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Abstract

This paper contributes to the research of country specifics of the link between
innovation and productivity. It introduces the data on the innovative activities of
Russian firms collected annually on the regular basis. The internal structure of this
data closely relates with the 3rd Community Innovation Survey (CIS) format.
Estimation of knowledge production function linking innovation input, innovation
output and productivity provides the material to discuss the issues of the consistency
with European CIS results and the specifics of Russian innovative environment.

Introduction

This paper introduces the estimates of the relation between innovation and
productivity for knowledge-intensive manufacturing sector of Russian Federation
based on a firm-level dataset.

The main idea behind this research is to introduce the data on innovative activities
gathered over Russian Federation. The surveys are performed by the central
statistical organization of Russian Federation, the Rosstat, on annual and mandatory
basis. The format of the surveys before year 2006 highly corresponds to the CIS3
methodology. Newer surveys are modified in accordance with CIS4 format.

In order to address the issue of consistency of the Russian data and CIS results, this
paper reconstructs the comparison setting of [Jans, L66f, Peters, 2004] where the
cross-country analysis of innovation-productivity relation in Germany and Sweden
was presented.

On year 2005 data covering nearly 4000 knowledge-intensive manufacturing firms,
the modified CDM-model is estimated. The comparison of estimates with the model
coefficients resulted from [Janz, Loof, Peters, 2004] demonstrates the overall
reasonable results and allows portraying the pronounced country specifics including
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internal market orientation, propensity to buy technologies instead of developing,
strong dependence on government support, and particularly low innovation activity.

The structure of this paper is straightforward. Next section introduces the literature
background for this study. Section 3 provides data set description. Section 4 outlines
the econometric model behind the study and the estimation process. Section 5
presents the estimation results. Section 6 concludes. All the tables are gathered in the
Appendix.

Background

Excessive attention to innovation over recent decades followed by a significant
development of innovation statistics has resulted in a burst of empirical studies on
various aspects of innovative activities including the research on cross-country
heterogeneity of the relation between innovation and productivity.

This paper continues the tradition of applying the knowledge production function
approach to modeling the innovation-productivity link. This idea originates from the
work [Pakes, Griliches, 1984] which, followed by a specific estimation technique in
[Crepon, Duguet, Mairesse, 1998] resulted in the wide-spread approach of analyzing
firms’ innovative processes widely referenced as CDM-model. L66f and Heshmati in
2002 introduced a cross-sectional adaptation of the CDM-model, appropriate for
application to CIS-type data. Followed by a number of studies ([L66f, Heshmati,
2004], [Loof, et. al, 2003], [Janz, Peters, 2003] and others) and supported by a
number of stylized facts ([Cohen, Klepper, 1996], [Klette, Kortum, 2002]), this model
is conveniently applied to the cross-country analysis of innovation and productivity.
In this particular study the modified CDM-model is used as a kind of benchmark in the
analysis of the data consistency and reasonability.

Data Description

The data introduced in this paper covers the year 2005 observations over more than
26000 manufacturing firms in Russian Federation, which is more than 80% of all
manufacturing firms observed by Rosstat. This paper concerns the knowledge-
intensive sector, including NACE 24: Chemicals and chemical products, NACE 29:
Machinery and equipment, NACE 30: Office machinery and equipment, NACE 31:
Electrical machinery and apparatus, NACE 32: Radio, television and communication
equipment, NACE 33: Medical, precision and optical instruments, NACE 34: Transport
equipment and NACE 35: Manufacture of other transport equipment. The total
number of observations in this sector is 4091.

As a part of the consistency check, the comparison setup of [Janz, Loof, Peters, 2004]
is reconstructed. This section concerns pivoted population of firms with 10 to 1000
employees, which includes 3408 observations of 4091 total. The comparative tables
are presented in the appendix.



The descriptive statistics shows that Russian firms in average have more than two
times as many employees as German and Swedish, while the share of innovative
companies is nearly 4 times lower (14% versus 49% of Germany and 50% of
Sweden). The share of innovation expenditures in the total sales is more than 5 times
lower (0.8% vs. 4.9% and 5%), while the export share is nearly 10 times lower (2.8%
vs. 30% and 25%).

At the same time, the innovative part of the population looks significantly more
homogenous. Moreover, the characteristics of Russian innovative firms are much
closer to the characteristics of innovative firms in Germany and Sweden. While
average size of firm still differs much (389 versus 124 in Germany and 73 in Sweden),
the share of innovative expenditure varies slightly (4% versus 6% and 10%), physical
capital investment is nearly the same (4% of sales, 5%, 7%). The major distinction is
orientation on national market in opposite to export activities (only 17% of firms call
international market important, opposed to 54% and 67%). The overall country
territory difference could be the explanation.

Estimation

The model consists of four equations describing innovative success probability as the
selection equation, innovation expenditure decision, impact of share of innovative
sales on the productivity in terms of total sales per employee.
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Here first dependant variable stands for the indicator of innovation success, second is
log-innovation expenditure per employee, third is log-innovation output as sales of
innovative products per employee, last one is log-productivity as sales per employee.

First two equations are treated as a Heckman model and are estimated using
Maximum Likelihood method, while the other two are estimated simultaneously
using 3-Stage Least Squares technique with the inverse Mills’ ratio included in the
regressors in order to address the selection bias.

The explanatory variables are chosen in order to reflect stylized facts on the
innovations introduced in [Cohen, Klepper, 1996], [Klette, Kortum, 2002] and to
allow regression comparability with the results of [Janz, Loof, Peters, 2004]. Major
determinants of the innovative activities concerned here are firm size, access to
financial resource, presence of state support, human capital, market demand for
innovation, regularity of innovation.



Innovation success is explained using log-firm size, human capital factor in terms of
share of employees with a university degree, the dummies indicating whether the
regional, national and international markets are considered important for the firm, is
it a part of a group or was it recently established. The regressors of log-innovation
expenditure per employee equation include log-firm size, market priority dummies,
indicator if the firm receives the financing from public funds, whether it executes the
process innovations, tends to carry out the continuous R&D, has valid patents and
pays attention to intellectual property protection. Also, the effects of collaboration in
the innovation development are considered. Innovation output equation uses
endogenous productivity variable, innovation expenditure, firm size and share of
non-innovative investment, inverse Mills’ ratio in order to treat selection bias,
process innovation, public funding, group and newly established dummies, dummies
on the sources of information for innovation and collaboration dummies. The
productivity regression has endogenous innovation output variable, firm size, share
of employees with university degree, share of non-innovative investment, share of
export in sales, inverse Mills’ ratio and process innovation dummy. Also, the
equations include industry dummies.

Estimation Results
Tables with the results estimation can be found in the Appendix.

Overall mechanics of the innovation and productivity link seems similar to European.
The majority of coefficients that are significant over the European data as shown in
[Janz, Loof, Peters, 2004] are also significant in those presented here and the signs
mostly coincide. The logic of the model is maintained: innovation success probability
increases with firm size growth, innovation output depends positively on input and
productivity grows with innovation expenditure and physical capital investment. The
coefficients at the base parameters are comparable, that speaks for the overall
consistency of Russian data and CIS results. However, there are several notable
distinctions.

Considerable correction is brought by internal market orientation. In almost all the
equations, the National market dummy has high significance. For the majority of
enterprises, the Russia-wide market plays the dominant role and acting over it
opposed to the regional market orientation stimulates innovation process greatly.
Taking in account low export share explains, why the coefficient before National
market dummy is higher than before International market.

Other specific issue is significance of public funding variable, which stands for the
availability of state support of innovation. Its presence and large coefficient in the
innovation expenditure equation witnesses that state support stimulates firms to
increase their innovation spending greatly. Firms prefer to spend someone else’s
money to do innovation.

Paying attention to the significance of ‘Member of a group’ variable also puts us
before the financial constraints existence question. Firms that are members of



business groups tend to more probably succeed in innovation, possibly due to extra
access to the financial resources.

The hypothesis behind the degenerate estimate of innovation output equation is the
explicit specificity of innovation processes that take place over Russian enterprises,
namely, the prevailing mechanism of innovation being modernization or adaptation
of the existing technologies via purchasing equipment and machinery in more
developed countries. For this fact speaks the insignificance of Continuous R&D
variable, which implies the insignificance of R&D department presence. Other
explanation to the fact could be high inefficiency of innovation investment caused by
dominant share of governmental investment. Managers that are granted extra money
via national programs tend to spend them inefficiently.

Besides innovation processes, the productivity equation shows strong dependence on
share of university graduates in the number of employees, accompanied with the
negative relation of the productivity with firm size. These facts indicate the widely-
accepted problem of Russian manufacturing sector - lack of qualified personnel and
excessive size of enterprises inherited from the Soviet Union labor policies.

Conclusions

The overall study portrays rather realistic picture of Russian innovative environment.
According to the analysis, firms’ innovative activities are constrained by lack of
financial resources, flourish under the conditions of governmental support, are
mainly oriented on technology purchasing rather than development and are
somewhat constrained by lack of human resource.

These findings fit perfectly with the independent results of ‘Constraints to innovation’
part of the survey, where the most popular constraining factors are ‘Lack of own
funds’, ‘High price for innovation’ and ‘Lack of state financial support’ (see the
complete list at the Appendix).

The major conclusion of this study is somewhat encouraging. The CDM-model
estimation over Russian data demonstrated the ability to draw reasonable
implications. This argues for the consistency of results of Russian innovation survey
and CIS and brings hope for extending the world’s innovation discourse with further
Russian experience.
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Appendix

Table 1. Descriptive statistics for Russian knowledge-intensive manufacturing firms of
10-1000 employees compared to German and Swedish:

Total Sample

Russian N=3408

Sweden N=474

Germany N=575

Mean SD Mean SD Mean SD
Quantitative Variables
Employment 239.491 | 220.203 73 121 102 148
R&D employment 0.010 0.049 0.048 0.108 0.076 0.113
University educated 0.223 0.167 0.151 0.157 0.166 0.167
Innovation input 0.007 0.048 0.05 0.231 0.049 0.116
Innovation output 0.034 0.135 0.12 0.21 0.189 0.234
Physical capital investment 0.033 0.116 0.074 0.248 0.072 0.266
Export 0.028 0.112 0.301 0.334 0.256 0.243
Qualitative Variables
Innovative firm 0.084 0.277 0.424 0.494 0.583 0.493
Product innovation 0.084 0.277 0.432 0.495 0.614 0.487
Process innovation 0.051 0.219 0.242 0.429 0.376 0.481
Valid patents 0.149 0.356 0.356 0.479 0.364 0.481
Public funding 0.010 0.100 0.103 0.304 0.239 0.427
Continuous R&D 0.083 0.276 0.669 0.471 0.469 0.499
Group 0.208 0.406 0.563 0.496 0.27 0.444
Newly established 0.168 0.374 0.047 0.211 0.022 0.148
Most important market:
- national <50km 0.563 0.496 0.206 0.404 0.136 0.343
- national market >50 km 0.638 0.481 0.38 0.486 0.345 0.476
- international market >50km 0.085 0.279 0.424 0.49 0.485 0.5
Innovative sample

Russian N=258 Germany N=352 Sweden N=206

Mean SD Mean SD Mean SD
Quantitative Variables
Employment 389.740 | 251.502 | 124.000 | 166.000 | 93.000 | 142.000
R&D employment 0.040 0.062 0.113 0.126 0.094 0.134
University educated 0.178 0.157 0.192 0.168 0.219 0.177
Innovation input 0.051 0.107 0.065 0.111 0.102 0.344
Innovation output 0.204 0.259 0.301 0.232 0.280 0.241
Physical capital investment 0.042 0.077 0.051 0.104 0.076 0.241
Export 0.068 0.163 0.300 0.253 0.456 0.350
Qualitative Variables
Product innovation 1.000 0.000 1.000 0.000 1.000 0.000
Process innovation 0.116 0.321 0.499 0.500 0.449 0.498
Valid patents 0.531 0.500 0.496 0.500 0.597 0.491
Public funding 0.081 0.274 0.339 0.474 0.173 0.379
Continuous R&D 0.597 0.491 0.692 0.462 0.691 0.463
Group 0.407 0.492 0.307 0.462 0.583 0.494
Newly established 0.078 0.268 0.030 0.171 0.036 0.186
Most important market:
- national <50km 0.395 0.321 0.095 0.294 0.106 0.309
- national market >50 km 0.903 0.227 0.344 0.475 0.221 0.416




- international market >50km | 0.178| 0.384| 0541| 0499| 0671] 0.470
Germany, N=575 Sweden, N=474 Russia, N=4091
Coefficient SE Coefficient SE Coefficient SE
Log Firm size 0.230 *** 0.062 0.157 *** 0.056 | 0.406*** 0.025
Shareof University Graduates 1.530 *** 0.506 2.345 *** 0.437 | 1.381%*** 0.172
Member of Group 0.085 0.142 -0.147 0.135 | 0.360*** 0.057
Newly established 1.092 * 0.658 0.322 0.283 | -0.235 0.094
Most important markets:
-regional <50 km 1.215 *** 0.469 0.154 0.352 | 0.032 0.0635
-national >50 km 0.667 ** 0.294 -0.054 0.208 | 0.625*** 0.092
-international 0.739 ** 0.306 0.937 *** 0.214 | 0.333*** 0.075
Constant -1.729 *** 0.404 -1.661 *** 0.333 | -4.725%** 0.236
Table 2: Innovation Success equation estimates:
* -significant at 10% level, **-significant at 5% level, ***-significant at 1% level.
Table 3: Innovation Expenditure equation estimates:
Germany, Sweden, Russia,
N=352 N=206 N=497
Coefficient SE Coefficient SE Coefficient SE
Log Firm size -0.385 *** 0.076 -0.067 0.091 -0.698*** 0.184
Holds Continous 0.664 *** 0.213 0.528 ** 0.226 -0.099 0.218
R&D
Has Process 0.209 0.142 -0.08 0.193 0.677*** 0.338
innovations
Public funding 0.063 0.168 0.071 0.255 0.965*** 0.398
Has valid patents 0.201 0.159 0.317 0.273 0.215 0.248
Protection -0.154 0.154 0.436 *** 0.163 -0.098 0.266
Cooperation
-Science and Techn. -0.278 0.199 0.12 0.271 -0.145 0.339
-Market demand 0.068 0.159 0.313 0.202 0.466 0.363
-Competitors 0.328 * 0.188 0.011 0.344 0.343 0.520
Most important
markets:
-regional<50km -0.738 0.816 0.294 0.665 --0.060 0.252
-national >50km -0.131 0.642 0.468 0.474 -1.08%** 0.434
-international 0.248 0.659 -0.257 0.501 -0.393 0.331
>50km
Constant 3.492 *** 0.947 2.347 *** 0.901 9.699%** 2.644

* -significant at 10% level, **-significant at 5% level, ***-significant at 1% level.




Table 4: Innovation Output equation estimates:

Germany, N=352 Sweden, N=206 Russia, N=497
Coefficient | SE Coefficient | SE Coefficient | SE

Log Innovation input perEmployee 0.495 *** 0.144 | 0.610 ** 0.267***

0.282 0.084
Log Firm size -0.140 ** 0.065 | -0.105 -0.092

0.099 0.312
Log Sales per Employee 1.063 *** | 0.353 | 0.595 0.565

1.309 0.823
Log Phys. Capitallnvestment per -0.02 0.09 -0.024 0.116
Employee 0.109 0.169
Has Process innovation 0.232 ** 0.111 | 0.521 ** 0.081

0.202 0.389
Public funding -0.016 0.177 | -0.483 ** -0.132

0.228 0.543
Member ofaGroup 0.049 0.13 -0.265 -0.043

0.267 0.360
Sourcesof Information:
-Science and Techn. 0.232 0.2 -1.012 -0.179

1.089 0.309
-Market demand 0.209 0.161 | -0.093 -0.159

0.239 0.276
-Competitors 0.22 0.178 | -0.522 -0.261

0.381 0.293
-0.567 *** 0.206 - 0.21 0.052

0.493 0.074
k%
Cooperation:
-Science and Techn. -0.191 0.318 | 0.174 0.25 0.658
0.391

-Market demand 0.232 0.201 | -0.034 0.111

0.404 0.420
-Competitors -0.496 ** 0.193 | -0.331 -1.120

0.904 0.638
Network of coop. 0.074 0.245 | 0.012 0.009

0.261 0.005
Constant -2.557 1.643 | -0.825 -0.142

6.269 7.546
Inverse Mills’ ratio -0.655 * 0.344 | -0.557 * -0.463*

0.331 0.693
R-squared 0.434 0.469 0.247
Root MSE 0.87 1.008 1.998

* -significant at 10% level, **-significant at 5% level, ***-significant at 1% level.




Table 5: Productivity equation estimates:

Germany, N=352 Sweden, N=206 Russia, N=497
SE SE SE
Coefficient Coefficient Coefficient
Loglnnovation output per Employee 0.268*** | 0.1 0.29%** 0.142%**
0.084 0.061

Log Firm size 0.146%** 0.06* 0.03 | -0.172***

0.039 0.081
Shareof University Graduates 0.333 0.064 0.862***

0.331 0.137 0.321
Phys. Capitallnvestment per Employee 0.134%** 0.04 0.153***

0.038 0.032 0.030
LogExport share 0.318** 0.05 0.256

0.157 0.173 0.230
Has Process innovations -0.136*** -0.03 -0.004

0.069 0.119 0.131
Constant 2.943%** 0.41 | 4.181%*** 7.229%**

0.333 1.082

Inverse Mills’ ratio 0.638** -0.066 -0.322*

0.272 0.186 0.178
R-squared 0.421 0.4 0.386
Root MSE 0.475 0.517 0.687

* -significant at 10% level, **-significant at 5% level, ***-significant at 1% level.

Table 6: Constrains to innovation followed by a percentage of firms that considered

them important:

Lack of own funds 68,2%
High price for innovation 55,1%
Lack of state financial support 45,0%
Low financial solvency of customers 40,3%
Too long payback period 39,8%
High risks 37,9%
Lack of qualified personnel 31,6%
Low demand on innovative products | 30,1%




