in industrial ac-
tivity, and the closure of many plants increased the average productivity in
Swedish manufacturing. The average domestic R&D stock has also increased
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substantially during the time period studied. It more than doubled between
1980 and 1994.

{Table 4 about here}

Table 5 shows the simple correlation matrix for the index of TFP and the
different independent variables. TEFP is weakly correlated with all potential
regressors except inward FDI-penetration. The degree of correlation between
the R&D variables is now even higher than in the firm level analysis.

{Table 5 about here}

The fact that the four R&D variables are highly correlated with each
other indicates that we may have a serious multicollinearity problem. Re-
gardless of whether we weigh the R&D stocks by inward or outward FDI,
or whether we weigh them at all, domestic and foreign R&D stocks seem to
follow the same trends. Thus, changes in R&D stocks and the magnitude of
such changes seem to be industry rather than country specific. To separate
the effects of foreign and domestic R&D on productivity from each other, as
well as to establish the importance of outward and inward FDI as channels
of technology diffusion may thus be a difficult task.

We report the results based on equation (9) in Table 6. The first two
columns show the random-effect and the fixed-effect estimators for the base
equation.?® Again, we can reject the hypothesis of no fixed-effects so we shall
primarily focus on the FFE specification. As can be seen from Table 6, the
coefficients for ST and IF' DI are the only ones that are significant and they
have an unexpected negative sign. Furthermore, the coefficients for the time
dummies are all negative and highly significant, which indicates a positive
trend in TEFP across industries. This positive trend might be explained by
other sources of increased technological knowledge, such as inter-industry
R&D spillovers, government spending on R&D, or by an increased skill-level
among employees. To check whether the inclusion of all R&D variables cre-
ates a problem with multicollinearity, we have excluded ST from the spec-
ification presented in column 3 and S” from the specification presented in
column 4. As can be seen, this does not affect the results for OF DI and
IFDI. However, the exclusion of SP makes the estimated coefficient of S
insignificant. Thus, in contrast to e.g. Grilliches (1994), our results give no
support for the idea that there is an excess return to investment in R&D

23Note that an OLS estimation does not make sense when TFP is used as the dependent
variable since the choice of units can affect the ordinal ranking of industries with respect
to the measure of TFP.
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within industries.?*

{Table 6 about here}

To check whether inward or outward FDI per se is related to TFP, we
have again run regressions with inward and outward FDI penetration as inde-
pendent variables instead of the weighted R&D stocks. As can be seen from
column 5 in Table 6, none of the penetration measures have any significant
impact on TEFP. We therefore conclude that, at the industry-level, we find no
evidence that TFP is affected by either inward or outward FDI. It is espe-
cially important to note that we do not find any evidence of R&D spillovers
being transmitted through inward FDI at the industry level. Given that here
we should pick up any effect of a higher productivity in the foreign-owned
firms themselves, this is perhaps somewhat surprising. However, almost all
Swedish affiliates of foreign firms have come about through M&As; very few
are the results of greenfield investments. Hence, the lack of effect of IF DI
on TFP could be a reflection of weak technology transfers associated with
M& As.

All in all, our results do not lend any support to the hypothesis that
FDI is an important channel for international technology diffusion for the
Swedish manufacturing sector. This is partly in line with Lichtenberg and
van Pottelsberghe de la Potterie (1996), who do not find any support for
the hypothesis that R&D spillovers are transmitted across OECD countries
through inward FDI (although they do find support for the idea that they
are transmitted through outward FDI). The results in Braconier and Sjsholm
(1999) and Baldwin et al. (1999) differ from those of Lichtenberg and van
Pottelsberghe de la Potterie (1996) as well as from ours, in that both studies
report positive findings of international R&D spillovers transmitted through
inward DI

One question that should be raised here, is whether Sweden constitutes a
special case. Particular features of the Swedish economy may make foreign
R&D spillovers relatively less important. Swedish manufacturing is dom-
inated by a few very large and highly internationalized corporations that
undertake most of the private sector’s R&D investments. These R&D in-
vestments are very high from an international perspective and reflect the
fact that Sweden ranks among the top countries with respect to share of

?4Like in the firm-level analysis, we also divided the sample into high and low-tech
industries. As we found no significant effects for OF DI and I F'DI in any of the samples,
these regressions are not presented.
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R&D expenditures in GDP.?® As a consequence, in those industries where
FDI is important, the technology of the Swedish firms is most probably very
close to the technological leader and, hence, the scope for R&D spillovers
small. We have conducted a similar industry-level analysis for the only other
country for which we have activity level data on inward and outward FDI,
which is the US, but found no evidence of FDI-linked R&D spillovers and
nor did we find any correlation between outward and inward FDI-penetration
and the level of TFP. However, the US is in many respects similar to Sweden
regarding technological proficiency and R&D spending. The results for the
US are not reported in the paper.?® Other factors that may reduce the scope
for R&D spillovers are the dominance of M&As in Swedish inward FDI, and
the fact that the Swedish economy exhibits a relatively low degree of labor
mobility.

5 Concluding remarks

In this study, we have used firm-level and industry-level data for Sweden to
study whether inward and outward FDI work as channels for international
R&D spillovers. We argue that industry data and, even more so, firm level
data increase the probability of observing patterns of actual spillovers as
opposed to spurious correlations. Especially in the case of outward FDI, if
we are to take country level results seriously, spillovers should at least be
observed at the firm level. In the case of inward FDI, for which we only have
industry level data, one could argue that purely domestic firms should be the
main beneficiaries of R&D spillovers. Hence, effects of inward FDI should
primarily be expected to appear at the industry level.

A major advantage of this study compared with previous studies of FDI-
transmitted R&D spillovers, is that we use activity data for MNEs rather
than FDI stocks to measure the potential for R&D spillovers. Unlike previous
studies which have relied on macroeconomic investment data, we are thus
able to measure directly the extent of the MNES’ foreign involvement. In the
analysis, we have used affiliate employment as well as affiliate R&D spending
in our measures of FDI-transmitted R&D spillovers.

A further advantage of using firm or industry-level data, as opposed to

251n 1995, total R&D expenditures as a share of GDP was 3.59 percent, while the average
for the OECD countries were 2.15 percent.
26The results for the US are available from the authors on request.
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country-level data, is that causality problems are mitigated. At the country-
level, a positive association between productivity growth and FDI may simply
reflect that MNEs invest more heavily in fast-growing economies in order to
supply a growing market. The strong link between productivity growth and
demand growth that we can observe at the aggregate level is likely to be
much weaker on the industry-level, and especially at the firm-level.

To check the robustness of our results, we have used different specifica-
tions and weighting schemes of inward and outward FDI. The main conclu-
sions are however robust to the choice of specification: For Swedish MNEs, we
do not find any evidence of FDI-transmitted R&D spillovers. We find that
the only variables that consistently affect the labor productivity of these
firms, are their own R&D spending and capital-labor ratio.

Turning to the industry-level analysis, we find no evidence of inward or
outward FDI being important for productivity in Swedish manufacturing in-
dustries. Neither inward nor outward FDI appear to be an important channel
for international R&D spillovers. Moreover, neither inward nor outward FDI
penetration is correlated with total factor productivity. The only significant
explanatory variables for TEFP are time dummies, suggesting a positive trend
in TEP over time. This trend may be caused by improvements in overall
technology or increased average skills of the workforce.

The lack of evidence of FDI transmitted international spillovers is some-
what surprising, and suggests that international technological spillovers are
less enjoyed by countries with high R&D expenditures, i.e. technological
leaders. It should further be emphasized, that this study concentrates on
spillovers from OECD countries, which all have very similar levels of tech-
nology. Consequently, it may be that the scope for technology spillovers is
very limited for these countries.
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Appendix

A FDI Weights

In the analysis, we have used different weighting schemes for the FDI-transmitted
spillover variables. For outward FDI, using employment data for foreign af-
filiates, the following three different variables have been used:

Lins
OF DIy = ZZ’lL s (10)
kit
Ethzgkt
OFDI2; Sky 11
D (1)
Zthz‘jkt
OFDI3y, =y Lbtg, 12
2 T (12

where L is employment and S is the R&D stock. The subscript h denotes
foreign affiliate, i denotes firm (MNE), k denotes sector and j denotes host
country of affiliates. The subscript S denotes Sweden (e.g. L;g is the em-
ployment in the Swedish part of firm 7). Corresponding measures have been
constructed for the industry sample, where the MNEs have been distributed
over industries based on the main activity of the MINE.

For inward FDI, the following variables have been used:

Lias:
IFDIy =) L’“Sﬁ Shit (13)
- kjt
LkSgt
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where Ljg; denotes the employment in Sweden in sector £ that can be at-
tributed to firms originating in country j.

The alternative measures for outward FDI based on R&D data have been
constructed as follows:

Ry,
OUTRD1 4 = Z Eh LZLES (16)
jkt
Zh Rhmt
OUTRD2; = ) <=2 g, . 17
kt Z E Eh Rhljkt k]t ( >
R
OUTRD3, = > 2o B Skt (18)

(Zj > on Bnijre + RikSt)

Rhpi
OUTRDAe = Z Znhigre g (19)

szt

where R is R&D expenditures and the indexation is as before (i.e., Ry
is R&D expenditures in affiliate h that belongs to firm i and is located in
country j while R;j, is R&D expenditures in industry k in country j).

B Data

Both our data sets for Sweden relate to the manufacturing sector only and
use the same division of industries into the following 16 sectors: Food, Bev-
erages & Tobacco; Textiles, Apparel & Leather; Wood Products & Furni-
ture; Paper, Paper Products & Printing; Chemicals; Petroleum Refineries
& Products; Rubber & Plastic Products; Non-Metallic Mineral Products;
Iron & Steel; Non-Ferrous Metals; Metal Products; Non-Electrical Machin-
ery; Electrical Machinery; Transport Equipment; Professional Goods; Other
Manufacturing. In the econometric analysis, the industries Petroleum Re-
fineries & Products and Other Manufacturing have been excluded because of
the difficulties related to construction of appropriate R&D stocks for these
industries.
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B.1 Productivity Growth

TEP series have been computed from data from a number of sources. Value
added, employment and total labor costs have been collected from STAN
(OECD, 1999) and have been expressed in 1990 prices. The shares of la-
bor costs have also been computed from STAN. Capital stocks, on the other
hand, have been supplied by Statistics Sweden for the period 1980 to 1994
(and they are expressed in 1990 prices). The cost shares of labor and cap-
ital are constructed by taking the average for the period 1980 to 1996 for
each industry. The reason for taking averages, is that there is a significant
variability in factor shares over the business cycle due to labor hoarding etc.

In the firm-level regressions, where we use value added per employee as
productivity measure we control for the capital-intensity of the firm. The
capital-labor ratio of firm 7 is computed as the book-value of capital (in 1990
USD) per employee.

B.2 R&D variables

We have constructed R&D stocks for each industry in Sweden (SP2), as well
as for each industry in the other countries included in the sample (Sk;)
and also unweighted joint stocks for each industry in the other countries
(SF = Zj Skj). The countries are the following: Australia, Canada, Den-
mark, Finland, France, Germany, Italy, Japan, Netherlands, Norway, Spain,
Sweden, United Kingdom and the U.S. Data on R&D spending have been
collected from the OECD database ANBERD (1998). ANBERD includes
observations on R&D spending from 1973 for all the included countries.

To construct R&D stocks for the initial year (1973) we follow Coe and
Helpman (1995) and assume that Sy = Ry/ (g + 6), where the initial stock
(in 1990 USD) is a function of initial real R&D spending, growth in real R&D
spending (1973 to 1995) and the rate of depreciation. We have set the rate
of depreciation to 5 percent. Fast growing R&D spending combined with the
fact that we do not include observations prior to 1978 in the main analysis
will mitigate potential measurement problems due to this procedure.

From 1973 and onwards R&D stocks are computed with the perpetual
inventory method (S; = (1 — 8) Sy 1+ R 1). Data on real R&D spending in
USD (1990 prices) have been constructed by deflating nominal R&D spending
with the GDP deflator (from OECD FEconomic Outlook) to 1990 prices in

national currencies. The transformation into USD has been carried out with
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PPP exchange rates from STAN (OECD), with the exception of Ireland for
which we have taken PPP estimates from BILAT (OECD).

In the firm-level regressions we have used a proxy for R&D stocks in the
individual MNE. From the IUI database we only have data on R&D spending
for the sampling years. The variation in R&D spending is substantially higher
at the firm level than at the industry level and complete series on R&D
spending are only available for a few firms. Due to these data problems, we
have not tried to compute stocks of R&D for the individual firms, but rather
use real R&D spending as a proxy for this variable.?” This may be a fairly
good proxy if the (excess) private return to R&D declines rapidly over time

and converges to the industry-wide (excess) return that is captured by the
R&D stock in the industry.®®

B.3 Data on Multinational Activities

Data on foreign activities by Swedish multinational firms have been collected
by the Research Institute of Industrial Fconomics (IUT) through comprehen-
sive surveys about every fourth year since 1970. We have used data from
the surveys made in 1978, 1986, 1990 and 1994. This data-base gives us the
number of employees for each foreign affiliate of the Swedish multinationals
covered by the survey (which constitute around 85-95 percent of the total
number of Swedish multinationals). By aggregating on the basis of industry
of the parent company and host country, we get the employment measure
used to construct our FDI-weighted R&D stocks.

The country- and industry-distributed data on employment in foreign-
owned firms in Sweden used to construct weights for inward FDI have been
supplied by Statistics Sweden.

2TWe have also tried to use lagged real R&D spending, but the correlation with current
R&D spendings is very high (0.98).

28 Branch (1974) and Grilliches (1979) show evidence of short lags (2 to 5 years) between
R&D spending and productivity and profitability at the firm level.
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Table 1. Unweighted averages for firm-level
parenthesis) in 1990 US $ equivalents

data (standard deviations in

Variable LP K/L R FDIIN | FDIOUT IFDI OFDI

1978 (n=40) | 29.3E+03 |23.6E+03 |22.6E+06 |0.06 |0.21 1.78E+08 |8.12E+07
(4.89E+03) | (17.6E+03) | (39.4E+06) | (0.04) |(0.16) (2.26E+08) | (2.19E+08)

1986 (n=59) | 34.1E+03 |25.3E+03 |[42.0E+06 |0.10 [0.23 2.46E+08 |1.46E+08
(8.16E+03) | (17.0E+03) | (112E+06) |(0.07) |(0.16) (2.99E+08) | (5.85E+08)

1990 (n=78) | 31.9E+03 |25.0E+03 |31.5E+06 |0.11 |0.28 2.87E+08 |1.45E+08
(9.17E+03) | (19.5E+03) | (112E+06) |(0.07) |(0.17) (3.81E+08) | (7.58E+08)

1994 (n=55) | 43.4E+03 |33.8E+03 [49.2E+06 |0.12 |0.29 2.97E+08 |2.12E+08
(12.6E+03) | (34.4E+03) | (183E+06) |(0.09) |(0.17) (3.91E+08) | (9.33E+08)

Table 2: Correlation matrix, firm-level data

n=99 In(LP) | In(R) | In(S°) | In(S) | In(K/IL) |In(OFDI) | In(IFDI) | In(OUTFDI) | In(INFDI)

In(LP) 1.00

In(R) 0.22 [1.00

In(SP) 021 |0.32 [1.00

In(S7) 012 |0.36 [0.83 |1.00

In(K/L) 054 [024 |0.06 |-0.07 |1.00

In(OFDI) 009 |0.79 |051 |062 |011 1.00

In(IFDI) 012 (029 080 |0.92 |-0.03 0.56 1.00

IN(OUTFDI) [-0.02 |-0.02 |0.07 |0.05 |-0.06 0.35 0.12 1.00

In(INFDI) 016 |0.04 043 |058 |0.01 0.30 0.78 0.25 1.00

Table 3: Determinants of Labor Productivity in Swedish Multinationals 1978-

1994 (Dependent variable: log of labor

productivity)
4

Regression 1 2 3 5 6 7 8
Method OLS| FE | RE | FE | FE | FE | FE | FE
In(R) 0.041* |0.050* (0.045* |0.052* [0.052* |0.048* (0.048 |0.054*

(0.01) (0.02) /(0.01) |(0.02) |(0.02) |(0.03) (0.03) ((0.02)
In(S) 0.017 |0.093 [0.023 [0.044 [0.058 [0.034 [0.061 [0.034

(0.02) |(0.08) (0.03) |(0.06) |(0.05) (0.07) (0.07) |(0.05)
In(S) 0.014 -0.079 [0.005

(0.03) (0.08) ((0.04)
In(K/L) 0.186* 0.181* (0.183* 0.179* (0.183* 0.242* 0.172* 0.177*

(0.02) |(0.05) |(0.03) |(0.05) |(0.05) |(0.06) |(0.04) |(0.05)
In(OFDI)  [-0.039 -0.021 |-0.038 -0.031 [-0.030 0.003 [-0.041

(0.01) /(0.02) /(0.01) |(0.02) |(0.02) |(0.00) [(0.02)
In(IFDI) 0.017 (0.023 [0.018 |0.011 0.012

(0.02) |(0.03) (0.02) |(0.02) (0.03)
In(FDIOUT) 0.012

(0.03)
In(FDIIN) 0.018
(0.03)

R°(overall) 048 (048 050 (048 047 [0.45 [0.43 [0.40
R?(within) 057 057 057 (057 [0.64 (055 [0.58
No.Ofobs. 217 217 217 217 217 152 205 [224

Note: The asterisk (*) denotes significance at the 5 percent level.




Table 4: Unweighted

averages for industry-level data (standard deviations in

parenthesis)

Variable TFP S S FDIIN | FDIOUT | IFDI OFDI
(1980=1)

1980 1.00 1.09E+09 |1.19E+11 |0.05 [0.12 1.26E+08 |2.44E+08

(n=14) (0.00) (L.12E+09) | (1.56E+11) | (0.04) |(0.14) (2.03E+08) | (5.04E+08)

1986 1.17 1.53E+09 |1.45E+11 |0.09 |0.16 1.73E+08 |6.24E+08

(n=14) (0.15) (L.78E+09) | (1.94E+11) | (0.07) |(0.26) (2.58E+08) | (1.54E+09)

1990 1.27 1.89E+09 |1.68E+11 |0.11 [0.21 2.33E+08 | 9.44E+08

(n=14) (0.28) (2.32E+09) | (2.26E+11) | (0.08) |(0.29) (3.31E+08) | (2.13E+09)

1994 1.68 227E+09 |1.85E+11 |0.16 |0.24 2.33E+08 | 9.44E+08

(n=14) (0.80) (2.87E+09) | (2.46E+11) |(0.13) |(0.34) (3.77E+08) | (2.16E+09)

Table5: Correlation matrix, industry-level data

n=52 In(TFP) |[In(S°) |In(S) |In(OFDI) |In(IFDI) |In(FDIOUT) |In(FDIIN)

In(TFP) 1.00

In(S) -0.05 1.00

In(S) 0.06 0.87 1.00

In(OFDI) -0.03 0.89 0.85 1.00

In(IFDI) 0.17 0.81 0.90 0.84 1.00

In(FDIOUT) |-0.05 0.63 0.55 0.87 0.63 1.00

In(FDIIN) 0.40 0.18 0.32 0.31 0.62 0.39 1.00

Table 6: Determinants of Total Factor Productivity in Swedish Manufacturing

1980-1994 (Dependent variable: log of TFP)

Regression 1 2 3 4 5
Method FE RE FE FE FE
In(S) 0251 |-0.027 |0.015 -0.073
(0.16) |(0.10) |(0.12) (0.13)
In(S) -0.813* |0.136 -0.418
(0.37) [(0.12) (0.28)
In(OFDI) -0.035 [-0.029 |-0.044 [-0.032
(0.03) |(0.03) [(0.04) |(0.03)
In(IFDI) -0.091* |-0.066 |-0.121* |-0.097*
(0.04) |(0.05) [(0.05) |(0.05)
In(FDIOUT) -0.035
(0.04)
In(FDIIN) -0.110
(0.06)
D78 -0.721* |-0.463* |-0.548* |-0.702* |-0.573*
(0.12) |(0.07) |(0.10) |(0.12) |(0.11)
D86 -0.427* |-0.281* |-0.320* |-0.412* |-0.352*
(0.09) [(0.07) [(0.08) [(0.09) |[(0.08)
D90 -0.276* |-0.222* |-0.234* [-0.274* |-0.267*
(0.06) |(0.07) [(0.06) [(0.07) |[(0.07)
R(overall) [0.00 0.17 0.03 0.00 0.07
R*within) | 0.68 0.59 0.63 0.65 0.58
No. of obs. |53 53 53 53 53

Note: The asterisk (*) denotes significance at the 5 percent level.




