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R&D Activity in a Dynamic Factor Demand Model
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Abstract

The focus of this paper is an i lysis of the i of private firms'
RAD activities in the context of a general dynlrnb: fa:lor domlnd model. Besides the tradi-
tional production factors we treat tech I by
RA&D expenditures, as a further input factor. \Mlua labour and malerials are assumed to be
wvariable, capital and know-how are considered as quasi-fived. The dynamic demand equa-
tions for labour, capital investment and R&D which are derived from an intertemporal cost
minimisation are estimated for a panel data set of small and medium size German firms.
The data covers the period between w?Banru 1982 snd includes 408 firms. It turns out

that R&ED activity dep on the y as suggested by neo-
classical theory. In mmnn bymwwnn ﬁﬂnspedl’u:ell‘ads wacan show that firm size
and market in with the Schumg
terian hypotheses.

1. Introduction

Most empirical studies of firms' i iour have p lines of
analysis Private RAD expenditures were related to firm size, market share or market con-
centration ratios. The main issue of these studies wu the |dsnlrﬁeltm of an optimal firm

size or an cptimal degree of activity and

hence mnuml: growth (see, e. g, Kamien - Sdawr!z, 1982, for a survey). In modem
theary, h . R&D expendi are as an i in a stock

ol'r pecifi ge similar to capital . Hence, if g

cal knowledge can usefully be treated as a production factor in its own right, R&D expendi-
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tures should depend not only on firm size and market concentration, but also on the rela-
tive prices of all factor inputs.

The objective of this paper is to the imp of the R&D

and the for the other factor inputs capital, labour and materials. As
is usual in modern production theory, our model is based on the approach of dynamic du-
ality, W adapt a rather flexible restricted cost function to derive a system of dynamic inter-
related factor demands. Following recent work of Mohnen - Nadii — Prucha (1988), Nadir
= Prucha (1990A, 1990B), and Bernstein — Nadin (1988), labour and materials are as-
sumed to be variable, while capital and knowledge are treated as quasi-fixed. That is, while

firms are able to adjust labour and y in to a change in
relative factor prices, they can adjust their stocks of capital and technological know-how
only slowly and at some cost d in terms of g output. In to these

earlier studies we allow for a more general production structure. In particular, we account

for autonomous technological change due to knowledge not accumulated within the firms

and use a non-homathetic cost function. Since we exg derive the ions by

dynamic cost minimisation, our model belongs to the so-called "third generation models of
factor {Bemdt - - kins, 1981).

The paper is organised as follows. In Section 2, the dynamic demand equations for labour,
capital | t and R&D are derived from an intertemporal cost minimisa-
tion prab using a lised i cost function. Section 3 contains a short de-
scription ef the data and the econometric specification of our model. The estimation results
of the interrelated factor demand system are presented in Section 4. Section 5 highlights
the additional impact of market on the factor ds. Section & finally contains
some concluding remarks.

2. The theoretical model of the production structure

We assume that the firms’ production process for any period 1 can be described by a pro-
duction function

(1) ¥, =YV, F...AF),

where a single output, ¥,, is produced with variable and quasi-fixed inputs. The vector ¥, =
(Ly, 4,)' represents the variable inputs, labour and materials. The vector F, = (K, 7,)’ rep-
resents the end of period stocks of the quasi-fixed inputs; capital and technological knowl-
edge. The vector AF, = F, - F,_ for internal adj costs in terms of fore-
gone output due to changes in the stocks of the quasi-fixed factors

As Morrison - Berndt (1981) and Denny — Fuss — Waverman (1881) have shown with for-
lati in i time, the i of the present value of the
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cost of producing a given flow of output subject to the production function constraint in (1)
results in a normalised restricted cost function

f2) € =C(w, Fy, aF, T,1)

where w, is the vector of the variable input factor prices normalised by the price of one of
the variable inputs. In our speci the price of iate goods Is taken to be the
numéraire. Thus, w, is the wage rate divided by the price of intermediate goods and the
variable nermalised costs are C, = Z,+ w, L,. Lau (1976) has shown that (2) must satisfy
certain regularity conditions in order to be an approf cost ion: It should
be increasing in w, 4 F and I, but decreasing in F. Further, it should be concave in w, but
convex in Fand 4 F.

For the empirical analysis we use a rather flexible form of the normalised restricted cost
function. Following Mohnen — Nadini — Prucha (1986) we relax the usual assumption of
separabllity in the quasi-fixed input factors and estimate the model in a non-separable
form. While Nadiri — Prucha (1990A, 1990B) allow for non-constant returns to scale by us-

ing a cost function that can be preted as a d-order apg toa
general homathetic restricted cost function, we decided to use a non-homothetic cost func-
tion. We also account for ical which is ticnally rep-

resented by a time index (see Chambers, mefcn. 6). These additional variables are in-
cluded in our cost function in a way similar to Morrison's (1988) Generalised Leontief re-
stricted cost function. Thus, our specification of (2} takes the form

1
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At a stationary point, where 4 K and 47T must equal zero, marginal internal adjustment
mhm!ubem,mo.lnwmimﬂuﬁmmmdiﬁm‘—“ =0 and

*dak|ak=0
Lo 0, will hold for w K T Yand ly if the restrictions
=
AT, ana0 > any w, K, T, ¥ and 1 onl e

(4) ex=er=byr=exp=err=eugSCurSr=rp=kr=orr=cp=or =0

are imposed (see, e. g, Momson — Berndl, 1981, p. 348). Then our normalised variable
cos! function (3) reduces o

1
5 (-‘,=(ﬁ:*nm*ia..-f*ﬂ.r',l’.ﬂ.;w.r)l’,*
+ gy Ky rarTgt

.2 z .
a“-_.-k‘ Lo %unrr,_, SOk I\;I 170 o
" { '
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AWK g *va cw T s vag K Virary Ty Nivap, K qgr+ar, Toq1+

L I AK P Abp(aT)?
] 7 IR
Firms are d to hold static on output, relative factor prices, and the dis-
count rate, r. Thus, to derive the demand equations for the two quasi-fixed inputs, capital
and technological knowledge, we have to solve the following i p cost minimi
tion problem with respect to the quasi-fixed factors:

-

) JKTN= _nl'.Cm’Fu-'m"Pmle(‘l +nrr

s L
Toe = K= (1= 8 Kprs
Re= Tor= (1= Toupn

where [ Is real investment in physical capital, X, and R is real R&D expenditures for the ac-
cumulation of the firm-specific stock of knowledge, T. Further, p, and py, are the normalised

g prices of in capital and knowledge, respectively. Depreciation rates
of capital and knowledge are denoted by & and . The oplimal time paths of investment
and R&D must satisty a set of necessary conditions given by the Euler equations (r=
0.1.2..., =f
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(M) =byg Ky *lagg * (24 1) byl Kpg v apr oo = (1 4 1) by Ky =
= clagtagw ragp Yytag ttpylnt SN

and

8  =brpTapa*larr* (24 n)brr) Tastapr K= (1 # 1) bre Ty =
= —laptasrwrary Yivap it plr vl ¥,

Equations (7) and (8) can be transformed into the matrix equation

() ~BFuuq A+ (2+n)B]Fu=(1+r)BFueq = v,

where the 2=2 matrices 4 and & and the 2=1 vector v are defined as

kxSt
(10 A z[ ]
apr. 917,

L)
0 by
[ ag*aggw tagy ¥y *ag 4 p,(n+S) ] h
ap+agrw tapy ¥ tapttpg (e a) 1
Based on a model similar to that of Epstein — Yatchew (1885), it has been shown by Moh-
nen — Nadiri - Prucha (1986) and Madan — Prucha (1988) that the solution corresponding

to the stable roots of a system like (9) can be equi ¥ exf d in feedback form as a
flexible accelerator equation system

Yi

(1) AF,= M{F*-F_;).
where F* = (K, T")' is the stationary solution of (8),
(12 B = Ay,

and where the 2x2 matrix M of own and cross-adjustment coefficients of the quasi-fixed in-
put factors

My, Mgr ]

WNrx. ™rr

13 M =[

has to satisfy the matrix pelynomial
(14) BAP+(A+rB)M-4 = O
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The factor demand equations for capital and technological knowledge (but not for the vari-
able labour demand function) look like the disequilibrium interrelated factor demand equa-
tions of Nadiri — Rosen (1969) and Scholt (1978), However, the partial adjustment matrix Af
is exog in their app h, but is y d in our dy ic cost min-
imisation model.

The stationary levels F* will rarely be reached due to stochastic shocks to demand. During

the adjustment process the stocks will change due to the first-order difference equation
system (11). Inserting (12) gives

(15) AF= Dv,-MF,4
with [ defined as
(16) D = M4

As long as we allow for non-separability in the quasi-fixed factors, we cannot explicitly
salve for Af in terms of 4 and B. Instead we will adopt the following strategy. First, we will
b ine the of I3 and A in (15). The matrices 4 and B are then cal-

culated as

(7 4 =bD'M

and

(18) B = (A-AM)M2+ )7

to see whether the regularity conditions of our cost function are fulfilled.

According to (15) we get the following demand equations for the quasi-fixed factor inputs
capital and technological knowledge:

(19) K,-K.q = - deglagta,ew *agy i+vag, t+p,(rn+ &)Y, -
= dgrlapta W tapy i ap i+ py, n+tull -
= Mgk -mpr Ty,

(20) T,-T,q = = dpglag+a,ew, tagr Y, tap, 1+p,(n+ &)1, -

= drrlop+aurwrarp Litar i+ pg dnt il fi-
= mrpKa—mprTiy.
Further, applying Shephard's Lemma to (), we derive the labour demand equation

(21) L, = [putasewmtaplira ]l ra kK varT,
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The demand for intermediate goods could be calculated as 7, = €, - w, L, Since we have
no data for the material inputs, we have to omit this equation. Thus, our entire system of
estimating equations consists of the three factor demand equations (18) to (21).

3. Data and econometric specification

The derived d factor d d model is esti with panel data for 408 small and
medlum size German firms with not more than 2,500 employees. The data set includes
in capital and R&D expenditures. The period ranges from

?BFB I:D 1982 The dlia for the first year is lost due to the of lagged vari
Hence the data falls in the period of the German recession following the secend oil price
shock. All firms can be related to 22 2-digit of the ! ing sector. There-

fore the panel data set was augmented by input and output price indices, concentration in-
dices and interest rates. A detailed description of the data sources and the construction of
all variables is given in the data appendix.

The stocks of capital and Were as the sum of past real
investment and real R&D axpandlturu for each firm, i e,

(22) K, = Ko+ X1,
=1

(23 T, = Ty+ LR,.
™=

Since we have no data for firm specific depreciation we had to neglect the rates § and u in
the computation of the stocks. The ion of arbitrary depreciation rates did not
change the main empirical results(1). The initial stocks Ky and Ty at period 1978 are esti-
mated within the medel as elements of the slope coefficients in the last two terms of equa-
tions (18) to (21), The resulting values in (22) and (23) are certainly not very good proxies
for the stocks. An alternative method to obtaining the benchmarks Ky and Ty is to divide
real investment expenditures in 1978 by the depreciation rates and the estimated average
growth rate of the corresponding stock for the years succeeding 1978 (see, e, g., Nadin,
1980, p. 3768). However, due to the many missing values at the beginning of our data set,
we did not follow this line. For similar reasons we were not able to treat the stocks as
sums of i (see Griliches, 1978).

To reduce the problem of heteroscedasticity, we divided all demand equations by output.
Since we are pri i in the of the factor . we decided to

(lj Nadivi (1980), Mohnen - Nadin — Prucha (1886) and Bemstein - Nadir (1888) assume a depreciation
for technological knowledge of 10 percent, Jaffe (1955) assumes one of 15 percent.
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use the following estimation strategy. In a first step, we esti the slope coeffici of
all variables in the factor d ds without icti These coeffici are used in a
second step to the ining of our cost ion. Thus, the following
system of input-output equati our basic empirical specification of the system
of factor demands:

-1 =1

L Zl - IR

= -

(24 3 = mrawtalitaita oy ‘%G)‘*m-

25 L= g pw e BV B fapy, (r 6)% Ppn (s )+

o=

=1 =1
i, IR
+ &%,h";r "'B‘G).‘"""

(26) 7 =  nrtnwtnbitnrt e (a8 megdnta)

==

-1 -1

P s IR,
s T N o ey G)"
ny oty i)t

with the slope coefficients defined as

g = Ay, 8y T d,,, B T d.y, G = Oy G4 S d,g, G5 = aur @g= oy Kpta,r Ty,

Bo=-dpgag—dgrar, fy=-dpgaey-deraer. B = -degapr-derary.
g g —derar,, By =—dpg, Be=—der, o= —myg. B =-mygr,

=-mygyKg=mygrTy.

to=-drgag—drrar, y=-drga,g-drra.r, p=-drgogy-drrary.
r3=-drgag,~drrar, w=-drg, 5= =drr. rg==mrg = -Mrr,
r==mrpKy=-mrsTp.
The stochastic disturbance vector (ug ,, #; ., uy, ) reflects opti ion errors or technology
shocks. The error terms are assumed to be jointly ¥ d, with zero cted
wvalue, E (1) = 0, and with pesitive-definite symmetric covariance matrix, £ (u 1) = £2

So far the firms' demand decisions have been modelled without any consideration of firm
of industry-specific characteristics. Indeed, the usual empirical work in this field does not
make any attempt to account for either firm or industry fixed effects. However, the as-
sumption that all firms behave identically with respect to their levels of factor employments
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may not ba warranted. One would expect that firms as well as industries differ in their em-
anrl in their R&D behaviour due to different expectations,
hnological priability of pioneer profits, market entry conditions, etc.
(see Neison - Iﬁntar 19821 Ona of the major advantages of a panel data set over con-
wventional cross-sectional or time series data sets is the possibility to account for those un-
observable effects in a fixed or random effects model (see, e. g., Hsiso, 1988). Thus, we
will compare our basic data pooling model with industry and firm fixed effects models
which allow for specific time iant differences the i ies or firms in our
sample (for the estimating procedure see Judge ef al, 1985, ch. 13).

4. Empirical results

To estimate the coefficients of our factor demand system, we use the iterative Zellnet effi-

cient (IZEF) esti without icti The |ZEF esti yields p

that are numerically equivalent to those of the ma:-mum likelihood estimator under the null

hypothesis that our medel Is the correct ion of firm beh (see Oberhof
- Kmenta, 1974). All estimates were performed with RATS386. The estimation procedure

converged by the second step in the basic model as well as in the two fixed effects mod-

els(2).

The estimated coefficients of the factor demand functions without fixed effects are reported
in eelumn 1 of Table 1. Keeping in mind the large size of the data set and the fact that we
are using panel data, the fit ul the damand medels is quite good. In a previous study the
single labour was for various specifications (see Flaig -
Stadbr 1988). The enlpnnwl evidence did not change vnqr much in our simultaneous three

pp . Labour d d fi y and negatively on its own nor-
malised price, i e, real wages. The positive aigns of lha quasi-fixed production facters
imply that capital am:l g Inm are pli to the Iabour input although the
capital coefficient is not statisticall I i d y of the labour input is

by the i ffici on time. The latter mun is sppanam in the other two

factor demand equations as well,

The investment equaticn is not terribly ful, but such equations seldom are, The
factor prices are not sagnrncam. Most of the iation in i is explai by
gical prog tlle ited capital stock and output. The negative

fficient of the g wvariable sugg the p of in-

creasing capital productivity among the small firms of the sample.

gaw.mmmmmmwmmm with the symmetry con-

raints imposed on [, mmawmmmmmmmmmm

mmlﬂdhmmﬂmﬁl resuits are available from the authors on request, All of
ihe coefficients were significant at least at the 5 percent level.
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Estimates of the parameters of the factor demand equations Table |
without fixed effects, with fixed industry effects and with fixed firm effects
Without fixed effects  With fixed industry effects  With fixed firm effects.

10°%) 477 - =
- =y G50 093
(o - 090 - 1233 - 0
2 cie ci2 Ci
1 ~ A4 - -
i - 12y (- 10.67) - 1285
ay (104 - 410 - 518 - 235
- ) (- 452 (- 808
g (10°%) 0.09 058 018
0.67) (4.89) (2.58)
as (1007) 1.42 0,60 0.02
(6.51) (296 (0.21)
ay 1129 8.43 5384
”f:" 278 (16.79)
1. - -
- (895 A
10~ 001 - 18.37 - 987
'ﬂ‘to_: (0.00) - 122 - ;s?
1 237 815 4
2 (342 299 (0.18)
B(109) - 137 - 125 085
- 877 (- 713 (5.62)
A (104 895 1328 1667
(1.36) (1.43) (264)
Bs (10°4) - 413 - 780 30
- 0.58 - 054 &7
10 21.02 17,34
AR (16.67) (12.94)
1 - 088 1
M:} “ e 7
1 1. ”
Al (634 (&97)
n 0,42 =
(12.58)
10+ 348 - 876
i o B
7 (10 - D ;
. s =
10~ - 0 =
idlh (- 1283 (- 11.10)
ra(10-4 1025 10.88
578) (437)
7 (10°%) - 316 - 623
5 - 1.58) - 283)
10~ - 012 033
4t (- 638 (@90
n (03 30,89 2063
(52.52) #8.71)
P 067 054
@18 (0.08)
L equation: f2 0.20 039
1 equation. £ 2 026 028
R equation: 2 076 077
N 1,151 1,151
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Particular attention should be gm to the dmeﬂrinanu of R&D activity. The factor equa-

tion g the for ige has the best fit of the three input
factor equations. This results to a large cegree from the positive influence of the available
stock of As in the i q , the stock of g
spurs further o the of Such R&D isin
with the breeds is di by Flaig - Stadier

{192). As thecretically expected; the own RAD factor price index has & negative influence
on RSD activity, while increases in either the user cost of capital or wages increase R&D
which can result from inter-industry or intra-
industry spill-overs of \mnwledge seems to be a substitute for the firm's own research
agenda. This result is consistent with the findings in Bernstein — Nadir {1989) who explicitly
emphasise spill-over effects.

It should be mentioned that both own adjustment coefficients, m,. . and m -, have negative
signs. Thus, there is no evidence for a stable adjustment process. This shartcoming is
probably caused by the weakness of our stock variables. However, it will be shown that
with fixed firm effects the signs of these coefficients change and the magnitudes are quite
plausible.

‘We specified the fixed effects models because we felt that there are pmbably differences
across industries and firms which cannot be exp by the prod alone,
There is some evidence that R&D and capital | are asy lly d

by different factors (see Lach - Schankerman, 1988). Certain industries with hlgh techno-
logical opportunities are thought of as always being on the forefront of new technology
while others are regarded as laggards. Further, there should be some differences in firms’
creativity, intuition, experience and luck that are not part of the optimisation problem.

To test the overall signifi of these diff . we employed the ik d ratio (LR )
test procedure. The LR test statistic is

R = N[ gl - 5.

where 2‘_., is the restricted estimator of the residual variance-covariance matrix, 3‘,, is the
unrestricted estimator, and N is the number of observations in the pooled sample (see,
e g, Berndl, 1891, p. 467). The LR test statistic is asymptotically distributed as a #? ran-
dom variable with degrees of freadom equal to the number of parameter restrictions in the
fixed effects models. There are 22 fixed industry effects and 408 fixed firm effects for each
of our three factor d d The calculated test statistic is 456.0 for the fixed in-
du:w effects mada| and §, 783.7 for the fixed firm effects model. The critical values of
27(63) and 77 (1,221) at the 1 percent level are 92.0 and 1,338.9, respectively. Therefore,
the null hypoth of an hanging st of the d d functi for labour, invest-
ment, and R&D had to be rejected.
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The coefficient estimates of the factor demands with industry and firm fixed effects are
shown in columns 2 and 3 of Table 1. In the labour equations the results do not differ
much. The influence of the lagged capital stock is now significant, too. On the other hand,
output and wages in the fixed industry effects model and know-how in the fixed firm effects
model are no longer statistically significant. The R rises in both models.

The fixed industry effects moded for the investment equation shows similar results as in the
model with no fixed effects, but in the fixed firm effects model some significant changes
appear. The signs of the trend coefficient and of the lagged capital stock coefficient are

d. The own adj ient of capital, my ., now has the correct sign and a
plausible magnitude of 26 percent. The 2 does not change very much in the three ver-
sions of the investment equation.

Table 2
Calculated values for the parameters of the cost Tunction
Without led effects  With fixed industry effects  With fixed firm effects

a {103 477 = E,
e (1073) - 080 - 13 - 083
ar (109 - 313 - 262 - 52
a,, (104 - 410 - 518 - 225
a e (10°9) 009 056 017
a7 (10°%) 114 0.61 003
dex (1074 - B85 - 1328 - 1867
dgr (104 413 7.60 10.30
dry (10°4) - 1025 - 1088 - 07
dyr (10°4) 3.16 623 025
ag (10%) - 1245 - -

ap (10%) - 5382 - -

ag (104 - 216 - 64.13 - 3834
ary (104 - 695 -113.42 - 6231
ay, 1477 503.16 364
ar, 6525 89563 - 28
A posittve-definite Yes Yes Yes

B positive-definite Yes Yes Yes

Ky and T positive Yes Mo No

In the R&D equation with fixed industry effects there are some changes which are hard to
explain. The wage coefficient has now the wrong negative sign. The insignifi coeffi-
cients of output and capital stock have changed the signs, too. In the fixed firm effects
version, howewver, two interesting new results appear. First, similar to the investment equa-
tion, the own adj t jent of 1 i ige, my . now has a positive
value of 2 percent within a year. That is, there exists a stable adjustment path converging
ta the long-run equilibrium. Due to the negative influence of the stock of knowledge the 2
has fallen i i fici . r and my . are insignificant, but

the negative signs suggest that capital and ige will be d rather
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than substitutes. This means that if R&D is in excess demand the adjustment in capital will
slow down, and vice versa These results are similar to those of previous comparable
studies (see Nadin, 1980, Morrison — Berndt, 1981, Bernstein — Nadiri, 1989). Secondly, all
the coefficients of the factor prices are no more significant. Thus, input prices seem to be
no important determinants of R&D if one controls for firm-specific effects.

The estimated values were used to the p in the factor d d equa-

tions r‘.'QJ to (21). Without the restrictions implied by the optimisation problem some of the

q are ified. For ple, there are a numbuo{wayswmmpwea,xand
a,r from the estimated coefficients. To resolve the p we proj

onto the column space spanned by the restrictions implhd by the u'muhwl model and

the p values d in Table 2. These values were plugged into (17)

and (18) to of the ices A and B. Since the calculated matrix A will

not be symmetric and the calculated matrix & will not be diagonal as imposed in (10), our

raqulunty crlleﬂon will be that both calculated matrices are positive-definite. Indeed, all

as reported above, are satisfied in all three versions of our model.

Tnm our restricted nwmnllmd cost function seems to be an appropriate description of the

firms' underlying technology. Unfortunately, the stocks at the beginning of our

i period b i in the fixed effects models. But, as already discussed,
the estimated benchmark stocks are certainly not very good proxies for the real stocks.

5. Neoclassical firm behaviour and Schumpeterian hypotheses

So far we have argued that firms may treat technological know-how as a quasi-fixed factor
of production, The firms will invest in R&D in pursuit of a growth path which minimises
their discounted costs. We that as an ical matter our model s quite
plausible. Indeed, in our model without fixed effects all factor prices influence R&D behav-
four in the fashion suggested by necclassical theory. Such optimising behaviour would
hardly be in an ionary view of the firm. However, by taking into account
individual effects due to uncbserved varlables, the impact of the system of relative input
prices is no longer significant.

Therefore, our investigation does not end with an is of the i iour of
firms in response to changing factor prices. A question which arises from the Schumpete-
rian hypotheses is whether there is a relationship between firm size and market concentra-
tion on the one hand and R&D activity on the other hand (see the surveys to this literature
in Kamien — Schwarlz, 1982, Baldwin — Scoff, 1987, Cohen - Levin, 1988, and Scherer -
Ross, 1990, ch. 17). To see whether the usual empirical evidence still holds after account-

ing for the firms’ production structure, we decided to esti the rel I our
firm fixed effects and firm size and market Qur si quati
framewark is
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(271) @, = aoraySraaHraslive,.
(28) B, = apgrapStaptvaaiice,,
(29) 7, = apo*tap:S*tapaHytagalii+ gy,

where (&, . ¥)' Is the vector of firm fixed effects from the labour, investment and R&D

equations. The error terms £ are assumed to be jointly The
characterising the market structure are S for firm size, measured as the number of employ-
ees, and market H, rep d by the index. The Herfindahl has

been used instead of the more traditional concentration ratios since it includes data from
all firms in the industry rather than just the largest firms which are certainly not in our
sample of small and medium size firms.

The coefficient estimates of the market structure variables are shown in Table 3. There
seems to be strong evidence that market structure matters even after controlling for the
F ion theareti i . In i the fit of the labour equation is quite good. The
fixed effects of the labour demand model depend significantly and positively on the firm
size, Thus, labour demand is, in addition to the p il effects, p by
larger firms and inhibited by smaller firms. Further, there is significant evidence for an in-
verted U-shaped relationship bet market ion and the firm fixed effect coef-
ficients from the labour d d ion. The i occurs at a b index
walue of 0.058, which lies within the range of the various concentration indices of the indus-
tries in our sample.

In the investment equation we also derive a positive and significant influence of the firm
size on investment, but the inverted U-shaped pattern of the market concentration effect is
not significant.

Table 3

Firm fixed effects of the factor demand equations and market structure

] ] 7
ag (10°7) 283 - 8635 - 3a2
(144.88) (-205.94) - 3305
ay (10-5) 077 472 273
(31.26) (11.60) (18.74)
a3 (1078 045 289 562
(3.56) (1.38) (7.48)
a3 (10-19) - D40 - 550 - 537
(- 233 - 183 - 524)
R2 047 010 028

Numbers in parentheses . . . ¢ statistics.
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Some results of particular interest arise for the RED equati In with pi

cross-sectional studies we derive a positive, ic relationshi firm size and
RAD activity (see, e. g., Soste, 1979, Link, 1980, Loeb, 1983, Meisel - Lin, 1983). Several
arguments in favour of this relationship are offered in the Schumpeterian literature: First,
capital market imperfections could confer an advantage on large firms in securing external
R&D finance. Secondly, due to economies nl' scope in production, large diversified firms

may be able to exploit unf more efficiently. Thirdly, there
may be some ivities or ies for gaining control over the
channels of distribution whlch ‘are more develupad within large firms.

The sign pattern on the F ffici clearly prod a lationship be-
tween R&D intensity and market Mi R&D activity occurs at a Herfin-
dahl index value of 0.052 which lies in the middle of the concentration indices in our sam-
ple. This non-linear inverted U-shaped ip was first di by Scherer (1967)

and replicated, e. g., by Scoft (1984) and Levin - Cohen - Mowery (1885). As Schumpeter
argued, an oligopolistic market structure with some market power for the firms should be
moest conducive to innovative activity. On the one hand, firms in concentrated industries
may more easily appropriate the returns from R&D investment On the other hand mo-

may be by X-efficiency as d “‘byl_‘ tein. In
wsampie.icr ple, the chemical and the | engineeri dustries seem to be
too to achieve hnological ad:
6. S ¥ and conclusi
In this paper we developed a i factor moedel with two variable

inputs, labour and materials, and two quasi-fixed inputs, capital and technological knowl-
edge, A system of factor demands for labour, capital, and knowledge was estimated in
levels and with fiwed industry and firm specific effects using a panel data set for small and
medium size firms in the manufacturing sector of the FRG for the period 1578 to 1882

The empirical ruulls ara orn:ouraglﬂg for further work. Cur non-homeothetic restricted cost

f ien with tech dedge as an additicnal preduction factor seems to be an
appropriate description of the firms' technology. The consideration of internal adjustment
costs of capital and pl the of the factor demand equations fairly
well, In parti R&D pond to relative factor prices as suggested by neo-
cllulca! theory. However, these price effects disappear if individual effects are included in
the analysis. There is strong emp: il that, in addition to the p

elements, market structure matters in the factor demand as suggested ny the Schumpeter-
ian hypotheses.

The results of the model would unuoumedly improve with new data. It would be preferable
to use a data set which discri R&D activities devoted to product and proc-
ess innovations. In addition, the use of data on innovative output would be superior to the
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use of innovation Input data (see, e g.. Acs — Audrelsch, 1980). There is also a need for
increasing the length of the time series in order to construct better proxies for the stocks of
capital and knowledge.

There are several topics for future work. For instance, our model is based on the restrictive

ption of static ions for output and relative factor prices. Other forms of ex-

pectation could be taken into account (see Pakes - Schankerman, 1984, for the case of

technological knowledge as llls only quasi-fixed input). Another issue of importance is to

analyse the { a firm's own R&D activity and spill-overs due to

R&D activities pursued by mls in the same industry (intra-industry spill-overs) and by
firms in other (inter-i try spill )i

7. Appendix: Data sources and construction

The annual data for the period 1978 to 1982 have been pooled from various sources. Basi-
cally, we used a panel data set for 4563 !‘irrns in the manufacturing sector of the FRG as

collected by the Institut for 1l haften of the L ity of Bonn (Prof.
Albach). The set of variables reported in this data set includes employees, revenue, in-
in capital, in R&D, and the industrial classification of the firms.

A total of 55 firms have been excluded from the sample. 42 firms were excluded because
they reported sales and employ for fewer than three years. Most of these firms did not
report their sales at all The data of four firms had obvious data errors. The original intent
of the survey was to learn about the R&D activities of firms with fewer than 2,500 employ-
ees. However, seven parficipating firms reported having more than 2,500 employees, so
they also have been eliminated from the data set. One of the remaining firms was excluded
because (s revenue was twice as large as the next largest firm. In a scatterplot of em-
ployment versus revenue this firm was an obvious outlier, Finally, there was only one re-
spondent from the shipbuilding industry, for which there are no adequate producer prices.

The industrial classification of the panel data enables us to add input and output price indi-
ces on the industry level. Data for nominal gross output, real value added, nominal inter-
mediate input, the price index for capital investment, and average gross wages of employ-
ees are taken from the yearly disaggregated national income accounts of the Statistisches
Bundesamt (Fachserie 18), The price indices for industry gross output are calculated as a
weighted sum of the producer price indices of bundles of goods (Statistisches Bundesamt,
Fachserie 17). The weights for the bundles of goods in each industry are obtained with the
help of the disaggregated goods' input output table for 1982 (Statistisches Bundesamt,
Fachserie 18, Reihe 2, Table 4.2). Dividing nominal industry gross output by the industry
producer price indices yields the real industry gross output. The price index for intermedi-
ate inputs is derived by dividing nominal intermediate inputs by the difference between the
calculated real gross output and real value added. The price indices for R&D expenditures
are calculated as a weighted sum of the price indices for intermediate inputs, labour inputs
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and investment inputs. The weights are given by the shares of the corresponding expendi-
tures in the industry R&D expenditure (Source: Stifterverband for die Deutsche Wissen-
schaft),

The Herfindahl indices of market concentration are taken from the Statistisches Bundes-
amt, Fachserie 4, Relhe S.9. For the interest rates we used the current yield on long-term
bonds | : D h K)

Table 4
Industrial classification of firms

Industrial classification Numbser of firms
Tor the German current account
14  Chemical products 28
16  Plaslic products 14
17 Rubber products 4
18 Stones and clay 17
19 Ceramic goods 4
20 Glass
21 lron and steel 1
22 Non-ferrous metals 1
23 Foundries 1
25  Structural metal products a
® T4
28  Road vehicles 5
31 Elecirical engineering 57
32 Precision and optical instrumants -
33 Finished metal goods 53
36 products. 24
37 Paper manufacturing 5
38  Paper processing g
38  Printing and duplication 8
40 Leather products 4
41 Textile products. 2
42 14
43 Food and beverages. 3

Total 408
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