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Education, On-the-job Training and Innovation in Transition Economies 

Zafar Nazarov1 and Alisher Akhmedjonov2

Abstract

The aim of this paper is to establish the effect of on-the-job-training and university education on 
the firm’s innovation decision in transition economies of Eastern Europe and the Former Soviet 
Union. We use the 2002 and 2005 waves of the Business Environment and Enterprise 
Performance Surveys. Our findings, based on a mixed discrete-continuous model with 
endogenous variables in the firm’s innovation equation, suggest that further investments in 
education will not lead to necessary improvements in the firm’s demonstrated ability to innovate. 
This is in contrast to on-the-job-training, which we find increases a firm’s ability to innovate in 
countries with transition economies. 

1. Introduction 

The aim of this paper is to establish the effect of human capital on the firm’s innovation decision 
in transition economies of Eastern Europe and the Former Soviet Union3. Specifically, we 
provide the theoretical model by explicitly incorporating the effect of on-the-job-training and 
university education on the firm’s innovation decision. Within the context of this model, we 
empirically test the significance of these human capital effects by using the Business
Environment and Enterprise Performance longitudinal surveys. 

We contribute to the existing literature in several ways. Previous studies on the determinants of 
firm innovation in transition economies of Eastern Europe and the Former Soviet Union analyze 
various firm characteristics that impact innovation but leave the role of human capital 
unexplained. For example, Grosfeld-Tressel (2001), Carlin et al. (2001), and Aghion et al. (2002) 
focus on the effect of competition on firm innovation. Volchkova (1998), Carlin et al. (2001), 
Jefferson et al (2002) and Guriev-Rachinsky (2004) study the effect of ownership structure on 
innovation. Guriev et al. (2003) study the effect of corporate governance and quality of 
management on the ability to innovate. We extend the literature by estimating the causal effect of 
on-the-job-training and university education on the firm’s decision to innovate. We use 
longitudinal data, which includes information on firm characteristics and innovation decisions 
from 25 transition economies. Our estimation technique controls for both country and firm level 
random effects in the model. 

In addition to incorporating these additional human capital effects, we examine a new measure of 
innovation. Specifically, we try to capture not only the degree to which firms in transition 
economies are adapting technology, but also the degree to which firms promote knowledge 

1 PhD, Postdoctoral fellow at RAND Corporation (USA) 
2 PhD, Assistant Professor of Economics at Zirve University (Turkey) 
3 Transition countries listed in alphabetical order are: Albania, Armenia, Azerbaijan, Belarus, Bosnia and 
Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia, Georgia, Hungary, Kazakhstan, Kyrgyz Republic, Latvia, 
Lithuania, FYR Macedonia, Moldova, Montenegro, Poland, Romania, Russian Federation, Serbia, Slovak Republic, 
Slovenia, Tajikistan, Ukraine, and Uzbekistan. 
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transfers. Thus, along with core innovation activities such as introducing/upgrading product lines 
and services (Carlin et al. 2004, Branstetter et al. 2008, Gorodnichenko et al. 2008), we use 
additional forms of innovation activities such as signing new licensing agreements and obtaining 
new quality accreditations. 

It is worthwhile to note that eight transition economies became members of the EU in 2004. As 
our dataset contains information on firms’ innovation decisions before and after 20044, this 
structural break provides us an additional exogenous variation in the model, which helps us to 
identify the causal effect of human capital on innovation. It also enables us to compare 
innovation prevalence of the firms from the new EU countries with innovation prevalence of the 
firms from the Former Soviet Union and the rest of Eastern European countries before and after 
the EU membership. 

Our findings, based on a mixed discrete-continuous model with endogenous variables in the 
firm’s innovation equation, provide results contrary to the OECD recommendation of increasing 
spending on formal education in order to enact innovation improvements. In particular, we show 
that further investments in education will not lead to necessary improvements in the firm’s 
demonstrated ability to innovate. Instead, on-the-job-training plays a fundamental role (although 
lesser in Eastern Europe) in increasing this ability. We also find that EU membership does not 
significantly affect innovation. 

This paper is structured as follows. The next section provides the theoretical model of the 
innovation tradeoff. Section 3 presents the estimation techniques used in this study. Section 4 
presents the data. The main empirical findings and results from policy simulation are discussed 
in Section 5. We conclude in Section 6. 

2. Theoretical Model of the Innovation Tradeoff 

In a simplified model, we explore the innovation tradeoff faced by firms by assuming that they 
compete over a finite set of differentiated, non-complementary products. We assume a single 
product. A pool of competitive “innovators” of human capital quality, , exists for the product. 
Each firm can choose to innovate by investing in an innovator at cost , where is a 
vector of firm, industry and country characteristics. Human capital quality is the combination of 
both general (education)  and specific human capital (on-the-job training)  of workers. If 
human capital in the innovation decision of firms in countries with transition economies is 
mainly related to absorptive capacity of workers to use new technology, then an increase in 
specific human capital through on-the-job training increases cost of innovation through training 

cost, . At the same time, an increase in general human capital (education) also 
increases the cost of innovation either through tuition cost or through hiring cost of more 

educated workers, . Finally, an increase in the quality of human capital through on-

4 Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Slovak Republic, and Slovenia joined the EU on 
May 1, 2004; Bulgaria, Romania joined on January 1, 2007. 
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the-job training or general training results in an increase in the likelihood of successful 

innovation, 5, where , as  goes to infinity and ,

6.

In this simple model if the firm does not innovate, we normalize its expected profit to zero. If 
more than one firm innovates, all firms receive zero revenue, which is interpreted as the Bertrand 
outcome for the innovative firms, and the out-of-market outcome for non-innovative firms. For 
the purpose of this exposition, we assume that firms are identical in their innovation 
technologies.

We also assume the revenue streams for the innovated and non-innovated goods both experience 
independent identically distributed development shocks with mean zero and variance ��.

With these assumptions and  firms, the expected profit of any firm is: 

      (1) 

where  is the decision to innovate by incurring the cost, . 

Based on the above, the firm’s decision rule can be formulated as: 

      (2) 

Using the decision rule we can specify the probability of the firm’s being involved in an 
innovative activity as: 

       (3)

where � is a cumulative distribution function. 

The theoretical association of interest between human capital and the firm’s innovation decision 
can be deduced from equation (3). In particular, direct comparative static analysis shows that the 
effect of the quality of human capital, through increase in specific or general training on the 
probability of innovation, is ambiguous. 

5 Similar to de Mel et al (2009). They assume that the likelihood of successful innovation is a function of firm and 
industry characteristics. 
6 � can be interpreted as a monopoly rent or the revenue received via a cost advantage in a Bertrand competition. 
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 (4) 
The above comparative analysis demonstrates that an increase in human capital quality positively 
affects the probability of successful innovation but at the same time it increases the cost of 
innovation regardless of the type of training. In the empirical part of the paper we would like to 
estimate the exact sign of the effect of human capital quality represented by share of workers 
with university education in the firm and the provision of on-the-job training. Our main goal is to 
learn whether higher quality of human capital induces firms to innovate more and which form of 
human capital, general or specific, is an important part of the decision making process.

We have to note that the theoretical model presented above is a very simplified version of the 
innovation tradeoff faced by firms and does not account for simultaneity of the innovation and 
human capital development decisions. The simultaneity issue cannot be straightforwardly 
incorporated within the static framework. For example, the current period on-the-job training 
decision affects future worker and firm productivity and such analysis should be performed in a 
dynamic setting. While highly simplified, this model demonstrates a fundamental tradeoff faced 
by firms. As the level of skill required innovating a particular product increases, the costs of 
attempting innovation might exceed its potential benefits. 

3. Empirical Model and Estimation Techniques 

The empirical specification of the relationship between human capital quality  and innovation 
decision  for firm in country  in period  can be derived by linearly approximating the 
decision rule in (2) where firm’s decision to innovate is a function of firm and country level 
characteristics  and human capital quality . The former includes  and each 
element of this vector will be discussed in details below. 

     (5) 

In the above, specification  is a vector of variables characterizing different aspects of the 
firm’s financing and competition environment. In particular, vector  includes whether the firm 
has a bank loan or overdraft, fraction of firm’s sales that are exported, fraction of margin by 
which firm’s sales price exceeds its operation costs, whether the firm is a large or medium sized 
firm, and whether the firm feels any pressure from foreign competitors. 

Firms across industries differ by composition of workforce in terms of the average educational 
attainment of workers. Moreover, firms across industries have different propensities to being 
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involved in any innovative activity. To address this concern, in  we also add a set of industry 
dummies to control for the industry fixed effect. 

In this study we are using firm level data across 25 transition countries of Eastern Europe and the 
Former Soviet Union. Though all these countries are transitioning from a centrally planned 
economy to a market based economy, we believe there exists some country specific 
heterogeneity across these countries that may affect the firm’s innovation decision. For example, 
in some countries the macroeconomic conditions are more favorable for innovation, such as laws 
that allure more direct foreign investment. Furthermore, the same country specific factors may 
affect human capital quality within firms and the failure to address this issue would lead to 
unreliable point estimates. To control for the country specific factors, we include a variety of 
variables in vector P such as the unemployment rate, net flow of foreign direct investment and 
gross domestic product per capita in a given country and year. However, we also recognize that 
the inclusion in vector P of the above country specific variables does not guarantee us the full 
control for all country specific factors, which may correlate with quality of human capital. 
Therefore, in the innovation equation we capture the rest of country specific factors that affect 

the firm’s innovation decision and correlate with quality of human capital in . 

Finally the important component of equation (5) is firm specific unobserved heterogeneity . It 
is well documented in the literature that an essential part of successful innovation is having a 
competent managerial cadre with the appropriate incentives and tools. For instance, 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. In 
other words, firms with better managers may be more likely to adopt technology, hire a larger 
share of university-educated workers, and train their employees. Thus, the effect of the share of 
university-educated workers and the provision of training for employees may simply reflect 
omitted managerial or other firm characteristics. One of the possible strategies to address this 
problem is the inclusion of firm-level controls in the innovation equation. However, even using 
the rich set of firm specific characteristics we must acknowledge that our findings could still be 
partly driven by unobservable firm characteristics. In  we recognize these unobservable firm 

characteristics as . 

To estimate consistently parameters of the innovation equation given in (5), we have to 
additionally recognize and control endogeneity of human capital quality  in the latter equation. 
The endogeneity problem arises due to the correlation of human capital quality  with 

unobserved country and firm specific unobserved heterogeneity,  and . To control for 
endogeneity of human capital quality in the innovation equation, we additionally model the 
firm’s hiring university-educated employees (or higher) and on-the-job-training decisions. These 
equations are given in (6) and (7), respectively. 

     (6) 
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     (7) 

In equation (6), which models firm’s located in country  in period  hiring decision of 
university educated workers, the dependent variable is measured by the fraction of workers with 
some university education or higher. Because of the continuous dependent variable, equation (6) 
is represented by linear equation in our model. In the data, the dependent variable of equation (7) 
is observed both in the discrete and continuous form. In particular, the managers of each firm 
provided information regarding whether the firm offered formal training to its skilled workers in 
the last 12 months and, if the firm did, the share of skilled workers that received formal training. 
Hence, the on-the-job training decision enters into the empirical model as linear equation if it is 
measured continuously, and as the limited dependent variable equation in (7’) otherwise. 

     (7’) 

The fact of availability of both forms of an on-the-job training measure allows us to check 
whether the effect of human capital is sensitive to the specification of on-the-job training in the 
empirical model. 

In both equations as controls we use the same set of independent variables as in equation (5). 
However, to identify the effects of human capital quality in the innovation equation, we include 
several variables in vector that indirectly impact the likelihood of innovation through general 
or specific training. In other words, we believe that the set of variables in  induces some firms 
to change their innovation status only through the quality of human capital. 

In vector , we include country and time specific variables, such as the fraction of workforce 
with tertiary education, and the share of education and training expenditure in GDP in a given 
country and year. The use of country or regional level external variables as exclusion restrictions 
in studying a variety of causal relationships in the firm’s production process is a common 
practice in the literature. For example, Ospina and Schiffbauer (2006) use the country-level 
index on the costs of starting a business to identify the effect of competition on the firm’s 
productivity. In addition, we also use an internal variable as an exclusion restriction. In 
particular, we use firm level information on the duration of filling in the most recent vacancy 
requiring a high-skilled worker7.

7 One may speculate that this variable correlates with firm and country unobserved heterogeneity. To check that this 
is not the case, we use as an exclusion restriction, along with other country level restrictions, the industry-country-
time averaged duration of filling in a high skilled vacancy, computed for each firm. The estimates and standard 
errors change only marginally compared with the estimates and standard errors received using the firm-level 
duration of filling in a high skilled vacancy. 
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There are two main criteria that exclusion restrictions must pass in order to be valid exclusion 
restrictions and help to identify the causal effect of the interest of this study. First, the exclusion 
restrictions should correlate with endogenous variables, in our case with the share of university 
education and provision of on-the-job training in the firm. Both country level exclusion 
restrictions specifically measure the quality of human capital in a given country. Intuitively, the 
quality of human capital in the country should positively correlate with the quality of human 
capital of the average firm located in this country. Furthermore, our firm level exclusion 
restriction associates with the availability of skilled workers in the local market. If there is a 
short supply of skilled workers in the local market, then the firm would more likely to hire a less 
educated worker for this position and provide intensive on-the-job training in order to bring the 
quality of human capital of the new worker to the average level required at this position. The 
second criterion is that the exclusion restrictions should affect the firm’s innovation decision 
only through the quality of human capital. Using the same logic, we can speculate that our 
exclusion restrictions do not directly correlate with the firm’s prevalence of innovation. 
Certainly, this could be not enough to defend our choice of exclusion restrictions. Therefore, we 
perform a series of identification tests to provide statistical evidence of the validity of our 
exclusion restrictions. We discuss the results of the tests in the Results section of the paper. 

To estimate the mixed discrete-continuous model with endogenous variables (quality of human 
capital) in the innovation equation we simultaneously estimate equations 5, 6 and 7. We assume 

’s and ’s correlates across equations. 

The estimation strategy used in this paper is proposed by Mroz (1999) and known in the 
literature as a discrete factor method. The method assumes that there are M and K points of 
support to approximate the joint distributions of and . Conditional on mass point 

 and 8, firm i from country j has the following 
contribution to the likelihood function9:

(8)
The unconditional contribution for firm i from country j is: 

         (9) 

Finally, the likelihood function can now be written as follows: 

8 There are three equations in the model, therefore, wm and vk consist of three vectors each representing the set of 
heterogeneity parameters in one of the equations.  
9 If equation (7) is modeled by the linear equation with the dependent variable “share of skilled workers who 
received on-the-job training,” in the second row of the likelihood function the second and third terms are substituted 

by density function . Also, in the first term of the second row will be .
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          (10) 

We also assume the logistic distribution for the firm development shocks in equations (5) and 
(7’). This implies that these equations enter as logits in the system of equations. Furthermore, the 
discrete factor method assumes that firm and country level disturbances are not normally 
distributed. The credibility of these assumptions cannot be directly tested, because in reality we 
do not observe the true distributions of these unobserved factors. The alternative method can be 
the imposition of multivariate normality. However, when the disturbances are not normally 
distributed (the latter is not directly testable either), the discrete factor method performs better 
than the method assuming joint normality (Mroz, 1999). 

The likelihood function is maximized with respect to all parameters in equations 5, 6, and 7 as 
well as the country and individual’s specific mass points and weights. In each equation, we also 
include a constant term and normalize one country and individual mass point per equation to 
zero to identify the model. The model is estimated using FORTRAN with the GQOPT 
optimization library. 

4. Data 

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 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 
countries (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. Our research uses the 2002 and 2005 survey data (BEEPS II and BEEPS 
III) across 25 countries (excluding Turkey)10.

For each survey, the samples were structured to be 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, 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, local and national competition, and state intervention in firm decision-
making. In addition, the datasets contain a panel component, where 1,399 firms (excluding firms 
from Turkey, Bosnia-Herzegovina and Turkmenistan11) that were surveyed in 2002 were 

10 Excluding Turkey and limiting the sample to transition economies does not alter the findings. 
11 Two countries that are not included are Turkmenistan and Bosnia-Herzegovina. BEEPS surveys were not 
implemented in Turkmenistan both in 2002 and 2005. Firms from Bosnia-Herzegovina appearing in the 2002 
BEEPS survey did not participate in the 2005 survey; therefore, since firms in our analysis are linked into a short 
panel, firms from Bosnia-Herzegovina were automatically excluded from the sample. 
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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. 

Our definitions of innovation include not only the core innovation activity such as upgrading 
product lines and services, but also other types of activities that promote knowledge transfers 
such as signing new licensing agreements, and obtaining new quality accreditations. These three 
variables we use as dependent variables in the empirical part of the paper. 

Definitions of all firm-level variables are provided in Table 1. Table 2 provides 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 (52 percent upgraded product lines or services), and 15.8 
percent obtained a new product licensing agreement. Approximately 14 percent of the firms 
obtained a new quality accreditation from other firms. The sample is dominated by small and 
medium-sized firms: 70 percent of the sampled firms employed fewer than 50 people, and just 
less than one fifth employed between 50-249 employees. Sixteen percent of firms represent 
countries which became members of the European Union in 2004, 58 percent of firms represent 
Eastern European countries and 55 percent of firms are post-Soviet Union republics12.

Also note from Table 2 that the average unemployment rate in countries with transition 
economies is 10.7 percent with the highest rate equal to 37 percent. Average gross domestic 
product per capita is USD 892 with standard deviation close to USD 70. This fact points out that 
there is not much variation in gross domestic product per capita across 25 countries in our 
sample. However, Table 2 shows substantial variations across countries in the proportion of 
labor force with tertiary education (mean – 26.5%, st. dev. – 16%), expenditure on education in 
GDP (mean – 4.47%, st. dev. 1.29%), and the average time to fill in the most recent vacancy for 
a skilled worker (mean – 2 weeks, st. dev. – 1.14 weeks). The substantial variations in these 
instrumental variables identify the causal effect of human capital on the propensity to innovate in 
our study. 

For the identification purpose of the dynamic model, the data should provide ample evidence that 
firms change innovation decisions between two periods. Table 3 shows changes in innovation 
activities in 2005 over 2002. Out of those firms that did not upgrade existing lines/service in 
2002, 32.73 percent did upgrade and 67.27 percent didn’t upgrade existing lines/service in 2005. 
At the same time among firms that upgraded existing lines/services in 2002, 33.51 percent did 
not upgrade existing lines/services and 66.58 percent continue be involved in the same 
innovation activity in 2005. These numbers point toward the fact that firms substantially change 
their innovation decisions in 2005 compared with 2002. 

According to the same table, the activities related to signing new licensing agreements and 
obtaining new quality accreditations sharply declined in 2005. For example, out of those firms 
that did not obtain a new product licensing agreement in 2002, 10.49 percent did obtain one in 
2005, whereas 69.51 percent of firms that obtained agreements in 2002 did not obtain any 
product licensing agreement in 2005. For new quality accreditation the overall decline in this 

12 Firms from Latvia, Lithuania, and Estonia represent both Eastern European and post-Soviet Union countries. 
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activity is less pronounced compared with the product licensing agreement but is still substantial 
and in the range of almost 45 percent. All these facts are in favor of our dynamic model. 

5. Results 

Partial results from the joint estimation of the firm’s innovation, hires of university educated 
workers and on-the-job training decisions are reported in Table 4. In the first two models we use 
on-the-job training in discrete form. The difference between Model 1 and Model 2 is that Model 
1 does not account for any firm and country level unobserved heterogeneity, whereas Model 2 
controls for them. In Model 3 and Model 4, we use the continuous measure for on-the-job 
training. In Model 3 we do not control for any unobserved heterogeneity, whereas in Model 4 we 
do. It should be noted that in Table 4, we report only estimates for human capital and country 
membership parameters from the innovation equation and values of the log likelihood function 
for the whole model. The latter statistics we include for the purpose of testing. We do not report 
any results for other estimates in Table 4. However, for those who could be interested in all 
estimates we report them separately in Appendix 1. 

The results for Models 1 and 3 in Table 4 suggest that there is a robustly positive relationship 
between measures of human capital and prevalence to innovate regardless of whether on-the-job 
training is measured continuously or discretely. Viewed together, the results support the 
importance of both human capital measures on firm innovation. However, these models do not 
consider possible correlations between quality of human capital and firm and country unobserved 
characteristics in the innovation equations13. We believe that the method employed in the 
estimation of Model 2 and Model 4 adequately accounts for these factors and identifies the 
causal effects of university education and on-the-job-training on innovation. 

Before discussing the results of Model 2 and Model 4, we would like to provide evidence that 
models with unobserved heterogeneity are more favorable than the simpler models. The values 
of the log likelihood function are significantly improved with the estimation of additional 
unobserved heterogeneity parameters. In many cases, the value of the log likelihood function 
increases by more than 450 points. Taking into consideration that there are only 8 additional 
unobserved heterogeneity parameters to estimate (assuming 2 firm and 2 country mass points), 
improvements in the values of the log likelihood function can be considered as being highly 
significant.

With regard to the results of Model 2 and Model 4, first, we want to point out that only in the 
case of upgrading a product line or service, a negative and statistically significant effect has been 
detected for the Country is EU member state parameter in Model 4. We have two reasons to 
believe why this might be the case in new EU countries for this specific innovation activity. 
First, membership in the EU had adversely affected those sectors of the economy that previously 
enjoyed protection from formal and informal barriers to trade. Upon accession to EU, countries 
had to refrain from all subsidies that were incompatible with the common market, which, in turn, 

13 In particular, we have already mentioned that these unobserved factors could be managerial and governmental 
competencies, which are unobserved by researchers, but are known to firms. The spurious correlation between 
human capital and these unobserved factors, if inadequately accounted for, can induce severe bias in point estimates. 
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might have led to a reduction in innovation among firms. Second, the gains from the EU 
accession accrued predominantly to highly skilled labor, which was able to move to countries 
offering the highest returns. This might have led to reduction in the human capital endowment of 
the countries of origin and negatively affected the innovation propensities of firms. 

However, the most important result in Table 4 is that the coefficients on the share of university 
education variable are no longer statistically significant at the 10% level for all innovation 
activities, although they continue to be positive. The absence of any effect on university 
education in the innovation equation suggests that general training is not a driving force of 
innovation. This is not a very surprising result. Innovation in transition economies is mostly 
related to absorbing new technology but not to inventing it. Therefore, adopting new technology 
requires the firm to employ workers with technical degrees who would need only some specific 
training.

The result for the on-the-job training parameter in the innovation equation supports the above 
argument. In contrast to a university education, on-the-job training remains to be positive and 
strongly significant in the innovation equation after controlling for firm and country unobserved 
heterogeneity. As discussed above, the positive effect of on-the-job training in the innovation 
equation seems intuitive, since employers use on-the-job-training as one of the possible means of 
coping with changes fostered by technological innovation. 

Though results from Model 2 and Model 4 provide identical conclusions on the effect of human 
capital quality on innovation, for the purpose of exposition, the identification testing, additional 
specifications and policy simulation analysis are performed with only the continuous measure of 
on-the-job training. 

Based on the likelihood ratio test we receive evidence that our exclusion restrictions pass validity 
and relevance criteria. If the exclusion restrictions are relevant, then they must strongly, rather 
than weakly, correlate with the measures of quality of human capital. We use the likelihood ratio 
test to test the joint significance of the exclusion restrictions in university education and on-the-
job training equations. The results of the test (statistics and p-values) are in the first three rows of 
Table 5. The p-values suggest that one would fail to reject the hypothesis of joint significance of 
the exclusion restrictions in both equations. For the exclusion restrictions to pass validity 
criterion, the restrictions should not correlate with the firm’s innovation decision. To perform the 
latter test, we include exclusion restrictions in the innovation equation and a re-estimated Model 
4. The last three rows of Table 5 provide evidence that these restrictions do not jointly correlate 
with the firm’s innovation decision. 

In Table 6, we report results for the model in which we allow interaction terms between country 
membership dummies and human capital variables (on-the-job training is in the continuous 
form). Table 6 demonstrates that interactions of the EU indicator with human capital variables 
are not significant in any innovation specification. We can speculate that the non-significance of 
these interaction terms can be explained by the gradual integration of the EE countries into the 
EU, and thus the competitive conditions did not significantly change upon formal accession. 
Interestingly, in two out of three cases the Skilled worker training --Eastern European Country 
interaction is negative and significant (it is positive only in the case of obtaining a new quality 
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accreditation, although statistically insignificant). These results suggest that on-the-job-training 
is a less important determinant of firm innovation in the EE countries compared with the post-
Soviet Union countries. 

To understand if a change in overall higher educational attainment in the country leads to a 
change in the likelihood of firm innovation, we conducted a policy simulation analysis. In 
particular, we increased the fraction of the labor force with tertiary education in all countries by 
5 percentage points. In the simulation program, we assume that the entire set of estimated 
coefficients, mass points and mass point probabilities follow a multivariate normal distribution 
centered at the estimated values of the parameters with covariance matrix equal to the estimated 
covariance matrix for the entire set of parameters. To conduct the simulation exercise, we draw a 
set of normally distributed random variables from this distribution and recalculate the outcomes 
of the model with perturbed parameters. The above step was reiterated 250 times. 

The results of the simulation analysis are shown in Table 7. An exogenous increase in the stock 
of general human capital in the whole country leads to the lower probability of any innovation 
activity by firms in transition economies, although all results are not statistically significant. For 
example, a 5 percentage point increase in the proportion of workers with tertiary education leads 
to only a 0.03 percent decrease in the likelihood that an average firm will obtain a new product 
licensing agreement, to a 0.09-0.11 percent decrease in the likelihood that it will obtain a new 
quality accreditation and finally, to a 0.15-0.16 percent decrease in the likelihood that it will 
upgrade existing product lines/services. 

We can explain unresponsiveness of innovation to the exogenous increase in the stock of general 
human capital in the countries with transition economies by the tradeoff faced by the firm 
between the options whether to hire university educated workers or to provide on-the-job 
training to the existing pool of skilled workers. The simulation analysis demonstrates that on one 
hand, the exogenous increase in the fraction of workers with a university education in the 
country unambiguously increases the share of workers with university education in the firm 
(panel B of Table 7). On the other hand, such an increase decreases the fraction of skilled 
workers to whom on-the-job training would be offered and provided (panel C of Table 7). Based 
on the numbers reported in the two last panels of Table 7, we can speculate that, in countries 
with transition economies, university education and on-the-job training could be good substitutes 
in firms’ innovation decisions. What is obvious is that a good estimate for the university 
education/on-the-job training elasticity could provide helpful information for policymakers in 
these countries. 

6. Conclusion 

Using firm level data for 1399 firms in 25 transition countries, this study examines the 
determinants of firm innovation amongst firms in Eastern Europe and the Former Soviet Union. 
We used the 2002 and 2005 waves of the BEEPS, which identify technological and innovation 
activities as well as information on internal factors such as workforce education and training, 
firm size, export orientation, market concentration, foreign competition and formal external 
financing. The longitudinal aspect of the BEEPS allowed us to control for firm and country 
specific factors using a novel econometric technique. 
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Our main conclusion is based on the mixed discrete-continuous model, which controls for 
endogeneity of on-the-job-training and university education in the innovation equation. In 
particular, we conclude that training provided by firms rather than formal higher education is the 
driving force of innovation in transition economies. However, the effect is substantially lower for 
firms from Eastern European countries. The results also suggest that the effect has not changed 
much with the accession of countries in the European Union. The simulation analysis shows that 
an increase in the fraction of labor force with tertiary education in a given country does not 
translate into a significant increase in participation in the majority of innovation activities. 

We believe that the findings of this study have public policy implications for countries with 
transition economies. In particular, our main findings shed light on how local authorities may 
allocate scarce resources if the main goal of authorities is to boost innovation activities in their 
countries. Our results show that an increase in spending on higher education is not the best 
option. Instead, a variety of public-private co-investments in worker training programs is a 
possible solution. 
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Table 1: Summary of the Variables Used in the Analysis 

Variables Source (Question 
Number) Brief Description 

Dependent Innovation Indicators 
Upgraded existing product 
line/service

BEEPS-II (Q85a2), 
BEEPS-III( Q60a2) 

0/1 indicator of whether the firm has upgraded an 
existing product line/service 

Obtained a new product licensing 
agreement 

BEEPS-II (Q85a8), 
BEEPS-III (Q60a5) 

0/1 indicator of whether the firm has obtained a new 
product licensing agreement 

Obtained a new quality 
accreditation

BEEPS-II (Q85a11), 
BEEPS-III (Q60a8) 

0/1 indicator of whether the firm obtained a new 
quality accreditation 

Firm-Level Explanatory Variables 
Formal financing  BEEPS-II (Q65a) 

BEEPS-III (Q46a) 
0/1 indicator of whether the firm has a bank loan or 
overdraft 

Exports BEEPS-II (Q14a2, Q14a3) 
BEEPS-III (Q7b, Q7c) Fraction of firm's sales that are exported 

Markup – measure of 
competition with domestic firms 

BEEPS-II (Q23), 
BEEPS-III (Q14) 

Fraction of margin by which firm’s sales price 
exceeds its operating costs  

Pressure from foreign 
competition dummies 

BEEPS-II (Q88b), 
BEEPS-III (Q63b) 

0/1 indicator of firm’s perceive any pressure from 
foreign competitors on developing new products or 
services

Firms’ workforce with higher 
education qualification 

BEEPS-II(Q94e, Q94f) 
BEEPS-III(Q69a4) 

Fraction of workers with some university education 
or higher 

Training of skilled workforce BEEPS-II(Q96a3)
BEEPS-III(Q71a1) 

0/1 indicator if a firm offers formal training to its 
skilled workers over the last 12 months 

Fraction of skilled workforce 
trained 

BEEPS-II(Q96b3) 
BEEPS-III(Q71b1) 

Fraction of skilled workers received formal training 
over the last 12 months 

Firm size dummies BEEPS-II (Q91a1cat) 
BEEPS-III (Q66acat) 

0/1 indicators for small (1-49 full-time employees), 
medium (50-249 full-time employees) and large 
firms (over 250 full-time employees). 

Country–Level Explanatory Variables 
Unemployment rate Fraction of not employed as % of total labor force in a given country and year 
Gross Domestic Product per 
capita In thousand dollars in a given country and year 

Foreign direct investment  Fraction of net inflows of GDP in a given country and year 
Eastern European country 0/1 indicator if a country is an Easter European country 
Country is European Union 
member state 0/1 indicator if a country became a member of European Union in 2004 

Post-Soviet Union country 0/1 indicator if a country was a part of the Former Soviet Union 
Instrumental Variables 

Labor force with tertiary 
education Fraction of labor force with tertiary education in a given country and year 

Expenditure on education and 
training in GDP Fraction of expenditure as percent of total GDP in a given country and year 

Average time it takes to fill in the 
most recent vacancy for skilled 
workers 

BEEPS-II(Q95c)
BEEPS-III(Q70c) 

Average time (in weeks) it takes to fill in the most 
recent vacancy for a skilled worker in a given 
country, industry and year 
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Table 2: Simple Descriptive Statistics of the Variables Used in the Analysis 

Variables Mean St. Dev. Min Max 

Dependent Variables 
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 

Firm-Level Explanatory Variables 
Formal financing (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 
Fraction of skilled workers trained over the last 12 months 0.201 0.354 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

Country is EU member state 0.16 0.37 0 1 
Eastern European country 0.58 0.49 0 1 
Post-Soviet Union country 0.55 0.50 0 1 

Country-Level Explanatory Variables 
Unemployment rate 0.107 0.07 0.14 0.37 
Gross Domestic Product per capita 0.892 0.07 0.71 1.01 
Foreign direct investment 0.058 0.05 0.00 0.22 

Instrumental Variables 
Labor force with tertiary education 0.265 0.16 0.02 0.66 
Expenditure on education and training in GDP 4.468 1.29 1.9 7.2 
Average time it takes to fill in the most recent vacancy for skilled 
workers 2.036 1.14 0.32 4.93 
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Table 3: Transition Probabilities, Showing Change in Innovation Activities in 2005 over 2002 

t=2005 
Didn’t upgrade existing 

product line/service 
Upgraded existing product 

line/service Total 

444 216 660 Did not upgrade existing product 
line/service 67.27% 32.73% 100% 

247 492 737 Upgraded existing product 
line/service 33.51% 66.58% 100% 

691 708 1399 

   
   

   
t=

20
02

 

Total 
49.39% 50.61% 100% 

Didn’t obtain a new product 
licensing agreement 

Obtained a new product 
licensing agreement Total 

1032 121 1153 Did not obtain a new product 
licensing agreement 89.51% 10.49% 100% 

171 75 246 Obtained a new product licensing 
agreement 69.51% 30.49% 100% 

1201 196 1399 

   
   

   
t=

20
02

 

Total 
85.99% 14.01% 100% 

Did not obtain a new quality 
accreditation

Obtained a new quality 
accreditation Total 

1092 111 1200 Did not obtain a new quality 
accreditation 90.77% 9.23% 100% 

108 88 196 
Obtained a new quality accreditation 

55.10% 44.90% 100% 
1200 199 1399 

   
   

   
t=

20
02

 

Total 
85.78% 14.22% 100% 
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 Table 4:  Human capital and country membership estimates (Innovation equation) 

Variables Model 1 Model 2 Model 3 Model 4 

Upgrading Existing Product Line/Service1

Some university education or higher 0.508***

[0.198] 
0.318 

[0.328] 
0.497***

[0.194] 
0.306  

[0.304] 
Skilled worker training 0.535***

[0.101] 
0.457***

[0.106] 
0.610***

[0.135] 
0.619***

[0.143] 
Country is EU member -0.407 

[0.338] 
-0.495**

[0.243] 
-0.445 
[0.339] 

-0.467*

[0.264] 
Country is Eastern European -0.160 

[0.307] 
0.094 

[0.199] 
-0.147 
[0.309] 

-0.222 
[0.272] 

Log likelihood -3749.11 -3216.02 -3051.68 -2524.54 
Obtaining a New Product Licensing Agreement2

Some university education or higher 0.736***

[0.225] 
0.123 

[0.360] 
0.728***

[0.222] 
0.155 

[0.374] 
Skilled worker training 0.368***

[0.114] 
0.425***

[0.113] 
0.434***

[0.166] 
0.525***

[0.154] 
Country is EU member -0.221 

[0.225] 
-0.104 
[0.243] 

-0.255 
[0.235] 

-0.090 
[0.231] 

Country is Eastern European -0.153 
[0.247] 

-0.507 
[0.324] 

-0.141 
[0.245] 

-0.207 
[0.237] 

Log likelihood  -3178.39 -2679.51 -2481.45 -1968.92 
Obtaining a New Quality Accreditation3

Some university education or higher 1.031***

[0.226] 
0.260 

[0.491] 
1.012***

[0.223] 
0.250 

[0.482] 
Skilled worker training 0.795***

[0.147] 
0.868***

[0.154] 
0.970***

[0.205] 
0.996***

[0.208] 
Country is EU member -0.024 

[0.175] 
0.049 

[0.172] 
-0.106 
[0.182] 

-0.057 
[0.165] 

Country is Eastern European 0.454*

[0.286] 
0.323 

[0.350] 
0.497*

[0.271] 
0.450 

[0.281] 
Log likelihood -2984.42 -2491.07 -2289.22 -1789.26 
Firm characteristics Yes Yes Yes Yes 
Industry fixed effect Yes Yes Yes Yes 
Country characteristics Yes Yes Yes Yes 
Unobserved heterogeneity No Yes No Yes 
Notes: ***, **, and * represent significance at 1%, 5% and 10% respectively. Standard errors are in parentheses. # of countries  
is 25, # of firms is 294, # of periods is 2, # of observations is 2798, # of firm specific mass points is 2, # of country  
specific mass points is 2    
1 All models are estimated with two exclusion restrictions: the fraction of workforce with tertiary education, and  
the share of education expenditure in GDP in a given country and year. 
2 All models are estimated with two exclusion restrictions: the average duration of filling a high-skilled vacancy  
in a given firm, country and year, and the fraction of workforce with tertiary education.  
3 All models are estimated with three exclusion restrictions: the average duration of filling a high-skilled vacancy  
in a given firm, country and year, the fraction of workforce with tertiary education, and the share of education expenditure in
GDP in a given country and year.  
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Table 5. Identification tests 
Identification Test I 
Dependent Variable VF VFR df Statistics p-value 
Upgrading Existing Product Line/Service1 -2524.54 -2545.25 4 41.418 0.000
Obtaining a New Product Licensing Agreement2 -1968.92 -1976.88 4 15.927 0.003
Obtaining a New Quality Accreditation3 -1789.26 -1812.9 6 47.284 0.000

Identification Test  II 
Dependent Variable VF VFR df Statistics p-value 
Upgrading Existing Product Line/Service4 -2524.54 -2523.09 2 2.902 0.234
Obtaining a New Product Licensing Agreement5 -1968.92 -1968.77 2 0.293 0.864
Obtaining a New Quality Accreditation6 -1789.26 -1787.59 3 3.339 0.342
Notes:
1 The restricted model is estimated with two exclusion restrictions excluded from university education and on-the-job training equations: the 
fraction of workforce with tertiary education, and the share of education expenditure in GDP in a given country and year. Hence, the number of 
excluded parameters from restricted model is four.  
2 The restricted model is estimated with two exclusion restrictions excluded from university education and on-the-job training equations: the 
average duration of filling a high-skilled vacancy in a given firm, country and year, and the fraction of workforce with tertiary education. Hence, 
the number of excluded parameters from restricted model is four. 
3 The restricted model is estimated with three exclusion restrictions excluded from university education and on-the-job training equations: the 
average duration of filling a high-skilled vacancy in a given firm, country and year, the fraction of workforce with tertiary education, and the 
share of education expenditure in GDP in a given country and year. Hence, the number of excluded parameters from restricted model is six. 
4 The unrestricted model is estimated with two exclusion restrictions included in the innovation equation: the fraction of workforce with tertiary 
education, and the share of education expenditure in GDP in a given country and year. Hence, the number of additional parameters is two in the 
unrestricted model.  
5 The unrestricted model is estimated with two exclusion restrictions included in the innovation equation: the average duration of filling a high-
skilled vacancy in a given firm, country and year, and the fraction of workforce with tertiary education. Hence, the number of additional
parameters is two in the unrestricted model. 
6 The unrestricted model is estimated with three exclusion restrictions included in the innovation equation: the average duration of filling a high-
skilled vacancy in a given firm, country and year, the fraction of workforce with tertiary education, and the share of education expenditure in 
GDP in a given country and year. Hence, the number of additional parameters is three in the unrestricted model. 
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Table 6: Human capital, country membership and interactions (Innovation equation)

Variables 
Upgrading 

Existing Product 
Line/Service1

Obtaining a New 
Product 

Licensing
Agreement2

Obtaining a New 
Quality 

Accreditation3

Some university education or higher 0.643 
[0.418] 

0.066 
[0.392] 

0.272 
[0.528] 

Skilled worker training 1.270 
[0.239] 

1.051*** 
[0.172] 

1.380*** 
[0.289] 

Country is EU member -0.576** 
[0.270] 

-0.005 
[0.443] 

0.165 
[0.295] 

Country is Eastern European 0.511** 
[0.220] 

-0.220 
[0.283] 

0.578 
[0.388] 

Some university education or higher* 
Country is EU member 

0.311 
[0.287] 

-0.385 
[0.682] 

-0.227 
[0.451] 

Skilled worker training* Country is EU 
member 

0.049 
[0.258] 

-0.064 
[0.417] 

-0.399 
[0.290] 

Some university education or higher* 
Country is Eastern European 

-0.687* 
[0.372] 

0.603 
[0.447] 

-0.158 
[0.348] 

Skilled worker training* Country is 
Eastern European 

-1.009*** 
[0.270] 

-0.964*** 
[0.238] 

0.475 
[0.403] 

Log likelihood -2473.25 -1945.03 -1766.21 

Notes: ***, **, and * represent significance at 1%, 5% and 10% respectively. Standard errors are in parentheses. # of countries  
is 25, # of firms is 294, # of periods is 2, # of observations is 2798, # of firm specific mass points is 2, # of country  
specific mass points is 2
1 A model is estimated with two exclusion restrictions (the fraction of workforce with tertiary education, and  
the share of education expenditure in GDP in a given country and year). In addition each restriction is interacted also  
with each country membership variables in university education and on-the-job training equations. The total number of  
exclusion restrictions is 12.  
2 A model is estimated with two exclusion restrictions (the average duration of filling a high-skilled vacancy  
in a given firm, country and year, and the fraction of workforce with tertiary education). In addition each restriction is  
interacted also with each country membership variables in university education and on-the-job training equations.  
The total number of exclusion restrictions is 12.  
3 A model is estimated with three exclusion restrictions (the average duration of filling a high-skilled vacancy
in a given firm, country and year, the fraction of workforce with tertiary education, and the share of education expenditure  
in GDP in a given country and year). In addition each restriction is interacted also with each country membership variables in 
university education and on-the-job training equations. The total number of exclusion restrictions is 16.  
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Table 7: Results of Policy Simulation Analysis1

A. Innovation 
Upgraded existing product 

line/service
Obtained a new product 

licensing agreement 
Obtained a new 

quality accreditation Year
Diff2 St. Err. Diff2 St. Err. Diff2 St. Err. 

2002 -0.16 0.41 -0.03 0.18 -0.09 0.13 
2005 -0.15 0.45 -0.03 0.22 -0.11 0.13 

B. Education 
Upgraded existing product 

line/service
Obtained a new product 

licensing agreement 
Obtained a new 

quality accreditation Year
Diff2 St. Err. Diff2 St. Err. Diff2 St. Err. 

2002 0.77*** 0.23 0.56** 0.23 0.68*** 0.21 
2005 0.77*** 0.22 0.56** 0.22 0.68*** 0.21 

C. On-the-job training 
Upgraded existing product 

line/service
Obtained a new product 

licensing agreement 
Obtained a new 

quality accreditation Year
Diff2 St. Err. Diff2 St. Err. Diff2 St. Err. 

2002 -1.12*** 0.26 -0.74*** 0.23 -1.81*** 0.15 
2005 -1.12*** 0.29 -0.74*** 0.27 -1.81*** 0.25 
Notes: ***, **, and * represent significance at 1%, 5% and 10% respectively. Standard errors are in parentheses 
1 A policy simulation is performed by increasing the overall higher educational attainment by 5 percentage points in  
all countries 
2 The result is the average of 250 bootstraps.   
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Appendix A. 

Table A1. All estimates of the innovation equation  
Accredit License Upgrade

Est. St.Err. z-stat. Est. St.Err. z-stat. Est. St.Err. z-stat.
% Univ. Educ 0.250 0.482 0.518 0.155 0.374 0.414 0.307 0.304 1.010
Training 0.996 0.208 4.785 0.525 0.154 3.413 0.619 0.143 4.347
Export 0.603 0.307 1.966 0.056 0.301 0.187 0.547 0.279 1.958
Mark-up 0.459 0.531 0.864 -0.522 0.427 -1.223 1.090 0.264 4.133
Foreign comp. 0.324 0.141 2.305 -0.099 0.115 -0.862 0.072 0.112 0.645
Formal financing 0.355 0.127 2.804 0.192 0.108 1.775 0.391 0.101 3.874
Small firm -0.997 0.115 -8.707 -0.295 0.147 -2.015 -0.621 0.120 -5.171
EU -0.057 0.165 -0.345 -0.090 0.231 -0.390 -0.467 0.261 -1.786
EE 0.450 0.281 1.604 -0.207 0.237 -0.875 -0.222 0.272 -0.816
missing Mark-up -0.158 0.185 -0.855 -0.428 0.221 -1.936 -0.189 0.120 -1.575
missing For. Comp. -0.414 0.444 -0.933 -0.447 0.352 -1.269 -0.238 0.208 -1.148
missing % Univ. Educ 0.124 0.387 0.321 -0.823 0.589 -1.397 -0.244 0.351 -0.694
Mining 0.914 0.598 1.529 0.542 0.535 1.012 0.273 0.381 0.717
Construction 0.801 0.201 3.978 0.647 0.261 2.476 0.539 0.178 3.028
Manufacturing 0.703 0.228 3.083 -0.115 0.136 -0.846 1.362 0.135 10.130
Communication -0.338 0.312 -1.084 0.202 0.148 1.371 0.412 0.204 2.024
Real Estate 0.088 0.265 0.330 -0.006 0.212 -0.029 0.283 0.156 1.813
Tourism -0.407 0.514 -0.791 -0.807 0.376 -2.148 0.392 0.120 3.262
Other Industry -0.752 0.460 -1.636 -0.368 0.254 -1.450 0.819 0.185 4.421
log(GDP) per capita 0.442 2.042 0.216 -0.426 1.714 -0.249 -1.212 1.453 -0.834
FDI -0.754 1.085 -0.695 0.137 1.134 0.121 -0.313 1.836 -0.170
Unemployment rate -2.558 1.525 -1.678 0.091 1.759 0.052 3.986 1.284 3.105
Constant -2.752 1.831 -1.503 -1.129 1.503 -0.751 -0.057 1.316 -0.043
Weight(country) -1.985 0.615 -3.227 -1.978 0.639 -3.097 -1.388 0.500 -2.776
Weight(firm) -1.011 0.163 -6.195 -1.015 0.162 -6.274 -1.014 0.163 -6.222
U.Heterogeneity(country) -0.280 0.261 -1.074 -0.983 0.278 -3.532 1.374 0.183 7.493
U.Heterogeneity(firm) 0.635 0.373 1.703 0.465 0.295 1.575 0.172 0.225 0.765
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Table A2. All estimates of the university education equation  
Accredit License Upgrade

Est. St.Err. z-stat. Est. St.Err. z-stat. Est. St.Err. z-stat.
Export 0.043 0.018 2.432 0.048 0.017 2.823 0.049 0.018 2.787
Markup 0.012 0.026 0.439 0.007 0.029 0.237 0.014 0.026 0.530
Foreign competition 0.007 0.012 0.551 0.006 0.012 0.524 0.007 0.012 0.573
Formal financing 0.006 0.010 0.561 0.004 0.009 0.475 0.007 0.009 0.743
Small size 0.030 0.012 2.538 0.030 0.012 2.517 0.031 0.012 2.594
EU 0.003 0.013 0.249 0.001 0.012 0.087 0.002 0.013 0.148
EE -0.043 0.037 -1.162 -0.052 0.038 -1.362 -0.039 0.034 -1.152
missing Mark-up 0.001 0.011 0.052 -0.002 0.010 -0.168 0.001 0.011 0.057
missing For. Comp. -0.051 0.012 -4.304 -0.051 0.012 -4.313 -0.050 0.012 -4.115
missing % Univ. Educ -0.220 0.038 -5.752 -0.218 0.039 -5.584 -0.217 0.039 -5.615
Mining -0.086 0.035 -2.453 -0.090 0.033 -2.747 -0.091 0.033 -2.772
Construction -0.011 0.011 -1.005 -0.008 0.011 -0.742 -0.010 0.012 -0.880
Manufacturing -0.017 0.011 -1.594 -0.017 0.011 -1.608 -0.019 0.011 -1.800
Communication -0.002 0.021 -0.106 -0.002 0.022 -0.093 -0.005 0.022 -0.238
Real Estate 0.110 0.029 3.790 0.108 0.029 3.721 0.109 0.026 4.266
Tourism -0.043 0.015 -2.787 -0.045 0.016 -2.760 -0.045 0.015 -2.918
Other Industry -0.051 0.030 -1.696 -0.054 0.028 -1.918 -0.055 0.030 -1.853
log(GDP) per capita -0.313 0.224 -1.400 -0.298 0.226 -1.320 -0.338 0.195 -1.733
FDI -0.040 0.082 -0.492 -0.012 0.074 -0.167 -0.041 0.078 -0.521
Unemployment rate 0.077 0.176 0.435 0.120 0.182 0.662 0.060 0.163 0.369
% of high educated 0.140 0.065 2.160 0.122 0.062 1.963 0.154 0.061 2.511
Time to fill high skill 0.000 0.006 0.003 -0.001 0.005 -0.252
% of education in GDP -0.008 0.008 -0.992 -0.007 0.007 -0.980
Constant 0.463 0.180 2.572 0.426 0.179 2.382 0.480 0.161 2.986
Weight(country) -1.985 0.615 -3.227 -1.978 0.639 -3.097 -1.388 0.500 -2.776
Weight(firm) -1.011 0.163 -6.195 -1.015 0.162 -6.274 -1.014 0.163 -6.222
U.Heterogeneity(country) -0.012 0.017 -0.720 -0.017 0.020 -0.833 -0.007 0.011 -0.604
U.Heterogeneity(firm) 0.504 0.016 32.271 0.505 0.015 33.646 0.504 0.016 32.287
Sigma1 -1.716 0.028 -60.553 -1.715 0.029 -60.079 -1.716 0.028 -61.283
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Table A3. All estimates of the on-the-job training equation  
Accredit License Upgrade

Est. St.Err. z-stat. Est. St.Err. z-stat. Est. St.Err. z-stat.
Export 0.045 0.030 1.517 0.047 0.030 1.556 0.040 0.030 1.316
Markup -0.036 0.051 -0.713 -0.029 0.052 -0.561 -0.055 0.049 -1.115
Foreign competition -0.007 0.021 -0.332 -0.005 0.021 -0.257 -0.002 0.022 -0.104
Formal financing 0.035 0.016 2.196 0.036 0.016 2.333 0.031 0.017 1.820
Small size -0.041 0.019 -2.145 -0.041 0.019 -2.153 -0.049 0.019 -2.634
EU 0.081 0.028 2.863 0.088 0.028 3.097 0.112 0.040 2.842
EE -0.104 0.046 -2.271 -0.072 0.042 -1.704 -0.184 0.045 -4.131
missing Mark-up -0.002 0.021 -0.101 0.001 0.021 0.041 -0.015 0.021 -0.733
missing For. Comp. -0.026 0.026 -1.008 -0.023 0.027 -0.848 -0.025 0.028 -0.905
missing % Univ. Educ -0.116 0.067 -1.751 -0.115 0.068 -1.709 -0.105 0.055 -1.919
Mining 0.102 0.097 1.054 0.096 0.097 0.994 0.094 0.100 0.941
Construction 0.016 0.018 0.887 0.012 0.018 0.660 0.020 0.021 0.974
Manufacturing 0.026 0.020 1.285 0.020 0.020 1.009 0.035 0.021 1.672
Communication 0.028 0.025 1.129 0.023 0.025 0.915 0.039 0.027 1.453
Real Estate -0.031 0.025 -1.260 -0.037 0.025 -1.480 -0.011 0.025 -0.439
Tourism 0.071 0.031 2.272 0.071 0.031 2.300 0.053 0.032 1.671
Other Industry 0.028 0.033 0.836 0.029 0.033 0.872 0.017 0.035 0.483
log(GDP) per capita 0.662 0.221 3.001 0.560 0.202 2.768 1.204 0.297 4.049
FDI 0.229 0.158 1.453 0.156 0.159 0.982 0.265 0.172 1.539
Unemployment rate 0.355 0.190 1.865 0.243 0.229 1.061 0.641 0.234 2.739
% of high educated -0.228 0.065 -3.488 -0.154 0.053 -2.915 -0.367 0.078 -4.707
Time to fill high skill 0.018 0.008 2.213 0.023 0.008 2.829
% on education in GDP 0.016 0.009 1.924 0.027 0.008 3.371
Constant -0.475 0.192 -2.474 -0.348 0.162 -2.144 -0.884 0.235 -3.765
Weight(country) -1.985 0.615 -3.227 -1.978 0.639 -3.097 -1.388 0.500 -2.776
Weight(firm) -1.011 0.163 -6.195 -1.015 0.162 -6.274 -1.014 0.163 -6.222
U.Heterogeneity(country) 0.210 0.042 5.061 0.220 0.038 5.822 0.019 0.043 0.442
U.Heterogeneity(firm) 0.017 0.025 0.680 0.015 0.025 0.583 0.013 0.026 0.521
Sigma1 -1.092 0.037 -29.175 -1.091 0.037 -29.741 -1.079 0.039 -27.502


