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ABSTRACT 

 

Innovation is the key to productivity growth and prosperity. Most empirical cross-country analysis 

of the determinants of innovation focus mainly on developed countries. The objective of this study is 

to fill this gap in the research and analyze the determinants of innovation in transition countries of 

Eastern Europe and the Former Soviet Union. It develops a model of innovation which incorporates 

the role of both firm, industry and country characteristics. The study uses large representative 

surveys (Business Environment and Enterprise Performance Surveys) to test this model and to examine 

whether and how firm, industry and country characteristics matter for innovation. In addition to 

information on firm size, access to finance, export involvement, and market concentration, these 

surveys explore impact of formal higher education and workforce training on the likelihood of a firm 

innovating. 

 

What is special about countries in transition from communism? They are unusual in many ways, but 

a vital fact is that educational achievements in transition economies are out of all proportion to their 

per capita GDPs. Educational levels are as high or even higher than in many rich countries yet the 

typical transition economy has a per capita GDP similar to that of a middle income developing 

country. In addition to assessing whether or not firms in transition economies take advantage of the 

highly skilled labor force in innovating and absorbing new technology, the study attempts to analyze 

if highly educated people in transition economies are rewarded accordingly. To verify this, the study 

analyzes the relationship between educational attainment and wages and attempts to assess returns to 

education. Using the available dataset (Russia Longitudinal Monitoring Surveys), it investigates if 

higher education has any effect on wages in post-reform Russia. 

 

The study finds that access to finance, export involvement, and some degree of firm concentration 

(as captured by the markup) are all significant determinants of innovation. Perhaps the most 

interesting finding is that the training provided by the firm is as important for innovation as formal 

higher education. It also finds the returns to education are indeed high. These are directly 
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translatable into policy variables that affect education systems, financial development, openness, and 

industry regulation in transition economies. 
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Chapter 1. Introduction 

 

1.1. Policy Problem and Research Objectives 

 

What is special about countries in transition from communism? They are unusual in many ways, but 

a vital fact is that educational achievements in transition economies are out of all proportion to their 

per capita GDPs. Educational levels are as high or even higher than in many rich countries yet the 

typical transition economy has a per capita GDP similar to that of a middle income developing 

country. 

 

Differences in total factor productivity account for roughly half the differences in income across 

countries and are generally associated with differences in technological progress (e.g. Hall and Jones, 

1999). These differences are also large between firms within a single country (Hsieh and Klenow, 

2007). Innovation is a key to technology adoption and creation and studying the determinants of 

innovation is a crucial first step in understanding how firms catch up to the technology frontier, and 

for designing policies to enhance growth and development. 

 

The objective of my study is to analyze the determinants of innovation in transition countries of 

Eastern Europe and Former Soviet Union. The study is analyzes the extent of technological 

innovations as well as the factors that influence innovation for firms in these transition countries. In 

particular, I look at different measures of innovation to get an idea about the amount invested in 

innovation. Then I perform an econometric analysis of the determinants of innovation in transition 

countries using the firm level data collected from the Business Environment and Enterprise 

Performance Surveys. In particular, I explore the influence of firm and business environment 

characteristics on the propensity to innovate. Here I will investigate if firms’ capacity to innovate and 

absorb new technology depends on worker higher education and training. 
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I will also look at the demand side of the economy and analyze the relationship between education 

and earnings. Returns to schooling under planning were low in many transition economies. 

However, recent empirical evidence shows that returns to schooling increase as market reforms take 

place. In this study, I examine returns to schooling in Russia using the data from the Russia 

Longitudinal Monitoring Surveys. 

 

Thus, this research is going to explore whether the firms in transition economies are able to reap the 

benefits of such an educated workforce through innovation and whether individuals themselves are 

able to reap such benefits through higher wages. 

 

1.2. Outline of the Dissertation 

 

In order to achieve the research objectives, the dissertation is organized as follows. Chapter Two 

discusses the methodological issues related to the definition of innovation, differences between 

various measures of innovation. It also provides an overview of existing studies relating to the 

determinants of firm innovation, describes the data and the econometric methodology, and analyzes 

empirical results. Chapter Three reviews the literature on returns to education in Russia, describes 

and analyzes the data and presents the empirical results. The final chapter of the dissertation draws 

conclusions and provides policy implications of the study. 
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Chapter 2. Determinants of Firm Innovation in Transition Countries 

 

2.1. Innovation in Perspective 

 

In this chapter, I describe the main concepts behind innovation. After defining innovation, I am 

going to explain differences with related terms, explain product and process innovation. Then I 

describe different quantitative measures of innovative activity most often used in the empirical 

literature on innovation. 

 

2.1.1. Defining and Measuring Innovation 

 

We live at time when global competition is increasing as a result of trade liberalization, technological 

change and reductions in transportation and communication costs. It is now a commonplace that 

the competitive advantage of nations and their resident firms is derived not so much from their size, 

labor or capital assets per se but from the ability to continuously harness these endowments to 

innovate. Firms today find it increasingly difficult to compete on low costs alone. The challenge for 

businesses now is to compete on the basis of innovation. 

 

One definition of innovation taken from the dictionary is the following (The New Oxford Dictionary 

of English, 1998, p. 942): Making changes to something established by introducing something new. This 

is the general definition of innovation, which basically means a process that transforms ideas into 

outputs. 

 

Another definition of innovation is primarily oriented towards the relation between technology and 

innovation, and the issue of innovation tackled primarily the new technology in firms. In the last 

twenty years, the wider impact of innovation activity on technical change has been recognized, 

whereas technical change increased technological opportunities, with positive impacts on 

productivity, employment and wealth creation. Consequently, a redefined meaning of the 
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technological innovation has been identified. According to the OECD (1997), “a technological 

product innovation is the implementation/commercialization of a product with improved 

performance characteristics such as delivering objectively new or improved services to the consumer. 

A technological process innovation is the implementation/adoption of new or significantly improved 

production or delivery methods.” It may involve changes in equipment, human resources, working 

methods or a combination of these (OECD, 1997). It notes that the minimum requirement for an 

innovation is that the product or process must be new or significantly improved to the firm. This 

includes both innovations that the firm in question is the first to develop, as well as those adopted 

from other firms or organizations. In developing countries incremental changes, acquisition of 

embodied technology, and applications or adaptations of existing products or processes are thought 

to be the most frequent forms of innovation. 

 

Innovation entails the creation of new designs, concepts and ways of doing things. The next phase 

involves the commercial exploitation of new products or processes, and, finally, diffusion through 

the rest of the economy, which benefits everyone in the society. Innovations are mostly incremental, 

defined as a succession of individually modest improvements to products or services over their life 

cycle. But some of them can be dramatic that involve creating entirely new industries or markets. 

 

Firms experiment and often times take risks to produce innovations. Some might not be lucky, but 

across the economy the successes outweigh the failures. These failures themselves might be new 

knowledge generators. After evaluating these failures correctly, firms can improve the chances for 

future success. It is high returns from successes that provide the incentive to innovate. According to 

UK DTI (2003), “successful innovation-led companies have a number of common characteristics, 

such as: 

 

 a world wide focus, often requiring early expansion overseas; 

 a balanced growth strategy, based on organic growth and targeted acquisitions to enter new 

markets or acquire critical expertise; 
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 a balanced investment strategy; 

 above average investment in market led research and development (R&D); 

 a focus on what really matters to the customer; and 

 an innovation culture with corporate leadership that expects growth through development of 

new products and services” (UK DTI, 2003). 

 

Economic models of an innovation have typically concentrated on product innovation, and 

distinguish further two distinct types (Gancia and Zilibotti, 2005).The first type is horizontal 

innovation, which consists of manufacturing a new product, which does not displace existing 

products, thus expanding a variety of products produced. This form of innovation features in 

Romer’s model of growth (1990). The second type is vertical innovation where the introduction of 

one product makes an existing product become outdated. This form of innovation captures the 

process of creative destruction underlined by Schumpeter, and underlies growth model of Aghion 

and Howitt (1992). 

 

Invention is a term often used in the context of innovation and is defined as creating something new 

that has never existed before (The New Oxford Dictionary of English, 1998, p. 960). Innovation is not 

the same as invention, because it is not just the creation of something new, but also the exploitation 

for benefit by adding value to customers. Invention is often about creating something that has yet to 

be desired by a customer. Numerous inventions never lead to innovation because they are never 

brought to the marketplace. If an invention can be exploited and transformed into change that adds 

value to a customer, then it becomes an innovation. On the other hand, there are many innovations 

that do not require invention in terms of originality. For example, process innovations often involve 

applying well-established techniques and technology. 

 

Before I examine the evidence bearing upon possible determinants of innovation, I am going to talk 

about measures of innovation. The empirical literature on innovation most often uses one or more of 

four quantitative measures of innovative activity. None of these measures is perfect, and I will discuss 
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the flaws of each these measures. However, all four tend to produce consistent results on most issues 

when the researchers are careful to construct their statistical tests in ways that control for obvious 

biases and confounding correlations. These four measures are: 

 

 Research & Development (R&D) Spending 

 Patents 

 Bibliometric Data 

 Innovation Counts (Surveys) 

 

R&D data have been collected in a systematic fashion in most countries since the inception of the 

Frascati Manual (OECD, 1963). Patent grants have been recorded by patent offices around the 

world for a much longer time. Bibliometric data are also widely available in the form of publications 

and citations, or innovation announcements. It is only recently that, under the guidelines of the 

Oslo Manual (OECD (1992), statistical agencies have started conducting surveys directly asking 

firms about their innovations. 

 

Corporate R&D is widely used as a measure of firm investment in innovation. Most firms in 

developed countries disclose their R&D budgets in their annual reports. For instance, data series on 

R&D spending by publicly held U.S. firms is available at Standard & Poor’s Compustat listing for 

firms. 

 

The main methodological criticism of using R&D spending is that it measures an input to 

innovation, not the number or value of the innovations actually produced. It is well known that 

firms often invest money in unprofitable capital projects, so the possibility that most R&D spending 

might be wasted cannot be rejected out of hand. 

 

Patents are considered to be better indicators of innovation as an output than is R&D. However, 

patent data can sometimes be misleading. From an economic standpoint, innovation is about 
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applying new ideas and technology to improve human life, not just having ideas themselves. High 

patent counts do not necessarily mean high level of innovation. Most patents are worth little and the 

propensity to patent varies widely across sectors. Also, patent laws can be very different in different 

countries. For example, Japan allowed seven-year patents to be filed for minimal innovations, while 

most other countries only granted patents for real innovations, and those patents lasted for close to 

twenty years.  Patent laws in different countries are now converging, so these problems will not affect 

very recent and future years’ data. But historical patent data is difficult to use in cross-country 

comparisons without controlling carefully for these factors. Finally, many types of innovation 

including software and some biological innovations are not patentable in many countries. Lanjouw 

et al. (1998) discuss the imperfection of patent counts as measures of innovative output and methods 

of dealing with at least some of the above listed problems. Bibliometric data are not always 

systematically collected or readily available, and they suffer even more than patents from the absence 

of any associated value. 

 

Innovation counts are comprehensive lists of innovations made by various firms. They are usually 

constructed from large surveys. In principle innovation counts should be the best data, for they 

clearly measure outputs, and the survey organizers can apply similar rules in constructing data for 

different firms, industries and countries. In practice, innovation counting is often criticized as 

arbitrary. The surveyors must decide what is an “innovation” and what is not. Patent counts also 

usually try to distinguish “important” from “unimportant” innovations, but this too is a judgment 

call. Finally, innovation counts are not available for firms in most countries. 

 

2.1.2. Innovation Patterns among Transition Countries 

 

Table 1 presents patents granted in the United States per 1,000,000 people for selected transition 

countries and a group of reference countries (Brazil, Chile, Mexico, Singapore, South Korea, Taiwan 

and United States). As the table shows, U.S. patenting is negligible for all transition countries except 
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Slovenia and Hungary. This suggests that patenting in transition countries is still an isolated activity 

of a few individuals rather than the outcome of an advanced innovation system. 

 

It is important to understand who is patenting in these countries by looking at the data on domestic 

patenting. The latter are not as useful as the data on U.S. patenting because differences in national 

requirements make it impossible to draw comparisons across countries. Moreover, there are constant 

changes in laws and in the definitions and procedures followed by the national patent offices, so that 

the data do not permit clear inferences along the time dimension either. Still, domestic patenting 

data can be useful for determining who is patenting in each country. 

 

As shown in Table 2, in transition countries of Eastern Europe and Central Asia most patents are 

granted to nationals. Domestic patenting by foreigners is much lower in these countries than in 

comparator countries such as Chile and Mexico. We can think of two reasons why nonresident 

agents may not want to patent in a particular country. First, agents do not trust the patent system in 

the country; and second, agents think that there is a negligible risk of somebody copying their 

design, given the low technology level of the country. The first point is certainly relevant for 

transition countries, given the low marks these countries get for the strength of their intellectual 

property rights (IPR) system. As to the second point, it must be qualified because it is always 

possible for foreign companies to copy the design. This may be a valid issue in large and poor 

countries, such as Russia and Ukraine: a company may want to patent there, even if there are no 

domestic companies with the technological capacity to copy their product, because they would want 

to prevent other foreign companies from doing so. 

 

Data on scientific and technical publications provide a good indication of the quality of universities 

and research institutions, which in turn determines the quality of their graduates and researchers and 

their possible role in joint R&D with the productive sector. Table 3 provides basic data on 

publications by country in scientific and technical journals. Russia, Poland, Czech Republic, 

Hungary, Ukraine and Slovenia have a much more developed academic and research environment 
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than the rest of transition countries. The research output of other countries appears to be extremely 

low, especially in Kazakhstan and Moldova, but also in Azerbaijan and Latvia. 

 

We now turn to data on R&D. Figure 1 shows that R&D spending as a percentage of GDP is very 

low in transition economies. One interesting aspect to note that Hungary and Czech Republic spend 

less on R&D than Serbia and yet generate more patents than the latter. This could be interpreted as 

a higher efficiency of R&D, if we reduce R&D to patent generation. It is clear, however, that this is 

not the only purpose of R&D. Another problem with this conclusion is that – particularly for least 

developing countries (LDC) with low levels of R&D spending – R&D data are very noisy. Thus, it 

is difficult to draw strong conclusions from small variations in R&D data among LDCs. 

 

As a way to explore this issue further, we know turn to the survey conducted for the Global 

Competitiveness Report 2009-2010. This survey asked about the opinion regarding the level of R&D 

spending in each country. As Table 4 shows, the perception is not entirely consistent with the R&D 

data, since respondents view R&D spending in Estonia, for example, as being higher than in 

Croatia. But the differences are small, and these surveys also have high margins of error. 

 

Another useful way to shed light on R&D spending in transition economies is by reviewing data on 

the number of people engaged in research. According to the data, shown in Figure 2, the relative 

number of people devoted to research is higher in Russia and Slovenia and extremely low in 

Kazakhstan and Macedonia. 

 

In general, transition economies of Eastern Europe and Central Asia have low indicators of 

innovation: low U.S. patenting, low domestic patenting, low spending on R&D as a share of GDP 

and a small number of researchers in relation to the workforce. Therefore, it is important to 

understand the determinants of innovation and think about policies that could increase innovation 

in these economies. 
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2.2. Determinants of Innovation: Theoretical and Empirical Models of Innovation 

 

As indicated in the introduction, the main objective of the dissertation is to analyze the determinants 

of innovation in transition countries by exploring the influence of firm characteristics, firm behavior 

and business environment on the propensity to innovate. The purpose of this section is to describe a 

theoretical model of an individual firm’s decision of whether or not to innovate that I use to guide 

my empirical work and that is going to deliver predictions for the interplay between firm innovation, 

human capital, firm size, competition, and other firm characteristics, and then develop testable 

hypotheses for econometric estimation. This section also presents the testable hypothesis and 

specifications of empirical equations for econometric analysis of firm innovation. 

 

2.2.1. Theoretical Model of Innovation 

 

This section sets out a simple model of an individual firm’s decision of whether or not to innovate. I 

begin with a similar set-up to Klette and Kortum (2004), in which innovation increases demand for 

a firm’s products. I modify this model to incorporate the concept of innovation embedded in Cohen 

and Klepper (1996), in which innovation increases profits by lowering the unit costs of production, 

and to incorporate the characteristics of the firm and the business environment that might affect the 

decision to innovate. For simplicity of exposition I consider myopic risk-neutral firms that are 

concerned with maximizing current expected profits. 

 

I assume that the economy consists of a unit continuum of differentiated goods, and that consumers 

have symmetric Cobb-Douglas preferences across these goods so that the same amount, one unit, is 

spent on each good. A firm is defined by the portfolio of goods, which it produces. Firms compete 

through product quality improvements, which come from innovation activities. This results in each 

good being produced by a single firm, the one that currently has highest quality for this good, with 

the profit flow from each good equal to π, where 0<π<1. A firm with n goods then has revenues 

equal to n and profits of nπ. 
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The firm then has to decide whether or not to engage in innovative effort. A key feature of 

innovation is that it involves a costly investment, with uncertainty over the outcome. The cost of 

engaging in innovative effort is C, and the likelihood that it succeeds is λ, depending on the 

characteristics of the firm and the sector in which the firm operates. If the innovation succeeds, it has 

two benefits to the firm. First, as in Klette and Kortum (2004), product innovation allows the firm 

to successfully produce a new product at higher quality than the incumbent producer, taking over 

the market for this good. Second, as in Cohen and Klepper (1996), innovation enables the firm to 

reduce the unit cost of producing each good produced, allowing it to gain an additional profit of x 

per unit sold. 

 

Regardless of whether or not it chooses to engage in innovation, firms face the possibility that 

another firm will innovate on a good it is currently producing. If this occurs, the firm will lose this 

good from its portfolio. The probability that such competition causes the firm to lose a good is β. 

The firm will thus produce n+1 goods at profit π+x per unit if it succeeds in innovating and no 

competitors innovate on a good the firm currently produces, n goods at profit π+x per unit if it 

succeeds in innovating and a competitor also innovates on one of its goods, n goods at profit π per 

unit if it doesn’t succeed in innovating and there is no loss of a product to a competitor, and profit π 

per unit on n-1 goods if innovation fails and a competitor innovates on one of its goods. The 

expected profit to the firm if it chooses to innovate is then: 

 

λ(1−β)(π+x)(n+1) + λβ(π+x)n + (1−λ)(1−β)πn + (1−λ)βπ(n−1) − C  (1) 

 

If the firm chooses not to innovate, the expected profit is: 

(1−β)πn + βπ(n−1)         (2) 

 

Comparing (1) and (2), we see the net expected gain in profits to a firm from innovating 

is: 
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λ(π+x(n+1−β))−C         (3) 

 

A credit-constrained firm with resources (assets and available credit) of W will then innovate if: 

 

π+x(n+1-β)>C/λ 

 

and           (4) 

 

C≤W 

 

Equation (4) allows us to summarize many of the empirical associations, found in the existing 

literature, and derive several testable implications. 

 

First, consider the implications of (4) for the relationship between the education and training of 

workers and firm innovation. The education and training of workers contributes to an increase in 

the capital stock available to the economy. Some education and training takes place in a structured 

environment, often in a classroom. Other types involve a more formal learning environment, often 

as supervision and work associated with the production process. 

 

A central hypothesis of this research is that human capital development is complementary to 

innovation and technological change. A few studies have attempted to test this or related hypothesis. 

Mincer (1989) has argued that the demand for human capital is complementary to technological 

change. This theme has also been pursued by Lillard and Tan (1986) and by Bartel and Lichtenberg 

(1987). Although Mincer’s work investigates the connection between technological change and an 

industry’s use of highly skilled workers, his hypothesis may be extended to firms. 
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The literature lays particular emphasis on the role and nature of human capital in knowledge based 

organizations. The possession and retention of high quality workers is exceedingly important, 

especially when innovation is viewed as a cumulative process, critically dependent of tacit knowledge 

(Galende and Fuenteb, 2003). Miller and Friesen (1984) suggest that the use of technocrats increases 

the production of innovative ideas. Highly educated and technically qualified employees are also 

more receptive to innovations (Carter and Williams, 1957). Jacobson et al (1996) argue that 

scientists and engineers are the main carriers of innovation and their proportion can better capture 

information on process engineering and informal innovations neglected by indicators like patents 

and formal R&D measures. 

 

Thus, I expect the education and training of workers to be positively correlated with innovation, as 

more human capital should increase the efficiency of innovation, lowering C/λ. 

 

Second, I consider the role of competition. The traditional view has been that innovation should 

decline with competition, as more competition reduces the monopoly rents that reward entry by new 

successful innovators (Aghion and Howitt, 1992). This effect is captured in the above model. More 

intense competition can be viewed as a higher β, that is, a greater likelihood that a competitor will 

innovate and take over one of your products. Equation (4) shows that the additional profit per unit 

from innovation is lower when β is higher On the other hand, competition increases incentives to 

innovate in order to stay in business (Aghion-Dewatripont-Rey, 1999). This appears to be a 

particularly reasonable position to take, since exposure to competitive markets is more likely to force 

firms to make product and process improvements to meet the demands of global consumers. This 

gives rise to my second prediction, that is, more competition fosters innovation. 

 

Third, I consider the implication of (4) for the relationship between firm size and innovation. 

Dating back to Schumpeter, it has long been argued that larger firms have an advantage in 

innovation. A positive relationship between firm size and innovation has been found within each of a 

number of countries (Ayygari et al., 2007). Cohen and Levin (1989) summarize several arguments 



 

 14

for such an effect occurring: larger firms may have an advantage in securing finance for risky 

projects, and there may be scale economies in the technology of research and development. In the 

above model, this would lead to W being increasing in n, and C, the cost of innovation, falling with 

n. Thus, the hypothesis that I test is that larger companies innovate more than smaller firms. 

 

Fourth, equation (4) shows that innovation will be less common for credit-constrained firms. 

Intuitively, financially constrained firms will find it harder to invest in product innovation and 

technology upgrading processes and methods. Firms need funds to finance innovation projects. 

Empirically there is a strong relationship between access to finance and innovation (Ayygari et al. 

2007). They find that firm innovation increases with greater share of borrowing in foreign currency. 

They show that in developing economies access to external financing and, in particular, foreign 

financing, is associated with a higher rate of innovation. 

 

Note from (4) that in addition to the wealth and credit W, whether or not a firm is constrained will 

depend on whether or not innovation is profitable – which in turn depends positively on firm size, 

negatively on the level of competition, and positively on the likelihood the innovation succeeds, λ. 

Conditional on these other variables, W should be positively associated with innovation. 

 

Fifth and finally, equation (4) clearly links the likelihood of innovating to the efficiency with which 

a firm can engage in innovative activities, C/λ. Firm characteristics which reduce the costs of 

innovating, or which increase the likelihood that the innovation succeeds, will make innovation 

more profitable, increasing the probability that innovation occurs. The literature has found 

correlations between several firm characteristics which might reasonably be thought to affect the 

efficiency of innovation. For example, firms which export are more likely to innovate (Almeida and 

Fernandes, 2006). In his study of Italian firms, Basile (2001) finds that the export intensity of 

innovating firms is systematically higher than that of non-innovating firms. Legal structure has also 

been found to be associated with innovation (Ayygari et al. 2007), although the focus has typically 

been on larger firms, with a distinction made between public and private companies, and whether or 
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not the firm has limited liability. Firms with higher intensity of R&D have been found to be more 

innovative (Souitaris 2002). 

 

2.2.2. Empirical Determinants of Innovation 

 

This part of my study applies concepts from the innovation literature, surveyed in part 2.2., on the 

selected firms in the Business Environment and Enterprise Performance Surveys (BEEPS) database 

to investigate the impact of various factors on their innovation propensities. I am using equation (4) 

above to motivate logit regressions of the probability of a firm engaging in innovation as a function 

of firm and industry characteristics, business environment and macroeconomic performance 

variables. 

 

In deciding which dependent variable to use in my analysis, it is necessary to keep in mind that there 

is considerable experience accumulated in the field of innovation policy in developed/OECD 

countries and much of this is not directly applicable to developing/transition countries because of 

the nature of the challenges the latter are facing. For developed countries, a possible indicator of 

firms’ innovativeness could be the number of new patents granted each year. However, as noted by 

Aghion et al (2002), patenting will be of much less relevance to firms in a transition economy. I will 

argue that for the firm in transition economy it is much more relevant to see whether that firm 

introduced new products, obtained new product licensing agreement or new quality accreditation. 

 

The BEEPS surveys allow us to capture the rate of firm innovation in this broader sense. Specifically, 

the surveys ask firms if they have undertaken any of the following four innovative activities in the 

last three years: Developed a major new product line/service, Upgraded an existing product line/service, 

Obtained a new product licensing agreement and Obtained a new quality accreditation. The firm 

responses are coded as 0-1 (No-Yes) dummy variables for each of the 4 questions. 
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To study determinants of innovation, I will proceed in three steps. First, I will analyze innovative 

activities controlling for key firm characteristic, such as firm size, and I will formally test the 

economic and statistical significance of variables like training and education of the workforce, firm 

financing, export intensity, and the foreign and domestic competition environment on firm 

innovation. Then I will add country dummies to control for country specific effects. Finally, I will 

add country-level policy variables to control for macroeconomic performance. All steps above will 

also include industry dummies to control for industry specific effects. 

 

As for independent variables, it is possible that the variables explaining firms’ innovativeness for 

developed and developing countries might be different. One reason for this is because firms in 

developing countries might have different obstacles to innovation than their counterparts in 

developed countries. Consequently, I would divide the sample into developed and developing 

country samples in the econometric analyses. However, since my sample consists of only transition 

countries, I will include variables that I think might be important in predicting firms’ innovativeness 

in transition countries. Definitions of all firm-level explanatory variables are provided in Table 5 in 

the Appendix. 

 

2.3. Data and Identification Strategy 

 

Having extracted significant lessons about the determinants of innovation from the existing 

literature, I go on to use original data analysis to quantitatively assess their relevance in the context of 

transition economies. In the following sections, I will provide the sources of the data, present 

descriptive statistics of the data, discuss identification issues, and propose the estimation techniques. 

 

2.3.1. Data sources 

 

The data used are from the Business Environment and Enterprise Performance Surveys (BEEPS), 

which is a joint initiative of the European Bank for Reconstruction and Development (EBRD) and 
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the World Bank Group. The first survey was undertaken in 1999–2000, when it was administered 

to approximately 4,000 enterprises in 26 countries of Central and Eastern Europe (CEE) (including 

Turkey) and the Commonwealth of Independent States (CIS) to assess the environment for private 

enterprise and business development. In the second round of the BEEPS, in 2002, the survey 

instrument was administered to approximately 6,500 enterprises in 27 counties (including Turkey). 

In the third round, in 2005, the BEEPS instrument was administered to approximately 7,900 

enterprises in the same 27 countries covered by the second round of the BEEPS. My research uses 

the 2002 and 2005 survey data (BEEPS II and BEEPS III) across 25 countries (excluding Turkey). 

 

Each time the samples were structured to be fairly representative of the domestic economies, with 

specific quotas placed on firm size, sector, location, and export orientation. The samples were heavily 

weighted toward privately-owned firms (both privatized firms and start-ups), but minimum quotas 

were used to ensure some representation of state-owned firms and firms with foreign ownership. The 

surveys placed particular emphasis on the extent and nature of firms’ business activities, including 

questions on innovative activities, competition they face locally and nationally, state intervention in 

firm decision-making and others. In addition, the datasets contain a panel component, where 1,399 

firms (excluding firms from Turkey) that were surveyed in 2002 were surveyed again in 2005. As a 

result, the BEEPS surveys provide a unique opportunity to compare factors that influence 

innovation for firms across transition countries and also across firms with different characteristics 

within a given country. 

 

2.3.2. Descriptive Statistics of the Data 

 

Table 6 in the Appendix provides some simple descriptive statistics for 1,399 firms that were 

surveyed in both 2002 and 2005. As can be seen from the table, firms are actively engaged in 

innovative activities. More than a third of the firms are actively engaged in core innovation (37 

percent introduced new product line/service). More than half of the firms (almost 52 percent) 
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upgraded existing product line/service, 15.8 percent obtained a new product licensing agreement, 

and about 14 percent of the firms obtained a new quality accreditation from other firms. 

 

Table 7 shows changes in innovation activities in 2005 over 2002. In this case, change is defined as 

transition from one state to another on a categorical variable (e.g., the transition from “did not 

innovate” to “innovate”). As table 7 shows, out of those firms, which did not develop a major new 

product line/service in 2002, 22.6 percent did develop a major new product line/service in 2005. In 

other words, almost a quarter of firms, which were not engaged in developing a major new product 

line or service in 2002, decided to produce new products or services in 2005. Out of those firms, 

which did not upgrade existing product line or service, 32.8 percent (or almost a third) did upgrade 

in 2005. Out of those firms, which did not obtain a new product licensing agreement in 2002, 10.5 

percent did obtain in 2005. Finally, out of those firms, which did not obtain a new quality 

accreditation in 2002, 9.3 percent did obtain a new quality accreditation in 2005. What are the 

factors that affect a firm’s decision to engage in innovative activities in transition economies? This 

question is at the core of the interest in this research. 

 

The sample is dominated by small and medium-sized firms: 70 percent of the sampled firms 

employed fewer than 50 persons, and just less than one fifth employed between 50-249 employees. 

 

In general, the main variables show reasonable mean values and significant variation. 

 

Table 8 presents the correlations between the different innovation indicators. The correlation 

coefficients range from 0.16 to 0.45. The highest correlation coefficient of 0.45 indicates that firms 

that introduce a new product line are also highly likely to upgrade an existing product line. Table 8 

also presents the correlations between the individual innovation indicators and firm level variables. 

The correlation matrix reported in Table 8 in the Appendix suggests generally low correlation 

coefficients (highest coefficient is 0.295 between fraction of exports in revenues, EXPORTS, and 

importance of foreign competition on innovation, FORMCOMP). As suggested by Lind et al. (2000, 
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p. 412), a rule of thumb for the detection of the multicollinearity problem is a correlation coefficient 

in threshold smaller than 0.7 in absolute value. Accordingly, we can conclude that multicollinearity 

is not a problem in our data. This confirms that the firm-level predictors capture distinct 

characteristics of firms. I will investigate these and other relations with different firm characteristics 

in the next sections through regression analysis. 

 

2.3.3. Identification Issues and Estimation Techniques 

 

The BEEPS datasets are cross-sectional surveys. For this reason, an obvious identification problem 

arises in the context of cross-sectional data. For example, a measure of international connectedness 

(expressed as a percentage of sales derived from exports) and a measure of innovation both reflect 

choices by the firm, and both could be driven by some unmeasured or poorly measured third factor. 

In particular, firms with better managers might tend to be more proactive in terms of technological 

innovation; a cross-sectional regression is unable to determine whether positive correlations observed 

between these variables are driven by a causal relationship. If I had a good instrument that was 

highly correlated with firm-specific measures of international connectedness, but was not itself 

subject to similar endogeneity critiques, I could employ such an instrument. However, as is often the 

case, such an instrument does not appear to exist. In the absence of a good instrument, I will utilize 

panel data techniques to address these issues of causality. Luckily, I do have something of a panel 

dimension in that 1,399 firms appearing in the 2005 BEEPS survey also participated in the 2002 

survey. I will link these firms into a short panel, and then utilize the limited panel dimension of my 

data to obtain some leverage around issues of causal interpretation. 
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2.4. Analysis and Discussion of the Results 

 

2.4.1. Innovation Regression Equation 

 

All regressions will be estimated using firm level data across 25 transition countries of Eastern 

Europe and the Former Soviet Union. The dependent variable is one of the four underlying 

indicators of innovation based on firms’ responses to survey questions. Given the dichotomous 

nature of the dependent variables (all four individual indicators of firm innovation are 0-1 variables), 

I will employ a logit specification. 

 

The baseline model, which does not control for industry effects, will be expressed as follows: 

 

Firm Innovation =  +  1Firm Size Dummies +  2X +  , 

 

where X is a vector of variables characterizing different aspects of the firm’s human capital 

development, financing, and competition environment. 

 

A key firm characteristic is size. Three dummy variables are constructed depending on the number of 

full-time employees in the firm (small firm = 1-49, medium firm = 50-249, large firm ≥ 250)), with 

dummies for medium and large firms serving as the reference groups. 

 

To examine if a firm’s human capital, financing, and competition environment have any influence 

on innovation capability, I include the following variables into my model. 

 

Human capital, as measured by education and training, has been shown to have an important 

influence on firm investment decisions and overall firm behavior. Specifically, I measure human 

capital by the fraction of firm’s employees with some university education or higher and training of 

firm’s skilled workforce. The variables are defined as follows: Some University Education or Higher is 
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the fraction of workers with some university education or higher and Skilled Worker Training, which 

is a dummy variable showing if the firm offered formal training to its skilled workers in the last 12 

months. 

 

An essential part of successful innovation concerns having a competent managerial cadre with the 

appropriate incentives and tools. Firms need managerial competences that could be used to effect 

far-reaching changes in technology, workforce organization, etc. The lack of quality managerial 

capacity or “entrepreneurship” can constrain the firm’s investment in advanced technology, as it 

reduces the firm’s information on the most appropriate technology, and can increase its adjustment 

costs. 

 

In our model, firms with better managers may be more likely to adopt technology, hire a larger share 

of university-educated workers, and to participate in export markets. Thus, the effect of the share of 

university-educated workers and of export shares may simply reflect omitted managerial or other 

firm characteristics. Unfortunately, the BEEPS surveys do not have information on managerial 

competencies. The strategy to address this problem could be to include many important firm-level 

controls in the innovation regressions to minimize the possibility that our results are driven by 

omitted variables. However, we must acknowledge that our findings could still be partly driven by 

unobservable firm characteristics. 

 

In the Business Environment and Enterprise Performance Surveys, firms were asked if they had a 

bank loan or overdraft. Hence I constructed a Access to External Financing dummy, which takes the 

value 1 if the firm had been approved for a bank loan and 0 if the firm did not have a bank loan. 

 

To measure different aspects of firm competition I will use the Fraction of firm’s sales that are 

exported; Markup that shows the margin by which the firm’s sales price for its main product line or 

main line of services in the domestic market exceeds its operating costs (firms that are able to charge 

a larger markup are deemed to have less competition); and Foreign Competition Has Greatest 
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Influence to Innovate is a dummy variable, which takes the value 1 if foreign competition had great 

influence on the firm to develop new products. 

 

2.4.2. Results 

 

Table 9 reports the estimated coefficients of the above regression. The table shows that the 

probability of undertaking all types of innovative activities increases with firm size. Compared to 

small firms, medium and large firms are more likely to develop new product lines, upgrade existing 

product lines, and obtain new product licensing agreements and quality accreditations. 

 

Our focus, however, is on the importance of various measures of human capital, financing and 

competition environment in this process of technology diffusion. The results in Table 9 suggest that 

there is a robustly positive relationship between measures of human capital at the firm level and all 

innovation activities. In particular, university education and training of skilled workers are important 

for all innovation activities. For example, evaluated at the mean of the data, the coefficient for some 

university education or higher implies that increase in the fraction of workers with some university 

education or higher is associated with increase in the probability of developing a major new product 

line or service by about 16 percent. Similarly, the results for skilled worker training suggest strong 

relationships between this variable and all innovation activities. Evaluated at the mean of the data, 

the coefficient for skilled worker training implies that the existence of a program raises the 

probability of technology absorption by 4.6 percent or more. Viewed together, the results support 

the importance of human capital as measured by higher education and skilled workforce training for 

firm innovation. 

 

Evaluated at the means of the data, the regression coefficients for the fraction of exports in revenues 

imply that the higher the exports sales ratio, the higher is the likelihood of the firm developing new 

and upgrading existing product line/service and acquiring a new quality accreditation. The 

coefficients are significant at the 5, 1 and 1 percent, respectively. This suggests that there is a strong 
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association between the extent of engagement of a firm in export activity and these measures of firm 

innovation. I note that the exports sales ratio is a weaker predictor of obtaining a new product 

licensing agreement. 

 

Facing competition pressures from a foreign owned firm is beneficial for developing a new product 

line/service and acquiring a new quality accreditation. The results suggest a statistically significant 

positive association between the influence of foreign competition and these firm innovation 

activities. Thus, firms reporting that foreign competition had the greatest influence to develop new 

products were most likely to be innovative along these two innovation dimensions. 

 

Price markup, my measure of domestic competition, seems to have a limited relationship with firm 

innovation, with the exception of a significant positive effect on upgrading existing product line or 

service. This suggests that firms that are able to charge a larger markup, i.e. have less competition, 

are more likely to upgrade their existing product lines/services in order to keep their de facto 

monopoly power. 

 

Access to finance, which is proxied by a firm’s use of a loan, has a strong positive and statistically 

significant relation to all innovative activities, with the exception of obtaining a new product 

licensing agreement. This would seem intuitive, since financially constrained firms would find it 

harder to invest in technology upgrading processes and methods. 

 

Next, I will use the baseline model and build on it to examine the impact of human capital 

development indicators, competition, and access to finance. In the first step, the regression equations 

I estimate will include industry dummies and are of the form: 

 

Firm Innovation =  +  1Firm Size Dummies +  2Industry Dummies +  3X +  , 
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where X is a variable or a vector of variables characterizing different aspects of the firm’s human 

capital development, financing, and competition environment. 

 

I include industry dummies to investigate possible differences in innovation activities amongst the 

firms in different industries. Table 10 in the Appendix shows that innovation activities are 

concentrated in selected industries. As much as 39 percent of development of a new product 

line/service in 2002 and 2005 occurred in manufacturing. As much as 35 percent of upgrading of 

existing product line/service in both years also occurred in manufacturing. Part of this concentration 

can be explained by the relative representation of the industries in the sample. Manufacturing firms 

represent as much as 25 percent of all the firms in the sample. 

 

As it can be seen from Table 11 in the Appendix, not much has changed across the different 

columns after I included industry dummies, which indicates that results of the firm-level predictors 

are robust to specification. I find that firms belonging to the manufacturing sector are more likely to 

be involved in innovative activities. This implies that the firms belonging to manufacturing require 

more improvement in their existing product assortment (new product line) or introduce completely 

new technologies to remain competitively viable, as they are more prone to be influenced by 

exogenous technological change. 

 

More generally, I view the robustness of these results as encouraging. The consistency in the pattern 

of results what I observe across these four sets of regressions suggests that the underlying economic 

relationships are real. But are they causal in nature? In order to address this question, I will proceed 

in two steps, although it is difficult to answer this question definitely. First, I will exploit the panel 

structure of our data and run both fixed and random effects regressions on these data. I will also 

attempt to implement the instrumental variables approach to deal with the issue of endogeneity. 

 

Two estimation methods are used widely in panel data analysis, namely, the fixed effects model and 

the random effects model. The fixed effects model allows correlation between the unobservable 
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characteristic and the independent variables. The random effects model requires satisfaction of the 

strict exogeneity assumption that the unobservable characteristic is not correlated with any 

independent variable to yield consistent estimates. The generally accepted way of choosing between 

fixed and random effects is running a Hausman (1978) test. If a model is well specified, Hausman 

test contrasts the null hypothesis of suitability of the random effects model with the alternative 

hypothesis of appropriateness of the fixed effects model. In particular, Hausman test checks whether 

the coefficients estimated in the two models are equal. If the two estimates are not significantly 

distinct, the random effects model should be selected. Conversely, if the estimates are significantly 

distinct, the fixed effects model should be chosen. 

 

The results of Hausman test show that I cannot reject the null hypothesis of coefficient equivalence 

at the significance level of 5 percent. A common interpretation of this pattern of results for Hausman 

test is a preference for the random effects model. The test implies the nonexistence of a significant 

correlation between individual specific effects and explanatory variables. 

 

The results of random effects model for our four innovation equations are reported in Table 11 in 

the Appendix. These results may be interpreted in the following framework. Larger firms continue to 

be more likely to engage in innovative activities. The coefficient on the fraction of workforce with 

some university education or higher shows positive and significant relationship between higher 

education and all innovation activities. The results for training also suggest strong relationships 

between this variable and our four innovation measures. 

 

The coefficients on our exports variable and foreign competition dummy continue to indicate 

economically and statistically significant associations between these measures of connection to the 

global economy and firm innovation, except exports show limited relationship with developing a 

new product line or service and obtaining a new product licensing agreement. Foreign competition 

shows limited relationship with upgrading existing product line/service and obtaining a new product 

licensing agreement. The coefficient on the price markup shows a positive significant relationship 
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between a lack of competition in the domestic market and upgrading existing product line or service, 

indicating that firms that are able to charge a larger markup achieve an expansion in upgrading their 

existing product line or service. 

 

Firms with access to finance are more likely to innovate. The coefficients on the dummy variable 

indicating access to finance are positive and statistically significant, except a firm’s use of a loan 

shows limited relationship with obtaining a new product licensing agreement. 

 

To summarize, the results in Table 11 suggest a strong correlation between firm innovation and such 

variables as the fraction of the labor force with university education, skilled labor force training, 

access to finance, exporting, and foreign competition. I also find that larger firms are more 

innovation. 

 

So far I only looked at how firm-level explanatory variables explain firm innovation. However, the 

25 countries in the sample show a great deal of variation across the four different categories of firm 

innovation. Firms in any country are more likely to undertake only certain types of innovative 

activities than others and hence in no single country are firms uniformly less or more innovative 

across the four different categories. For instance, 28 percent of firms from Latvia introduced a new 

product line, 57 percent upgraded an existing product line and another 23 percent entered into new 

product licensing agreement compared to Tajik firms that were the least active in each of these 

categories (with corresponding numbers of 19, 33 and 8 percent respectively). However, it is 

important to note that Latvian firms are not innovative across all categories. Only 11 percent of 

Latvian firms obtained new quality accreditations compared to 25 percent of firms in Czech 

Republic and 26 percent of firms in Slovenia. 

 

Likewise, the 25 countries in the sample show a great deal of variation across some of our 

explanatory variables. For example, 78 percent of firms in Slovak Republic report offering training to 
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their skilled workforce compared to 13 percent of firms in Georgia. 57 percent of Hungarian firms 

had a bank loan or overdraft compared to 9 percent of firms in Azerbaijan. 

 

Our analyses that use exclusively firm-level (or micro) data to study the effect of different firm 

characteristics on firm innovation may suffer from issues of endogeneity. For example, it is possible 

that more innovative firms systematically report more severe obstacles to innovation, because they 

are more aware of what is hindering innovation than the less innovative firms. Therefore, an 

inevitable outcome of a firm-level analysis could be a highly positive correlation between 

innovativeness and these external obstacles to innovation, but this is because innovation influences 

firm’s perception of the obstacles, not the other way. Therefore, for this purpose, in the next set of 

regressions, I include country dummies and then later replace them with objective country-level 

characteristics of the environment that capture salient aspects of the national framework conditions. 

 

I start by including country dummies in the regression specification rather than just clustering by 

country since clustering would assume the country effect to be a part of the composite error term 

and thus uncorrelated with the other regressors. However, as I already found, there is a great 

variability among countries necessitating the use of country dummies. 

 

The regression equation I will estimate now is: 

 

Firm Innovation =  +  1Firm Size Dummies +  2Industry Dummies +  3Country Dummies + 

 4X +  , 

 

where X is a variable or a vector of variables characterizing different aspects of the firm’s human 

capital development, financing, and competition environment. Given the dichotomous nature of the 

dependent variable, I will employ a logit specification. 
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Table 12 shows that the probability of undertaking all types of innovative activities increases with 

firm size. Compared to small firms, medium and large firms are more likely to develop new product 

lines or services, upgrade existing product lines, sign new licensing agreements and obtain new 

quality accreditations. 

 

The results in Table 12 suggest that university education and the training of skilled workers continue 

to be important for firm innovation. For example, evaluated at the mean of the data, the coefficient 

for some university education or higher implies that an increase in the fraction of workers with some 

university education or higher is associated with an increase in the probability of developing a major 

new product line or service by almost 20 percent. Similarly, evaluated at the mean of the data, the 

coefficient for training of skilled workers implies that offering skilled worker training associated with 

increase in the probability of developing a major new product line or service by 13.7 percent and 

upgrading existing product line or service by 12.5 percent. The results for the fraction of workers 

with some university education or higher and skilled worker training suggest strong relationships 

between these variables and firm innovative activities. They also support the importance of human 

capital as measured by investing in the skill level of the workforce for firm innovation. 

 

The results show a statistically significant positive association between the influence of foreign 

competition and core innovation measures. Firms reporting that foreign competition had the 

medium or greatest influence to develop new products were most likely to develop a new product 

line/service and obtain a new quality accreditation. The findings also suggest that there is a strong 

association between the extent of engagement of a firm in export activity and upgrading an existing 

product line/service and obtaining a new quality accreditation. The results suggest that firms that 

export a larger share of their sales innovate more than firms that sell more to the domestic market. 

 

Just as it was found earlier, price markup, my measure of domestic competition, has significant 

positive effect only on upgrading existing product line or service. This implies that firms in 
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transition economies that charge larger price markup, i.e. have de facto monopoly power, are more 

likely to upgrade their existing product lines/services. 

 

Access to finance has a positive and statistically significant relationship to all innovative activities, 

with the exception of obtaining a new quality accreditation. Therefore, banking finance is associated 

with greater likelihood of innovating. 

 

Manufacturing firms are more likely than firms in other industries to engage in innovative activities. 

The reason for this is that manufacturing firms tend to use more technologically advanced 

production processes when compared with other sectors such as trade and services. 

 

Overall, results show that the more innovative firms are larger, and are exporting firms characterized 

by access to finance and who face foreign competition. It can also be seen that university education 

and training of skilled workers are important for firm innovation as they complement and support 

innovative activities of firms. 

 

Table 12 also reports the results of random effects model for our four innovation equations that 

include country dummies. Larger firms continue to be more likely to engage in innovative activities. 

The coefficients on the fraction of workforce with some university education or higher show a 

significant relationship between this variable and our measures of innovation. Similarly, the results 

for skilled worker training suggest strong relationships between this variable and all innovative 

activities. 

 

The coefficients on our exports variable and foreign competition dummies continue to indicate 

economically and statistically significant associations between these measures of connection to the 

global economy and firm innovation. The coefficient on the price markup shows a positive 

significant relationship between this variable and upgrading existing product line or service, 
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indicating that firms that are able to charge a larger markup achieve an expansion in upgrading their 

existing product line or service. 

 

Firms with access to finance are more likely to innovate. The coefficients on the dummy variable 

indicating access to finance are positive and statistically significant, except a firm’s use of a loan 

shows limited relationship with obtaining a new product licensing agreement. 

 

I started my analysis by examining the effect of firm-level characteristics on innovation. I then 

included country dummies in our regressions. The results that I obtained to this point suggest a 

strong correlation between firm innovation and such variables as fraction of university educated 

workers in the firm, skilled labor force training, access to finance, exporting and foreign competition. 

 

Next, I will run regressions with country dummies replaced by objective country-level characteristics 

of the environment. This will capture salient aspects of the national framework conditions. 

 

A natural starting point is to consider the quality of the institutional framework and certainly 

regulation of business, for which there is a range of data from the “Doing Business” project of the 

World Bank. Unfortunately the repertoire of these indicators for us is constrained, because data for 

most of them exists only for recent years. 

 

Since innovation is already a quite uncertain venture by its very definition, anything in the 

macroeconomic environment that adds extra elements of uncertainty, such as the symptoms below, 

should influence the appetite of firms for innovation. Therefore, we include a UNEMPL variable, 

which shows the unemployment rate (fraction of total labor force), based on data from the World 

Bank World Development Indicators. 

 

I also include the skilled worker training-unemployment rate interaction term and expect it to be 

negative. We hypothesize that the incidence of training decreases in a soft labor market 
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(characterized by high unemployment). When the unemployment rate is high and there is a large 

availability of skilled workers on the market, firms are less likely to train, since they might find it 

optimal to hire skilled workers on the market rather than provide training to inexperienced workers. 

 

The import of technology from abroad is often cited as an indispensable element of successful 

technological catch up. Many different channels of international technology transfer have been 

considered in the literature over the years, including foreign direct investment, trade, licensing, 

migration or collaboration on innovation. For a lack of data on the latter channels, we take into 

account only FDI, which is inflow of foreign direct investment in percent of GDP. Since large 

economies for natural reasons invest relatively more internally, we control for size of the country 

LNPOP given by log of population. FDI and LNPOP have been derived from World Bank World 

Development Indicators. 

 

Finally, all the countries in the sample are developing economies with GDP per capita (PPP 

(constant 2005 international $) in 2005 ranging from 1,480 U.S. dollars in the case of Tajikistan to 

23,460 U.S. dollars in the case of Slovenia. Therefore, we will control for the GDP per capita of the 

country. 

 

I modify the last regression equation by replacing country dummies by country-level variables chosen 

above: 

 

Firm Innovation =  +  1Firm Size Dummies +  2Industry Dummies +  3Country-Level 

Variables +  4X + , 

 

where X is a variable or a vector of variables characterizing different aspects of the firm’s human 

capital development, financing, and competition environment. Country-level variables include 

UNEMPL, which represents unemployment rate (fraction of total labor force); FDI, which is inflow 

of foreign direct investment in percent of GDP; LNPOP, which refers to size of the country given by 
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log of population; TRAINUNEMPL, which is the skilled worker training-unemployment rate 

interaction term; and GDPPC, which shows log of GDP per capita (PPP, constant 2005 

international $) in 2002 and 2005. Given the dichotomous nature of our dependent variable, I will 

employ a logit specification. 

 

Table 13 gives the results. As it can be seen, not much has changed across the different columns, 

which indicates that results of the firm-level predictors are robust to specification of the country-level 

part of the model. Fraction of workers with some university education or higher and skilled 

workforce training continue to come out with positive and significant coefficient in all four estimates 

of innovative activities. All of the other firm-level predictors included in the model, namely firm size, 

impact of foreign competition, exports and access to finance, came out with expected signs, and 

almost all of them appear to be statistically significant at conventional levels. Firms belonging to the 

manufacturing sector are more likely to be involved in innovative activities. 

 

Let us now turn to the effects of the country-level predictors. FDI inflow does not seem to be 

relevant and accounting for LNPOP does not seem to matter, at least as far as coefficients of these 

variables are concerned. 

 

A positive, although not statistically significant effect has been detected for UNEMPL, which at the 

first glance might seem counterintuitive. However, idle resources should be easier for grab in the 

innovation projects that often involve launching of new production facility, compared to a situation 

when the firm needs to poach labor from existing use. 

 

The skilled worker training-unemployment interaction term is negative and, in case of obtaining a 

new product licensing agreement, statistically significant. The result suggests that during the times of 

high unemployment, firms are less likely to provide job training, since they find it optimal to hire 

skilled workers on the market rather than provide training to inexperienced workers. 
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Table 13 also consistently depicts a negative relationship between LOG GDP/capita and our 

innovation measures. When per capita GDP is below (above) its long-term country-specific trend, 

firm innovation is higher (lower) than would otherwise be the case. The negative sign on GDP per 

capita confirms the convergence effect with lower income nations experiencing higher GDP growth 

rates. 

 

Country-level random effects are also reported in the Table 13. As envisaged by the multilevel nature 

of the model, the error term is split into multiple components. All of the factors, which were 

statistically significant under previous specification (firm size, fraction of workers with some 

university education or higher, skilled workforce training, foreign competition, exports and access to 

finance) are also statistically significant in the random effects model at conventional levels. The 

results confirm that there are paramount differences across countries in the likelihood of firms to 

innovate but also in how the firm-level effects translate into this propensity. 

 

The above results do not suffer from a serious problem of multicollinearity, neither among the firm- 

or country-level predictors. Among the country-level predictors the correlation coefficient never 

exceeds 0.18 (Table 14). 

 

2.4.3. Checking the Robustness of Results 

 

The results obtained above suggest a strong correlation between firm innovation and our human 

capital variables as fraction of workers with some university education or higher and labor force 

training. While we cannot rule out other interpretations, these results lend themselves much more 

readily to a causal, or at least partly causal, interpretation. At the same time, while this may indicate 

that the availability of each of these factors spurs firm innovation, it could also suggest reverse 

causality. For example, firms that innovate and therefore have better growth opportunities may also 

be the ones that are able to invest in the skill level of the workforce and introduce new technologies 

and products. 
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Nevertheless, in this section we probe deeper into the relationship between firm innovation and our 

human capital variables. I estimate instrumental variable regressions to deal with reverse causality. In 

particular, I investigate if fraction of workers with some university education or higher and skilled 

workforce training affect all firms’ innovation rates in the same way. 

 

The fraction of workers with some university education or higher is instrumented by the fraction of 

labor force with tertiary education at the country level, available at the World Bank’s World 

Development Indicators Database. 

 

In addition to the fraction of labor force with tertiary education at the country level variable, an 

additional instrument will be used to predict skilled worker training. The BEEPS collect data on the 

time the firm spent in filling in the most recent vacancy for skilled workers. This information is 

useful as it characterizes the labor supply facing the firm. It turns out that only 47 percent of skilled 

vacancies are filled in within one week. This suggests that local labor market characteristics may have 

significant effect on training. 

 

Firm’s decisions to train its workers may be affected by the characteristics of local labor markets. 

Theoretically, when the economy runs out of skilled workers, employers turn to less-qualified 

workers to fill the new job. This is good for the disadvantaged, less skilled workers - firms lower 

hiring standards, take inexperienced, less educated workers, and expand training. 

 

We hypothesize that the incidence of training increases in a tight labor market (characterized by 

longer times to fill vacancies). Firms in a tight labor market are likely to hire whoever they can get 

and then train them. Earlier we obtained the negative sign of the skilled worker training-

unemployment rate interaction term, which implies that, during the times of low unemployment, 

firms are more likely to provide job training. 
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Table 15 shows that the coefficients of the instrumented fraction of workers with some university 

education or higher and labor force training variables are positive and significant in almost all 

innovation regressions, suggesting that reverse causality is not the main driver of our findings. The 

results suggest that in countries with higher fractions of labor force with tertiary education firms 

tend to employ more workers with university education. It also suggests that firms that are not able 

to quickly fill in vacancies for skilled workers tend to be more involved in the provision of training. 

 

2.4.4. Discussion of Results 

 

Understanding the links between firm characteristics and firm innovation is an important step in 

identifying the channels through which the policy determinants of firm-level innovation contribute 

to economic development. 

 

Using firm level data for about 1,400 firms in 25 transition countries, the study analyzes the factors 

that influence innovation for firms in transition economies. We define innovation broadly, to 

include not only core innovation activities (introducing new product lines/services and upgrading 

them), but also other types of activities that promote knowledge transfers (such as signing new 

licensing agreements, obtaining new quality accreditations), which reflect the overall dynamism of 

firms. 

 

Our results indicate that the more innovative firms are larger, and are exporting firms characterized 

by access to external finance. By contrast, firms that do not innovate much are typically smaller firms 

and who do not have foreign competitors. 

 

The key finding of this study is that the training provided by the firm and fraction of its labor force 

with university education are important determinants of the extent of innovation it undertakes. In 

every regression, the presence of skilled workforce training and a higher fraction of labor force with 

university education were strongly associated with firm innovation. 
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The relationship between our human capital variables on the one hand, and successful firm 

innovation on the other, is complex, with causality almost surely running in both directions. Higher 

education or training and firm innovation are complementary, in the sense that a firm’s capacity to 

absorb new knowledge, and to benefit from absorption, depends on the skills and training of the 

workforce. Higher levels of training and skills typically lead to a firm identifying new technologies 

that need to be mastered in order to increase competitiveness. Yet the decision of the firm to acquire 

a certain technical competency often necessitates training and changes in skill composition of the 

workforce. 

 

Using the instrumental variable approach, I instrumented training by the time it takes to fill in the 

skilled worker vacancy and the fraction of labor force with tertiary education at the country level. 

The idea behind using the time it takes to fill in the skilled worker vacancy is that in a tight labor 

marker (in times of shortages of skilled workers) employers turn to less-qualified workers to fill the 

new job and train them. The findings are robust to this instrumentation. The negative sign of the 

skilled worker training-unemployment interaction term adds credibility to this mechanism in that, 

during the times of low unemployment, firms are more likely to provide job training.
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Chapter 3. Do Higher Levels of Education Raise Earnings in Russia? 

 

3.1. Objectives of the Study 

 

In chapter 2, we obtained an important result in that training provided by the firm and the level of 

formal (higher) education are both important determinants of the extent of innovation, which a firm 

in a transition country undertakes. In this chapter, we look at the demand side of the economy. We 

assess returns to education in Russia. In particular, we are interested in looking at the relationship 

between educational attainment and wages and seeing if higher education has any affect on wages in 

Russia. 

 

3.2. Review of the Literature 

 

The transition to the market for the Former Soviet Union started in 1990 with the separation of the 

three Baltic States followed by a disintegration into a further 12 countries in 1991. As Russia 

embarked upon market-oriented reforms in early 1990s, investment in human capital, a vital 

component of economic growth, worsened. 

 

Historically the Soviet Union had levels of human capital on par with advanced Western nations. 

However, very few studies were conducted with respect to the impact of human capital on individual 

earnings and earnings inequality and poverty. Part of the problem was the lack of reliable micro data 

and the other part reluctance on behalf of the officials to conduct studies that were considered by the 

Communist Party as capitalistic in nature. Since the 1950s the Soviet Family Budget Survey was 

conducted by the TSSU (Central Statistical Agency) but researchers did not have access to this data 

and the state used this primarily for calculating aggregates. Even if there were a desire to use this data 

set, as Konstantinova Vernon (2002) argues, there were two major problems with its use. Firstly, the 

data was not representative of the whole population and, secondly, it did not contain accurate 

information on income, particularly from unofficial sources. 
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Whilst there is a lack of studies on human capital by researchers in the Soviet Union, there are a 

number of studies conducted by the researchers in other countries. The major study of note is that of 

Gregory and Kohlhase (1988), which is based on a sample of 2700 Soviet immigrants to the US. 

This study, which represents one of the earliest attempts to evaluate human capital in the USSR, 

reports very low returns to human capital. In particular, university education was only rewarded 

22% more than secondary level. 

 

Since the disintegration of the Soviet Union and the emergence of new independent countries this 

has changed. The change has come primarily because of the availability of data, partly because of the 

funding from institutions such as the World Bank and partly because a rising awareness in these 

countries regarding the importance of collecting and analysing data on labor market issues and their 

implication for formulating policy. There are now many papers on the impact of human capital in 

transition economies, including Chase (1998) on the Czech Republic and Slovakia, Rutkowski 

(1996) on Poland, Orazem and Vodopivec (1995) on Slovenia, Kollo (1998) on Hungry, Earle and 

Oprescu (1993) on Romania and Arabsheibani and Mussurov (2001) on Tajikistan. 

 

Based on a Mincerian earnings function method, a number of studies on education and earnings in 

Russia attempted to find the rate of return to an additional year of schooling. Using data from the 

Russia Longitudinal Monitoring Survey (RLMS) 1992-1996, Newell and Reilly (1997) regress the 

logarithm of monthly earnings from primary employment on educational attainment dummies, 

occupations, supervisor at the job status and regions. They report a return to a year of university 

education of 4.2 percent in 1992, higher, 9.7 percent, in 1994 and 6.3 percent in 1996. 

 

Using Russian Center for Public Opinion Research survey data from 1991-1994, Brainerd (1998) 

finds that the returns to a year of schooling increased from 3.1 to 6.7 percent for men and 5.4 to 9.6 

percent for women during that period. She suggests that the returns should increase further in the 

future as Russia moves from government dominance toward a market democracy. 
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Using RLMS 1992-1996, Nesterova and Sabirianova (1998) regress the logarithm of hourly wages 

from all jobs on a large set of controls that includes supervisory responsibilities, industry, 

occupations and local labor market conditions. Their estimate of the return to a year of schooling is 

smaller, 4.2 percent in 1996. 

 

Cheidvasser and Benitez-Silva (2000) use RLMS 1992-1999 and estimate an earnings equation with 

the logarithm of monthly earnings from primary employment as a dependent variable in a model 

excluding hours of work. Estimated by year in a regression that includes job characteristics, the 

return to schooling are mostly in the range of 3 to 5 percent during that period. 

 

Clark (2000) uses RLMS 1994-1998 to assess the returns to education as well as to specific levels of 

post-compulsory education and training. Unlike other studies on Russia mentioned above, he finds 

significant and positive returns to education and training (in the range of 6 to 13 percent) between 

1994-1998. He suggests that this might be due to a certain amount of transformation of the labor 

markets to a more flexible and less rigid wage structure. 

 

Konstantinova Vernon (2002) uses RLMS 1992-2000 and finds that the overall returns to schooling 

in Russia increased over the course of transition. She suggests that returns to education will continue 

to increase in Russia owing to the growing cost of investment in schooling and increased demand for 

trained specialists in the rapidly developing market economy. 

 

Due to the ideology of the previous system labor compensation was based on the idea of the state 

ownership of the work force. The central planning authority allocated workers to industries and jobs 

across regions and undertook the responsibility of training the work force, bearing all the costs of 

training. Wages were set according to a tariff wage grid for each job category and a compensating 

wage differential was paid to those who worked in regions with adverse weather and working 

conditions. Given the fact that agents’ expectations were formed in a ‘stable price’ environment, the 
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relationship between wage and effort became weak. More importantly, the universally observed 

positive relationship between education and earnings weakened and in some cases, as Graeser (1988) 

observes, the relationship became perverse. 

 

The tariff grid and ideological preferences in setting wages and thereby determining returns to 

education is no longer practised in Russia. Instead potential employers and employees are free to set 

wages according to a contractual agreement, as long as the wage is at least as high as the minimum 

wage, which was 200 roubles (6 US Dollars) in 2001. A given state-determined compensation 

scheme, or compensating differential, applies when work is hazardous. 

 

Among the studies on Russia discussed above, only the paper by Cheidvasser and Benitez-Silva 

(2000) offers reliable analysis of return to education in Russia in the 1992-1999 period. The 

availability of the data set for 2000-2002 for Russia and using the same set of instruments employed 

in their paper allow to test the relevance of human capital theory in this country. It also allows us to 

test the hypothesis made in Brainerd (1998) in that that the returns should increase further in the 

future as Russia moves from government dominance toward a market democracy and market 

reforms lead to productivity augmenting factors being rewarded accordingly. 

 

3.3. Data 

 

The data used in this analysis are drawn from the Russia Longitudinal Monitoring Survey (RLMS) 

during the time period 2000-2002. The RLMS is a series of nationally representative surveys 

designed to monitor the effects of Russian reforms on the health and economic welfare of 

households and individuals in the Russian Federation. The RLMS is compiled by the Carolina 

Population Center of the University of North Carolina at Chappell Hill. Each round consists of over 

9,000 individuals covering over 500 variables including income and expenditures, employment 

details, education levels as well as health details. 
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3.4. Descriptive Statistics of the Data 

 

We begin with Table 17 in the Appendix, which presents means and standard deviations of the 

pooled sample of respondents of age 25 to 64 of rounds 9 to 11 (interviews conducted in 2000-

2002). The average age of the respondents is slightly above 40, 49 percent are male, and roughly 2/3 

are married. The average of total years of schooling is about 12. The percentage of individuals with a 

university degree is 22 percent. 55 percent of workers reported that their companies are at least 

partly owned by the government, and only 4 percent of respondents’ enterprises are owned by 

foreign capital. 59 percent of respondents said that they work in large enterprises. 

 

Table 18 in the Appendix classifies respondents of age 25 to 64 by their educational level. 

Individuals with the lowest levels of education (with incomplete secondary) tend to be much older 

than those with secondary or higher levels of schooling. They tend to be male in a higher proportion 

and about half of them live in rural areas. They have a much lower labor force participation rate, 

receive substantially lower wages mainly from government owned. The comparison of individuals 

who have completed secondary education to those with vocational or special secondary shows that 

the latter categories, requiring additional schooling, do not seem to report higher wages. This is 

consistent with Psacharopoulos’ (1985, 1994) observation that returns to vocational or special 

secondary education are lower than the returns to the similar but less specialized academic one. The 

group with vocational training education is dominated by males. Women comprise almost 70 

percent of the group with technical or special secondary education. These educational institutions 

cover such traditionally “female” occupations as elementary school and pre-school teachers, primary 

care physicians, nurses, technicians, and numerous qualified blue-collar jobs in some female-

dominated industries. Almost 90 percent of the individuals in this group are currently working. 

They earn on average slightly more than those with vocational training but less than those who have 

only completed secondary schooling. 
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The university-educated (those with university degrees or post-graduate education) do obtain higher 

wages than the previous groups, suggesting possible degree effects that will be tested in the 

multivariate analysis. Females are a majority in these education groups. More than 90 percent of 

individuals in these education groups were working at the time of the interviews. Workers with 

graduate education mainly work in government companies and obtain lower wages than do 

university graduates. 

 

Common trend across education levels includes a strict increase in labor force participation, from 79 

percent for people with only primary education to 94 percent for people with a graduate degree. 

This implies that people with higher levels of education can often obtain jobs with more flexible 

working hours and have more opportunities for side income. 

 

Table 19 in the Appendix classifies respondents by the region in which they live. For the purposes of 

the RLMS this vast country is divided to 8 regions, where Moscow and St. Petersburg are considered 

as a single metropolitan area. One of the most clear conclusions from the analysis of this table is that 

the regions are fairly homogeneous across the socio-economic variables presented, except for wages 

(probably due to differences in production structure). The metropolitan area differs from the other 

regions in a number of variables. For example, the average years of schooling are slightly higher, and 

the size of the government sector is smaller than in the rest of the country. 

 

Finally, Table 20 shows that almost 24 percent of people with university education are employed in 

occupations with lower educational requirements. These specific features of the labor force structure 

can cause rates of returns to schooling to decline. 

 

3.5. Regression Function 

 

The conventional method of estimating the effect of human capital on earnings is Mincer’s (1974) 

semi-logarithmic function where the natural log of some measure of income is regressed on some 
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measure of formal schooling and a measure of training. Given that, unless explicitly asked, the length 

of training is not observed, and that learning by doing continues with employment, Mincer uses 

years of experience as a proxy for training. A particular problem with Mincer approximation is that it 

overestimates the experience of women if they temporarily leave the labor market for child bearing 

and child rearing reasons or other family responsibilities. Additionally, during the transition process 

many workers may have experienced periods of unemployment, irrespective of gender, and hence 

again the variable tends to overestimate experience. For these reasons in our analysis we use age 

instead. 

 

The preferred measure of income by many is the hourly wage. This is not often asked but is 

calculated by dividing weekly wage (or monthly salary/4.3) by normal hours of work per week. This 

measure of income has the advantage that it is not subject to variation in hours worked per week or 

weeks worked per month (or per year for annual salary). Although the present survey asks questions 

about average hours worked per week, in our analysis instead we use monthly wage from primary 

place of work after taxes. 

 

The Mincerian earnings function can be specified as: 

 

lnWi = β0 + β1Si + β2Xi + έi        (1) 

 

The dependent variable, lnWi, is the natural logarithm of monthly earnings for individual i, Si is 

individual’s years of schooling, Xi is a vector of observed characteristics, which included a set of 

explanatory variables, β1 and β2 are the corresponding vectors of coefficients to be estimated, and έi is 

a stochastic term distributed N(0,σ2
i). 

 

Following the approach in Gorodnichenko and Sabirianova (2004), schooling is imputed to equal 4 

years for 1-6 secondary school grades, 8 years for 7-9 secondary school grades, 10 years for 10-12 

secondary school grades, 9 years for a vocational non-secondary school diploma, 11.5 years for a 
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vocational secondary school diploma, 13 years for a special secondary degree, 15 years for a 

university degree, and 18 years for a graduate degree. The additional variables include a sex dummy, 

a dummy representing sector of employment (private sector employment is the reference group), a 

dummy representing foreign ownership (Russian ownership is the reference group), a dummy 

representing firm size (equal one if number of persons working at enterprise of primary job is greater 

or equal to 250), a set of regional dummies (Eastern Siberian and Far Eastern region is the reference 

group), and a dummy for rural areas, in order to proxy for potential differences in education levels, 

production structure, and other social and economic indicators. Regional dummies and a dummy 

for rural areas are unlikely to be endogenous, given Russia’s low labor force mobility. I additionally 

include a set of time dummies indicating to which round each observation belongs, allowing me to 

capture the effect of partial wage indexation in an inflationary environment. Age is also entered in 

quadratic form to account for the fact that workers reduce investment in human capital after a 

certain age. 

 

Given that schooling information is also provided in levels, we are going to re-estimate the earnings 

function by replacing S with a set of dummy variables representing levels of education. The reference 

category for these dummies is ‘incomplete secondary’ education. Higher levels of education are 

represented by separate dummy variables, namely Secondary Education, Vocational, Special 

Secondary, University and Graduate. The functional form of the earnings function by education 

levels can be specified as: 

 

lnWi = β0 + β1Secondaryi + β2Vocationali + β3Special Secondaryi + β4Universityi + 

+ β5Graduatei + β6Xi + έi        (2) 

 

3.6. Estimated Results 

 

The estimated results of the log wage equation estimated on the pooled sample of round 9 to 11 are 

presented in Table 21 in the Appendix. The rate of return to formal schooling in Russia, β1 in 
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Equation 1, is 7.8 percent per year of schooling, a higher figure than those reported for Russia in 

previous studies. One possible explanation for this is that we are using more recent data, 

concentrating on the post-reform period. Earlier studies concentrated on the period when the 

Russian economy was undergoing tremendous stress as it was moving from a centrally planned 

economy to a free market system. Since the 1998 crisis, the Russian government kept social and 

political pressures under control, and this has played a vital role in bringing about the recovery, 

which lasted until the world economic crisis of 2008. 

 

If we use levels of education, we see that those with a university education earn 64 percent more than 

the reference category, or those with incomplete secondary education. Those with a vocational 

qualification earn 16 percent higher, those with a secondary school degree earn 22 percent higher 

and those with special secondary school degree earn 35.7 percent more. Thus, educational returns by 

levels of education are hierarchical, suggesting that more than a decade of transition has increased the 

higher education premium in Russia. 

 

Table 22 shows returns to education for every cross-section of data for 2000-2002 using OLS 

estimates. Table 23 shows the estimates of the returns to education presented by Cheidvasser and 

Benitez-Silva (2000). Our estimates using the 2000-2002 rounds of data come as conformity to 

Brainerd’s (1998) conjecture on the future evolution of the returns to human capital in Russia. She 

suggests that the educational returns in Russia should increase further in the future as the country 

moves from a centrally planned economy to a market economy. We see that these returns have 

changed significantly during 2000-2002. 

 

Since the occupations can be potentially endogenous to the wage process, in the Table 24 we present 

returns to education separately for different occupations. We observe that officials, managers, 

professionals and technicians are estimated to have higher returns to education, while clerks, service 

and unskilled workers belong to a lower-paid group of employees. 
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The Mincer analysis conducted above is subject to bias, which rears itself in the form of self-selection 

and the innate ability of individuals. Results of our analysis are obtained using the sample of 

workers. There are those who are not included in our estimated sample most notably the 

unemployed or those who are willing to work but are unable to do so. This factor introduced an 

upward bias to our estimated coefficients. 

 

To correct for the sample selection bias when a possibility exists that Si may not be truly exogenous, 

we follow the suggestion made by Wooldridge (2002). In terms of self-selection we can control for 

bias through the method of Heckman (1979). The Heckman selection model consists of two 

equations: a regression equation and a sample selection equation. In our case, the first equation is the 

standard Mincerian OLS earnings model. The second selection equation contains a list of variables 

that determines whether the dependent variable in the first equation (monthly wage) is observed or 

missing. Following the suggestion made by Wooldridge (2002), we exclude education from the 

selection equation to avoid any possible distortion in the analysis produced by endogeneity of 

education and include all the exogenous variables as instruments and as regressors in the selection 

equation. Conditions of our model require to have at least one variable that may affect participation 

decisions, which do not also appear in the individual earnings equation. 

 

Identification is achieved by including three additional variables in the selection equation: marital 

status, number of children in the household and a self-reported dummy of being in poor or very 

poor health. Marital status and number of children in the household are included following the labor 

supply literature. A dummy of being in poor or very poor health is included as it can serve as a proxy 

for both poor health and distaste for work, as individuals sometimes rationalize their unwillingness 

to work by reporting a poor health condition. 

 

To control for endogeneity bias, we adopt an instrumental variable (IV) approach and use the same 

two instruments used in Cheidvasser and Benitez-Silva (2000), which are based on the institutional 

changes in the Russian educational system. First, the minimum compulsory curriculum was 



 

 47

extended from seven years to eight years of secondary school in 1959. Second, total number of 

grades in the secondary school increased from ten to eleven in the same year, and then eight years 

later returned to ten. We introduce a dummy for each of the experiments that equals one if a 

respondent graduated from an incomplete or complete secondary school program when the 

experiment was in effect. In our sample of workers, 80 percent had 8 years of compulsory schooling 

(instrument dummy lgsc8 equal to 1), and 24 percent had one additional school year, whether they 

left school to join the labor force or whether they continued their education (instrument dummy 

lgsc11 equal to 1). We use these dummies as identifying instruments of Si, since they affect schooling 

years of an individual, but do not affect his or her wage. 

 

In essence, to correct for both endogeneity and sample selection, we use a mixture of the Heckman 

(1979) two-step procedure and standard 2SLS. Table 25 presents estimates from a corrected earnings 

function using Heckman’s self-selection model. Our corrected model includes those who were 

omitted from the sample who did not work and/or receive wages at the time of sampling. 

 

The prediction of an upward bias on our OLS coefficients due to self-selection holds. When we 

perform the selectivity correction for the full sample, the returns to an additional year of schooling 

decline to 7.2 percent. For all levels of education, except for complete secondary, the returns decline 

by about 5-6 percentage points, and in this specification they are more precisely estimated. Table 26 

in the Appendix presents the labor force participation equation that corresponds to the corrected 

results presented in Table 25. 

 

The reduction in the returns to human capital can be explained by the labor force participation 

pattern: as indicated in Table 18, labor force participation substantially increases with education (94 

percent for people with graduate degrees as compared to around 80 percent for people with 

incomplete or complete secondary education). The highest marginal return to education by level is 

for university education. Hence we expect our uncorrected OLS estimates to be biased upward. 
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Table 27 in the Appendix presents the results of running the Heckman IV two-step procedure. 

Comparing table 25, selection corrected OLS, to table 27, Heckman IV, which accounts for the 

selection and endogeneity, we see that after controlling for selection the coefficient on total years of 

schooling goes up by about 12 percent. Given that we have two instruments we test the 

overidentifying restrictions and conclude that both are good instruments of the schooling variable. 

 

A number of studies on both transition and developed countries have been carried out based on the 

natural experiment/instrumental variable methodology that use data on sources of variation in 

education such as those arising from compulsory schooling laws or proximity to a college or 

university. Our findings are consistent with empirical evidence for transition economies, such as 

China (Heckman and Li, 2004), Czech and Slovak Republics (Filer, Jurajda, and Planovsky, 1999), 

and Ukraine (Gorodnichenko and Sabirianova, 2005). Table 28 in the Appendix summarizes results 

for developed countries. As is evident in this table, a consistent – and perhaps surprising – result is 

that conventional OLS estimates of the return to schooling tend to be similar in size or even smaller 

than their IV estimates. That is, OLS estimates do not appear to overestimate the true causal impact 

of schooling on earnings. Indeed, if anything, they tend to underestimate the causal impact of 

education on earnings. According to these recent studies the true impact of education on earnings is 

at least as large as and perhaps larger than was suggested by earlier studies based on conventional 

OLS estimation. 

 

Why do conventional estimates generally understate the true return to schooling, when the presence 

of “omitted ability bias” should cause these estimates to be upward biased? Research has provided 

two principal answers to this question. One is that there is an additional source of bias that operates 

in the opposite direction. In particular, the presence of measurement error in educational attainment 

results in downward bias in the coefficient on education in the earnings equation. The downward 

bias due to measurement error thus acts in the opposite direction to any upward bias associated with 

unobserved ability. 
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The second – and perhaps more fundamental – reason why the OLS and IV estimates may differ is 

that in the presence of heterogeneity in the net benefits of additional education across individuals the 

OLS and IV estimates measure different things. In general, there are many reasons to expect that the 

returns to schooling will not be the same for all individuals in the population. Rather, there is likely 

to be a distribution of such returns, with some individuals facing higher net benefits from acquiring 

additional schooling than others. For concreteness, we can consider the returns to acquiring an 

additional year of schooling. Doing so may raise the lifetime earnings of some individuals by (say) 6 

percent but increase the lifetime earnings of others by 10 percent. One reason for such heterogeneity 

could be differential access to funds to finance human capital investments. A general principle of 

investment behavior is that individuals should undertake investments as long as the expected rate of 

return exceeds the market rate of interest. If everyone faced the same market rate of interest and 

could borrow to finance educational investments, then everyone would invest in education up to the 

point where the expected rate of return equaled the market rate of interest. In these circumstances, if 

everyone faced a common market interest rate, we would expect rates of return on educational 

investments to be similar across individuals. However, in contrast to the financing of physical capital 

investments, it is typically difficult for individuals to borrow to finance human capital acquisition. 

Some individuals may be able to access funds from family or other sources in order to acquire 

additional education, while others are unable to do so. As a consequence there may be some 

individuals who do not invest in additional education even though the expected return from doing 

so is high. In these circumstances there is likely to be heterogeneity in the expected rates of return 

across individuals, with those who face above-average costs of schooling (perhaps due to credit 

constraints) also having above-average expected returns relative to market interest rates. 

 

In other example, let us consider the case of individuals who do not pursue higher education – 

perhaps because of low family income, limited ability to borrow in order to finance human capital 

formation, or a family background in which the importance of education is not emphasized. The 

low levels of completed schooling among these individuals may be principally due to above-average 

costs of additional education rather than below-average expected returns. For these individuals, to 



 

 50

whom we will refer as the “high potential return” group, a policy intervention that results in 

increased educational attainment could have a substantial payoff. Indeed, the return to the 

investment may exceed the average return in the population. In these circumstances, the average 

return from existing investments in education may understate the payoff to incremental investments. 

That is, policy interventions that focus on increasing education among those with relatively low 

levels of schooling may be able to achieve above-average rates of return. In particular, such 

interventions may yield rates of return that exceed those experienced by those who would invest in 

education even in the absence of any intervention. 

 

3.7. Discussion of Results 

 

In this chapter, we present our estimates of returns to education in Russia between 2000-2002 

utilizing the Russian Longitudinal Monitoring Survey. Using the traditional OLS regression 

techniques, we found returns of about 8 percent for an additional year of schooling. 

 

The results of further analysis suggest that OLS estimates of the returns to education that assume the 

exogenous nature of schooling and, therefore, do not control for endogeneity bias, may 

underestimate the true rates of return. After correcting for selectivity and endogeneity biases, we find 

that the rate of return rises to 19.1 percent (2SLS). 

 

The evidence from other transition economies show that returns exhibit a rising tendency as market 

reforms continue (Andren et al, 2005; Pastore and Verashchagina, 2006). This is certainly true for 

Russia when compared to the evidence found in Newell and Reilly (1997) and Cheidvasser and 

Benitez-Silva (2000). Our results, which indicate that market reforms in Russia led to productivity 

augmenting factors being rewarded accordingly, are in line with Brainerd’s (1998) conjecture on the 

future evolution of the returns to human capital in Russia, who suggested that as Russia moves from 

government dominance toward a market democracy, returns to education would increase. The 



 

 51

results of our study, based on three rounds of the RLMS, show that there is a great improvement in 

returns to education in Russia in the post-reform period, 2000-2002. 
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Chapter 4. Conclusions and Implications 

 

4.1. Major Findings 

 

Using firm level data for 1400 firms in 25 transition countries, this study examines the determinants 

of firm innovation amongst firms in Eastern Europe and the Former Soviet Union. We use BEEPS 

conducted by EBRD in 2002 and 2005, identifying technological and innovation activities as well as 

information on internal determinants factors such as firm size, workforce education and training, 

export orientation, market concentration, foreign competition and access to external finance. We 

also control for industry and country specific effects. 

 

Our empirical analysis revealed that the more innovative firms are those that employ more educated 

workers and provide skilled worker training. We find the robustly positive relationship between 

these measures of human capital at the firm level and technology absorption. In nearly all 

regressions, the estimated coefficients for our human capital variables are positive and statistically 

significant. In the IV regressions, the skill level of the workforce and presence of a worker training 

are positively associated with increases in technology absorption. 

 

Our results indicate that larger firms have some advantages over small firms that may be manifested 

in easier access to external resources and particularly funds, exploitation of economies of scale and 

scope, etc. We find that the use of external finance is associated with greater innovation. Our 

evidence suggests that market pressures through competition are important factors influencing 

positively innovation of firms. We also find that manufacturing firms are more innovative, possibly 

because they need more improvement in their technologies or new technologies to remain viably 

competitive as they are more prone to be influenced by exogenous technological change. 

 

Then the study looked at the demand side of the economy and attempted to estimate the magnitude 

of the returns to education in Russia between 2000-2002. By utilizing the RLMS we have estimated 
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the average returns to education. We found returns of between 3–10 percent depending on the 

occupation of an individual. These represent significant returns and suggest a certain amount of 

transformation of the labor markets to a more flexible and less rigid wage structure. This is 

confirmed as we found significantly higher returns in the non-state sector as opposed to the state 

sector. 

 

This study also examined in greater detail the returns to specific categories of human capital 

investment. By including dummies for educational categories completed we found significant 

augmented returns for undertaking additional levels of post-compulsory education. Generally there 

is a clear pattern of additional returns at each level of human capital investment. Within this the 

additional increment to wages increases as the levels of education increase. The initial conditions for 

restructuring of the Russian labor market are clearly in place and provide significant incentives for 

individuals to undertake new and essential human capital training. 

 

4.2. Policy Implications 

 

In today’s modern societies, economic growth and prosperity is increasingly based on the capacity 

and ability to produce and use new knowledge or use existing knowledge in novel ways. One of the 

main challenges in modern societies is to achieve high value-added output across industry sectors 

exposed to global competition. Globalization and the revolution in information and communication 

technologies have increased the competitive pressure on manufacturing firms in high-cost locations, 

and have triggered a shift in the comparative advantage of countries in favor of an innovative 

approach to production, product design, and quality, based on the production and application of 

new knowledge and ideas and/or through the application of existing technologies to new contexts. 

Thus the alternative to an advantage based on low wages has shown itself to be knowledge-based, 

innovative activities. 
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Education and training play a central role in the delivery of human capital necessary for building up 

innovation capacity in society as a whole. With the growth of trade in goods and services, and the 

growing internationalization of scientific and technological activities, it is increasingly important that 

innovation in transition economies of Eastern Europe and Former Soviet Union involves a large 

proportion of firms and their employees. If these economies are to have a dynamic innovative 

economy then all their people need to have a good education and training. They will be better able 

to innovate and adapt to the effects of innovation in their own companies, and better able to 

participate in the labor market. 

 

The findings of this study have implications for both firm strategy and public policy in transition 

economies. While all countries struggle to align the output of their formal public educational 

systems with the changing needs of their industries, the challenge has been particularly acute in 

transition economies of Eastern Europe and Former Soviet Union. The legacy of socialism included 

a number of significant educational achievements, but many features of the pre-reform system were 

not well-suited to the needs of an open, competitive economy. Despite the substantial progress that 

has occurred since transition, more work remains to be done. In spite of the high and rising demand 

for educated and skilled workers in transition countries, there exist skills shortages in enterprises. 

The reasons for this shortage include an educational and training system that is under funded and 

that faces numerous challenges; an industrial sector with high labor turnover (which inhibits 

training); and the inability of some noncompetitive firms to pay competitive wages to attract and 

retain needed skills. 

 

In an economic environment with labor mobility, firms may be reluctant to invest in the skills of 

workers who might simply leave the firm and take those skills to a rival for slightly more pay. This is 

especially the case when firms face financial or other constraints that may limit their ability to engage 

in other necessary investments. With a view to remedy this underinvestment in training, Branstetter 

and others (2008) suggest public-private co-investment in worker training. In essence, governments 

subsidize worker training in firms, but firms will always bear part of the cost themselves, ensuring 



 

 55

that government resources are generally directed to training programs that bring real benefits. They 

also suggest that transition countries can learn from drawing on the experiences of many other 

countries, both industrial and developing, that have used payroll-levy training funds, tax incentives 

for employer-sponsored training, and matching grants. 

 

Finally, since exporting and foreign competition were found to be crucial for innovation, it is 

essential for governments in transition economies to increase competitiveness in order to stimulate 

the demand for innovation. For that it is important for transition countries to continue to embrace 

trade and openness. 

 

The study contributes in complementing a rather scarce literature on transition economies with 

empirical evidence by testing some old theoretical hypothesis with new data from 25 transition 

economies enhancing our understanding and interest in further research on determinants of firm 

innovation behavior and return to education in transition when compared with more mature 

economies. 

 

Based on the results of this study, I can formulate some directions for further research. 

 

Innovation is often science based. This implies a great deal of importance for higher education as a 

fundamental feature of a national innovation strategy. Critically, higher education does not take 

place anywhere in the world without a major investment by government. If the message for policy 

makers to encourage and possibly increase the funding for higher education is clear, the question is 

whether the government should increase its involvement in on-the-job training. It might be better if 

the government makes firms perceive that investment in knowledge through on-the-job training is 

the best alternative to increase their value in the long run. Governments can assist firms in this 

process by reforming their educational systems and supporting lifelong training schemes, so as to 

improve general labor skills of people in labor market. Policy actions can also focus on enhancing 

access to international knowledge by creating favorable environment for local firms to export and 
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encouraging joint ventures between domestic firms and more sophisticated foreign companies. 

Further research on this issue could help pinpoint efficient allocation of government resources 

between formation education and on-the-job training. 

 

To measure innovation output, in my model I used the firm responses to questions on innovative 

activities undertaken in the last three years: Developed a major new product line/service, Upgraded an 

existing product line/service, Obtained a new product licensing agreement and Obtained a new quality 

accreditation. The innovative output may also be captured by the number of patents, new and 

efficient processes, etc. If data on these variables becomes available, further research can use these 

multi-aspects approach to the innovation process. 

 

More research is required to assess the importance of country level policy instruments for fostering 

firm innovation. In this study, I did not explore the effect of such important country level variables 

characterizing fiscal policy, monetary policy, international connectedness, intellectual property rights 

regime, investment climate and others. The extent of the FDI impact on the innovativeness, which is 

explored in this study, may depend on the other policies assisting and enhancing the FDI inflows as 

well as the technological learning and spill-over effects on the national companies. Future research 

can be addressed to study this side of the relationship between country level policy instruments and 

firm innovation. 

 

Study on the determinants of firm innovation can go beyond the coverage of transition economies of 

Eastern Europe and the Former Soviet Union. Comparative analysis of transition economies or 

group of economies with selected OECD, Latin America and Asian economies can be done. Based 

on empirical evidence, regional and country specific policy implications can be developed. 

 

In this study, I did not study an effect of innovation on firm profitability and productivity. From a 

theoretical perspective one may expect a positive effect of innovation on profitability. For firms that 

do not invest in innovation one may expect that the profit will decrease over time. Therefore, new 
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research may focus on the relationship between innovation and the development or persistency of 

the profitability. 
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APPENDIX 
 
Figure 1: Research and Development Expenditure in Transition Countries (% of GDP), 2005 
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Figure 2: Researchers in R&D in Transition Countries (per million people), 2005 
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Source: World Development Indicators Online Database 
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Figure 3: Structure of the Education System in Russia 
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Table 1: Number of Utility Patents (i.e. Patents for Invention) Granted Between January 1 and 
December 31, 2008, per Million Population 
 
Country Number 
Slovenia 7.0 
Hungary 6.6 
Czech Republic 4.7 
Lithuania 3.2 
Croatia 3.0 
Bulgaria 2.1 
Estonia 1.5 
Poland 1.4 
Russia 1.2 
Slovak Republic 0.9 
Romania 0.6 
Ukraine 0.5 
Georgia 0.5 
Latvia 0.4 
Serbia 0.4 
Armenia 0.3 
Bosnia and 
Herzegovina 

0.3 

Azerbaijan 0.2 
Kyrgyz Republic 0.2 
Kazakhstan 0.1 
Albania 0.0 
Tajikistan 0.0 
  
Taiwan 279.3 
United States 250.9 
South Korea 156.0 
Singapore 88.7 
Chile 0.8 
Mexico 0.5 
Brazil 0.5 Brazil
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Source: The Global Competitiveness Report, 2009-2010, World Economic Forum 
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Table 2: Domestic Patents Granted to Foreigners and Nationals, 2006-2007 
 

2006 2007 

Country 
Foreigners Nationals Total 

Percentage 
to 

Nationals 
Foreigners Nationals Total 

Percentage 
to 

Nationals 
Albania .. .. .. .. .. .. .. .. 
Armenia 1 192 193 99.5% .. .. .. .. 
Azerbaijan .. .. .. .. .. .. .. .. 
Belarus 337 1188 1525 77.9% .. .. .. .. 
Bosnia and 
Herzegovina 162 55 217 25.3% .. .. .. .. 

Bulgaria 48 243 291 83.5% 28 211 239 88.3% 
Croatia 119 317 436 72.7% 93 344 437 78.7% 
Czech Republic 195 641 836 76.7% 192 716 908 78.9% 
Estonia 9 36 45 80.0% 19 44 63 69.8% 
Georgia 299 236 535 44.1% 79 83 162 51.2% 
Hungary 206 718 924 77.7% 102 689 791 87.1% 
Kazakhstan 124 1433 1557 92.0% .. .. .. .. 
Kyrgyz Republic .. .. .. .. 3 155 158 98.1% 
Latvia 37 114 151 75.5% .. .. .. .. 
Lithuania 34 65 99 65.7% 20 61 82 75.6% 
Macedonia, FYR .. .. .. .. .. .. .. .. 
Moldova 9 303 312 97.1% 14 333 347 96.0% 
Poland 655 2157 2812 76.7% 361 2392 2753 86.9% 
Romania 62 814 876 92.9% 59 827 886 93.3% 
Russian 
Federation 9807 27884 37691 74.0% 11934 27505 39439 69.7% 

Serbia .. .. .. .. 121 395 516 76.6% 
Slovak Republic 90 193 283 68.2% 106 239 345 69.3% 
Slovenia 12 287 299 96.0% 15 331 346 95.7% 
Tajikistan 0 26 26 100.0% .. .. .. .. 
Ukraine 2416 3474 5890 59.0% .. .. .. .. 
Uzbekistan 186 323 509 63.5% 198 324 522 62.1% 
 
Comparator countries 
Chile 2924 291 3215 9.1% .. .. .. .. 
Mexico 14931 574 15505 3.7% 15970 629 16599 3.8% 
 
Source: World Development Indicators Online Database 
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Table 3: Number of Scientific and Technical Journal Articles, 2005 
 
Macedonia, FYR .. 
Serbia 849 
Albania .. 
Croatia 953 
Bosnia and Herzegovina .. 
Slovenia 1035 
Poland 6844 
Ukraine 2105 
Belarus 490 
Hungary 2614 
Czech Republic 3169 
Slovak Republic 919 
Romania 887 
Bulgaria 764 
Moldova 89 
Latvia 134 
Lithuania 406 
Estonia 439 
Georgia 145 
Armenia 180 
Kazakhstan 96 
Azerbaijan 116 
Uzbekistan 157 
Russian Federation 14412 
Tajikistan .. 
Kyrgyz Republic .. 
 
Source: World Development Indicators Online Database 
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Table 4: The Global Competitiveness Report 2009-2010: Opinion about Level of R&D Spending 
for Different Countries 
 
Country Companies’ R&D 

spending in your country* 
Switzerland 6.0 
United States 5.6 
Finland 5.3 
Korea 4.9 
Czech Republic 4.1 
Slovenia 3.9 
Estonia 3.3 
Russian Federation 3.3 
Croatia 3.2 
Poland 3.2 
Slovak Republic 3.2 
Lithuania 3.2 
Kazakhstan 3.1 
Ukraine 3.0 
Azerbaijan 3.0 
Romania 2.9 
Hungary 2.8 
Bulgaria 2.7 
Latvia 2.7 
Macedonia, FYR 2.6 
Serbia 2.6 
Armenia 2.5 
Tajikistan 2.5 
Bosnia and Herzegovina 2.4 
Albania 2.3 
Georgia 2.3 
Kyrgyz Republic 2.3 
 
* 1=non existent, 7=is heavy relative to international peers 
 
Source: The Global Competitiveness Report 2009-2010 
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Table 5: Summary of Variables from BEEPS-II and BEEPS-III Used in the Analysis 
 

Question Numbers 
Variables 

BEEPS-II BEEPS-III 
Brief Description 

Dependent Innovation Indicators 
Developed 
successfully a major 
new product 
line/service 

Q85a1 Q60a1 0/1 indicator of whether the firm has developed a 
major new product line/service 

Upgraded existing 
product line/service Q85a2 Q60a2 0/1 indicator of whether the firm has upgraded an 

existing product line/service 
Obtained a new 
product licensing 
agreement 

Q85a8 Q60a5 0/1 indicator of whether the firm has obtained a new 
product licensing agreement 

Obtained a new 
quality accreditation Q85a11 Q60a8 0/1 indicator of whether the firm obtained a new 

quality accreditation 

Explanatory Variables 

Access to finance 
dummy Q65a Q46a 0/1 indicator of whether the firm has a bank loan or 

overdraft 

Exports Q14a2, Q14a3 Q7b, Q7c Fraction of firm's sales that are exported 

Markup – measure 
of competition with 
domestic firms 

Q23 Q14 
Fraction of margin by which firm’s sales price exceeds 
its operating costs (i.e., the cost of material inputs plus 
wage costs but not overhead and depreciation) 

Pressure from 
foreign competition 
dummies 

Q88b Q63b 

Dummy variables measuring firms’ subjective 
measures/categorical variables of the importance of 
pressures from foreign competitors on developing new 
products or services and markets (from no importance 
to high importance) 

Firms’ workforce 
with higher 
education 
qualification 

Q94e, Q94f Q69a4 Fraction of workers with some university education or 
higher 

Training of skilled 
workforce Q96a3 Q71a1 Dummy variable showing if the firm offered formal 

training to its skilled workers over the last 12 months 

Time to fill vacancy 
for a skilled worker Q95c Q70c Number of weeks it takes to fill most recent vacancy 

for a skilled worker 

Firm size dummies Q91a1cat Q66acat 

Firm size dummies consist of three dummies 
corresponding to small, medium, and large firms. Small 
have 1-49 full-time employees, medium firms have 50-
249 full-time employees, large firms have over 250 full-
time employees. 
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Table 6: Simple Descriptive Statistics of Explanatory Variables Used in the Analysis 
 

Variables Mean St. Dev. Min Max 

Dependent variables 

Development of a major new product line/service (0/1) 0.371 0.483 0 1 

Upgrading existing product line/service (0/1) 0.519 0.50 0 1 

Obtaining a new product licensing agreement (0/1) 0.158 0.365 0 1 

Obtaining a new quality accreditation (0/1) 0.141 0.348 0 1 

Explanatory variables 

Access to finance (0/1) 0.425 0.494 0 1 

Fraction of firm’s sales that are exported 0.106 0.249 0 1 

Markup – fraction of margin by which firm’s sales price 
exceeds its operating costs 0.172 0.149 0 2 

Pressure from foreign competition is important for 
innovation 0.312 0.463 0 1 

Fraction of workers with some university education or 
higher 

0.329 0.313 0 1 

Training of skilled workers over the last 12 months 0.368 0.482 0 1 

Number of weeks it takes to fill most recent vacancy for 
skilled worker 2.04 4.71 0 80 

Firm size - number of full-time employees (categorical) 
Small (1-49 full-time employees) (0/1) 
Medium (50-249 full-time employees) (0/1) 
Large (≥250 full-time employees) (0/1) 

 
0.70 
0.19 
0.11 

 
0.46 
0.39 
0.31 

 
0 
0 
0 

 
1 
1 
1 



 

 73

Table 7: Transition Probabilities, Showing Change in Innovation Activities in 2005 over 2002 
 
 Did not develop a major 

new product line/service 
Developed a major new 

product line/service 
Total 

656 191 847 Did not develop a major new 
product line/service 77.45% 22.55% 100% 

254 297 551 Developed a major new 
product line/service 46.10% 53.90% 100% 

910 488 1398 Total 
65.09% 34.91% 100% 

 
 Didn’t upgrade existing 

product line/service 
Upgraded existing 

product line/service Total 

443 216 659 Did not upgrade existing 
product line/service 67.22% 32.78% 100% 

247 490 737 Upgraded existing product 
line/service 33.51% 66.49% 100% 

690 706 1396 Total 
49.43% 50.57% 100% 

 
 Didn’t obtain a new 

product licensing 
agreement 

Obtained a new product 
licensing agreement Total 

1030 121 1151 Did not obtain a new 
product licensing agreement 89.49% 10.51% 100% 

171 75 246 Obtained a new product 
licensing agreement 69.51% 30.49% 100% 

1201 196 1397 Total 
85.97% 14.03% 100% 

 
 Did not obtain a new 

quality accreditation 
Obtained a new quality 

accreditation Total 

1089 111 1200 Did not obtain a new quality 
accreditation 90.75% 9.25% 100% 

108 88 196 Obtained a new quality 
accreditation 55.10% 44.90% 100% 

1197 199 1396 Total 
85.74% 14.26% 100% 
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Table 8: Correlation Matrix 
 

 NEWPRO UPGRADE LICENSE ACCREDIT ACCESSFIN EXPORTS MARKUP FORCOMP TRAINSKIL UNIVEDU SIZESM SIZEMED 

UPGRADE 0.4458            

LICENSE 0.1928 0.1561           

ACCREDIT 0.1997 0.1777 0.1680          

ACCESSFIN 0.1140 0.1229 0.0335 0.1317         

EXPORTS 0.1215 0.1496 -0.0035 0.1674 0.1351        

MARKUP 0.0102 0.0626 -0.0139 0.0159 0.0188 -0.0281       

FORCOMP 0.1381 0.1023 -0.0171 0.1352 0.1420 0.2954 -0.0232      

TRAINSKIL 0.1519 0.1666 0.0638 0.1899 0.1636 0.1093 -0.0481 0.0932     

UNIVEDU 0.0650 0.0128 0.0859 0.0097 -0.0922 -0.0195 -0.0015 -0.0303 -0.0911    

SIZESM -0.1549 -0.1941 -0.0360 -0.2092 -0.1627 -0.2514 0.0790 -0.1386 -0.2535 0.1594   

SIZEMED 0.0814 0.1227 0.0461 0.1194 0.0763 0.1252 -0.0404 0.0810 0.1266 -0.0964 -0.7355  

SIZELRG 0.1215 0.1304 -0.0039 0.1540 0.1419 0.2088 -0.0641 0.1003 0.2091 -0.1117 -0.5392 -0.1711
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Table 9: Determinants of Firm Innovation: Results of Baseline Model 
 

Developed a new 
product line/service 

Upgraded existing 
product line/service 

Obtained a new 
product licensing 

agreement 

Obtaining a new quality 
accreditation 

 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Some university education or 
higher 

0.711*** 
[0.139] 0.164 0.359** 

[0.142] 0.090 0.840*** 
[0.166] 0.108 0.659*** 

[0.199] 0.066 

Skilled worker training 0.484*** 
[0.091] 0.113 0.510*** 

[0.091] 0.126 0.350*** 
[0.117] 0.046 0.813*** 

[0.123] 0.090 

Fraction of exports in revenues 0.402** 
[0.195] 0.093 0.782*** 

[0.198] 0.195 -0.103 
[0.255] -0.013 0.784*** 

[0.215] 0.079 

Markup 0.359 
[0.309] 0.083 1.137*** 

[0.327] 0.284 -0.785* 
[0.424] -0.101 0.524 

[0.419] 0.053 

Foreign competition 0.400*** 
[0.094] 0.094 0.179* 

[0.094] 0.044 -0.178 
[0.127] -0.022 0.391*** 

[0.125] 0.042 

Access to external financing 0.291*** 
[0.091] 0.068 0.288*** 

[0.087] 0.072 0.163 
[0.115] 0.021 0.444*** 

[0.117] 0.046 

Small firm -0.505*** 
[0.101] 

-0.119 -0.657*** 
[0.101] 

-0.161 -0.241* 
[0.132] 

-0.032 -0.859*** 
[0.140] 

-0.099 

Constant -0.954*** 
[0.132]  -0.200 

[0.134]  -1.724*** 
[0.175]  -2.405*** 

[0.186]  

Observations 2797  2793  2794  2795  
Pseudo R-square 0.0517  0.0589  0.0230  0.1067  
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 10: Industrial Structure, by Type of Innovation (in percent) 
 

2002 
Developed a 
new product 
line/service 

Upgraded 
existing 

product/service

Obtained a 
new product 

licensing 
agreement 

Obtained a 
new quality 
accreditation 

Mining and quarrying 12.70 10.85 1.63 2.55 

Construction 9.44 11.53 21.14 14.80 

Manufacturing 39.20 34.46 17.89 40.82 

Transport storage and 
communication 

6.00 7.19 8.13 6.12 

Wholesale, retail, repairs 24.00 22.25 30.08 18.88 

Real estate, renting and 
business services 

9.62 11.67 13.01 11.22 

Hotels and restaurants 3.99 5.43 2.44 3.06 

Other 6.53 6.38 5.69 2.55 

 

2005 
Developed a 
new product 
line/service 

Upgraded 
existing 

product/service

Obtained a 
new product 

licensing 
agreement 

Obtained a 
new quality 
accreditation 

Mining and quarrying 10.25 0.71 1.53 0.50 

Construction 9.22 11.30 16.33 16.08 

Manufacturing 39.34 36.30 30.10 43.72 

Transport storage and 
communication 

6.76 6.92 8.16 4.52 

Wholesale, retail, repairs 21.31 19.35 23.98 19.60 

Real estate, renting and 
business services 

8.40 10.88 12.76 10.05 

Hotels and restaurants 6.76 6.50 3.57 3.52 

Other 7.17 8.05 3.57 2.01 

 
Source: Business Environment and Enterprise Performance Surveys 



 

 77

Table 11: Determinants of Firm Innovation: Results of Logit and Random Effects Logit Regressions 
 

Developed a new product line/service Upgraded existing product line/service 

Logit Random Effects Logit Logit Random Effects Logit 

 

Estimate Marginal 
effect 

Estimate Marginal 
Effect 

Estimate Marginal 
effect 

Estimate Marginal 
Effect 

Some university education or 
higher 

1.025*** 
[0.148] 0.236 1.232*** 

[0.200] 0.267 0.523*** 
[0.151] 0.131 0.641*** 

[0.196] 0.160 

Skilled worker training 0.518*** 
[0.093] 0.121 0.588*** 

[0.116] 0.131 0.505*** 
[0.092] 0.125 0.570*** 

[0.117] 0.140 

Fraction of exports in revenues -0.000 
[0.206] -0.000 0.090 

[0.249] 0.020 0.424** 
[0.198] 0.106 0.618** 

[0.267] 0.154 

Markup 0.197 
[0.323] 

0.045 0.197 
[0.414] 

0.043 0.891*** 
[0.326] 

0.222 1.011** 
[0.416] 

0.252 

Foreign competition 0.299*** 
[0.098] 0.070 0.369*** 

[0.124] 0.082 0.133 
[0.098] 0.033 0.102 

[0.125] 0.025 

Access to external financing 0.290*** 
[0.094] 0.067 0.340*** 

[0.116] 0.074 0.331*** 
[0.089] 0.082 0.433*** 

[0.117] 0.107 

Small firm -0.393*** 
[0.104] -0.092 -0.543*** 

[0.137] -0.122 -0.517*** 
[0.104] -0.127 -0.711*** 

[0.141] -0.173 

Mining and quarrying 0.629 
[0.469] 0.153 0.939 

[0.576] 0.226 0.252 
[0.409] 0.062 0.281 

[0.581] 0.069 

Construction -0.042 
[0.174] -0.010 -0.021 

[0.207] -0.004 0.426*** 
[0.159] 0.105 0.535*** 

[0.201] 0.129 

Manufacturing 1.058*** 
[0.127] 0.252 1.323*** 

[0.170] 0.306 1.204*** 
[0.131] 0.283 1.595*** 

[0.179] 0.358 

Transport storage and 
communication 

0.032 
[0.208] 

0.007 -0.007 
[0.252] 

-0.001 0.299 
[0.184] 

0.074 0.385 
[0.247] 

0.094 
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Real estate, renting and business 
services 

-0.325** 
[0.162] -0.072 -0.435** 

[0.212] -0.088 0.275* 
[0.151] 0.068 0.362* 

[0.200] 0.089 

Hotels and restaurants 0.179 
[0.195] 0.042 0.257 

[0.264] 0.058 0.399** 
[0.193] 0.098 0.527** 

[0.257] 0.127 

Other industry 0.453*** 
[0.188] 

0.109 0.581** 
[0.252] 

0.135 0.761*** 
[0.183] 

0.180 1.033*** 
[0.253] 

0.234 

Constant -1.342*** 
[0.163]  -1.635*** 

[0.213]  -0.754*** 
[0.157]  -0.880*** 

[0.207]  

Observations 2797  2797  2793  2795  
Pseudo R-square 0.0871    0.0892    
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 11 (Cont’d): Determinants of Firm Innovation: Results of Logit and Random Effects Logit Regressions 
 

Obtained a new product licensing agreement Obtained a new quality accreditation 

Logit Random Effects Logit Logit Random Effects Logit 

 

Estimate Marginal 
effect 

Estimate Marginal 
Effect 

Estimate Marginal 
effect 

Estimate Marginal 
Effect 

Some university education or 
higher 

0.907*** 
[0.178] 0.114 1.008*** 

[0.229] 0.087 0.813*** 
[0.215] 0.078 0.880*** 

[0.288] 0.044 

Skilled worker training 0.318*** 
[0.117] 0.041 0.278** 

[0.139] 0.025 0.821*** 
[0.124] 0.086 0.942*** 

[0.161] 0.054 

Fraction of exports in revenues 0.000 
[0.265] 0.000 0.101 

[0.304] 0.009 0.713*** 
[0.234] 0.068 1.082*** 

[0.318] 0.054 

Markup -0.469 
[0.416] 

-0.059 -0.692 
[0.523] 

-0.060 0.688 
[0.442] 

0.066 0.649 
[0.564] 

0.033 

Foreign competition -0.179 
[0.130] -0.022 -0.190 

[0.151] -0.016 0.317** 
[0.127] 0.032 0.349** 

[0.170] 0.019 

Access to external financing 0.133 
[0.117] 0.017 0.161 

[0.139] 0.014 0.389*** 
[0.119] 0.038 0.498*** 

[0.163] 0.026 

Small firm -0.222* 
[0.132] -0.029 -0.280* 

[0.161] -0.025 -0.806*** 
[0.141] -0.088 -1.004*** 

[0.184] -0.062 

Mining and quarrying 0.687 
[0.503] 0.108 0.813 

[0.631] 0.096 0.893* 
[0.495] 0.119 1.159 

[0.738] 0.097 

Construction 0.613*** 
[0.176] 0.090 0.797*** 

[0.224] 0.088 0.641*** 
[0.218] 0.074 0.864*** 

[0.280] 0.059 

Manufacturing -0.047 
[0.164] -0.006 -0.067*** 

[0.202] -0.006 0.585*** 
[0.185] 0.063 0.774*** 

[0.237] 0.047 

Transport storage and 
communication 

0.183 
[0.226] 

0.024 0.212 
[0.286] 

0.020 -0.365 
[0.296] 

-0.031 -0.569 
[0.384] 

-0.023 
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Real estate, renting and business 
services 

-0.116 
[0.195] -0.014 -0.151 

[0.239] -0.012 0.121 
[0.241] 0.012 0.151 

[0.301] 0.008 

Hotels and restaurants -0.749** 
[0.302] -0.074 -0.827** 

[0.374] -0.054 -0.427 
[0.327] -0.035 -0.456 

[0.438] -0.019 

Other industry -0.339 
[0.265] 

-0.038 -0.285 
[0.322] 

-0.022 -0.773** 
[0.393] 

-0.057 -0.954** 
[0.488] 

-0.034 

Constant -1.843*** 
[0.205]  -2.270*** 

[0.258]  -2.693*** 
[0.225]  -3.526*** 

[0.335]  

Observations 2794  2796  2796  2798  
Pseudo R-square 0.0368    0.0743    
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 12: Determinants of Firm Innovation (with country dummies included): Results of Logit and Random Effects Logit Regressions 
 

Developed a new product line/service Upgraded existing product line/service 
Logit Random Effects Logit Logit Random Effects Logit 

 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Some university education or 
higher 

0.865*** 
[0.160] 0.197 1.024*** 

[0.208] 0.222 0.526*** 
[0.165] 0.131 0.623*** 

[0.201] 0.155 

Skilled worker training 0.591*** 
[0.098] 0.137 0.645*** 

[0.118] 0.143 0.505*** 
[0.099] 0.125 0.545*** 

[0.117] 0.134 

Fraction of exports in revenues 0.148 
[0.218] 0.034 0.230 

[0.247] 0.050 0.629*** 
[0.215] 0.157 0.765*** 

[0.262] 0.190 

Markup 0.413 
[0.335] 

0.094 0.436 
[0.247] 

0.094 1.090*** 
[0.336] 

0.272 1.173*** 
[0.405] 

0.292 

Foreign competition 0.299*** 
[0.102] 0.069 0.359*** 

[0.123] 0.079 0.075 
[0.102] 0.019 0.044 

[0.124] 0.011 

Access to external financing 0.343*** 
[0.098] 0.079 0.393*** 

[0.117] 0.086 0.331*** 
[0.096] 0.082 0.400*** 

[0.115] 0.099 

Small firm -0.358*** 
[0.106] -0.083 -0.476*** 

[0.134] -0.106 -0.550*** 
[0.108] -0.135 -0.685*** 

[0.135] -0.167 

Mining and quarrying 0.518 
[0.534] 

0.125 0.770 
[0.561] 

0.183 0.238 
[0.450] 

0.059 0.234 
[0.578] 

0.058 

Construction -0.010 
[0.174] -0.002 0.024 

[0.206] 0.005 0.491 
[0.159] 0.119 0.584*** 

[0.195] 0.140 

Manufacturing 1.060*** 
[0.132] 0.252 1.289*** 

[0.168] 0.297 1.315*** 
[0.139] 0.305 1.608*** 

[0.173] 0.359 

Transport storage and 
communication 

-0.017 
[0.214] -0.004 -0.046 

[0.246] -0.010 0.360* 
[0.189] 0.088 0.442* 

[0.235] 0.107 

Real estate, renting and business 
services 

-0.193 
[0.167] -0.043 -0.249 

[0.210] -0.052 0.323** 
[0.161] 0.079 0.388** 

[0.194] 0.095 
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Hotels and restaurants 0.105 
[0.191] 0.024 0.154 

[0.258] 0.034 0.375** 
[0.189] 0.092 0.470* 

[0.244] 0.114 

Other industry 0.376* 
[0.196] 0.089 0.478* 

[0.245] 0.110 0.716*** 
[0.190] 0.170 0.890*** 

[0.241] 0.205 

Country dummies Included 

Constant -1.160*** 
[0.303] 

 -1.352*** 
[0.359] 

 -0.504* 
[0.287] 

 -0.543 
[0.356] 

 

Observations 2796  2797  2793  2795  

Pseudo R-square 0.1181    0.1477    
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 12 (Cont’d): Determinants of Firm Innovation (with country dummies included): Results of Logit and Random Effects Logit 
Regressions 

Obtained a new product licensing agreement Obtained a new quality accreditation 
Logit Random Effects Logit Logit Random Effects Logit 

 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Estimate Marginal 
effect 

Some university education or 
higher 

0.726*** 
[0.197] 0.086 0.809*** 

[0.241] 0.069 1.073*** 
[0.232] 0.096 1.173*** 

[0.312] 0.058 

Skilled worker training 0.413*** 
[0.122] 0.051 0.387*** 

[0.140] 0.035 0.883*** 
[0.131] 0.088 1.006*** 

[0.165] 0.058 

Fraction of exports in revenues 0.143 
[0.269] 0.017 0.249 

[0.302] 0.021 0.618** 
[0.245] 0.055 0.922*** 

[0.317] 0.046 

Markup -0.504 
[0.445] 

-0.059 -0.670 
[0.525] 

-0.057 0.511 
[0.461] 

0.046 0.461 
[0.563] 

0.023 

Foreign competition -0.115 
[0.133] -0.013 -0.130 

[0.151] -0.011 0.292** 
[0.131] 0.027 0.315* 

[0.171] 0.016 

Access to external financing 0.200* 
[0.120] 0.024 0.227 

[0.142] 0.020 0.275** 
[0.123] 0.025 0.352** 

[0.166] 0.018 

Small firm -0.172 
[0.137] -0.021 -0.217 

[0.160] -0.019 -0.826*** 
[0.144] -0.085 -0.992*** 

[0.183] -0.060 

Mining and quarrying 0.759 
[0.478] 

0.115 0.877 
[0.624] 

0.106 0.916* 
[0.475] 

0.116 1.090 
[0.742] 

0.088 

Construction 0.627*** 
[0.179] 0.088 0.780*** 

[0.224] 0.085 0.689*** 
[0.222] 0.076 0.905*** 

[0.283] 0.062 

Manufacturing -0.099 
[0.168] -0.012 -0.102 

[0.202] -0.009 0.649*** 
[0.191] 0.066 0.832*** 

[0.239] 0.050 

Transport storage and 
communication 

0.230 
[0.229] 0.029 0.258 

[0.284] 0.024 -0.306 
[0.296] -0.025 -0.497 

[0.378] -0.020 

Real estate, renting and business 
services 

0.025 
[0.229] 0.003 0.018 

[0.238] 0.002 0.051 
[0.248] 0.005 0.072 

[0.305] 0.004 
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Hotels and restaurants -0.718** 
[0.298] -0.067 -0.798** 

[0.371] -0.052 -0.436 
[0.333] -0.034 -0.465 

[0.438] -0.019 

Other industry -0.333 
[0.271] -0.035 -0.287 

[0.320] -0.022 -0.831** 
[0.398] -0.056 -0.991** 

[0.479] -0.034 

Country dummies Included 

Constant -1.815*** 
[0.388] 

 -2.196*** 
[0.460] 

 -2.749*** 
[0.422] 

 -3.565*** 
[0.570] 

 

Observations 2794  2796  2795  2795  

Pseudo R-square 0.0694    0.1524    
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 13: Determinants of Firm Innovation (with country country-level variables included): Results of Logit and Random Effects Logit 
Regressions 
 

Developed a new product line/service Upgraded existing product line/service 

Logit Random Effects Logit Logit Random Effects Logit 

 

Estimate Marginal 
Effect Estimate Marginal 

Effect Estimate Marginal 
Effect Estimate Marginal 

Effect 
Some university education or 
higher 

0.918*** 
[0.136] 

0.210 1.104*** 
[0.205] 

0.239 0.520*** 
[0.191] 

0.130 0.632*** 
[0.201] 

0.157 

Skilled worker training 0.674*** 
[0.149] 0.157 0.788*** 

[0.185] 0.175 0.651*** 
[0.177] 0.160 0.790*** 

[0.188] 0.192 

Fraction of exports in revenues 0.096 
[0.264] 0.022 0.210 

[0.252] 0.045 0.433 
[0.268] 0.108 0.622** 

[0.267] 0.155 

Markup 0.292 
[0.303] 0.067 0.337 

[0.416] 0.073 0.936*** 
[0.257] 0.234 1.060** 

[0.415] 0.264 

Foreign competition 0.306*** 
[0.099] 0.071 0.368*** 

[0.125] 0.081 0.115 
[0.107] 0.029 0.080 

[0.126] 0.020 

Access to external financing 0.368*** 
[0.086] 0.085 0.430*** 

[0.119] 0.094 0.349*** 
[0.111] 0.087 0.448*** 

[0.119] 0.111 

Small firm -0.359*** 
[0.122] -0.084 -0.501*** 

[0.137] -0.112 -0.511*** 
[0.125] -0.126 -0.697*** 

[0.140] -0.169 

Mining and quarrying 0.598 
[0.445] 

0.145 0.892 
[0.580] 

0.214 0.224 
[0.379] 

0.055 0.256 
[0.579] 

0.063 

Construction -0.042 
[0.200] -0.010 -0.031 

[0.209] -0.007 0.437 
[0.210] 0.107 0.540 

[0.201] 0.130 

Manufacturing 1.019*** 
[0.131] 0.243 1.267*** 

[0.171] 0.292 1.207*** 
[0.143] 0.283 1.585*** 

[0.178] 0.356 

Transport storage and 0.024 0.006 -0.013 -0.003 0.292 0.072 0.376 0.092 
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communication [0.196] [0.252] [0.199] [0.245] 
Real estate, renting and business 
services 

-0.272** 
[0.116] -0.060 -0.373* 

[0.213] -0.076 0.270 
[0.180] 0.067 0.354 

[0.201] 0.087 

Hotels and restaurants 0.146 
[0.230] 0.034 0.213 

[0.265] 0.047 0.361** 
[0.144] 0.089 0.479* 

[0.257] 0.116 

Other industry 0.446*** 
[0.166] 0.107 0.571** 

[0.253] 0.133 0.749*** 
[0.185] 0.178 1.010*** 

[0.252] 0.229 

Unemployment rate (fraction of 
total labor force) 

3.610* 
[1.853] 0.828 4.639*** 

[1.229] 1.004 2.721 
[1.796] 0.679 3.458*** 

[1.250] 0.861 

Inflow of foreign direct 
investment in percent of GDP 

-1.367 
[1.320] 

-0.314 -1.904* 
[1.140] 

-0.412 -1.141 
[2.718] 

-0.285 -0.955 
[1.094] 

-0.238 

Size of country given by log of 
population 

0.064 
[0.075] 0.015 0.095* 

[0.054] 0.021 -0.043 
[0.102] -0.011 -0.041 

[0.054] -0.010 

Log of GDP per capita (PPP, 
constant 2005 international $) 

-0.218 
[0.141] -0.050 -0.268*** 

[0.095] -0.059 -0.068 
[0.180] -0.017 -0.064 

[0.094] -0.016 

Skilled worker training-
Unemployment interaction term 

-1.144 
[1.070] -0.262 -1.507 

[1.546] -0.326 -1.488 
[1.278] -0.371 -2.283 

[1.599] -0.568 

Constant -0.810 
[1.396] 

 1.267 
[1.332] 

 0.300 
[1.629] 

 0.034 
[1.329] 

 

Observations 2797  2797  2793  2795  
Pseudo R2 0.0978    0.0935    
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 13 (Cont’d): Determinants of Firm Innovation (with country country-level variables included): Results of Logit and Random Effects 
Logit Regressions 
 

Obtained a new product licensing agreement Obtained a new quality accreditation 

Logit Random Effects Logit Logit Random Effects Logit 

 

Estimate Marginal 
Effect Estimate Marginal 

Effect Estimate Marginal 
Effect Estimate Marginal 

Effect 
Some university education or 
higher 

0.750*** 
[0.224] 

0.093 0.837*** 
[0.237] 

0.071 0.918*** 
[0.224] 

0.088 0.997*** 
[0.297] 

0.050 

Skilled worker training 0.705*** 
[0.212] 0.094 0.763*** 

[0.222] 0.071 0.806*** 
[0.282] 0.084 0.992*** 

[0.257] 0.057 

Fraction of exports in revenues 0.071 
[0.298] 0.009 0.187 

[0.307] 0.016 0.656** 
[0.305] 0.062 1.019*** 

[0.321] 0.051 

Markup -0.423 
[0.415] -0.053 -0.626 

[0.523] -0.053 0.626 
[0.506] 0.059 0.571 

[0.564] 0.029 

Foreign competition -0.126 
[0.117] -0.015 -0.136 

[0.153] -0.011 0.306** 
[0.131] 0.030 0.341** 

[0.172] 0.018 

Access to external financing 0.180* 
[0.104] 0.023 0.218 

[0.143] 0.019 0.323*** 
[0.119] 0.031 0.422** 

[0.166] 0.022 

Small firm -0.196 
[0.147] -0.025 -0.250 

[0.162] -0.022 -0.839*** 
[0.122] -0.091 -1.034*** 

[0.185] -0.064 

Mining and quarrying 0.641 
[0.554] 

0.098 0.750 
[0.643] 

0.085 0.955* 
[0.543] 

0.128 1.220* 
[0.741] 

0.105 

Construction 0.632** 
[0.254] 0.093 0.822*** 

[0.227] 0.090 0.635*** 
[0.216] 0.073 0.850*** 

[0.281] 0.057 

Manufacturing -0.108 
[0.141] -0.013 -0.139 

[0.204] -0.011 0.625*** 
[0.220] 0.067 0.812*** 

[0.238] 0.049 

Transport storage and 0.186 0.024 0.221 0.020 -0.345 -0.029 -0.564 -0.023 
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communication [0.150] [0.288] [0.300] [0.385] 
Real estate, renting and business 
services 

-0.029 
[0.219] -0.004 -0.056 

[0.243] -0.005 0.073 
[0.261] 0.007 0.096 

[0.305] 0.005 

Hotels and restaurants -0.802** 
[0.358] -0.078 -0.899** 

[0.378] -0.056 -0.395 
[0.507] -0.033 -0.408 

[0.438] -0.017 

Other industry -0.342 
[0.251] -0.038 -0.285 

[0.324] -0.022 -0.783* 
[0.438] -0.057 -0.964** 

[0.487] -0.034 

Unemployment rate (fraction of 
total labor force) 

0.797 
[1.313] 0.099 1.225 

[1.524] 0.104 -2.288 
[2.489] -0.216 -2.807 

[2.010] -0.140 

Inflow of foreign direct 
investment in percent of GDP 

0.582 
[1.482] 

0.072 0.761 
[1.337] 

0.064 0.040 
[0.918] 

0.004 0.093 
[1.613] 

0.005 

Size of country given by log of 
population 

0.015 
[0.087] 0.002 0.017 

[0.063] 0.001 0.007 
[0.055] 0.001 -0.000 

[0.076] -0.000 

Log of GDP per capita (PPP, 
constant 2005 international $) 

-0.259** 
[0.117] -0.032 -0.331*** 

[0.111] -0.028 0.203* 
[0.121] 0.019 0.221 

[0.139] 0.011 

Skilled worker training-
Unemployment interaction term 

-3.967** 
[1.545] -0.493 -4.984** 

[1.997] -0.422 -0.266 
[2.562] -0.025 -1.055 

[2.309] -1.053 

Constant 0.149 
[2.089] 

 0.277 
[1.534] 

 -4.324*** 
[1.677] 

 5.109*** 
[1.993] 

 

Observations 2794  2796  2795  2795  
Pseudo R2 0.0434    0.1323    
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
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Table 14: Correlation Matrix of Country-Level Predictors 
 
 Unemployment 

rate (fraction of 
total labor force) 

Inflow of foreign 
direct investment 
in percent of 
GDP 

Size of country 
given by log of 
population 

Inflow of foreign 
direct investment 
in percent of 
GDP 

-0.11   

Size of country 
given by log of 
population 

-0.03 -0.14  

Log of GDP per 
capita (PPP, 
constant 2005 
international $) 

0.17 0.08 -0.13 
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Table 15: IV Estimates of Firm Innovation Equations 
 
First-Stage Regression 
 

Some university education or higher 
 

Estimate Standard Error 

Skilled worker training (predicted) -0.178** 0.814 
Fraction of exports in revenues 0.104*** 0.024 
Markup 0.021 0.042 
Foreign competition 0.034*** 0.013 
Access to external financing 0.022 0.014 
Small firm 0.041* 0.022 
Industry dummies Included 
Inflow of foreign direct investment in percent of GDP 0.232** 0.106 
Size of country given by log of population -0.002 0.005 
Log of GDP per capita (PPP, constant 2005 international $) -0.078*** 0.011 
Unemployment rate (fraction of total labor force) 0.099 0.104 
Fraction of labor force with tertiary education 0.372*** 0.037 
Constant 0.938*** 0.037 
Observations 2795 
R squared 0.2298 
***, **, and * represent significance at 1%, 5% and 10% respectively. 
 
 
Instrumental Variables (2SLS) Regressions 
 

Developed a new 
product line/service 

Upgraded existing 
product line/service 

Obtained a new 
product licensing 

agreement 

Obtained a new 
quality accreditation 

 
OLS 

Estimate 
IV 

Estimate 
OLS 

Estimate 
IV 

Estimate 
OLS 

Estimate 
IV 

Estimate 
OLS 

Estimate 
IV 

Estimate 
Some university 
education or higher 

0.188*** 
[0.029] 

0.496** 
[0.213] 

0.119*** 
[0.042] 

0.517 
[0.386] 

0.103*** 
[0.030] 

0.350 
[0.233] 

0.078*** 
[0.020] 

-0.067 
[0.148] 

Skilled worker 
training 

0.120*** 
[0.022] 

0.546*** 
[0.173] 

0.116*** 
[0.020] 

0.759*** 
[0.140] 

0.048*** 
[0.015] 

0.181* 
[0.093] 

0.090*** 
[0.018] 

0.169* 
[0.096] 

Fraction of exports 
in revenues 

0.022 
[0.059] 

-0.021 
[0.066] 

0.082 
[0.054] 

0.023 
[0.071] 

0.005 
[0.037] 

-0.023 
[0.043] 

0.112** 
[0.046] 

0.123** 
[0.051] 

Markup 0.057 
[0.063] 

0.096 
[0.063] 

0.204*** 
[0.053] 

0.265*** 
[0.048] 

-0.056 
[0.048] 

-0.048 
[0.048] 

0.068 
[0.058] 

0.082 
[0.056] 

Foreign competition 0.064*** 
[0.021] 

0.042* 
[0.023] 

0.024 
[0.025] 

-0.009 
[0.028] 

-0.017 
[0.014] 

-0.027* 
[0.015] 

0.041** 
[0.016] 

0.041** 
[0.017] 



 

 91

Access to external 
financing 

0.077*** 
[0.018] 

0.035 
[0.023] 

0.079*** 
[0.025] 

0.017 
[0.024] 

0.025* 
[0.013] 

0.011 
[0.018] 

0.034** 
[0.014] 

0.028 
[0.021] 

Small firm -0.077** 
[0.028] 

-0.010 
[0.047] 

-0.112*** 
[0.028] 

-0.006 
[0.045] 

-0.024 
[0.020] 

-0.016 
[0.024] 

-0.105*** 
[0.017] 

-0.075*** 
[0.021] 

Mining and 
quarrying 

0.124 
[0.101] 

0.097 
[0.109] 

0.054 
[0.091] 

0.001 
[0.105] 

0.098 
[0.106] 

0.115 
[0.104] 

0.096 
[0.090] 

0.057 
[0.091] 

Construction -0.008 
[0.039] 

-0.056 
[0.056] 

0.103* 
[0.050] 

0.027 
[0.053] 

0.101** 
[0.045] 

0.093* 
[0.048] 

0.066** 
[0.027] 

0.048 
[0.034] 

Manufacturing 0.229*** 
[0.028] 

0.227*** 
[0.037] 

0.273*** 
[0.033] 

0.265*** 
[0.048] 

-0.011 
[0.018] 

0.000 
[0.021] 

0.071*** 
[0.023] 

0.054** 
[0.026] 

Transport storage 
and communication 

0.002 
[0.040] 

-0.024 
[0.043] 

0.073 
[0.046] 

0.033 
[0.045] 

0.027 
[0.021] 

0.021 
[0.021] 

-0.055** 
[0.026] 

-0.063** 
[0.029] 

Real estate, renting 
and business services 

-0.053** 
[0.023] 

-0.141** 
[0.059] 

0.062 
[0.042] 

-0.054 
[0.111] 

-0.005 
[0.029] 

-0.072 
[0.073] 

0.007 
[0.024] 

0.043 
[0.053] 

Hotels and 
restaurants 

0.031 
[0.046] 

0.032 
[0.045] 

0.086** 
[0.033] 

0.080 
[0.058] 

-0.070*** 
[0.025] 

-0.055 
[0.034] 

-0.028 
[0.033] 

-0.048 
[0.036] 

Other industry 0.093** 
[0.035] 

0.047 
[0.041] 

0.175*** 
[0.044] 

0.106** 
[0.049] 

-0.036 
[0.026] 

-0.050* 
[0.029] 

-0.052** 
[0.024] 

-0.061* 
[0.031] 

Inflow of foreign 
direct investment in 
percent of GDP 

-0.292 
[0.264] 

-0.351 
[0.266] 

-0.267 
[0.597] 

-0.341 
[0.589] 

0.035 
[0.179] 

-0.019 
[0.193] 

0.006 
[0.098] 

0.042 
[0.098] 

Size of country 
given by log of 
population 

0.012 
[0.015] 

0.007 
[0.015] 

-0.010 
[0.023] 

-0.016 
[0.023] 

0.000 
[0.011] 

-0.004 
[0.013] 

-0.000 
[0.007] 

0.003 
[0.007] 

Log of GDP per 
capita (PPP, 
constant 2005 
international $) 

-0.045 
[0.028] 

-0.055 
[0.033] 

-0.014 
[0.040] 

-0.037 
[0.051] 

-0.035** 
[0.016] 

-0.023 
[0.027] 

0.020 
[0.012] 

-0.003 
[0.019] 

Unemployment rate 
(fraction of total 
labor force) 

0.665* 
[0.351] 

0.695* 
[0.349] 

0.484 
[0.395] 

0.518 
[0.391] 

-0.087 
[0.161] 

-0.055 
[0.158] 

-0.252 
[0.148] 

--0.277** 
[0.129] 

Constant 0.342 
[0.291] 

0.252 
[0.395] 

0.580 
[0.365] 

0.493 
[0.516] 

0.448 
[0.285] 

0.291 
[0.342] 

-0.056 
[0.163] 

0.100 
[0.202] 

Observations 2797 2795 2796 2795 
First-stage F-stats 35.94 35.98 35.96 35.95 
R squared 0.1242 0.0843 0.1221 0.0706 0.0355 0.0318 0.1094 0.0832 
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parentheses. 
 
Instrument is the fraction of labor force with tertiary education at the country level. 
Predicted values of the skilled worker training variable are used in IV regressions. 
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Table 16: Definition of Variables 
 

Variable Definition 

Wage Average monthly wage after taxes at the primary job for 
employees 

Total years of schooling 

Continuous variable representing adjusted years of schooling 
taken as 4 for 1-6 grades, 8 for 7-9 grades, 10 for 10-12 
secondary school grades, 9 for a vocational non-secondary school 
diploma, 11.5 for a vocational secondary school diploma, 13 for 
a special secondary degree, 15 for a university degree, and 18 for 
a graduate degree 

Incomplete secondary Dummy equal one if has incomplete secondary education 

Secondary Dummy equal one if has completed secondary education 

Vocational Dummy equal one if has completed vocational education 

Special secondary Dummy equal one if has completed special secondary education 

University Dummy equal one if has completed higher education 

Graduate Dummy equal one if has completed graduate education 

Age Age of respondent in years equal year of survey minus year 
respondent was born 

Male Dummy equal one if male 

Rural Dummy equal one if resides in a rural area 

Public Dummy equal one if primary employer is owned by state 

Foreign Dummy equal one if primary employer is owned or co-owned by 
foreign firms or foreign individuals 

Large firm Dummy equal one if number of persons working at enterprise of 
primary job is greater or equal to 250 

Married Dummy equal one if married 

Poor health Dummy equal one if reports of being in poor or very poor health 

Number of children Total number of children in household 

Round 10 Dummy for survey round conducted in 2001 

Round 11 Dummy for survey round conducted in 2002 
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Table 17: Characteristics of Respondents of Age 25 to 64 
 

Variable Mean St. Dev. Min Max 

Total years of schooling 11.93 2.34 4 18 

Share of respondents with incomplete secondary education 0.09 0.28 0 1 

Share of respondents with secondary education 0.26 0.44 0 1 

Share of respondents with vocational degree 0.18 0.38 0 1 

Share of respondents with special secondary education 0.25 0.43 0 1 

Share of respondents with university degree 0.22 0.41 0 1 

Share of respondents with graduate degree 0.01 0.10 0 1 

Age of respondents 40.60 9.56 25 64 

Share of male respondents 0.49 0.50 0 1 

Share of married respondents 0.68 0.47 0 1 

Share of respondents from rural areas 0.31 0.46 0 1 

Share of respondents working for public enterprises 0.55 0.50 0 1 

Share of respondents working for foreign-owned enterprises 0.04 0.19 0 1 

Share of respondents working for large enterprises 0.59 0.49 0 1 
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Table 18: Characteristics of Respondents of Age 25 to 64 by Highest Education Level Completed 
 

Variable Incomplete 
secondary 

Complete 
secondary 

Vocational 
qualification

Special 
secondary 

University 
degree 

Graduate 
degree 

Number of 
observations 1,186 3.643 2,442 3,429 2,995 140 

Age 43.76 40.53 37.92 40.69 41.27 45.39 

Wage 1,727.3 
(2,682.9) 

2,295.5 
(3,601.2) 

2,278.0 
(3,406.3) 

2,283.8 
(3,661.0) 

3,294.7 
(5,471.8) 

2,940.7 
(4,748.7) 

Schooling 8.20 9.67 11.5 13.0 15.0 18.0 

% Working 79.43 80.51 82.84 87.72 91.35 94.29 

Male 65.51 58.03 59.83 33.65 42.59 42.14 

Married 65.20 66.49 66.38 68.73 70.11 64.03 

Rural 50.17 40.13 30.55 26.80 17.62 12.14 

Public 51.60 51.63 47.01 57.66 60.85 82.86 

Foreign 3.63 2.64 4.38 4.46 3.87 2.86 

Large 62.14 65.14 62.57 56.46 48.70 65.00 
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Table 19: Characteristics of Respondents of Age 25 to 64 by Geographic Region 
 

Variable 
Moscow 
and St. 

Petersburg 

Northern 
and North 
Western 

Central and 
Central 

Black-Earth 

Volga-
Vaytski and 
Volga Basin 

North 
Caucasian 

Ural Western 
Siberian 

Eastern 
Siberian 
and Far 
Eastern 

Number of 
observations 1,574 985 2,515 2,492 1,681 2,005 1,245 1,338 

Age 42.10 39.72 41.01 40.23 39.55 40.50 40.43 41.00 

Wage 3,867.5 
(6,219.6) 

3,639.9 
(5,348.1) 

2,249.7 
(3,668.4) 

1,706.1 
(2,730.7) 

1,789.7 
(2,780.2) 

2,128.3 
(3,326.1) 

3,183.3 
(4,370.9) 

2,520.0 
(4,029.5) 

Schooling 12.74 11.66 12.06 11.98 11.68 11.70 11.70 11.70 

% Working 88.76 88.02 87.95 84.43 70.67 88.48 87.47 85.43 

Male 45.24 48.32 47.46 49.92 54.43 49.58 50.20 50.90 

Married 60.68 65.99 68.38 69.25 70.48 71.88 66.08 64.55 

Rural 0.00 39.70 23.37 38.96 60.86 19.40 34.86 35.20 

Public 46.76 54.21 56.04 56.90 46.58 59.90 55.26 58.82 

Foreign 6.54 1.93 4.81 4.01 1.13 6.13 0.64 1.94 

Large 58.20 55.84 59.62 58.19 55.26 66.68 56.87 54.86 
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Table 20: Occupational Structure, by Level of Education (in percent) 
 

2000 
Incomplete 
secondary 

Secondary 
education 

Vocational 
qualification

Special 
secondary 
education 

University 
degree 

Graduate 
degree 

Officials and Managers 1.26 3.15 3.30 7.86 13.07 2.50 
Professionals 1.01 1.71 1.65 13.75 47.05 90.00 
Technicians 3.27 7.12 5.78 24.98 16.25 0.00 
Clerks 4.79 4.32 3.85 6.45 2.61 0.00 
Service Workers 7.05 8.02 12.10 9.07 3.64 0.00 
Skilled Agricultural Workers 0.50 0.63 0.69 0.56 0.68 0.00 
Craft and Related Trades 17.38 15.05 20.08 10.85 3.18 0.00 
Operators and Assemblers 27.46 26.76 24.07 9.35 2.39 0.00 
Unskilled Occupations 37.28 33.24 28.47 17.12 11.14 7.50 
 

2001 
Incomplete 
secondary 

Secondary 
education 

Vocational 
qualification

Special 
secondary 
education 

University 
degree 

Graduate 
degree 

Officials and Managers 1.01 3.69 3.89 8.23 16.13 9.62 
Professionals 1.52 2.08 1.30 15.40 44.37 76.92 
Technicians 3.54 6.25 5.89 23.45 15.55 7.69 
Clerks 4.55 4.97 4.48 6.64 3.24 1.92 
Service Workers 5.30 8.97 10.48 8.50 4.87 0.00 
Skilled Agricultural Workers 0.51 0.88 0.24 0.44 0.29 0.00 
Craft and Related Trades 16.67 16.11 19.43 9.29 4.10 0.00 
Operators and Assemblers 23.99 25.00 25.21 10.62 1.91 0.00 
Unskilled Occupations 42.93 32.05 29.09 17.43 9.54 3.85 
 

2002 
Incomplete 
secondary 

Secondary 
education 

Vocational 
qualification

Special 
secondary 
education 

University 
degree 

Graduate 
degree 

Officials and Managers 1.02 3.35 4.27 7.89 15.17 8.33 
Professionals 1.02 2.49 1.73 13.90 42.13 72.92 
Technicians 4.83 5.91 6.12 25.04 18.16 6.25 
Clerks 3.82 5.45 4.62 6.75 4.12 2.08 
Service Workers 7.12 8.64 10.74 7.40 4.12 2.08 
Skilled Agricultural Workers 0.76 0.86 0.35 0.41 0.47 0.00 
Craft and Related Trades 14.25 16.03 19.17 10.73 3.84 0.00 
Operators and Assemblers 26.21 25.45 25.17 10.73 2.34 0.00 
Unskilled Occupations 40.97 31.83 27.83 17.15 9.64 8.33 
 
Source: Russian Longitudinal Monitoring Survey 
Notes: The shaded area reflects people whose university degree does not correspond to their 
occupation. 
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Table 21: OLS Estimates of Wage Equation 
 

Using years of education Using levels of education Variable 
Estimate Standard Error Estimate Standard Error 

Total years of 
schooling 

0.0776*** 0.0036 - - 

Secondary 
education - - 0.2197*** 0.0348 

Vocational 
qualification - - 0.1614*** 0.0367 

Special secondary 
education - - 0.3568*** 0.0348 

University degree - - 0.6361*** 0.0352 

Graduate degree - - 0.6396*** 0.0792 

Age 0.0432*** 0.0067 0.0438*** 0.0067 

Age squared -0.0005*** 0.0001 -0.0006*** 0.0001 

Male 0.4528*** 0.0167 0.4545*** 0.0168 

Rural -0.4354*** 0.0206 -0.4318*** 0.0205 

Public -0.2479*** 0.0196 -0.2532*** 0.0195 

Foreign 0.2865*** 0.0388 0.2979*** 0.0387 

Large firm 0.0963*** 0.0177 0.1005*** 0.0177 

Regional 
dummies Included 

Round 10 0.1939*** 0.0204 0.1943*** 0.0203 

Round 11 0.3462*** 0.0202 0.3467*** 0.0201 

Constant 5.4630*** 0.1457 6.0667*** 0.1399 

# of observations 9,882 9,882 

R squared 0.2692 0.2768 
***, **, and * represent significance at 1%, 5% and 10% respectively. 
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Table 22: Returns to Education by Rounds 9-11 – OLS Estimates 
 

Using years of education Using levels of education 
Variable 

200 2001 2002 2000 2001 2002 

Total years of 
schooling 

0.085*** 
[0.007] 

0.073*** 
[0.006] 

0.076*** 
[0.006] 

- - - 

Secondary 
education - - - 0.289*** 

[0.065] 
0.152** 
[0.061] 

0.229*** 
[0.055] 

Vocational 
qualification - - - 0.208*** 

[0.069] 
0.154** 
[0.065] 

0.132** 
[0.058] 

Special 
secondary 
education 

- - - 0.413*** 
[0.065] 

0.301*** 
[0.061] 

0.361*** 
[0.055] 

University 
degree - - - 0.730*** 

[0.066] 
0.569*** 
[0.062] 

0.623*** 
[0.056] 

Graduate 
degree - - - 0.600*** 

[0.162] 
0.560*** 
[0.130] 

0.755*** 
[0.126] 

Age 0.047*** 
[0.013] 

0.043*** 
[0.012] 

0.042*** 
[0.011] 

0.043*** 
[0.013] 

0.044*** 
[0.012] 

0.045*** 
[0.011] 

Age squared -0.001*** 
[0.000] 

-0.001*** 
[0.000] 

-0.001*** 
[0.000] 

-0.001*** 
[0.000] 

-0.001*** 
[0.001] 

-0.001*** 
[0.001] 

Male 0.456*** 
[0.033] 

0.468*** 
[0.029] 

0.435*** 
[0.026] 

0.457*** 
[0.033] 

0.468*** 
[0.029] 

0.438*** 
[0.026] 

Rural -0.491*** 
[0.039] 

-0.436*** 
[0.036] 

-0.391*** 
[0.033] 

-0.488*** 
[0.039] 

-0.431*** 
[0.036] 

-0.388*** 
[0.032] 

Public -0.210*** 
[0.039] 

-0.304*** 
[0.034] 

-0.229*** 
[0.030] 

-0.218*** 
[0.039] 

-0.309*** 
[0.034] 

-0.234*** 
[0.030] 

Foreign 0.349*** 
[0.074] 

0.270*** 
[0.069] 

0.252*** 
[0.060] 

0.359*** 
[0.074] 

0.280*** 
[0.069] 

0.265*** 
[0.059] 

Large firm 0.071*** 
[0.035] 

0.119*** 
[0.031] 

0.094*** 
[0.028] 

0.077** 
[0.035] 

0.126*** 
[0.031] 

0.092*** 
[0.027] 

Regional 
dummies Included 

Constant 5.286*** 
[0.277] 

5.752*** 
[0.252] 

5.854*** 
[0.231] 

5.999*** 
[0.265] 

6.315*** 
[0.243] 

6.408*** 
[0.221] 

Number of 
observations 2928 3381 3573 2928 3381 3573 

R squared 0.2230 0.2533 0.2726 0.2322 0.2588 0.2834 
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Standard errors are in parenthesis. 
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Table 23: Returns to Education by Rounds 1-11 – OLS Estimates 
 

Round Year Estimate Standard Error Source 

1 1992 0.0336 0.0034 Cheidvasser and Benitez-Silva (2000)
2 1993 0.0567 0.0043 Cheidvasser and Benitez-Silva (2000)
3 1994 0.0632 0.0037 Cheidvasser and Benitez-Silva (2000)
4 1995 0.0328 0.0044 Cheidvasser and Benitez-Silva (2000)
5 1996 0.0572 0.0057 Cheidvasser and Benitez-Silva (2000)
6 1997 0.0370 0.0058 Cheidvasser and Benitez-Silva (2000)
7 1998 0.0347 0.0067 Cheidvasser and Benitez-Silva (2000)
8 1999 0.0498 0.0070 Cheidvasser and Benitez-Silva (2000)
9 2000 0.0850 0.0070 Table 22 above 
10 2001 0.0726 0.0062 Table 22 above 
11 2002 0.0760 0.0057 Table 22 above 
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Table 24: Returns to Education by Different Occupations – OLS Estimates 

Variable 
Officials 

and 
Managers 

Professionals Technicians Clerks 
Service 

Workers 

Skilled 
Agricultural 

Workers 

Craft and 
Related 
Trades 

Operators 
and 

Assemblers 

Unskilled 
Occupations 

Total years of 
schooling 

0.096*** 
[0.016] 

0.069*** 
[0.011] 

0.104*** 
[0.011] 

0.047*** 
[0.015] 

0.033*** 
[0.012] 

0.063 
[0.054] 

0.047*** 
[0.012] 

0.015 
[0.012] 

0.030** 
[0.012] 

Age 0.031 
[0.030] 

0.059*** 
[0.014] 

0.037** 
[0.017] 

0.093*** 
[0.025] 

0.013 
[0.020] 

0.171 
[0.127] 

0.035** 
[0.018] 

0.036** 
[0.018] 

-0.005 
[0.020] 

Age squared -0.001 
[0.000] 

-0.001*** 
[0.000] 

-0.000** 
[0.000] 

-0.001*** 
[0.000] 

-0.001 
[0.020] 

-0.002 
[0.001] 

-0.001** 
[0.000] 

-0.001** 
[0.000] 

-0.000 
[0.000] 

Male 0.375 
[0.062] 

0.360*** 
[0.042] 

0.463*** 
[0.046] 

0.631*** 
[0.100] 

0.659*** 
[0.057] 

1.979*** 
[0.392] 

0.329*** 
[0.058] 

0.381*** 
[0.050] 

0.286*** 
[0.052] 

Rural -0.559*** 
[0.080] 

-0.184*** 
[0.048] 

-0.366*** 
[0.052] 

-0.523*** 
[0.078] 

-0.394*** 
[0.055] 

-1.282*** 
[0.368] 

-0.340*** 
[0.059] 

-0.618*** 
[0.049] 

-0.395*** 
[0.059] 

Public -0.396*** 
[0.073] 

-0.441*** 
[0.049] 

-0.351*** 
[0.048] 

-0.147* 
[0.078] 

-0.328*** 
[0.057] 

-0.118 
[0.297] 

-0.083* 
[0.049] 

-0.055 
[0.048] 

-0.272*** 
[0.062] 

Foreign -0.045 
[0.190] 

0.267** 
[0.111] 

0.311*** 
[0.092] 

0.052 
[0.124] 

0.476*** 
[0.177] 

- 0.173* 
[0.089] 

0.351*** 
[0.078] 

0.527*** 
[0.124] 

Large firm 0.106 
[0.073] 

0.173*** 
[0.039] 

0.048 
[0.040] 

0.002 
[0.065] 

0.058 
[0.057] 

0.153 
[0.223] 

0.141*** 
[0.048] 

0.048 
[0.045] 

0.200*** 
[0.053] 

Regional 
dummies Included 

Round 10 0.230*** 
[0.077] 

0.079* 
[0.044] 

0.166*** 
[0.049] 

0.257*** 
[0.080] 

0.129** 
[0.055] 

0.492* 
[0.249] 

0.163*** 
[0.053] 

0.217*** 
[0.051] 

0.418*** 
[0.063] 

Round 11 0.313*** 
[0.077] 

0.321*** 
[0.044] 

0.303*** 
[0.047] 

0.459*** 
[0.078] 

0.331*** 
[0.056] 

0.252 
[0.279] 

0.297*** 
[0.053] 

0.322*** 
[0.050] 

0.517*** 
[0.063] 

Constant 6.038*** 
[0.656] 

5.370*** 
[0.348] 

5.424*** 
[0.366] 

4.963*** 
[0.541] 

6.453*** 
[0.416] 

3.047 
[2.924] 

5.925*** 
[0.386] 

6.307*** 
[0.373] 

6.479*** 
[0.424] 

Number of 
observations 

791 1778 1517 549 967 53 1409 1810 1008 

R squared 0.3106 0.2826 0.3348 0.3534 0.3254 0.8226 0.1687 0.2335 0.3120 
***, **, and * represent significance at 1%, 5% and 10% respectively. Standard errors are in parenthesis. 
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Table 25: Selection Corrected Estimates of Wage Equation 
 

Using years of education Using levels of education Variable 
Estimate Standard Error Estimate Standard Error 

Total years of 
schooling 

0.0721*** 0.0039 - - 

Secondary 
education - - 0.1925*** 0.0361 

Vocational 
qualification - - 0.1174*** 0.0383 

Special 
secondary 
education 

- - 0.2964*** 0.0368 

University 
degree - - 0.5912*** 0.0369 

Graduate degree - - 0.5660*** 0.0837 

Age 0.0478*** 0.0070 0.0491*** 0.0071 

Age squared -0.0006*** 0.0001 -0.0006*** 0.0001 

Male 0.4682*** 0.0175 0.4693*** 0.0176 

Rural -0.3152*** 0.0297 -0.3029*** 0.0266 

Public -0.2622*** 0.0206 -0.2690*** 0.0206 

Foreign 0.2408*** 0.0415 0.2494*** 0.0413 

Large firm 0.1166*** 0.0189 0.1235*** 0.0188 

Regional 
dummies 

Included 

Round 10 0.1828*** 0.0212 0.1828*** 0.0212 

Round 11 0.3296*** 0.0212 0.32903*** 0.0211 

Constant 5.5528*** 0.1519 6.1268*** 0.1462 

λ -0.4508 -0.4823 
# of observations 13,789 13,789 
***, **, and * represent significance at 1%, 5% and 10% respectively. 
Note: Additional controls in selection equation are whether the respondent is married, has 
poor health, and number of children. 
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Table 26: Probit Estimates of the Corrected Wage Labor Force Participation Equation 
 

Variable Estimate Standard Error 

Age -0.0505*** 0.0103 

Age squared 0.0007*** 0.0001 

Male -0.2212*** 0.0237 

Rural -0.5867*** 0.0262 

Married 0.2177*** 0.0257 

Poor health -0.1167*** 0.0453 

Number of children -0.0435*** 0.0156 

Regional dummies Included 

Round 10 0.0542* 0.0291 

Round 11 0.0981*** 0.0290 

Constant 1.6150*** 0.2093 

# of observations 13,789 
***, **, and * represent significance at 1%, 5% and 10% respectively. 
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Table 27: IV Estimates of the Corrected Wage Labor Force Participation Equation 
 
Dependent variable = Log monthly wages 

Variable Estimate Standard Error 

Schooling 0.1908* 0.1027 

Age 0.0563*** 0.0111 

Age squared -0.0007*** 0.0001 

Male 0.6152*** 0.0559 

Rural -0.0201 0.0658 

Public -0.2772*** 0.0327 

Foreign 0.2812*** 0.0407 

Large firm 0.1357*** 0.0427 

Regional dummies Included 

Round 10 0.1649*** 0.0222 

Round 11 0.3048*** 0.0255 

Inverse Mills ratio -1.0431*** 0.2524 

Constant 4.2104*** 1.2352 

Number of 
observations 9849 

First-stage F-stats 36.67 

R squared 0.1996 

Overidentifying 
Restrictions Test 0.289 p-value=0.5908 

***, **, and * represent significance at 1%, 5% and 10% respectively. 
Note: Additional controls in selection equation are whether the respondent is married, has 
poor health, and number of children. 
Instruments are dummy equal one for individuals who had 8 years of compulsory schooling 
and dummy equal one for individuals who completed 11 grades in the secondary school. 
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Table 28: OLS and IV Estimates of the Return to Education – Evidence from Developed Countries 
 

Returns to 
schooling Study Country Instrument Sample/Controls 

OLS IV 

Angrist and 
Kreuger (1991) U.S. Compulsory 

schooling laws 

Men born 1920-1929 
Men born 1930-1939 
Men born 1940-1949 

0.070 
0.063 
0.052 

0.101 
0.060 
0.078 

Staiger and 
Stock (1997) U.S. Compulsory 

schooling laws 
Men born 1930-1939 
Men born 1940-1949 

0.063 
0.052 

0.098 
0.088 

Harmon and 
Walker (1995) 

U.K. Compulsory 
schooling laws 

 0.061 0.153 

Kane and Rouse 
(1995) U.S. Tuition, distance 

to college 
Without conditioning upon family background and ability measures 
With measures of high school class rank, family income and test score 

0.080 
0.063 

0.091 
0.094 

Card (1995) U.S. Distance to 
nearest college 

Basic specification (without additional controls) 
With measures of parental education and proximity to college 0.073 0.132 

0.097 
Conneely and 
Uusitalo (1997) Finland Living in 

university town 
Experience calculated based on graduation dates 
Mincer experience =Age – years of schooling -7 

0.085 
0.083 

0.110 
0.098 

Lemieux and 
Card (2001) Canada WWII Veterans 

Rehabilitation Act 
Model controlling for experience 

Model controlling for age 
0.070 
0.062 

0.164 
0.076 

Meghir and 
Palme (2005) Sweden Education reforms  0.028 0.036 

Sweetman 
(1999) Canada Newfoundland 

education reform 
Females 
Males 

0.146 
0.108 

0.170 
0.221 

Oreopoulos 
(2006) 

Canada Compulsory 
schooling laws 

Without trends controls 
With trends controls 

0.115 
0.115 

0.070 
0.131 

 




