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Abstract: This study investigates the effects of on-the-job training and education level of employees
on innovation in emerging markets using sample firms from BEEPS 2013 (Business Environment and
Enterprise Performance Survey 2013) datasets provided by the World Bank. The Heckman two-stage
regression model is used in order to control for endogeneity over a final sample of 10,366 firms in
Eastern Europe and Central Asia. To estimate innovation of firms, five indicators of innovation
(product, process, organizational, marketing innovation, and R&D investments) are considered. The
results of the study suggest that both on-the-job training and education level of employees have
significant and positive impact on all forms of innovation. This finding implies that firms in Eastern
European and Central Asian emerging markets can promote innovation by offering more on-the-job
training programs or recruiting more educated employees.
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1. Introduction

This study examines the relations between innovation of a firm and its human capital
factors, such as on-the-job training and education level of employees. Since innovation is
important for a firm’s survival and sustainable economic growth [1], innovation is often
researched for firms in both developed countries and emerging markets. Anecdotal studies,
like Dawar and Frost [2], show how innovation has helped firms in emerging markets
succeed in rapidly globalizing market, while empirical studies, like Atalay et al. [3], demon-
strate that innovation has a positive relation with firm performance in emerging markets.

Vast literature focuses on the factors that influence innovation. In general, firm
characteristics, such as strong external financing, competition with foreign firms, high
education level of manager, and R&D (Research and Development) activities, have been
repeatedly shown to lead to innovation [4,5]. Gender diversity has shown mixed results, as
gender influences innovation differently based on the position in the firm, ranging from
board of directors to employees. Social, economic, and political background of the firm
also provide mixed results. For instance, Zhou et al. [6] argue that, in China, minority state
ownership makes firms in the manufacturing industry the most innovative. Mahmood
and Mitchell [7] report that business groups in emerging markets can both promote and
hinder innovation.

An important determinant of innovation is human capital. Based on the resource-
based view of a firm, greater human capital provides more resources to a firm and therefore
should lead to more innovation. Education level and on-the-job training are frequently re-
searched aspects of human capital. Higher level of education would make more knowledge
available to the firm and therefore greater innovation. Arvanitis and Stucki [8] demonstrate
that one of the aspects influencing innovation in start-ups is the education level of the
founders. Marvel and Lumpin [9] state that, while greater education, experience, and
knowledge on the product or the technology improves innovation, more knowledge on the
actual delivery of the product hinders innovation. In contrast, on-the-job training would
provide skills and knowledge that is relevant to the occupation, increasing the likelihood of
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innovation. A number of papers show that there is a positive relation between on-the-job
training and innovation in both developed and emerging markets [10–12].

One of the issues with the current literature is that, while training has been shown
consistently to have positive influence on innovation, the results are mixed for education
level in emerging economies. This makes it important to update the results, particularly
for education level, based on changes in the economy. This paper attempts to perform this
task by providing an updated relationship in Eastern Europe and Central Asia between
education level, on-the-job training, and an expanded set of innovation using the most
up-to-date dataset.

In the previous literature, Nazarov and Akhmedjonov [13] have addressed this re-
search question based on data from BEEPS (Business Environment and Enterprise Perfor-
mance Survey) provided by WBES (World Bank Enterprise Survey [14]). However, their
analysis has some limitations. First, Nazarov and Akhmedjonov [13] use BEEPS II (BEEPS
2002) and BEEPS III (BEEPS 2005) where the survey questionnaire on innovation is focused
only on product innovation. To mitigate this limitation, Nazarov and Akhmedjonov [13]
include two additional factors—product-licensing agreements and quality accreditations—
as a part of innovation. Second, the business environments of firms in Eastern Europe
and Central Asia have changed significantly after 2005. As most countries in Eastern
Europe and Central Asia joined the EU around 2005, it is likely that any short-term effect of
joining the EU have decayed. These countries also have become more stabilized in terms of
economy and business environment since 2005 [15]. Furthermore, the 2008–2009 Financial
Crisis has caused a drastic change in the global economy. Consequently, it seems likely that
the relation among innovation, education level, and on-the-job training has changed with
the most up-to-date data.

To reflect these changes, this study investigates the effect of education level of em-
ployees and on-the-job training on innovation in emerging markets using the BEEPS 2013
(BEEPS V), which broadens the definition of innovation to include not only product inno-
vation (introduction of new or improved products or service) but also process innovation
(introduction of new methods in production or service), organizational innovation (in-
troduction of new organizational structure), marketing innovation (introduction of new
marketing methods), and investment in R&D activities (R&D investment). In addition, the
study considers not only the percentage of employees with university degree to proxy for
the quality of education but also the average number of years for education of employees as
a proxy for the quantity of education level. To control for endogenous problems caused by
sample selection bias, i.e., a firm’s selection of providing on-the-job-training or recruiting
higher educated people, can be affected by firm characteristics, this research utilizes the
Heckman two-stage regression model [16].

2. Literature Review
2.1. The Importance of Innovation in Emerging Markets

Innovation is widely accepted as one of the driving forces behind business productiv-
ity and sustainable economic growth (Beaver and Jennings [17], Bourke and Crowley [18],
Romer [19]). According to Schroeder et al. [20], innovation can be defined as “the devel-
opment and implementation of a new idea”. This “new idea” is not limited to simply
new products or technology but also includes new production processes, organizational
structure and marketing (Atalay et al. [3]).

Past literature has shown that, regardless of its form, innovation enhances firm per-
formance (Danneels [21], Hult et al. [22], Kleinschmidt and Cooper [23], Camison and
Lopez [24], Varis and Littunen [25], Ar and Baki [26], Morone and Testa [27], Vivero [28],
Rosenberg [29], Diaz-Fernandez et al. [30], Laplagne and Bensted [31]). This evidence
makes innovation especially crucial for firms in emerging markets since firms in emerging
economies tend to have limited access to other resources for achieving growth. Several
papers provide anecdotal evidence that supports the importance of innovation for firms
in emerging markets. For example, Dawar and Frost [2] perform a case study of firms in
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emerging markets that have survived against multinational corporations and find that all
survivors have innovated in some way; whether it is realigning existing assets to reinforce
their positions in market segments where multinationals are weak; moving to a different
position in the value chain; extending assets to similar markets abroad; or upgrading their
capabilities to rival the foreign competitors in the global market. Krishnan and Jha [32]
study five Indian firms that have become market leaders after deregulation. They claim
that those firms could become market leaders by either adopting the existing capacities to
suit the rapidly changing markets, or by exploring new paths and quickly exploiting the
results. Empirical research supports the anecdotal evidence. Atalay et al. [3] investigate
the Turkish automotive supplier industry and report that product and process innovation
has significant impact on firm performance. Hu et al. [33] analyze the effect of different
types of innovation on the performance of firms in hotel industry in Ghana and find that
process, product, marketing, and organizational innovation all have positive influence on
firm performance. Kurt and Kurt [34] show that innovation improves labor productivity
for firms in Brazil, Russia, India, and China (BRICs). Rajapathirana and Hui [35] investigate
the relationship between the type of innovation and performance of insurance firms in Sri
Lanka, reporting that innovation other than organizational innovation are positively associ-
ated with firm performance. Lynch and Jin [36] find that both non-technical and technical
innovations are necessary for Chinese automobiles industry to meet the global standards.

2.2. Determinants of Innovation

Given such evidence from past literature, it is imperative for firms in emerging
markets to innovate. The question that naturally follows is ‘how to achieve innovation’.
One of the key streams in innovation research is the identification of the determinants
of innovation. There is a plethora of research that provides possible determinants of
innovation (McGrath et al. [37], Varis and Littunen [25], Cho and Pucik [38], Santamaria
et al. [39], Reuvers et al. [40], Yun and Liu [41], Yun et al. [42], Yun et al. [43]). For example,
Ayyagari et al. [4] provide a comprehensive list of firm characteristics that can influence
innovation, including firm age; size; export vs. importing firm; ownership structure;
manager education and experience; competition; technology level; and access to external
financing. Gorodnichenko et al. [5] find that greater foreign competition leads to more
innovation in emerging economies regardless of sector. Zhou et al. [6], who investigate the
effect of state ownership on innovation of firms in China, show that, while state ownership
gives firms access to crucial R&D resources, it also makes firms less efficient in using the
resources to generate innovation. This inefficiency is found to decrease for start-ups and
firms with high competition. Wang and Kafouros [44], who also look at firms in China,
report that foreign direct investment (FDI) and international trade improve innovation.

R&D is a driving factor that is frequently investigated in past literature. Wang and
Kafouros [44] find that, while FDI and international trade improve innovation, internal
R&D has a much greater impact on innovation. Reichstein and Salter [45] show that
presence of formal R&D enhances process innovation for UK manufacturing firms. Gon-
zalez et al. [12] find a similar result for Spanish firms, where R&D not only increases the
probability of product and process innovation but also the actual number of innovation
that are introduced. Ar and Baki [26] report that, among a number of factors, R&D has a
significantly positive impact on product innovation.

Another important factor of innovation is gender diversity at various levels of the firm,
ranging from the board of directors and the top manager to non-managerial employees.
The results for gender diversity are mixed. Some papers find female top managers can
reduce innovation (Schøtt and Cherghi [46], Ayub et al. [47], Mueller [48]). Others find
gender diversity to improve innovation. Chen et al. [49] find that greater representation of
female directors lead to more R&D investment and innovative success. Na and Shin [50]
show that female ownership is positively related to various types of innovation in emerging
markets; female top manager is positively associated with marketing innovation only; and
female majority in the workforce is not related to any innovation. Turner [51] finds that
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gender diversity improves innovative performance of teams and individuals for firms in
Europe. Østergaard et al. [52] report that gender diversity improves innovation likelihood
in Danish firms. Galia et al. [53] find that board gender diversity leads to greater probability
of environmental innovation in French firms.

The social, economic, and political backdrop of the firm and its workforce also influ-
ence innovation. Chang et al. [54] and Mahmood and Mitchell [7] both look at the effect
of business group affiliation on innovation of firms in South Korea and Taiwan. Chang
et al. [54] find that affiliates were more innovative than independent firms in Korea than
in Taiwan, but the benefits decline with infrastructure for innovation. They also find that,
for Korea, group-level financial and technological resources help affiliates with insuffi-
cient resources to innovate. Similarly, Mahmood and Mitchell [7] report that business
groups initially foster innovation by providing the necessary infrastructure, but inhibits
it later by creating entry barriers. The trade-off is dependent on the available market
infrastructure for innovation. Li [55] investigates the effect of investment in political ties,
such as bribes, on innovation and productivity in transition economies, reporting that,
while bribery has no influence on product or organizational innovation, the managerial
time spent on political ties weakens the relations between organizational innovation and
productivity. Kushinirovich and Heilbrunn [56] find that the immigration background
affects the entrepreneurial drive among high-tech workers in Israel. Ozgen et al. [57] look
at Dutch firms, and show that simply having more foreign workers can reduce innovation;
instead, having greater diversity of foreign workers is shown to have a positive impact
on product and process innovation. Østergaard et al. [52] find that, in addition to gender,
education diversity also improves innovation likelihood, while age diversity reduces the
likelihood. Galia et al. [53] also report that board age diversity leads to greater intensity
of environmental innovation, but that greater proportion of employee directors harm
environmental innovation.

2.3. Human Capital and Innovation

A key driver of innovation is human capital. Barney [58] claims that a firm’s core
competencies are supported by its strategic resources. Strategic resources can be divided
into (a) tangible resources, such as raw materials and production facilities, and (b) intangible
resources, such as know-how, skills, and brand. Human capital, the aggregate of skills
and resources available to the individuals in a firm, is a source of intangible resources of a
firm. This resource-based view of a firm implies that human capital is a key determinant of
innovation, which is supported by previous research, such as Andries and Czarnitzki [59],
who report that small firms in Germany tend to underutilize non-CEO(Chief Executive
Officer) ideas, and that using non-CEO ideas improve innovation performance.

There are several ways for a firm to improve its human capital. One method is
increasing the diversity of the employees, which may explain the previous papers on
gender and cultural diversity. Another two important methods that are often discussed
in the past literature are formal education and on-the-job training. Many papers attempt
to identify the relationship between formal education, training, and innovation. On the
one hand, training is shown to positively affect innovation. Abdullah et al. [10] find
that, for SMEs(Small and medium-sized enterprises) in Malaysia, training is one of the
significant predictors of innovativeness. Bauernschuster et al. [11] look at firms in Germany
and find that a firm’s investment in continuous training raises the firm’s probability of
innovation. Børing [60] analyzes Norwegian enterprises and reports that training has a
significant impact on open innovation. Diaz-Fernandez et al. [30] show that, for Spanish
manufacturing firms, investment in specific skills training enhances innovation. Gallie and
Legros [61] show that greater investment in employee training leads to more innovation in
French firms. Goedhuys [62] show that, in least-developed countries, like Tanzania, local
SMEs innovate through collaboration with foreign firms rather than training, while foreign
firms innovate through training. Gonzalez et al. [12] find that training boosts innovation
even in the absence of R&D and that it marginally reinforces the effect of R&D in larger
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firms. Khatiwada and Arao [63] look at a large number of firms in emerging markets,
and find that training positively influences innovation. De Winne and Sels [64] look at
Belgian start-ups and show that owners’ human capital, employee human capital, and HR
practices, such as training, can contribute to innovation. This discussion leads to the first
hypothesis of this study:

Hypothesis 1. On-the-job training is likely to increase the innovation activities of a firm.

On the other hand, the evidence for formal education is less clear. While education
generally seems to affect innovation, the effect is usually marginally positive compared
to training or, in some cases, even negative. Arvantis and Stucki [8] show that start-
up founding teams with university degrees tend to be more innovative. Marvel and
Lumpkin [9] show that among a number of factors, formal education positively affects
radical innovation. D’Amore et al. [65] find that having more graduated employees lead to
higher product turnover, and that the marginal returns for human capital decreases with
increasing human capital. Zhang et al. [66] find that higher education level of employees
amplifies the effect of innovation. Khatiwada and Arao [63] show that, while education
positively influences innovation, the effect is small compared to that of training. Pan
et al. [67] look at the effect of higher education on firm innovation in China. They find that
number of higher education institutions decrease province-level innovation, but the number
of “elite” higher education institutions under direct control of the central government has
a positive effect. They argue that this gap occurs because China has focused too much on
expanding the quantity, rather than raising the quality, of higher education graduates. Van
Uden et al. [68] research sub-Saharan countries and find that human capital practices, like
training, have a much more significant effect than traditional factors, like education on
innovation. Employee education actually has a marginally negative effect on innovation
for manufacturing firms. Nazarov and Akhmedjonov [13] show that, for Eastern European
firms, education has no significant influence on innovation, while training has significantly
positive effect. Based on this notion, we cannot give a clear direction for the effect of
education. However, given the implications of the resource-based view of human capital,
it seems more likely that greater formal education would lead to greater innovation. This
leads to the second hypothesis of this study:

Hypothesis 2. Greater formal education is likely to increase the innovation activities of a firm.

3. Research Method
3.1. Data and Sample

To examine the hypotheses of this study, sample firms are collected from the BEEPS
2013 of the World Bank Enterprise Survey (WBES). The World Bank and the European Bank
for Reconstruction and Development (EBRD) have jointly conducted a survey regarding
business environment and firm performance on Eastern European and Central Asian coun-
tries over five rounds (1999, 2002, 2005, 2009, and 2012–2014) and have created five datasets
that contain firm-level information, such as general information (size, industry, region,
ownership structure, etc.), infrastructure, sales and costs, competition, innovation, capacity,
crime, finance, business-government relations, labor, business environment, performance,
expectation, etc. (BEEPS I, BEEPS II, BEEPS III, BEEPS IV, and BEEPS V, respectively [69].
Among those five datasets, the BEEPS 2013 (also known as BEEPS V) is the most recent.

The original sample consists of 15,883 firms. However, 5517 observations are elimi-
nated from the final sample since they do not have both instrument variables (% of GDP
of government spending in education, and % of labor force with advanced education in
total working-age population) in the World Development Indicators metadata of the World
Bank [70], leaving 10,366 firms as the final sample with all necessary variables. Sample
characteristics by industry, size, and firm type are presented in Table 1. While about
41% of sample firms belong to wholesale and retail industry, 34% and 25% come from
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manufacturing and service and other industry, respectively. For firm size, 2.48%, 54.68%,
31.3%, and 11.54% of sample firms are identified as micro size, small size, medium size,
and large size firms, respectively. For ownership structure, 0.33%, 92.12%, and 5.09% of
firms are those whose majority shareholder(s) is (are) government, domestic owner(s), and
foreign owner(s). About 92% of firms are corporation, and 4.85% of sample firms consist of
multiple establishments.

Table 1. Characteristics of sample.

Panel A: Industry

Industry Firms %

Manufacturing 3530 34.05
Wholesale and Retail 4210 40.61

Service and Other 2626 25.33

Total 10,366 100.00

Panel B: Size

Size Firms %

Micro (total employees < 5) 257 2.48
Small (5 ≤ total employees ≤ 19) 5668 54.68

Medium (20 ≤ total employees ≤ 99) 3245 31.30
Large (total employees ≥ 100) 1196 11.54

Total 10,366 100.00

Panel C: Firm Type

Type Firms %

State Ownership 34 0.33
Domestic Ownership 9549 92.12
Foreign Ownership 528 5.09

Corporation 9512 91.76
Multiple Establishments 503 4.85

Total 10,366 100.00

3.2. Research Model

The objective of this study is to test how human capital affects innovation of a firm.
However, a firm’s selection to hire more educated employees or to provide on-the-job-
training can be affected by firm characteristics, which may cause endogenous problem
from sample selection bias. There are several ways to mitigate concerns of endogeniety
in economics and finance field. Li [71] examines commonly used econometric methods
which address endogeneous problem in exploring the relation between CEO power and
firm performance, and finds that the order of correction effect on endogeneity concerns
is GMM (Gaussian Mixture Model), instrumental variables, fixed effect models, lagged
dependent variables, and use of more control variables. In addition, Li [71] reveals that firm
or year fixed effects, and the use of more useful control variables can be effective to mitigate
endogenous problem even if no valid instrumental variables are used. On the other hand,
the Heckman two-stage model is often used for correcting sample selection bias [16,72,73].
This study adopts the latter since it is effective to control for sample selection bias, as well
as problems caused by omitted variables [16].

3.2.1. First Stage Regression Model

A probit regression, shown in Equation (1), is constructed in the first stage. In Equa-
tion (1), the dependent variable is an indicator variable which represents each of the three
variables related to human capital (Human capital), while explanatory variables are com-
posed of two instrumental variables (Instrument) and control variables (Control). Since the
regression is performed for each indicator variable, three probit regressions are run in total.
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The Inverse Mills Ratio (IMR) is calculated in each probit regression and inserted in the
second stage regression as a control variable.

Human capital = α + βi Instrument + Σ Control + εi. (1)

Specifically, the dependent variable in Equation (1) is each of the following three
indicator variables related to human capital of a firm: OJT (equal to 1 if a firm has formal
training program for its permanent, full-time workers, and 0 otherwise), Edu_high (equal
to 1 if average number of years of education of typical production worker is greater than
12, and 0 otherwise), and Univ_high (equal to 1 if % of permanent full-time workers with a
university degree is greater than 50%, and 0 otherwise).

The instrumental variables in Equation (1) are GDP_edu (% of GDP of government
spending in education) and Labor Force_adv (% of labor force with advanced education in
total working-age population). Across the three separate regression models in the first
stage, robust standard errors are used in order to control for heteroscedasticity and firm
clustering effects (Petersen [74]).

To control for confounding effects, the following control variables are included in
Equation (1). Firstly, firm size is a widely used control variable as a firm characteristics
known to affect firm decisions in financing, operating, and investing activities. To measure
firm size, various proxies are utilized, such as total assets, total sales, or market capitaliza-
tion, as well as the number of employees. Although these measures usually share similar
direction and significance, they reflect different aspects of firm size and thus affect other
variables and the fitness of the model (R2) differently (Dang et al. [75]). Thus, it is necessary
to check the robustness of firm size measures. Since BEEPS 2013 provides total sales and
the firm size based on number of employees separately, I use firm size as a log of total sales
in the main research design and further check the robustness in the sensitivity test by using
the number of employees (Large size: 100+ employees, Medium size: 20 ≤ employees ≤ 99,
Small size: 5 ≤ employees ≤ 19, and Micro size: employees < 5) as a control variable. Since
a firm’s innovation is likely to be influenced by ownership structure (Ayyagari et al. [4]), the
following variables are included as control variables: State_ownership (1 if the government’s
ownership > 50%, and 0 otherwise), Domestic_ownership (1 if the domestic shareholders’
ownership > 50%, and 0 otherwise), and Foreign_ownership (1 if the foreign shareholders’
ownership > 50%, and 0 otherwise). Unobservable characteristics of CEO (or manager) can
produce biased estimates, perhaps causing the endogeneity problem [76,77]. To control
for this problem, this study uses the Heckman two-stage model, as well as CEO tenure
(Log_CEO_experience: natural logarithm of the number of years the CEO has worked for)
and CEO gender (CEO_female: 1 if the CEO of a firm is female, and 0 otherwise), as control
variables. In addition, other control variables used in Ayyagari et al. [4] are also included:
Log_firm age (natural logarithm of firm age), Corporation (1 if a firm is a corporation, and
0 otherwise), Multiple_establishments (1 for a firm with multiple establishments, and 0
otherwise), Capacity (% of capacity utilization devided by 100), External_financing (% of
external financing devided by 100), Log_competitors (natural logarithm of the number of
competitors), Sales_domestic (% of domestic sales divided by 100), and Industry_Dummy
(dummies for industry: manufacturing, wholesale and retail, service and other). In the first
stage regression model, country dummies are not included since instrumental variables
(GDP_edu or Labor Force_adv) work as country dummies.

3.2.2. Second Stage Regression Model (Main Regression Model)

The main regression of this study is the probit regression shown in Equation (2). The
dependent variable is each of the five innovation measures, while the test variable is each
of the three human capital related measures (OJT, Edu_high, and Univ_high) described in
Equation (1). Similar to Equation (1), a set of control variables is included in Equation (2).



J. Open Innov. Technol. Mark. Complex. 2021, 7, 47 8 of 18

Since a regression is performed for each combination of innovation and human capital
measures, 15 regressions are used in total.

Innovation = α + βi Human capital + Σ Control + εi. (2)

The dependent variable of the main regression is each of five innovation measures
estimated by five innovation indicator variables (Product_inno, Process_inno, Organiza-
tional_inno, Marketing_inno, R&D_investment) shown in Panel A of Table 2. In the original
survey, 8 questionnaires are given. However, three questionnaires are not considered in
this study because the second questionnaire is directly derived from the first question-
naire (whether the new products or service in the first questionnaire were first to the
market), while the last two questionnaires do not apply Russia. Compared to BEEPS II and
III, which focus on product innovation, BEEPS V extends the definition of innovation to
include product (new or significantly improved products or service), process (new or sig-
nificantly improved methods in production or service), organizational (new or significantly
improved organizational/management practices/structure), and marketing innovation
(new or significantly improved marketing methods), as well as R&D investment (spending
on R&D activities), during the last three years. This set expands the coverage of innovation
over Nazarov and Akhmedjonov [13] (from BEEPS II and BEEPS III), who use (1) upgraded
existing product line/service, (2) obtained a new product-licensing agreement, and (3)
obtained a new quality accreditation. For each innovation activity, an indicator variable
is constructed in the following way; one if a firm achieves relevant innovation during
the last three years of a firm, and zero otherwise. Based on Panel B of Table 2, 26.70%,
22.12%, 22.95%, and 24.83% of sample firms introduce new or improved product, process,
organizational structure, and marketing methods, while 11.35% of firms invest in R&D
activities during the last three years.

Table 2. Dependent variable of main regression.

Panel A: Measure of Innovation

Measure Definition

Product_inno 1 for achieving product innovation during the last three years,
and 0 otherwise

Process_inno 1 for achieving process innovation during the last three years,
and 0 otherwise

Organiation_inno 1 for achieving organizational innovation during the last three years, and
0 otherwise

Marketing_inno 1 for achieving marketing innovation during the last three years,
and 0 otherwise

R&D_investment 1 for investing in research and development (spending on R&D) during the
last three years, and 0 otherwise

Panel B: Distribution of Innovation

Measure Frequency %

Product_inno 2768 26.70
Process_inno 2293 22.12

Organiation_inno 2379 22.95
Marketing_inno 2574 24.83
R&D_spending 1177 11.35

The test variable of the second stage regression is each of three human capital measures (OJT,
Edu_high, and Univ_high, respectively) described in Equation (1) (see Panel A of Table 3). Around
40% of firms have on-the-job training for permanent, full time workers, while 9.29% have
typical production workers whose average number of years of education is greater than 12.
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Lastly, 34.5% of firms have at least 50% of permanent full-time workers with a university
degree (see Panel B of Table 3).

Table 3. Test variable of main regression.

Panel A: Measure of Human Capital

Measure Definition

OJT 1 for a firm with a formal job training program
for permanent, full-time workers, and 0 otherwise

Edu_high 1 for a firm with the average length of education for typical
production worker > 12 years, and 0 otherwise

Univ_high 1 for a firm with permanent full-time workers
with a university degree ≥ 50%, and 0 otherwise

Panel B: Distribution of Human Capital

Measure Frequency %

OJT 4106 39.61
Edu_high 963 9.29
Univ_high 3576 34.50

For control variables, country dummies and Inverse Mills Ratio (IMR) are added to
the set of control variables used in Equation (1). Similar to the first stage, robust standard
errors are used in all regression models in the second stage (Petersen [74]).

4. Empirical Results
4.1. Descriptive Statistics

Table 4 provides the mean and standard deviation of each variable. For dependent
variables of the main regression, the mean is 0.27 (standard deviation = 0.44) for product
innovation, 0.22 (standard deviation = 0.42) for process innovation, 0.23 (standard devia-
tion = 0.42) for organizational innovation, 0.25 (standard deviation = 0.43) for marketing
innovation, and 0.11 (standard deviation = 0.32) for R&D investment. For the test variables
of the main regression, the mean is 0.4 (standard deviation = 0.49) for OJT, 0.09 (standard
deviation = 0.29) for Edu_high, and 0.34 (standard deviation = 0.48) for Univ_high.

Table 4 also reports the correlation matrix between variables except for industry and
country dummies. The five innovation measures are highly correlated each other at the 1%
level. While test variable OJT and Edu_high are significantly associated with all innovation
measures, Univ_high is correlated with only organizational innovation and marketing
innovation at the conventional level.
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Table 4. Descriptive statistics (N = 10,366).

No. Variable Mean SD 1 2 3 4 5 6 7 8 9 10 11

1. Product_inno 0.27 0.44 1.00
2. Process_inno 0.22 0.42 0.48 *** 1.00
3. Organiation_inno 0.23 0.42 0.36 *** 0.48 *** 1.00
4. Marketing_inno 0.25 0.43 0.36 *** 0.41 *** 0.56 *** 1.00
5. R&D_spending 0.11 0.32 0.32 *** 0.32 *** 0.32 *** 0.29 *** 1.00
6. OJT 0.40 0.49 0.17 *** 0.19 *** 0.24 *** 0.21 *** 0.18 *** 1.00
7. Edu_high 0.09 0.29 0.11 *** 0.12 *** 0.06 *** 0.04 *** 0.13 *** 0.02 ** 1.00
8. Univ_high 0.34 0.48 −0.01 −0.01 0.02 ** 0.03 *** 0.01 0.03 *** 0.06 *** 1.00
9. GDP_edu 0.04 0.01 0.06 *** 0.04 *** 0.05 *** 0.04 *** 0.03 *** 0.05 *** −0.05 *** −0.17 *** 1.00

10. Labor Force_adv 0.73 0.06 0.02 ** −0.01 0.00 0.01 0.00 −0.01 −0.08 *** −0.19 *** 0.13 *** 1.00
11. Size 12.76 7.06 0.09 *** 0.08 *** 0.09 *** 0.09 *** 0.10 *** 0.09 *** 0.04 *** −0.07 *** 0.03 *** −0.07 *** 1.00
12. State_ownership 0.00 0.06 0.00 0.01 0.01 0.01 0.02 * 0.01 0.02 * −0.01 0.02 −0.01 0.02 **
13. Domestic_ownership 0.92 0.27 −0.07 *** −0.04 *** −0.07 *** −0.05 *** −0.06 *** −0.09 *** 0.02 0.03 *** −0.06 *** −0.11 *** −0.05 ***
14. Foreign_ownership 0.05 0.22 0.07 *** 0.04 *** 0.07 *** 0.05 *** 0.07 *** 0.09 *** −0.01 −0.02 0.04 *** 0.09 *** 0.06 ***
15. Log_CEO_experience 2.59 0.78 0.09 *** 0.05 *** 0.05 *** 0.04 *** 0.05 *** 0.08 *** 0.04 *** −0.08 *** 0.04 *** 0.07 *** 0.08 ***
16. CEO_female 0.22 0.41 −0.05 *** −0.03 *** −0.02 ** −0.01 −0.05 *** −0.01 −0.05 *** 0.02 * 0.04 *** 0.04 *** −0.05 ***
17. Log_firm age 2.45 0.68 0.10 *** 0.07 *** 0.07 *** 0.07 *** 0.07 *** 0.07 *** 0.03 *** −0.15 *** 0.09 *** 0.10 *** 0.11 ***
18. Corporation 0.92 0.27 0.01 0.03 *** 0.03 *** 0.02 * 0.05 *** 0.04 *** 0.03 *** 0.10 *** −0.05 *** −0.16 *** 0.06 ***
19. Multiple_establishments 0.05 0.21 0.06 *** 0.07 *** 0.09 *** 0.06 *** 0.06 *** 0.11 *** 0.03 ** 0.01 0.04 *** −0.03 *** 0.03 ***
20. Capacity 0.22 0.36 0.16 *** 0.17 *** 0.06 *** 0.05 *** 0.15 *** 0.01 0.42 *** −0.14 *** 0.01 0.00 0.10 ***
21. External financing 0.23 0.33 0.05 *** 0.06 *** 0.08 *** 0.08 *** 0.04 *** 0.03 *** −0.02 * −0.06 *** −0.01 0.02 ** 0.10 ***
22. Log_competitors 2.52 1.82 −0.06 *** −0.04 *** −0.03 *** 0.01 −0.08 *** −0.01 −0.04 *** 0.05 *** −0.01 −0.06 *** −0.03 ***
23. Sales_domestic 0.91 0.24 −0.06 *** −0.06 *** −0.05 *** −0.01 −0.11 *** −0.03 *** 0.00 0.12 *** −0.08 *** −0.17 *** −0.04 ***
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Table 4. Cont.

No. Variable Mean SD 12 13 14 15 16 17 18 19 20 21 22 23

1. Product_inno 0.27 0.44
2. Process_inno 0.22 0.42
3. Organiation_inno 0.23 0.42
4. Marketing_inno 0.25 0.43
5. R&D_spending 0.11 0.32
6. OJT 0.40 0.49
7. Edu_high 0.09 0.29
8. Univ_high 0.34 0.48
9. GDP_edu 0.04 0.01

10. Labor Force_adv 0.73 0.06
11. Size 12.76 7.06
12. State_ownership 0.00 0.06 1.00
13. Domestic_ownership 0.92 0.27 −0.20 *** 1.00
14. Foreign_ownership 0.05 0.22 −0.01 −0.79 *** 1.00
15. Log_CEO_experience 2.59 0.78 0.01 0.05 *** −0.03 *** 1.00
16. CEO_female 0.22 0.41 −0.01 0.03 *** −0.03 *** −0.03 *** 1.00
17. Log_firm age 2.45 0.68 0.07 *** −0.02 ** −0.01 0.34 *** −0.01 1.00
18. Corporation 0.92 0.27 0.00 −0.03 *** 0.05 *** −0.04 *** −0.04 *** −0.11 *** 1.00
19. Multiple_establishments 0.05 0.21 0.00 −0.16 *** 0.16 *** −0.05 *** −0.02 * −0.01 0.03 *** 1.00
20. Capacity 0.22 0.36 0.03 *** −0.04 *** 0.05 *** 0.06 *** −0.07 *** 0.10 *** 0.03 *** 0.01 1.00
21. External financing 0.23 0.33 0.03 *** −0.02 * 0.01 0.05 *** −0.01 0.04 *** −0.01 −0.01 0.01 1.00
22. Log_competitors 2.52 1.82 −0.01 0.12 *** −0.11 *** 0.00 0.03 *** −0.06 *** −0.01 −0.04 *** −0.14 *** 0.00 1.00
23. Sales_domestic 0.91 0.24 −0.01 0.23 *** −0.21 *** 0.00 0.04 *** −0.06 *** −0.01 −0.07 *** −0.21 *** −0.04 *** 0.31 *** 1.00

Note: * p < 0.10; ** p < 0.05; *** p < 0.01.
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4.2. First Stage Regression Results

The first stage regression results are presented in Table 5. The test variable OJT
has a positive and significant relation with instrumental variable GDP_edu (% of GDP of
government spending in education) but significantly negative relation with instrumental
variable Labor Force_adv (% of labor force with advanced education in total working-
age population). The coefficient on GDP_edu is 4.48, whereas that on Labor Force_adv is
−0.46. On the other hand, Edu_high and Univ_high are negatively associated with both
instrumental variables at the 1% level. The coefficients on GDP_edu and Labor Force_adv
are −8.26 and −2.84 when the dependent variable is Edu_high, while they are −14.50 and
−3.74 when the dependent variable is Univ_high.

Table 5. First stage regression results (total observations = 10,366).

Dependent Variable (1) OJT (2) Edu_high (3) Univ_high

Intercept −0.85 *** −0.80 * 2.86 ***
GDP_edu 4.48 *** −8.26 *** −14.50 ***

Labor Force_adv −0.46 ** −2.84 *** −3.74 ***
Size 0.01 *** 0.00 −0.01 ***

State_ownership −0.11 0.46 0.10
Domestic_ ownership −0.21 *** 0.30 * −0.01
Foreign_ownership 0.23 ** 0.17 0.12

log_CEO_experience 0.11 *** 0.07 ** −0.03
CEO_female 0.02 −0.08 0.04
Log_firm age 0.09 *** −0.05 −0.18 ***
Corporation 0.16 *** 0.10 0.36 ***

Multiple_establishments 0.57 *** 0.32 *** 0.04
Capacity 0.19 *** 0.57 *** −0.13 *

External financing 0.10 ** −0.09 −0.22 ***
Log_competitors 0.00 −0.01 0.00
Sales_domestic 0.01 0.60 *** 0.42 ***

Industry_Dummy Included Included Included
Pseudo R2 0.0424 0.2047 0.1084

Note: * p < 0.10; ** p < 0.05; *** p < 0.01.

4.3. Main Regression Results

Table 6 reports the main regression results based on test variable OJT, Edu_high, and
Univ_high in Panels A, B, and C, respectively. In Panel A, test variable OJT has positive
and significant relations with all innovation measures at the 1% level. The coefficients are
0.69, 0.81, 0.98, 0.86, and 1.00 when the dependent variable is Product_inno, Process_inno,
Organization_inno, Marketing_inno, and R&D_investment, respectively.

Similar to variable OJT, test variables Edu_high and Univ_high are positively and signif-
icantly associated with all innovation measures at the 1% level. When the dependent vari-
able is Product_inno, Process_inno, Organization_inno, Marketing_inno, and R&D_investment,
the coefficients on Edu_high (in Panel B) are 0.34, 0.38, 0.31, 0.24, and 0.65, while those on
Univ_high (in Panel C) are 0.35, 0.20, 0.27, 0.31, and 0.47, respectively.
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Table 6. Main regression results (total observations = 10,366).

Panel A: Test Variable = OJT

Dependent Variable Product_inno Process_inno Organization_inno Marketing_inno R&D_investment

Intercept 1.31 −1.96 −2.70 −1.90 −10.33 **
OJT 0.69 *** 0.81 *** 0.98 *** 0.86 *** 1.00 ***
Size 0 0.01 0.02 0.01 0.07 ***

State_ownership −0.43 −0.09 −0.12 −0.13 0
Domestic_ownership 0.04 0.03 −0.15 −0.11 −0.54
Foreign_ownership −0.33 −0.04 0.2 0.06 0.83 *

log_CEO_experience −0.05 0 0.04 −0.05 0.39 *
CEO_female −0.19 *** −0.12 −0.10 −0.04 −0.25 **
Log_firm age −0.06 0.11 0.14 0.1 0.40 **
Corporation −0.11 0.1 0.2 0.09 1.19 ***

Multiple_establishments −0.50 0.3 0.65 0.26 1.94 **
Capacity −0.22 0.3 0.2 0 0.58

External financing 0.1 0.39 ** 0.56 *** 0.45 *** 0.56 ***
Log_competitors −0.06 *** −0.05 *** −0.03 * 0.02 −0.07 ***
Sales_domestic 0.21 * −0.12 −0.26 ** 0.03 −0.46 ***

IMR −2.33 −0.40 0.14 −0.28 4.39
Industry_Dummy Included Included Included Included Included
Country_Dummy Included Included Included Included Included

Pseudo R2 0.0978 0.1024 0.1043 0.0899 0.0853

Panel B: Test Variable = Edu_high

Dependent Variable Product_inno Process_inno Organization_inno Marketing_inno R&D_investment

Intercept −5.02 −4.84 −11.53 *** −10.85 *** −10.40 **
Edu_high 0.34 *** 0.38 *** 0.31 *** 0.24 *** 0.65 ***

Size 0.02 *** 0.01 ** 0.01 ** 0.01 ** 0.03 ***
State_ownership −0.31 0.09 0.87 0.8 1

Domestic_ ownership −0.13 0.07 0.46 0.43 0.48
Foreign_ownership 0.16 0.16 0.64 *** 0.54 ** 0.57 *

log_CEO_experience 0.20 *** 0.1 0.22 *** 0.14 ** 0.18 **
CEO_female −0.21 ** −0.16 * −0.28 *** −0.21 ** −0.44 ***
Log_firm age 0.08 0.14 ** 0.06 0.04 0.09
Corporation 0.26 ** 0.24 * 0.46 *** 0.37 *** 0.91 ***
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Table 6. Cont.

Panel B: Test Variable = Edu_high

Dependent Variable Product_inno Process_inno Organization_inno Marketing_inno R&D_investment

Multiple_establishments 0.69 *** 0.77 *** 1.48 *** 1.19 *** 1.09 ***
Capacity 0.45 0.63 1.32 *** 1.12 ** 0.81

External financing 0.22 ** 0.39 *** 0.37 *** 0.30 *** 0.15
Log_competitors −0.06 *** −0.05 *** −0.05 *** 0 −0.09 ***
Sales_domestic 0.6 0.19 1.02 ** 1.22 ** 0.41

IMR 0.86 0.71 2.63 *** 2.48 *** 1.95
Industry_ Dummy Included Included Included Included Included
Country_ Dummy Included Included Included Included Included

Pseudo R2 0.0819 0.083 0.0732 0.0638 0.0699

Panel C: Test Variable = Univ_high

Dependent Variable Product_inno Process_inno Organization_inno Marketing_inno R&D_investment

Intercept 3.36 * 0.07 0.01 2.24 0.21
Univ_high 0.35 *** 0.20 *** 0.27 *** 0.31 *** 0.47 ***

Size 0.05 *** 0.03 *** 0.03 *** 0.04 *** 0.06 ***
State_ownership −0.94 ** −0.31 −0.28 −0.42 0.08

Domestic_ ownership −0.31 ** −0.09 −0.21 −0.20 0.03
Foreign_ownership −0.40 * −0.14 0.04 −0.20 −0.03

log_CEO_experience 0.24 *** 0.10 ** 0.11 ** 0.07 * 0.15 **
CEO_female −0.28 *** −0.17 ** −0.15 ** −0.14 * −0.41 ***
Log_firm age 0.67 *** 0.42 ** 0.41 ** 0.59 *** 0.58 **
Corporation −1.04 *** −0.39 −0.32 −0.84 ** −0.19

Multiple_establishments 0.33 *** 0.54 *** 0.73 *** 0.43 *** 0.51 ***
Capacity 0.56 *** 0.58 *** 0.41 ** 0.43 ** 0.38

External financing 0.97 *** 0.76 *** 0.87 *** 1.04 *** 0.80 **
Log_competitors −0.07 *** −0.05 *** −0.03 ** 0.01 −0.09 ***
Sales_domestic −1.21** −0.77 −0.87 * −1.12 ** −1.52 **

IMR −4.26 *** −1.94 −1.84 −3.46 ** −3.09
Industry_Dummy Included Included Included Included Included
Country_Dummy Included Included Included Included Included

Pseudo R2 0.0845 0.0823 0.0734 0.0656 0.0693

Note: * p < 0.10; ** p < 0.05; *** p < 0.01.
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4.4. Robustness Tests Results

As an additional analysis, Edu_high and Univ_high are replaced as Edu_high1 (which
are equal to 1 if average number of years of education of typical production worker is
equal to or greater than the median value (12 years), and 0 otherwise) and Univ_high1
(which is equal to 1 if % of permanent full-time workers with a university degree is equal
to or greater than median value (27%), and 0 otherwise), in the main regressions. The
results based on Edu_high1 and Univ_high1 are qualitatively the same as the main results. In
addition, all the results remain qualitatively the same when using the number of employees
as a control for firm size (i.e., dummies for size: micro, small, medium, large).

5. Discussion and Conclusions

This study aims to test the effects of human capital, specifically the education level of
employees and on-the-job training, on the innovativeness of firms in emerging markets.
While the term ‘innovation’ has been traditionally associated with the introduction of new
product or technology, it now includes other items, such as new production processes,
organizational structure, and marketing (Atalay et al. [3]). Based on this definition, this
study investigates five types of innovation activities—product, process, marketing, or-
ganizational innovation, and R&D investment. The research question is addressed by
using a sample of 10,366 firms from BEEPS 2013 (Business Environment and Enterprise
Performance Survey 2013).

Our findings are as follows. Firstly, on-the-job-training is positively and significantly
associated with all five indicators of firms’ innovation, suggesting that on-the-job-training
can increase innovation, consistent with previous literature on other markets. Secondly,
more than 12 years of education of employees has a significant and positive relation with
all five types of firms’ innovation, implying that quantity of education can affect innovation
of firms. Finally, the indicator for more than 50% of employees having university degrees
is significantly and positively related with all five types of innovation, which suggests that
the quality of education is also important to promote innovation.

The results seem to agree with the intuition that innovativeness increases with better
educated (and therefore more knowledgeable) workforce and proper training. However,
the results regarding product innovation partially disagree with the results from Nazarov
and Akhmedjonov [13], who find that only on-the-job training has a significant impact on
product innovation. This difference may be explained by the change in economic circum-
stances. Nazarov and Akhmedjonov [13] argue that innovation in transition economies
mainly occurs through the adoption, rather than invention, of new products and technol-
ogy. Unlike invention, adoption of technology relies on workers with technical skills, with
specific training provided when necessary. However, there is only so much innovation
that can occur through adoption—at some point, the focus needs to shift to invention. The
change in significance for product innovation may have occurred because of this shift.

The significant and positive relation for other forms of innovation may be explained
by the skills required for these forms. Just as inventing new technology would require
knowledge beyond that provided by secondary education, other forms of innovation—
process, organizational, and marketing—seem to be based on post-secondary education.
For example, process or organizational innovation may require an industrial engineering
degree since the program often relates to process optimization, while marketing innovation
may require an MBA(Master of Business Administration) degree. While on-the-job training
may provide the same knowledge, having the base knowledge from the beginning can also
contribute to innovation.

By testing the effectiveness of higher education of employees and on-the-job training
on firm innovation, this paper makes the following contributions to the existing literature
on innovation in emerging markets. Firstly, this study provides empirical evidence on
an updated relationship between education level, on-the-job training, and an expanded
set of innovation indicators using the most up-to-date dataset. Secondly, findings of
this study can convey insightful implications by providing useful information on the
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effectiveness of education and on-the-job training on innovativeness of firms in emerging
markets, especially for policymakers. When education did not have a significant effect
on innovation, investing in higher education may have been suboptimal compared to
investing in worker training programs. However, with the new results, it may be worth
considering redistributing the investments to education in order to promote innovation.
Similarly, this study may give useful suggestions for practitioners in emerging markets
by emphasizing both higher level of education, especially university level education and
the number of years of education, in the workforce and on-the-job training. It would be
worthwhile for firms to start or continue to provide appropriate training programs to
its employees, while human resource managers may want to invest in sifting through
potential hires for those with higher education in order to promote innovation at firm level.

Although this paper provides important evidence to the current literature, it uses
firms in Eastern Europe and Central Asia region, which may restrict its applications to
other emerging markets. Thus, it would be worthwhile to extend this research to other
emerging markets in other regions.
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