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ABSTRACT

Previous empirical results on the determinants of R&D intensity have indi-
rectly suggested the relevance of unobserved R&D-related capabilities. Cohen
and Klepper (1992) have developed a probabilistic model that is able to conform
with well known stylized facts on the R&D intensity distribution such as clus-
tering around zero, unimodality and positive skewness and generates well de-
fined predictions about the correlation between the different distribution mo-
ments (mean, variance, coefficient of variation and skewness). The evidence for
3-digits sectors of the manufacturing industry in Sdo Paulo is to a great extent

consistent with the referred theoretical model.
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Resumo

Resultados empiricos anteriores sobre os determinantes da intensidade em
P&D tém sugerido indiretamente a relevincia de competéncias nio observadas
relacionadas a P&D. Cohen e Klepper (1992) desenvolveram um modelo probabi-
listico que ¢ capaz de ser consistente com fatos estilizados bem conhecidos acerca
da distribui¢do de P&D tais como agrupamento em torno de zero, unimodalidade
e assimetria positiva e gera previsdes bem definidas sobre a correlagao entre os
diferentes momentos da distribuicio (média, varidncia, coeficiente de variagio e
assimetria). A evidéncia para setores a 3-digitos da inddstria de transformagio

em Sdo Paulo ¢ em grande parte consistente com o referido modelo tedrico.
PaLavrRas-CHAVE | Intensidade de P&D; Distribuicio

Cobicos JEL | C16;L60; 032

1. Introduction

Inter-industry regularities have gradually reached a lower status in the recent
empirical Industrial Organization literature. In fact, one can testify a move-
ment of that research area towards the increasing consideration of industry-
specific effects to explain the behavior of various variables in Industrial Orga-
nization. Schmalensee (1989), for example, questions the relevance of inter-
industry studies in the context of traditional structure-conduct-performance
framework, whereas Bresnahan (1989) points out that structural econometric
modeling of market power necessarily requires industry case studies to prop-
erly approach industry-specific idiosyncrasies. The absence of general patterns
appears to be also salient in the context of industry dynamics aspects such as entry
and exit rates as indicated by Dunne and Roberts (1988) and Faganha and Resende
(2003) for the U.S. and Brazilian manufacturing industries respectively.

The natural question that follows the previous considerations is whether
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any important regularity can be obtained in Industrial Economics. It turns out,
that some within-industry patterns appear to be recurring. Skewed size distri-
butions for firms are often encountered and could be consistent with Gibrat’s
law [see e.g. Sutton (1997) for an overview]. Other interesting distributional
regularities can be motivated for R&D intensity as developed by Cohen and
Klepper (1992). In fact, the bulk of the empirical literature on the determi-
nants of R&D often indicate that observable explanatory factors like firm size,
cash flow and diversification might have limited role in explaining R&D inten-
sity (see Cohen & Levin, 1989). These results can potentially motivate the role
of unobserved factors that were generically denoted by R&D related capabilities
as in fact has already been recognized by Nelson and Winter (1982). These
authors emphasized the importance of capabilities accumulated through expe-
rience and capabilities acquired through positive factors arising from the sto-
chastic environment in explaining inter-firm R&D intensity. Cohen and Klepper
(1992) provide a simple probabilistic framework generating results that are
consistent with some stylized facts pertaining the shape of R&D intensity dis-
tributions. The paper aims to partially fill the existing gap in the Brazilian
empirical literature. In fact, studies in related topics are scarce in the Brazilian
case in part due to data availability restrictions. Exception includes descriptive
studies assessing the behavior of R&D, for example in terms of its relation with
firm size as provided by Resende and Hasenclever (1998) and Macedo and
Albuquerque (1999). The analyses considered by those papers were constrained
by data availability. The broader sample utilized in this paper allows to explore
distributional patterns of R&D intensity in terms of a theoretical framework
that underscores the role of stochastic unobserved factors in determining R&D
intensity. We believe that the exercise might be valuable in the context of Brazilian
industry despite important differences between Brazil and US regarding tech-
nological effort.

The paper is organized as follows. The second section presents the basic
probabilistic elements underlying the model of R&D intensity developed by
Cohen and Klepper (1992). The third section presents the empirical analysis
of R&D intensity in the Brazilian case, and discusses therefore the data source
and analyses the empirical distributional regularities obtained for the Brazilian

case. The fourth section brings some final comments.
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2. R&D intensity: some probabilistic aspects

The search for probabilistic foundations for the distribution of R&D
intensity is recent in the literature. Cohen and Klepper (1992) advances a simple
probabilistic model in order to conform with some apparent stylized facts
pertaining the distribution of R&D intensity. These regularities include: a large
number of non-performing firms clustering around zero, unimodality and
positive skewness. The weak empirical results on the determinants of R&D
intensity coupled with some inter-industry regularities raise the possibility that
chance (“unobserved R&D-related capabilities”) may play a role on the observed
patterns of R&D intensity.

Earlier contributions recognized the stochastic nature of R&D (see e.g.
Evenson & Kislev, 1976; Nelson, 1982; Nelson & Winter, 1982). In particu-
lar, emphasize the uncertain outcomes accruing from R&D experimentation
whereas the modeling strategy by Cohen and Klepper (1992) attempt to focus
on experimentation itself in its relation with randomly acquired expertise.

The starting point of the model refers to randomly acquired expertise
that reflects intrinsic characteristics difficult to change in the short-run. The
firm engages in experiments of the approach to innovation for which it pos-
sesses expertise. Let n, denote the number of possible approaches available to
firm j and z, refer to the number of experiments in approach i conducted by
firm j. The marginal cost is assumed as constant across experiments and firms
and equals

MC (z,) = c. Defining also r, as the total R&D expenditure in approach i
by firm j, it follows that ¢ = rij/zij.

From the revenue point of view, let q; denote total output of firm j
times the average number of units of quality per output. Firms are price-
takers in the sense that the R&D expenditures are independently chosen rela-
tive to the other firms and also in the sense that the firms receive a price h
(price per unit of quality).' The resulting marginal revenue (equal to average
revenue) MR (zij) = qjh/ z, (where the term in the numerator refers to total sales
in units of quality — say s).

! The use of quality-adjusted variables is convenient to simultaneously encompass the possibility of both process and
product innovations.
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From the standpoint of profit maximization the optimal level of experi-
ments should be consistent with the equality between marginal cost and marginal
revenue. However, in order to avoid trivial results and enrich the model, the
authors take into consideration parameters that reflect technological opportu-
nities and ability to appropriate rents from innovation. For the former effect,
the authors consider a generic positive g whereas for the latter a fraction b, both
assumed to be constant across firms. In this sense, one can readily obtain:

L —bg=d m
S .
J

In this sense, d represents the R&D intensity that is specific to a particular

approach. If firm j adopts n, different approaches, such that = %", =r, it

follows that:
7.

Si:njd 2)

;

The theoretical prediction has, therefore, implications on the pattern of
R&D intensity. The previous hypotheses imply that there is a probability p of
a firm being endowed with a given expertise and therefore the search of inno-
vative opportunities within a given approach evolves in accordance with a
Bernoulli process (with probability of success equal to p). Hence, it follows
that njd (and therefore R&D intensity) is distributed as a binomial random
variable [b(N,p), where N refer to the total number of approaches adopted by
all firms]. In that particular context, we can rely on standard results for the

moments of a binomial random variable. Specifically:
E(r,/s;) =pn =dnp 3)
V(r//s‘/)zcsz:dzp(l—p) 4)
CV(r,/s))=w/p=N"p"?1=-p)" (5
S(ry/s)=p’ /@ =(1=-2p)N"*p2(1=p)™""* (6)

where E(.), V(.), CV(.) and S(.) stand respectively for mean, variance, coefficient

of variation and skewness. It is possible to examine the effects of N, d and p
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on the previously indicated moments. For that purpose, one can compute the
partial derivatives of those moments with respect to the referred parameters.
Under the simplifying assumption that p < 2, the analysis becomes more
straightforward as the mean and the variance rise as N, d and p rise, whereas
the coefficient of variation and skewness decline. Taken together, these results
produce some implications in terms of the correlations between the different

moments as summarized in Table 1:

TABLE 1
R&D intensity: moments correlations

Moments E(r,/s) V(r/s) S(r/s)
v(rj /sj) +

S(r./s)) - _

v(r,/s) - - +

The empirical evidence obtained by Cohen and Klepper (1992) for the
U.S. provides acceptable support for the model. First of all, the visual inspection
of the histograms for the 15 sectors studied consistently indicated that clustering
around zero, unimodality and strong positive skewness are salient features. In the
context of theoretical implications, the correlations between the sample moments
of R&D intensity (as summarized in Table 1) are largely supported. In fact, all
the expected signs are obtained with the exception of the small and insignificant
correlation between the variance and the skewness. As a complementary test for
the validity of the binomial distribution, the authors considered the expressions
(3), (4) and (5) that were solved for d, N and p. Since d (the R&D intensity
related to particular approach) must be positive, the equations for the first three
moments simultaneously imply T =20 - S > 0. Additionally as N > 0 and
0 < p <1, the condition T, = 0 - S > 0 should hold. Cohen and Klepper found
that the first condition was satisfied in 88.89% of the sectors studied whereas
the second condition was satisfied in only 26.26% of the cases.

This line of research was further pursued by Lee (2002). At a descriptive

level, the author investigates the distribution of R&D intensity in seven indus-
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tries and in six different countries for R&D performing firms (Canada, Japan,
Korea, Taiwan, India and China). The distribution patterns for those coun-
tries are less homogeneous than those found by Cohen and Klepper for the
U.S. but the regularities are still present. In particular, strong positive skewness
is observed. This result was further investigated by means of (log) normality
tests. The evidence strongly supported the (log) normality of R&D intensity
distribution. An extension developed by the author considered a variable called
firms” “technological capability” that is approximated in terms of a categori-
cal variable that reflects the firm’s perception of capability relative to the
sector leader. This information provided a starting point to devise a proxy for
“unobserved R&D-related capabilities” and the resulting distribution is con-

sistent with log-normality.
3. Empirical Analysis
3.1. Data Construction

The paper relied on a unique data set from a survey conducted by Fundagao
SEADE for the state of S3o Paulo in 1996 (Pesquisa de Atividade Econémica
Paulista —PAEP). This extensive survey provided not only some basic account-
ing information as well as information on innovative activity and organiza-
tional practices. For the present study, we considered the industry question-
naire and constructed an R&D intensity variable defined as the number of
employees allocated to R&D activities divided by the total number of employ-
ees. Even though, the available data refers to Sao Paulo, it can be considered
representative as a substantial portion of the manufacturing industry is located
in that state. Information on R&D activity was available for firms with more
than 100 employees. We further restricted our attention to 3-digits sectors that
had 30 or more firms. In that sense, the final sample included 1,341 observa-
tions distributed over 23 sectors.? In comparison wich Cohen and Klepper’s
sample for the U.S., one can identify some contrasts. The authors consider data
for 2,491 business units operated by 352 firms (obtained from Fortune’s top
1,000 list), where business units are spread over 254 sectors (defined by the

2 See the appendix for a list of the 3-digits sectors considered in the present study.
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Federal Trade Commission’s Line of Business Program). It is important to
point out that the correlation across moments and the associated tests were carried
out for 99 lines of business comprising a minimum of ten business units each.

Finally, it is worth mentioning that unlike Cohen and Klepper’s study
we do not have access to plant-level data. It is reasonable, however, to conjec-
ture that in the Brazilian case a smaller number of plants from a given firm
pursue R&D efforts. The use of aggregate R&D intensity data in the present
study can render heterogeneities less evident. In any case, it is relevant to in-
vestigate distributional regularities in R&D intensity at the firm-level in the
Brazilian case. Further comments on the contrasts between the two kinds of

data will be discussed later in the text.
3.2. Empirical Results

This section presents the empirical results of the application of Cohen
and Klepper’s approach to the Brazilian case. First, at a more descriptive level,
we can characterize the frequency distribution of R&D intensity for the totality
of the sample as indicated by the histogram presented below.

FIGURE 1
R&D intensity (RDI)
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The shape of the distribution is similar to the one encountered by Cohen
and Klepper and therefore further motivates the consideration of the correla-
tion between the different moments and the implementation of the related
tests for the Brazilian case as the binomial distribution cannot be obviously
discarded. In particular, it is worth mentioning the strong clustering around
zero that would be in fact reinforced if one had data on smaller firms as typi-
cally there is high incidence of non-performing firms.?

Secondly, Table 2 displays the sample correlation between the moments
of the R&D intensity distribution.

TABLE 2
R&D intensity: moments empirical correlations

Moments E(rj/sj) V(rj/sj) S(rj/sj)
\/(ri/si) 0,881
(0,000)
S(rj/sj) -0,382 -0,029
(0,072) (0,895)
CV(rj/sj) -0,691 -0,350 0,862
(0,000) (0,102) (0,000)

Note: p-value in parenthesis

The results are broadly consistent with the implications derived from Cohen
and Klepper’s model. In fact, the only unexpected results referred to the cor-
relation between skewness and variance that exhibited the correct negative sign
but was non-significant and a negative but marginally significant correlation
between the variance and the coefficient of variation. The results are similar to
those obtained by Cohen and Klepper not only in terms of the signs of the
correlations but also in terms of their magnitudes in most cases with the ex-
ception of the correlation between the two measures of variability. In that case
there is some peculiarity in the relationship between mean in variance in the

3 Moreover it is worth mentioning that the clustering around zero is substantial even for large firms. In fact, in the case of
multinational firms the R&D efforts are usually carried out in the subsidiaries.
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Brazilian case that might deserve additional investigation. A possible intuition
for this result is suggested by Table 3, where is becomes evident that one faces
a reduced amount of dispersion and therefore one has relatively homogeneous
sectors in Brazil with respect to R&D effort whereas one observes large variabil-
ity in the coefficient of variation. In order to obtain a large negative correlation
coefficient one needs that above-mean values for one variable is strongly asso-
ciated with below-mean values for the other variable. Given the mentioned
patterns it would be unlikely to obtain a strong negative correlation between
the coefficient of variation and the variance.

As already suggested in the previous section, complementary tests on the
validity of the binomial distribution were carried out through the investigation
of the conditions T, and T,. The former condition was satisfied in 100% of the
cases whereas the latter was satisfied in 13.04% of the cases (as compared to
89% and 26% that were respectively obtained by Cohen and Klepper). Once
more, the results for the Brazilian industry are somewhat similar to the evi-
dence obtained for the U.S. It is worth mentioning, that the systematic viola-
tion of T, is associated with especially large skewnesses that to a great extent
follow from the substantial clustering around zero, since unlike Cohen and
Klepper case, the mean is low in the Brazilian case and therefore the dominant
role in the referred violation is associated with very high skewness. In order to

verify the robustness of the results to more extreme observation, we excluded

TABLE 3
Moments of the R&D intensity distribution-summary statistics

Mean Std. Deviation Minimum Maximum
Mean 4,876E-03 2,881E-03 0 0,010
Mode 0 0 0 0
Std. deviation 8,968E-03 4,250E-03 0 0,020
Coeff. variation 2,098 0,6633 1,410 3,470
Skewness 2,712 0,866 1,320 4,250
Minimum 0 0 0 0
Maximum 0,043 0,023 0,010 0,090

Note: the columns present summary statistics for different sample moments across 23 sectors (at the 3-digits level)
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firm with R&D intensity equal or above 0,06 (7 firms). For the sample as a
whole, T, declined from -0,006 to -0,003.

As a motivation for the previous point, we present in Table 3, summary
statistics of the sample moments of the different sectors.

It becomes evident that non-performing firms constitute a substantial
portion of the sample and typically one observes low R&D intensity mean
values and variability. These results combined with strong positive skewness
(few moderate values are enough to produce large skewnesses given the clus-
tering around zero). Nevertheless, the overall evidence favors the binomial

characterization of the distribution of R&D intensity.
4. Final comments

The paper attempted to pinpoint distributional patterns for R&D inten-
sity that could be associated with unobserved factors that could be governed
by chance. The modeling approach advanced by Cohen and Klepper (1992)
legitimates a binomial distribution for R&D intensity. The implied moment
correlations implications were supported in terms of the empirical evidence. A
possible interpretation is that the distributional regularities observed across
different sectors would reflect the presence of common unobserved factors
that were denoted by the authors as “unobserved R&D-related capabilities”.

Interesting avenues for future research include a better understanding of
those unobserved forces as was suggested by Lee (2002). A further develop-
ment in that direction would be the consideration of the adoption of modern
organizational practices (relative to the sector “leader”) as those are likely to be
complementary (in the strategic sense) relative to R&D efforts. In fact, Bresnahan
et al. (2002), in a similar vein, had already emphasized the possible positive
interplay between information technology and workplace organization in
conditioning superior firm performance. In the current stage, data availability

seriously constrain those endeavors.
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Appendix

3-Digits sectors considered in the study

Sector

Number of firms

Sugar Manufacturing

Other Food Products

Other Food Products
Beverages

Textile mill products
Clothing

Footwear

Paper and cardboard packing
Printing (newspaper, magazines, books, etc.)
Alcohol

Pharmaceutical

Other chemical products
Rubber artifacts

Plastic products

Ceramics

Forgery

Metallurgy

Cutlery

Motors and compressors
General purpose machines
Other specific use machines
Vehicle parts

Furniture

41
65
33
35

118
55
33
71
37
51
46
49

129
50
40
56
30
89
40
67
52

114
40
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