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ABSTRACT

This paper attempts to study simultaneously the production of as well as
the returns to inventive output for a large developing country with a well-
diversified manufacturing base, viz., India. We use panel data for the period
1975-76 to 1979-80 on approximately 155 firms in the plastic-chemicals and
engineering sectors in India to estimate patent production functions having
R&D manpower, R&D expenditure, licensed technology and firm size, among other
things, as inputs and sales functions having patenting and firm size as
inputs. Our results suggest that although innovation (as proxied by patents)
is at a low level in Indian manufacturing, it is associated with significant
economic returns for firms even after controlling for unobserved time-persis-
tent firm characteristics. R&D manpower and firm size appear to be the only
significant inputs in the patent production process.

*We thank Zvi Griliches for useful comments on an earlier draft.
However, we alone are responsible for any errors or omissions.



THE PRODUCTION OF AND RETURNS FROM INDUSTRIAL INNOVATION:

An Econometric Analysis For A Developing Country

Anil B. Deolalikar

and

Lars-Hendrik Roller

1. Objectives

While there is a large literature on technological innovation at the firm

level (see reviews by Kamien and Schwartz 1982, Griliches 1984, Scherer 1986),

most – if not all – of it has concentrated on developed countries, parti-

cularly the United States. Very little is known about the extent of innova-

tion, how it is 'produced', and what its impact is on firm performance in

less-developed countries.' Yet inventive activity in these countries,

although at a low level vis-a-vis the developed economies, appears to be

growing rapidly. Of course, the scale and nature of such activity is quite

different in less- than in more-developed countries (e.g., greater emphasis on

adaptive inventions). But that does not change the fact that some developing

countries have emerged as exporters of technology and technology-based

products largely owing to their investments in inventive activity.

The objective of this paper is to study simultaneously the production of

as well as the returns to inventive output for a large developing country with

a well-diversified manufacturing base, viz., India. We use panel data for the

period 1975-76 to 1979-80 on approximately 155 firms in the plastic-chemicals

and engineering sectors in India. Besides being the only such study for India



(or any other less-developed country, for that matter), this paper makes three

general contributions to the literature. First, in looking at the impact of

innovation on firm performance, it distinguishes specifically between inven-

tive inputs and inventive outputs. There has been much confusion in the

literature between these two concepts (Kamien and Schwartz, Griliches 1987).

We treat patents as an inventive output having R&D personnel and expenditures,

among other things, as its inputs and firm sales as its final output. This

enables us to study both the production of innovation as well as its impact on

firm sales.

The second contribution of the paper is to treat technology purchase as

an inventive input that is distinct from technology production or in-house

R&D. In most less-developed countries, India included, foreign technology

purchase – either outright or on a licensing basis – is seen as a real and

well-utilized alternative (possibly complementary) to in-house R&D by firms.

Invention by these firms then takes on the form of modification or adaptation

of inventions purchased from the foreign collaborator. Hence, the quantum of

technology purchased or licensed may be an important input into a firm's

innovative output.

Finally, the paper contributes to the literature by controlling for

unobserved permanent firm characteristics in the analysis of innovation.

While it is widely recognized that at least part of the observed differences

in, say, patent output is attributable to systematic variations across firms

in the propensity to patent actual inventions (Scherer: 179), few empirical

studies have attempted to control for such time-persistent, unobserved firm

effects. (Exceptions are studies by Pakes and Griliches, 1984, Hausman, Hall

and Griliches, 1984, and Hall, Griliches, and Hausman, 1986.) An important
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reason for this omission has, of course, been the unavailability of panel

data. But, as is well known, failure to control for unobserved firm charac-

teristics can result in widespread estimation bias, particularly if the

unobserved firm characteristics that influence sales (e.g., good management)

are also correlated with, say, the propensity of a firm to patent its inven-

tions. Since we use panel data, we are able to control for these unobserved

firm characteristics in analyzing the production and impact of patenting.

2. R&D Inputs and Patent Output in Indian Manufacturing

Compared to the more-developed countries like the United States, the

extent of R&D done at the firm level in India is very limited. As Table 1

indicates, less than 1 per cent of sales is devoted to R&D in most industries.

This contrasts with the 2-3 per cent of sales that is routinely devoted to R&D

in many manufacturing industries in the United States. Table 1 indicates not

much change in R&D intensity for most industries, but a sharp decline for the

pharmaceuticals industry, 2 between 1964-69 and 1980-81.

Table 2 reports the average number of R&D personnel per firm as well as

the ratio of R&D personnel to total employees for various industries over the

period 1969-70 to 1980-81. Again, with the exception of the public sector,

the share of R&D employees in the total labor force did not change much over

the period (although the average number of R&D employees per firm did in-

crease).

Finally, Table 3 reports the number of patents granted to Indian nation-

als by industry and year. For all industries, patenting appears to have

increased at a rapid rate from 1954 up until 1970. In 1970 a new and lax
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patent law was implemented in India, which significantly reduced the life of

patents and altogether did away with product (but not process) patents. It is

widely believed that this legislation slowed down the rate of patenting

activity in most industries (Bagchi et.al., 1984). However, Table 3 suggests

that patenting activity may have picked up again in the post-1975 period,

after firms were able to adapt to the new proprietary legislation.

The average number of patents granted to a firm in any given year is,

however, quite low. In our sample of firms, patenting is hardly prevalent

among light industries, 3 with only one out of 100 firms receiving a patent.

Hence, we have chosen to omit this sector from our analysis. In the plastics-

chemicals sector, one out of eight firms on average received a patent during

the 1971-79 period. Engineering industries fell in between, with one out of

16 firms receiving a patent on average. These figures, however, conceal the

persistent nature of patenting over time. For instance, over 60 per cent of

the firms in the entire sample that patented some time during 1971-79 received

more than one patent during this period. Almost 40 per cent received three or

more patents during the same period. Thus, there appears to be a systematic

propensity to patent inventions among some firms. It is important to control

for this persistent propensity in analyzing the determinants or consequences

of patenting activity.

3. Data, Model, and Estimation

The data we use come from a number of different secondary sources. 4 Data

on patents granted to firms were hand tabulated directly from actual patent

applications on file at the Indian Patent Office. These were merged with data

5



from company annual reports on sales, fixed assets, number of employees by

educational level, and royalty payments for technology. The data cover the

period 1975-76 to 1979-80 (although the patent data are available for earlier

periods as well).

The models to be estimated are a sales and an innovation production

function:

(1) Sit — bo Pit + bl Pit2	 b2 Kit + b3 Kit2

b4 t + b5 t2 +

(2) Pit — Kit	 cl Kit	 c2 Kit2 + c5 t +

c4 t2	 vi	 Pit,

where

S — sales,

P — inventive output (proxied by the number of patents granted),

K — firm size (proxied by fixed assets),

X — vector of inventive inputs, including number of B.S. engineer

employees, number of Ph.D. employees, R&D expenditures, 5 and

foreign and domestic technology licensing payments,

i	 indexes a firm,

t indexes time,

6



q,v are unobserved firm-specific intercepts, and

e,p are i.i.d. error terms uncorzelated with each other.

Equation (1) is a sales production function in which the coefficients bo

and b l reflect the economic value (or marginal product) of a patent, control-

ling for firm size. Time and time-squared are included in the relation to

control for exogenous technological change. Equation (2) represents the

inventive production function by which firms produce patented innovations with

such inputs as trained (both bachelor's as well as Ph.D. level) personnel, R&D

money, licensed foreign and domestic technology, and fixed capital. Again,

time is included to allow for exogenous technical change in the innovation

production function. Further, both production functions allow for unobserved

firm-specific intercepts (n i , pi).

It is a maintained assumption of the model that patents are an indicator

of the output or success of R&D and licensed technology, and not their inputs.

Pekes (1985) and Griliches (1981) have explored this question using the market

value of the firm as an additional indicator of R&D output, and concluded that

patents do indeed measure something more than R&D inputs. We follow the trend

set by most previous studies, including the one by Hall, Griliches, and

Hausman (1986), which have assumed patents to be an indicator of R&D output

rather than R&D input.6

Obviously, the specification of equations (1) and (2) is dictated as much

by the availability of data as by theoretical considerations. Companies are

not required to report the total number of employees in their annual reports,

so unskilled labor input cannot be included in either production function.

Economic output, R&D activity, and licensed technology are specified in value,

instead of physical, terms, since a large number of firms in the sample have
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multiple outputs and since data on R&D and licensed technology inputs are

rarely available in any form other than in amounts spent.

Yet these data limitations are unlikely to affect our empirical results.

Since unskilled labor is often closely correlated with capital, the coeffi-

cients on fixed assets will reflect the effect of both capital as well as (un-

skilled) labor. Hence, our use of fixed assets should be regarded merely as

proxying for firm size. The specification of inventive inputs in value units

can be defended on the grounds that it captures quality differentials in

inventive inputs across firms in a way in which inputs measured in physical

units cannot.

Our greatest data limitation probably is the exclusion of non-patent-

based inventive activity in Indian manufacturing. A large number of firms,

mostly in the small and unorganized sector, typically engage in what is called

'parallel discovery' or imitation that circumvents patent and copyright laws.

This activity may involve a certain amount of technology assimilation,

adaptation, and modification on the part of the firm, but does not lead to any

patenting. This is especially true in India, which does not have a system of

utility models or 'petty' patents for minor adaptive inventions.

It has to be realized, however, that most indicators of inventive outputs

or inputs are at best crude proxies for inventive activity. The only way of

capturing informal or 'blue-collar' R&D conducted outside the formal R&D

divisions of companies is through detailed plant visits and interviews, which

are beyond the scope of this paper.

There are other features of the data that need to be emphasized. As

mentioned earlier, many Indian firms do not patent at all, so there is

substantial truncation of the patent variable at zero. Therefore, as is well
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known, estimation of relation (2) by ordinary least squares method will

produce biased parameters (Tobin 1958). The common solution to this problem

is to use maximum likelihood tobit estimation to take account of truncation.

However, correction of the truncation problem is not straightforward in a

fixed effects model, since a linear transformation (such as first differenc-

ing) cannot be used to sweep out a firm-specific intercept. The alternative –

a nonlinear fixed effects model – produces inconsistent parameter estimates in

short panels and is computationally burdensome. Problems which arise in

estimating a Tobit-type fixed effects model are discussed in Heckman and

MaCurdy (1981) and Maddala (1987).

We employ an alternative procedure proposed by Nakamura and Nakamura

(1985) in a situation where the available past information is limited, viz.,

use of a lagged dependent variable as a proxy for the fixed effect. 7 , 8 Of

course, instead of merely proxying for the permanent characteristics of a

firm, past patenting may also exert a direct influence on current patenting

either through a partial adjustment mechanism or because some production

function parameters vary with past patenting. It is generally not possible to

separate these effects with the model that we use in this paper.

Finally, our estimates are subject to the criticism that they are biased

because of simultaneous equations bias. This problem, of course, affects all

production functions estimated by single-equation methods. We were unable to

use instrumental variable estimation methods since we did not have data on

prices, which could serve as instruments for variable inputs. However, it is

important to realize that the primary source of simultaneous equations bias in

production functions is an unobserved, time-persistent firm endowment (such as

management) that influences output as well as the optimal input choice of the
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firm. Since we control for this endowment in our estimation, our estimates

should be largely free of simultaneity bias.

4. Empirical Results

Tobit maximum likelihood estimates of the patent production function for

the pooled sample are shown in Table 4. What is surprising is the non-

significance of almost all inventive inputs, with the exception of Ph.D.-

educated employees, in producing patents. The effect of Ph.D.-educated

employees on patenting is quite strong, translating into an output elasticity

of around .4 at the sample mean. Firm size also comes in as a significant

determinant, with a significant and negative quadratic term. Thus, patenting

intensity (i.e., the amount of patenting per unit firm size) declines with

firm size. The results also suggest that middle-sized firms tend to patent

more than small- and large-sized firms in Indian manufacturing – a result not

very different from that observed in the United States (Scherer). The results

also suggest a significant increase, albeit at a diminishing rate, in patent-

ing over time in India.

When past or lagged patenting is introduced in the equation to control

for unobserved permanent firm characteristics, the results remain virtually

unchanged. Only time and time-squared become insignificant, as one would

expect. The coefficient on past patenting itself is significant and implies a

partial derivative of current patenting with respect to past patenting of

approximately .06. If one subscribes to a partial adjustment interpretation

of lagged patenting, the results suggest rapid intertemporal adjustment on the

part of firms in the sample. If past patenting is regarded only as a proxy
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for unobserved firm effects, our results indicate the importance of such

effects in determining patents.

When separate equations are estimated for the plastics-chemicals and the

engineering industries, the results are somewhat different. In the former,

only the number of Ph.D.-educated employees comes in as a significant deter-

minant of patenting, indicating the research-based nature of innovation in

these industries (particularly in the pharmaceuticals industry). On the other

hand, fixed assets are the only significant determinant of patenting in the

engineering or heavy sector, indicating the importance of scale in the

innovation process in these industries. Surprisingly, past patenting does not

appear to influence current patenting significantly in this sector, although

it does in the plastics-chemicals sector.

The sales production function estimates are shown in Table 5. While the

inclusion of the lagged dependent variable as an explanatory variable does not

significantly alter the parameter estimates of the patent equations, it makes

a large difference to the estimated coefficients of the sales equations. In

particular, the coefficients of both patents and fixed assets decline conside-

rably in magnitude, indicating possible collinearity between these variables

and unobserved firm characteristics such as management (which are proxied by

lagged sales in the equation). The results thus suggest that estimates that

do not control for firm heterogeneity may exaggerate the returns to both

patents and firm size.

The discussion below refers to the estimates with control for hetero-

geneity. Patenting has a significant positive effect on sales, albeit at a

diminishing rate in the case of engineering industries. At the sample mean of

sales, each additional patent generates additional sales of 30 per cent in the
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chemicals-plastics sector and 72.1 per cent in the engineering sector.

However, because of the very low level of patenting, these figures translate

into output elasticities of patents of only .05 and .065, respectively. The

fact that patenting has higher returns in engineering industries probably

reflects the universal phenomenon of low appropriability of inventions in the

chemicals-plastics sector. It is relatively easy and common for firms in this

sector, but particularly in the pharmaceuticals industry, to engage in patent

infringement. It is well known that the value of a patent and generally of

R&D varies with the appropriability environment in an industry (Cockburn and

Griliches 1987).

As would be expected, firm size is a significant determinant of sales,

such that total sales increase, but sales per unit firm size decrease, with

firm size. At the sample means, the elasticity of sales with respect to firm

size is .643 for the plastics-chemicals sector and .74 for the engineering

sector. No significant time effects are observed in the sales production

function, once patenting and lagged sales are controlled for.

5. Conclusions

There are three important findings that emerge from our analysis. First,

our results suggest that patenting is not entirely irrelevant to the economic

performance of firms in less-developed countries, as is commonly believed.

Patent output is strongly associated with the sales performance of firms for

the sample of Indian firms in the plastics-chemicals and engineering in-

dustries that is used here.

Second, most of the inputs conventionally considered important in the
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innovation production process turn out not to be important in the Indian

context. The one exception to this is skilled R&D manpower, as proxied by the

number of employees with Ph.D.s. This input has a significant and large

impact on inventive output in the plastics-chemicals sector. On the other

hand, in the engineering industries, only firm size seems to matter in patent

output, with large firms patenting more but at a diminishing rate. Thus,

medium-sized firms appear to be the leaders in innovation in Indian engineer-

ing industry, not unlike their counterparts in the developed countries. The

lack of significance of R&D expenditures in innovation output in both manufac-

turing sectors probably reflects the poor quality and inappropriate nature of

R&D activity pursued by Indian firms as well as the very broad definition of

R&D expenditures in the Indian context (where expenditures on quality control

and other non-inventive activity typically are considered as R&D expenditures

for taxation purposes).

Third, permanent firm characteristics, which we have proxied with a

lagged dependent variable, appear to be important determinants of both

patenting and sales performance. However, their inclusion has different

effects in the innovation and the sales production functions. In the former,

the observed impacts of Ph.D. employees (in plastics-chemicals) and firm size

(in engineering) do not change appreciably with the inclusion of past or

lagged patenting. But, in the case of the sales production function, control-

ling for permanent firm characteristics substantially reduces the magnitude of

the impact of patents on sales.

Since we estimate structural (production function) relations for patents

– and not reduced-form demand relations for patents or R&D – our study does

not provide any explicit policy prescriptions for promoting industrial
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innovation in India. What is obvious is that, despite potentially large

returns, the level of inventive activity in Indian manufacturing is extremely

low. Of course, it could be the case that we have completely missed the

innovation that goes on in Indian industry by restricting our attention to

patent-based inventions. However, casual empiricism as well as a number of

studies which have examined Indian industrial innovation in detail (e.g.,

Desai 1971, Salasubramanyam 1973, Subrahmanian 1972) suggest that this is not

the case. Indian industry is short on both formal and informal inventive

activity.

Another fact underscored by this paper is the need for empirical studies

of innovation in less-developed countries. In particular, it would be useful

to know how such variables as product prices, wage rates for skilled and

unskilled labor, market structure, and governmental interventions (e.g., trade

protection, anti-trust legislation, product safety standards, and R&D write-

offs) influence inventive activity among firms and industries. The importance

of such research for technology development and industrial growth in less-

developed countries cannot be overemphasized.
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Table 1

Research and Development Expenditure in Indian
Private-Sector Manufacturing: 1964-65 to 1980-81

R&D Expenditure (on Current Account) as % of Sales
Industry	 Avg.of 1964-5 to 1969-70 	 1977-78	 1980-81

Food and Beverages	 .21 .48 .17
Textile Products .09 .31 .10
Transport Equipment .81 .63 .83
Machinery & Machine Tools .14 .55 .51
Metals & Metal Products .07 .25 .25
Electrical Machinery & Apparatus .73 .75 .56
Chemicals & Chemical Products 1.04 .59 .61
- Basic industrial .67 .42 .43
- Drugs & Pharmaceuticals 1.62 .94 1.04
- Others .48 .61 .58

Rubber Products .11 .25 .19
Miscellaneous .23 .30 .23

All Manufacturing .46 .53 .51

Source: Reserve Bank of India, 1974, p.139 and Reserve Bank of India
(1985), p.180.

Table 2

Size of R&D Labor Force in Indian Industry: 1969-70 and 1980-81

Ownership Type of Enterprise 

Subsidiaries of Foreign Enterprises

Minority Foreign Capital Companies

Indigenously-owned Companies

All Private-Sector Companies

Public-Sector Companies

number of Employees in R&D Divisions

	

Average No.	 As % of Total No.
Per Firm 	 of Employees 

1969-70 1980-81	 1969-70 1980-81

	

15.7	 26.9

	

7.5	 14.5

	

7.8	 12.1

	

9.4	 15.4

	

62.8	 76.6

Source: Reserve Bank of India, 1974, p.141 and Reserve Bank of India,
1985, p.181.
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Table 3

Number of Patents Granted to Nationals in India,
by Industry and Tear, 1954-57 to 1975-78

Industry	 1954-57	 1958-61 1962-66 1967-70 1971-74 1975-78

Food Processing 26 69 123 132 54 65
Textile Manufacture 52 76 92 86 59 75
Jute Manufacture 1 2 4 3 3 0
Textile Products 4 6 9 19 2 7
Wood Products 4 5 7 8 9 16
Paper & Printing 21 28 54 50 25 46
Leather 22 13 18 23 12 9
Rubber & Plastics 18 33 55 59 35 53
Chemicals 46 92 137 251 127 183
Non-Metallic Mineral
Products 25 54 72 85 58 108

Basic Metals 1 2 12 7 18 38
Metal Products 46 124
Machinery (excl. Heavy
Mach. & Prime Movers) 10 37 48 74 34 70
Electrical Equipment* 4 26 13 16 61 156
Transport Equipment
(excl. Aircraft) 8 36 34 47 20 44

Notes: *Excluding Communication Equipment, Storage Batteries, and
Computing Devices.

Source: Evenson (1983), p. 2a.
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Table 4

Maximum Likelihood Tobit Estimates of Patenting Among
Indian Manufacturing Firms: 1975-76 to 1979-80

Independent Pooled plastics-Chemicals Engineering
Variable LIL (2) (3) -Lil (5)	 (6)

Intercept -11.466 -7.612 12.579 -8.066 -11.045 -7.565
(3.3) (2.7) (1.7) (1.4) (3.1) (2.0)

Ph.D. Employees .414 .409 .487 .412 -.670 -1.051
(in Numbers) (2.9) (3.2) (2.2) (2.6) (.3) (.5)

B.S. Employees -.007 -.014 -.018 -.022 .004 .005
(in Numbers) (.4) (.8) (.6) (1.0) (.1) (.1)

R&D Expenditures -.011 -.011 .013 .009 -.002 -.020
(in '00000 Rs.) (.1) (.1) (.1) (.0) (.1) (.1)

Licensing Fees for .007 .007 .020 .020 -.291 -.390
Domestic Technlgy
(in '00000 Rs.)

(.2) (.2) (.6) (.7) (.2) (.5)

Licensing Fees for .005 .007 .003 .005 .048 .050
Foreign Technolgy
(in '00000 Rs.)

(.3) (.4) (.2) (.2) (.8) (.8)

Fixed Assets 1.160 1.122 2.409 2.328 1.753 2.018
(in '00000 Rs.) (2.5) (2.4) (1.0) (.9) (2.7) (2.6)

Fixed Assets -.042 -.041 -.284 -.277 -.078 -.093
Squared (1.7) (1.7) (.7) (.7) (2.3) (2.3)

Time 2.490 .475 1.692 -.637 3.455 1.562
(1.7) (.3) (.6) (.2) (2.0) (.6)

Time Squared -.397 -.166 -.211 .135 -.581 -.445
(1.6) (.5) (.5) (.2) (1.9) (.9)

Lagged Patents .664 1.030 .906
(2.6) (1.9) (1.5)

Sigma 3.996 3.746 4.381 3.799 3.232 3.220

- Log Likelihood 187 163 85 72 94 82

No. of obs. 776 615 302 240 474 375

Notes: See text for the industries included in the two sectors.
Figures in parentheses are absolute values of t-statistics.
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Table 5

Sales Equation: Indian Manufacturing Firms, 1975-76 to 1979-80

Independent Pooled plastics-Chemicals Engineering
Variable (1) (3) (5)

Intercept 1.053 -1.296 2.314 -.467 -.134 -2.486
(1.7) (.9) (3.2) (0.4) (.2) (1.2)

Patents 2.641 1.002 1.319 .801 3.408 2.046
(5.5) (2.2) (2.6) (2.7) (3.5) (1.9)

Patents Squared -.351 -.150 -.102 -.071 -.802 -.651
(4.0) (1.9) (1.2) (1.5) (2.8) (2.2)

Fixed Assets 2.432 1.368 1.416 1.450 3.783 2.938
Iin '00000 Rs.) (30.3) (8.0) (14.6) (11.5) (14.6) (8.7)

Assets Squared -.026 -.018 -.015 -.070 -.085 -.078
(26.6) (1.7) (13.9) (7.2) (5.0) (4.2)

Time -.498 .894 -.916 .364 .056 1.499
(1.1) (1.0) (1.7) (.6) (.1) (1.2)

Time Squared .093 -.116 .138 -.040 .022 -.196
(1.2) (.9) (1.5) (.4) (.2) (1.1)

Lagged Sales .524 .392 .368
(in '00000 Rs.) (14.8) (10.6) (7.0)

R-Squared .617 .726 .467 .808 .729 .757

F-Ratio 206 229 43 139 209 164

No. of obs. 776 615 302 240 474 375

Notes: Dependent variable is sales in '00000 Rupees.
Figures in parentheses are absolute values of t-statistics.
Equations estimated by ordinary least squares.
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1. Deolalikar and Evenson (1984) attempt to answer some of these questions

with industry-level data for India. They estimate demand relations for

technology production and technology licensing which have as their

arguments such variables as skilled and unskilled wage rates, fuel

prices, relative sizes of the foreign and the public sector, and output.

2. This was in part the result of a relaxation in the patent law in 1970.

It is generally agreed that the pharmaceuticals industry was the hardest

hit by this change in legislation.

3. Light industries include all food manufacturing, beverage, tobacco,

textile spinning and weaving, and knitting industries. The plastics-

chemicals sector includes basic industrial chemicals (including fertil-

izer), miscellaneous chemical products, drugs and pharmaceuticals,

petroleum and coal products, and cement industries. The engineering

sector includes metal products, machinery, electrical machinery and

equipment, transport equipment, railroad equipment, and automobile and

cycle industries.

4. These data were collected by a team at the Economic Growth Center under

the auspices of a large multi-country study on technology choice and

innovation during the period 1980-83. One of the authors formed part of

the team. We thank Robert E. Evenson for allowing us to use these data.
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5. Since there may be some double counting in including both R&D manpower

and R&D expenditures as inputs into patent production, we tried three

alternative specifications: two which included only one of the two inputs

and a third with R&D manpower And R&D expenditure per R&D worker. The

results were virtually unchanged across all specifications.

6. See Griliches (1987) for a survey of the literature which uses patents

statistics as economic indicators.

7. Hall, Griliches, and Hausman, 1986, have used a conditional negative

binomial model to estimate the lagged impacts of R&D on patents. The

negative binomial model takes into account the non-negativity and

discreteness of the patent data. By conditioning this model on the total

number of patents applied for by the firm, they allow for a different

intercept for each firm.

8. Of course, in using lagged patents as an explanatory variable in the

current patenting equation, we are assuming patenting to be serially

uncorrelated. In the presence of serial correlation, our estimates are

likely to be biased.
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