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1. Introduction and theoretical background 

 
Innovation is one of the crucial factors for the survival and growth of the firms (Cabigiosu 

and Campagnolo, 2019; Torres and Augusto, 2020; Visnjic et al., 2016; Jong, 2013; Cefis 

and Marsili, 2006). From a firm perspective, innovation can be defined as a complex 

process related to the development, transformation and application of new combinations 

of ideas, knowledge, technologies, capabilities, and assets to develop a new idea or 

behavior (Tavassoli and Karlsson, 2016; Therrien et al., 2011; Jiménez and Sanz-Valle, 

2011). There is widely held consensus that the capability to engage an innovation is critical 

to increase the market share of a firm, penetrate new markets and overcome obstacles 

that they face in their striving for a sustainable competitive advantage (Minetti et al., 

2015; Saunila et al., 2014; Tether, 2014; Lee and Kim, 2013; Howells et al., 2007; Cainelli 

et al., 2006; McAdam and Keogh, 2004).  

Although there is an extensive number of firm level studies in the existing literature 

focusing on the determinants of different innovative options (Sharma et al., 2022; De 

Guimarães et al., 2020; Alarcòn et al., 2019; Laperche and Mignon, 2018; De Fuentes et 

al., 2015; Bhattacharya and Bloch, 2004), not much is known about the potential co-

existence and relations between the different types of innovation that a firm usually 

experiences (Carboni and Russu, 2017). It is generally shared that innovations mutually 

affect each other and, therefore, should be jointly developed and implemented (Ayllon and 

Radicic, 2019; Beneito et al., 2015; Flaig and Stadler, 1998; Milgrom and Roberts, 1990). 

Innovative activities often include many aspects simultaneously (Drejer, 2002; Garcia and 

Calantone, 2002; Johannessen et al., 2001) allowing to create more value than individual 

activities considered separately (Berulava and Gorgokhia, 2018; Ballot et al., 2015; 

Milgrom and Roberts, 1995). Thus, this paper is a contribution to this issue since we 

explore the determinants and the possible relationship between product and process 

innovation in firms operating in Transition countries. The existing literature on the 

relationship between product and process innovation is based on three different 

approaches. According to the distinctive approach there is no clear relationship between 

product and process innovation since their determinants are different (Conte and 

Vivarelli, 2005, 2014; Damanpour, 2010; Musolesi and Huiban, 2010; Baer and Frese, 

2003; Baldwin et al. 2002; Li and Atuagene-Gima, 2001; Fritsch and Meschede, 2001). 

Empirical findings that test the validity of this approach come from Conte and Vivarelli 

(2005; 2014) which focus on the Italian industry. Using the Community Innovation Survey 



(CIS) data for the period 1998-2000, the authors highlight that the external knowledge is 

connected to process innovation, while R&D to product innovation. Exploiting the same 

CIS data for the service industry, Musolesi and Huiban (2010) find a stronger and positive 

relation between R&D and product innovation with respect to process innovation for the 

French Knowledge Intensive Business Service (KIBS). For Damnpour (2010) size and 

market conditions affect product and process innovation differently in firms operating in 

the United Kingdom.  

A second stream of literature based on the integrative perspective suggests that the two 

innovation options are interdependent since often one practice also needs the adoption of 

the other (Hullova et al., 2019, 2016). Their simultaneous implementation generates a 

long-term competitive advantage (Guisado-González et al., 2017; Novotny and Laestadius, 

2014; Kurkkio et al., 2011; Lim et al., 2006; Reichstein and Salter, 2006) because a complex 

firm strategy is a barrier to imitation for competitors (Rivkin, 2000). To try to make sense 

of this approach, Reichstein and Salter (2006) considering a sample of UK manufacturing 

firms, show that product and process innovation are “brothers rather than cousins” (p.25). 

The same conclusions are reached by Guisado-González et al. (2017) when they analyze a 

sample of Spanish manufacturing firms during the period 2009-2012. Other empirical 

research exploring manufacturing firms in industrialized countries such as Spain 

(Martinez-Ros and Labeaga, 2009), France and UK (Ballot et al., 2015) also supports the 

view that technological innovations are complementing each other.  

Finally, the product-process matrix (PPM) framework, introduced by Hayes and 

Wheelwright (1979), reveals the presence of a trade-off between product and process 

innovation since along the diagonal of the PPM the presence of the product innovation 

leads to a reduction in the process innovation and vice versa (Guisado-González et al., 

2017; Ariss and Zhang, 2002; Ahmad and Schroeder, 2002). In 2002, Ariss and Zhang 

focusing on a small sample of firms localized in Detroit area, find a weak correlation 

between product and process innovation. In other words, they show that the technological 

combination is distant from the PPM diagonal. Similarly, Ahmad and Schroeder in their 

work based on a sample of 128 firms find a weak but positive relationship between product 

and process innovation and they reveal that less than half of the firms are near the PPM 

diagonal. Furthermore, the authors stress that the influence of new processing 

technologies, new design and new practices can reduce the trade-off. This is the case 

considered in the study conducted by Guisado-González et al., (2017). In their study, 



results not only support the integrative view, but also the reformulation of the PPM 

framework, called PPMR. 

Despite the fact there is an established body of literature that investigates mainly 

industrialized economies, this topic remains an interesting field to explore from an 

empirical point of view, especially for Transition economies. With respect to the Transition 

economies, only Berulava and Gorgokhia (2018) explore the complementarity of 

innovation strategies and the interrelation between innovation and productivity 

performance in firms localized in these countries exploiting data taken from the Business 

Environment and Enterprise Performance Survey (BEEPS V) dataset. Employing the 

Crepon et al. (1998) CDM structural model, the authors find the existence of 

complementarities between product and process innovation and between process and non-

technological innovation. Differently from this paper, in our study we attempt to identify: 

(i) the factors that affect the firms’ decision to engage innovation strategies by employing 

a probit model and (ii) the potential relationship between the two different innovation 

options by using a bivariate probit regression model. For this purpose, we exploit cross-

section data taken from the World Bank Enterprise Surveys carried out between 2018 and 

2020. In addition, to verify the differences in innovation among firms in countries 

considered, we classify them, as suggested by Alam et al. (2008), in two groups: countries 

in transition and countries out of transition. The first group belongs to countries whose 

transition is still in progress. These countries need to continue their reform efforts to 

address the transition legacy. Conversely, the second group includes countries that have 

largely faced the transition legacy and the transition process is completed1.  

Our main findings show that the innovation ability is more pronounced for firms in 

countries where the transition is still in progress than for firms in countries in which it 

has already been completed. We also find that there is simultaneity between process and 

product innovation. Finally, interesting results emerge employing a multinomial logistic 

regression model: innovative firms in Transition economies develop new production 

process only when the two types of innovations are combined.  

We structured the rest of the paper as follows. Section 2 describes the data and 

variables; Section 3 outlines the econometric strategy and discusses the findings 

                                                             
1 Following the suggestion proposed by Alam et al. (2008), countries out of transition are those that 

joined the European Union in 2004, 2007 and 2013. 



of the baseline specification. In Section 4, other specifics on firms’ innovative 

behavior are illustrated and, finally, Section 5 provides the main conclusions.  

 

2. Data collection and variables  
 

The empirical application of this paper employs firm-level data from the World Bank’s 

Enterprise Surveys that use the same methodology specified by the Oslo manual (OECD, 

2005). The surveys provide detailed information on: (i) the innovation behavior of firms, 

(ii) innovative activities, organization practices, management, and employees of private 

sector firms in a non-agricultural economy2 selected through the stratified random sample 

approach3. Our final sample covers 13,209 firms from 23 countries of Eastern Europe4. To 

investigate innovation, we employ measures based on firms’ responses to the survey 

questions. More precisely, we distinguish two types of innovation: product and process as 

many previous studies (Cozzarin and Percival, 2021; Antonelli and Fassio, 2016; Hullova 

et al., 2016; Minetti et al., 2015; Jiang et al., 2013; Santamaria et al., 2010; Vega-Jurado 

et al, 2009). Therefore, we define two binary variables: (i) product innovation equal to 1 if 

the firm claims to have introduced new or improved products, otherwise it takes value 

zero, and (ii) process innovation coded 1 if the firm declares to have implemented new or 

improved processes, otherwise it takes value zero. In our analysis we include a set of 

variables that are supposed to influence the innovation potential of firms. To explore the 

role of human capital on innovation activities, we consider: (i) the percentage of a firm’s 

permanent full-time workers holding a university degree; (ii) the number of years spent 

by top managers in that specific sector and (iii) a binary variable that takes the value of 1 

whether firm offers training programs to its permanent and full-time employees, 0 

otherwise. To assess the impact of a firm’s ownership on the decision to adopt an 

innovation strategy, we include a variable that determines if the firm is in the hands of 

one or more owners.  

As input of innovation, we introduce the expenditure on research and development 

activities in the latest three years. Since external sources of knowledge also contribute to 

                                                             
2 The sectors included are all manufacturing sectors, construction, services, transport, storage, 

communication and IT in accordance with the classification ISIC Revision 3.1., while excluded 

sectors are financial intermediation, real estate and renting activities and, finally, public and 

utilities.  
3 The stratification was made according to the number of employees, sector composition and 

regional location. 
4 The list of countries is in Table A1 in the Appendix.  



the innovative performance of the firm, we add a dummy variable equal to 1 if a firm, over 

the last three years, has employed financial resources to purchase or license patents and 

non-patented inventions, know-how, and other types of knowledge from other businesses 

or institutions, or to zero. In addition, as firms can also have external financing for 

innovation activities, we consider access to a line of credit or a loan from a financial 

institution. The propensity of a firm to innovate is also influenced by the market structure 

and market competitiveness. For this reason, we include the internationalization level of 

firms and the competition degree in the market. This last one is identified by grouping the 

number of competitors into four categories: 1 (no direct competitors), 2 (1-5 competitors), 

3 (6-20 competitors) and 4 (more than 20 competitors). Other characteristics of the firm 

are also taken into account: (i) size, a categorial variable equal to 1 for small firms (5-19 

employees), 2 for medium firms (20–99 employees) and 3 for large firms (more than 100 

employees); (ii) the firm’s age calculated as the difference between the year in which the 

survey is carried out and the year the firm starts its business activity and (iii) whether 

the firm is an economic unit on its own (taking the value of 1) or part of an industrial group 

(taking 0). To control the industrial differences that may affect variations on the 

innovation behavior of firms, we group the firms into: (i) manufacturing; (ii) retail services 

and (iii) other services. Finally, to observe the differences in technological capability at the 

geographical level, we use a binary variable that takes value 1 if the firm is in a country 

that has not yet completed the economic transition, zero otherwise. Table 1 reports 

summary statistics for the variable used in the regression models, while description of 

variables is inserted in Table A2 in Appendix.   

Table 1. Summary statistics 

Variable Obs. Mean Std. Dev. Std. Err. Min. Max. Proportion 

        
Product innovation 13,123 

  
0.004 0 1 0.323 

Process innovation  13,057 
  

0.003 0 1 0.193 

Education  13,209 24.546 25.192 
 

0 100 
 

Manager Experience  12,835 19.392 10.289 
 

0 65 
 

Training Programs  13,135 
  

0..004 0 1 0.329 

R & D 13,209 
  

0..004 0 1 0.231 

External Knowledge 13,102 
  

0.003 0 1 0.140 

Credit Line  13,004 
  

0.004 0 1 0.427 

Export  13,209 16.376 29.962 
 

0 100 
 

Competitors 11,778 
   

1 4 
 

No direct competitors 
   

0.002 
  

0.036 

1-5 competitors 
   

0.004 
  

0.293 



Variable Obs. Mean Std. Dev. Std. Err. Min. Max. Proportion 

6-20 competitors 
   

0.004 
  

0.203 

More than 20 

competitors 

   
0.005 

  
0.468 

Firm size 13,206 
   

1 3 
 

Small 
   

0.004 
  

0.450 

Medium  
   

0.004 
  

0.320 

Large 
   

0.004 
  

0.230 

Firms ‘Age  13,109 19.285 13.929 
 

0 205 
 

Board Director 13,175 
  

0.004 0 1 0.282 

Owner 12,876 81.916 25.171 
 

0 100 
 

Multi-implant 13,207 
  

0.003 0 1 0.100 

Industry 13,209 
  

0.004 1 3 
 

Manufacturing 
   

0.003 
  

0.541 

Services 
   

0.004 
  

0.178 

Retail 
      

0.281 

Transition Countries  13,209     0.004 0 1 0.535 

Source: Authors’ calculation based on the World Bank’s Enterprise Surveys 

 

3. Empirical strategy and baseline results  
 

As mentioned above, in our paper we first identify the determinants of product and process 

innovation and then we test the potential relationship between process and product 

innovations. Given the binary nature of our dependent variables, our empirical strategy 

encompasses the use of a probit regression model to determine the basic determinants of 

the two types of innovative activity. Thus, the probability to innovate is as follows (De 

Faria et al., 2020):  

 

𝑃(𝑦𝑖 = 1|𝑥1𝑖 , … ,  𝑥𝑘𝑖) = Φ(𝛽0 +  𝑋𝑖
′𝛽 ) 

 

where Φ denotes the cumulative probability distribution function of the standard normal 

distribution and converts the regression into the interval (0, 1). Therefore, our dependent 

variable 𝑦 takes value 1 if the firm implements an innovation activity (product or process), 

0 otherwise. 𝑋 is a vector of determinants that could affect the firm’s decision to innovate. 

Finally, we estimate the marginal effects of each explanatory variable on the probability 

that the observed dependent variable equals 1. The estimation of marginal effects provides 

more information than results expressed as odds ratios or relative risks (Christofides et 



al, 1997; Greene, 1996). Then, to empirically test the potential simultaneity between 

process and product innovation, we chose to employ a bivariate probit regression model. 

Bivariate probit models represent an extension of the probit ones, they allow to have two 

equations with correlated disturbances5 (Ghisetti and Montresor, 2019; Beneito et al., 

2015; Conte and Vivarelli, 2005). As stated in some studies, for instance Rehman, 2017 

and Chun and Mun, 2012, this procedure allows us to remove the sample selection bias 

and provide more accurate parameters due to the inclusion of firms with no innovation 

activities. Formally, the two-equation model for product and process innovation is 

specified as follows:  

 

{
𝑌1𝑖

∗ = 𝛼1𝑖 + 𝑋𝑖
′𝛽1 + 𝜀1𝑖…………………𝑌1𝑖 = 1 𝑖𝑓 𝑌1𝑖

∗ > 0, 𝑌1𝑖 = 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑌2𝑖
∗ = 𝛼2𝑖 + 𝑋𝑖

′𝛽2 + 𝜀2𝑖 … … … … 𝑌2𝑖 = 1 𝑖𝑓 𝑌2𝑖
∗ > 0, 𝑌2𝑖 = 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 

where 𝑋𝑖 is the set of exogenous factors that in our case are the same for both equations 

with parameters 𝛽1and 𝛽2. 𝜀1and 𝜀2
 
are jointly normally distributed with mean 0, variance 

1 and correlation 𝜌. The bivariate probit regression model estimates the parameters 𝛽1 

and 𝛽2 and 𝜌 by maximum likelihood estimation (MLE). Finally, bivariate probit model 

uses robust standard errors method to consider heteroskedasticity. Table 2 reports our 

estimation results. Specifically, this table contains the coefficient and marginal effects of 

selected determinants on the probability of a firm to introduce product and process 

innovation separately.  

Our main results show that, all being equal, firms in countries that have not yet completed 

their economic transition seem to have a higher probability to innovate compared to the 

firms in countries out of transition. This would suggest that firms in countries out of 

transition act as leaders, while those in transition countries as followers (Stiglitz, 2015). 

Leader firms lie on the technological frontier and they may only shift on a higher frontier 

partly through the introduction of radical innovations that enable them to remain 

competitive in the market. By contrast, follower firms do not fully exploit their productive 

capacity and they have a technological potential to catch-up with the leader firms and 

move closer to the frontier. These firms benefit from the leader knowledge due to the so-

                                                             
5 The correlation between the two error terms may be due to several reasons: (i) product and process 

innovation are two decision variables undertaken by the same firm to implement an innovation 

strategy and (ii) the errors of the two equations may depend on the potential model misspecification 

(Beneito et al., 2015). 



called trickle-down effect. In more detail, laggard firms take advantage of lower prices 

derived from competition, learning and innovation of leaders. In this respect, their 

innovation is incremental and mainly involves product innovation, as our results show.  

To validate the presence of possible behavioral differences in innovation activities between 

firms belonging to these two groups of countries, we estimate a new probit model (one for 

each dependant variable) with the same explanatory variables except for the variable 

"Transition countries" by constructing an appropriate information matrix so as to allow us 

to conduct a Wald test of equality of the parameters of the two groups of countries.6 Results 

obtained by running this test confirm the existence of behavioral diversity among the two 

groups, specifically, the test is significant at 1% for product innovation and at 5% for 

process innovation.7 

Table 2. Results of Probit models 

 

  Product Innovation Process Innovation 

 
Coefficient  Marginal Effect Coefficient  Marginal Effect VARIABLES 

     
Education 0.000 0.000 -0.001** -0.000*** 

 
(0.001) (0.000) (0.001) (0.000) 

Manager experience  0.002* 0.001* 0.003** 0.001** 

 
(0.001) (0.000) (0.001) (0.000) 

Training Programs 0.319*** 0.100*** 0.389*** 0.093*** 

 
(0.030) (0.009) (0.032) (0.007) 

R&D 0.665*** 0.210*** 0.497*** 0.118*** 

 
(0.033) (0.010) (0.035) (0.008) 

External knowledge 0.478*** 0.151*** 0.517*** 0.123*** 

 
(0.040) (0.012) (0.041) (0.010) 

Credit Line 0.223*** 0.070*** 0.286*** 0.068*** 

 
(0.027) (0.008) (0.030) (0.007) 

Export 0.002*** 0.001*** 0.003*** 0.001*** 

 
(0.000) (0.000) (0.001) (0.000) 

Ref. cat.: No direct 

competitors 

    

1-5 competitors 0.023 0.008 0.066 0.016 

 
(0.073) (0.024) (0.082) (0.019) 

6-20 competitors 0.014 0.004 0.165** 0.040** 

                                                             
6 We test the following hypotheses:  

H0: there is a behavioral equality in innovation activities between firms in two groups of countries. 

H1: there are behavioral differences in innovation activities between firms in two groups of 

countries. 
7 Results are available on request. 



  Product Innovation Process Innovation 

 
Coefficient  Marginal Effect Coefficient  Marginal Effect VARIABLES 

 
(0.075) (0.025) (0.084) (0.020) 

more than 20 competitors -0.205*** -0.065*** -0.018 -0.004 

 
(0.072) (0.023) (0.081) (0.019) 

Ref. cat.: Large firms 
    

Small firms -0.013 -0.004 0.049 0.012 

 
(0.031) (0.010) (0.035) (0.009) 

Medium firms -0.154*** -0.047*** -0.033 -0.008 

 
(0.039) (0.012) (0.043) (0.010) 

Firms’ Age 0.004*** 0.001*** 0.003*** 0.001*** 

 
(0.001) (0.000) (0.001) (0.000) 

Board Director 0.014 0.005 0.083** 0.020** 

 
(0.032) (0.010) (0.035) (0.008) 

Owner 0.000 0.000 -0.002*** -0.000*** 

 
(0.001) (0.000) (0.001) (0.000) 

Multi-implant 0.049 0.015 0.178*** 0.042*** 

 
(0.045) (0.014) (0.047) (0.011) 

Ref. Cat: Manufacturing 

Industry 

    

Retail services industry -0.113*** -0.036*** -0.130*** -0.031*** 

 
(0.037) (0.012) (0.043) -0.01 

Other services industry -0.179*** -0.056*** -0.135*** -0.032*** 

 
(0.032) (0.010) (0.036) -0.008 

Transition Countries 0.167*** 0.053*** 0.046 0.011 

 
(0.028) (0.009) (0.032) -0.008 

Constant -0.921*** 
 

-1.464*** 
 

 
(0.094) 

 
(0.106) 

 

Observations  11,043 
 

11.009 
 

Pseudo R-squared 0.123 
 

0.144 
 

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.10 
 

Interesting insights also emerge by looking at the traditional determinants of 

innovation activities. The different sources of human capital impact in the same 

way on the probability to innovate. Firms that offer training programs to their 

employees seem more likely to trigger an innovation than firms that do not provide 

such programs. Also, top manager experience has a positive effect on the decision 

to adopt an innovation activity. Top managers implement expertise over the years 

that also leads to innovation capability. This is in line with the work of Biscione et 

al. (2022) on transition countries that highlights a positive effect on both training 



programs and top manager experience on the firms’ decision to adopt technological 

innovation. In contrast with the prior study, our findings show that education has 

a negative and significant relationship with process innovation.  

External knowledge and R&D have a significant and positive impact on product 

and process innovation. Somehow inconsistently with a piece of literature (Conte 

and Vivarelli, 2005; 2014; Musolesi and Huiban, 2010), this evidence suggests the 

presence of an R&D absorptive capacity effect that not only enhances their own 

innovations, but also helps firms to integrate the innovations of other firms and 

transform them into new technological innovations (Giannini et al., 2019). In other 

words, internal and external knowledge when combined could trigger new 

technological innovations (Minbaeva et al. 2014). Furthermore, observing tangible 

resources, we find that firms with external financing have another source to invest 

in both innovations, in fact, they are more responsive to adopt new product and 

process innovation strategies than those without the availability of a credit line. 

Moving on to the firm age, our empirical evidence seems to support those studies 

(Pellegrino, 2018; Petruzzelli et al., 2018; Coad et al., 2016; Withers et al., 2011) which 

find that mature firms are more likely than their younger counterparts to engage 

innovative products and/or processes. Plausibly, mature firms have a higher stock of 

resources, both tangible and intangible, allowing them to experience a more sustained 

innovation level than emerging firms. When considering the firm size, we find that large 

firms compared to medium ones show a higher propensity to innovate. Results appear to 

be partly in contradiction with previous research (Biscione et al., 2022; Berulava et al., 

2018) which indicate that small firms outperform large ones in terms of innovativeness. 

Turning to the firm ownership structure, findings exhibit that a concentrated ownership 

depress the effectiveness of firms in generating innovation.  At the same time, firms with 

a board of directors are more likely to adopt product and process innovation activities. Yet, 

our results highlight that firms in the manufacturing sector have a higher probability to 

implement its technological innovation strategies with respect to retail services industry 

and other service sectors. Moreover, group affiliation affects both innovation options. This 

probably means that firms belonging to a group are more inclined both to improve the 

efficiency of the production system and to introduce new products. Yet, firms oriented to 

the international market appear to be responsive to adopt product and process innovation. 

This positive relationship probably describes the sustained need to export new goods at 

competitive prices. 



Finally, the level of firms’ market competition points out two pieces of conflicting evidence 

on innovation confirming the complex nature of this relationship (Tang, 2006; Cohen and 

Levin, 1989). More specifically, firms that operate in a strongly competitive market appear 

to exhibit a negative relationship with product innovation (Wadho and Chaudry, 2018; 

Nickell, 1996; Aghion and Howitt, 1992). In this scenario, a high level of competition could 

reduce the firms’ incentives to invest in R&D and not create favorable conditions for the 

development of new products. By contrast, firms that face a weak competitive pressure 

seem to be more inclined to implement process innovation. In other words, firms engage 

in this type of behavior because they mainly need to improve the efficiency of their 

production process to preserve their market niche (Castellacci and Fevolden, 2014; 

Castellacci, 2011; Tisdell et al., 2004). In Table 3 we report the results of bivariate probit 

model. In more detail, this table displays the coefficient and estimated marginal effects of 

the explanatory variables. At the bottom of the table, we also report the correlation 

coefficient across equation errors.  

Results are in line with those obtained by the baseline models. It seems that also when we 

jointly estimate the two equations, the effect of determinants on the probability to adopt 

the two types of technological innovation remain unchanged. In addition, there is a 

statistical significance of the correlation coefficient (ρ) between the error terms. The 

likelihood ratio test on the null hypothesis that ρ are equal to zero is also rejected. This 

result seems to prove that the two outcomes are related and some unobserved factors have 

a positive association with both dependent variables supporting the hypothesis of 

interdependence between the two innovation decisions. In other words, estimating two 

separate models would have a loss of efficiency and potential misleading findings. Finally, 

this result validates the hypothesis of the integrative view, according to which there is 

interdependence between the two innovation decisions (i.e. Guisado-González et al.,2017; 

Ballot et al., 2015; Reichstein and Salter, 2006). 

 

Table 3. Results of Bivariate probit model 

 

  Product Innovation  Process Innovation  Marginal Effects 

 
Product 

Innovation=Yes 

Product 

Innovation=Yes 

Product 

Innovation=No 

Product 

Innovation=No 

VARIABLES Process 

Innovation=Yes 

Process 

Innovation=No 

Process 

Innovation=Yes 

Process 

Innovation=No 

       
Education 0.000 -0.001** -0.000 0.000 -0.000** 0.000 



  Product Innovation  Process Innovation  Marginal Effects 

 
Product 

Innovation=Yes 

Product 

Innovation=Yes 

Product 

Innovation=No 

Product 

Innovation=No 

VARIABLES Process 

Innovation=Yes 

Process 

Innovation=No 

Process 

Innovation=Yes 

Process 

Innovation=No 

 
(0.001) (0.001) (0.000) (0.000) (0.000) (0.000) 

Manager Experience  0.002 0.004** 0.001*** 0.000 0.000* -0.001** 

 
(0.001) (0.001) (0.000) (0.000) (0.000) (0.000) 

Training Programs 0.313*** 0.395*** 0.068*** 0.043*** 0.031*** -0.142*** 

 
(0.030) (0.032) (0.005) (0.008) (0.004) (0.010) 

R&D 0.663*** 0.496*** 0.105*** 0.131*** 0.019*** -0.255*** 

 
(0.033) (0.035) (0.006) (0.009) (0.005) (0.012) 

External Knowledge 0.483*** 0.526*** 0.096*** 0.076*** 0.037*** -0.208*** 

 
(0.039) (0.040) (0.006) (0.011) (0.006) (0.014) 

Credit Line 0.216*** 0.289*** 0.049*** 0.028*** 0.024*** -0.100*** 

 
(0.027) (0.030) (0.004) (0.008) (0.004) (0.009) 

Export 0.002*** 0.003*** 0.001*** 0.000 0.000*** -0.001*** 

 
(0.000) (0.001) (0.000) (0.000) 

 
(0.000) 

Ref. cat.: No direct 

competitors 

      

1-5 competitors 0.013 0.055 0.008 -0.003 0.006 -0.011 

 
(0.072) (0.082) (0.012) (0.022) (0.010) (0.026) 

6-20 competitors 0.002 0.154* 0.020 -0.019 0.020* -0.021 

 
(0.074) (0.083) (0.013) (0.022) (0.010) (0.027) 

more than 20 competitors -0.213*** -0.040 -0.019 -0.056*** 0.009 0.066** 

 
(0.071) (0.080) (0.012) (0.022) (0.010) (0.025) 

Ref. cat.: Large firms 
      

Small firms -0.012 0.048 0.005 -0.009 0.007 -0.003 

 
(0.031) (0.035) (0.005) (0.009) (0.005) (0.011) 

Medium firms -0.142*** -0.036 -0.014** -0.036*** 0.005 0.045*** 

 
(0.039) (0.043) (0.006) (0.011) (0.006) (0.014) 

Firms’ Age 0.003*** 0.003** 0.001*** 0.001** 0.000 -0.001*** 

 
(0.001) (0.001) (0.000) (0.00) (0.000) (0.000) 

Board Director 0.009 0.088** 0.011** -0.008 0.011** -0.014 

 
(0.032) (0.035) (0.005) (0.009) (0.005) (0.011) 

Owner -0.000 -0.002*** -0.000** 0.000 -0.000** 0.000 

 
(0.001) (0.001) (0.000) (0.000) (0.000) (0.000) 

Multi-implant 0.056 0.180*** 0.025*** -0.005 0.020*** -0.040** 

 
(0.045) (0.047) (0.007) (0.013) (0.006) (0.016) 

Ref. Cat: Manufacturing 

Industry 

      

       
Retail services industry -0.103*** -0119*** -0.021*** -0.016 -0.008 

 

 
(0.037) (0.044) (0.006) (0.011) (0.006) 

 

Other services industry -0.171*** -0.124*** -0.026*** -0.034*** -0.005 
 

 
(0.032) (0.036) (0.005) (0.009) (0.005) 

 

Transition Countries 0.113*** 0.045 0.013*** 0.027*** -0.002 
 



  Product Innovation  Process Innovation  Marginal Effects 

 
Product 

Innovation=Yes 

Product 

Innovation=Yes 

Product 

Innovation=No 

Product 

Innovation=No 

VARIABLES Process 

Innovation=Yes 

Process 

Innovation=No 

Process 

Innovation=Yes 

Process 

Innovation=No 

 
(0.029) (0.032) (0.005) (0.008) (0.004) 

 

Constant -0.892*** -1.466*** 
    

 
(0.094) (0.105) 

    

Observations  10,974           

X2 468.852 
     

Log-Likelihood -10569.609 
     

Rho (ρ)  0.410***           

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.10 

 

4. Other specifics on firm’s innovation behaviors 
 

To evaluate the measure to which the selected determinants are related with different 

innovation options, we employ a multinomial logistic regression model that allows us to 

identify the probability of a firm’s decision for a particular multinomial discrete choice, 

conditional on the values of the explanatory variables (Greene, 1992). Therefore, to 

conduct this further estimation, we use as dependent variable a categorical response 

variable with multiple levels. The levels of the target variables (no innovation activity; 

product innovation; process innovation; and product and process innovations) have no 

natural order since the numerical values of the dependent variable are arbitrary. The 

comparison category of the dependent variable is set to “no innovation activities”. To 

perform this additional estimation, we exploit the same variables already used in the 

previously estimated probit models. Table 4 details the results of the multinomial logistic 

regression comparing non-innovators with process, product and both process and product 

innovators. This method allows to assess the extent to which the determinants identified 

are associated with different innovation behaviors. 

 

Table 4. Results of Multinomial logistic model 

  Basic alternative= No innovation 
 

Product Innovation= Yes Product Innovation= No Product Innovation= Yes 

VARIABLES Process Innovation=No Process Innovation=Yes Process Innovation=Yes 

    

Education 0.000 -0.004** -0.001 

 
(0.001) (0.002) (0.001) 

Manager experience  0.007*** 0.014*** 0.006 

 
(0.003) (0.004) (0.003) 



Training Programs 0.463*** 0.667*** 0.942*** 

 
(0.058) (0.085) (0.071) 

R&D 0.954*** 0.572*** 1.533*** 

 
(0.065) (0.098) (0.076) 

External knowledge 0.809*** 0.988*** 1.310*** 

 
(0.082) (0.111) (0.089) 

Credit Line 0.365*** 0.594*** 0.639*** 

 
(0.052) (0.078) (0.068) 

Export 0.003*** 0.008*** 0.006*** 

 
(0.001) (0.001) (0.001) 

Ref. cat.: No direct competitors 
   

1-5 competitors -0.010 0.084 0.160 

 
(0.137) (0.220) (0.185) 

6-20 competitors -0.055 0.217 0.305 

 
(0.141) (0.224) (0.189) 

more than 20 competitors -0.425*** -0.100 -0.220 

 
(0.135) (0.216) (0.183) 

Ref. cat.: Large firms 
   

Small firms -0.019 0.124 0.066 

 
(0.060) (0.093) (0.081) 

Medium firms -0.313*** -0.089 -0.184* 

 
(0.078) (0.113) (0.096) 

Firms’ Age 0.002 -0.004 0.009*** 

 
(0.002) (0.004) (0.002) 

Board Director 0.004 0.142 0.121 

 
(0.064) (0.091) (0.077) 

Owner -0.000 -0.003** -0.003* 

 
(0.001) (0.001) (0.001) 

Multi-implant 0.067 0.366*** 0.284*** 

 
(0.091) (0.118) (0.104) 

Ref. Cat: Manufacturing Industry 
   

Retail services industry -0.128* -0.089 -0.370*** 

 
(0.072) (0.118) (0.101) 

Other services industry -0.195*** -0.002 -0.536*** 

 
(0.062) (0.094) (0.084) 

Transition Countries 0.231*** -0.137 0.333*** 

 
(0.056) (0.085) (0.073) 

Constant -1.681*** -2.964 -3.140*** 

 
(0.181) (0.275) (0.244) 

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.10 

 

All in all, results of the baseline models are confirmed. The impact of training, external 

knowledge and R&D activities is more pronounced when firms invest in both types of 



innovation than non-innovator firms. Although coefficients of top manager experience are 

strongly statistically significant with both innovation modes, they differ in magnitude. 

Specifically, it is slightly stronger when firms implement process innovations. Also, the 

result related to export activity shows a greater coefficient when firms implement a 

process activity. Moving on the firm size, finding shows that large firms with respect to 

medium ones have more technological capabilities to develop new products. A new process 

innovation is introduced only when large firms simultaneously adopt the two types of 

innovation. In addition, the mature firms are more able to combine technological 

innovation compared to non-innovator firms. Finally, it seems that innovative firms in 

Transition countries develop a new production process only when the two types of 

innovations are combined.  

 

5. Final remarks 

 

In this paper we first examined the determinants that affect firms’ technological 

innovation and then identified the potential simultaneity between process and product 

innovation in a sample of firm belonging to a set of Transition countries. For these two 

purposes, we used both a univariate and bivariate probit regression model. The main 

results from the first regression suggest that firms in countries still in transition have 

more innovation capacity and technological potential than firms in countries out of 

transition. Other variables present the expected impact on technological innovations. 

When we employ the bivariate model, findings are consistent with those obtained by the 

univariate probit model. Nevertheless, rho test confirms the hypothesis of 

interdependence between the two types of innovation within firms. Thus, our finding 

supports the integrative approach, firms seem to be more responsive to adopt product and 

process innovation, simultaneously. To provide additional support to the analysis, we 

perform a multinomial logistic regression model. The main results are confirmed. In more 

detail, we find that firms in Transition economies are more incentivized to undertake 

product innovation activities if they simultaneously introduce process innovations. It is 

probable that a simultaneous decision to innovate could help a firm to cut costs, exploit 

economies of scale and scope and create value. Although these results should be treated 

with some caution due to heterogeneity and omitted common factors in these types of 

models, some interesting policy suggestions emerge from this sample of transition 

economy firms.  



Starting from the idea that there is no universal policy or tools that can be effectively 

adopted regardless of the country context, different strategies and actions should be 

implemented to stimulate innovative activity within firms. More specifically, countries in 

transition should adopt more inclusive innovation policies to involve younger and smaller 

firms in the simultaneous innovation. For this purpose, policymakers should provide 

incentive mechanisms targeted mainly for these types of firms.  

Conversely, countries out of transition should implement more dynamic policies that 

simultaneously encourage technological and non-technological innovations. Therefore, 

policymakers should focus on initiatives addressed to increasing awareness of 

entrepreneurs and managers to invest more in R&D activities and embed, build and 

repurpose internal and external expertise.  
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APPENDIX  

Table A1. List of countries included in the analysis 

 

Countries in Transition Countries out Transition  

Albania Bulgaria 

Armenia Croatia 

Belarus Czech Republic 

Bosnia and Herzegovina Estonia 

Georgia Hungary 

Kosovo Latvia 

North Macedonia Lithuania 

Moldova Poland 

Montenegro Romania 

Russian Federation Slovak Republic 

Serbia Slovenia 

Ukraine 

 

 

 

Table A2. Description of variables 



$               
        
Product innovation Dummy coded 1 if a firm, in the last three years, has introduced, new or improved products/services, 0 otherwise 

Process innovation Dummy coded 1 if a firm, in the last three years, has introduced new or improved process, 0 otherwise 

Education Percentage of permanent full-time employees with a university degree  

Manager Experience Years of working experience in the sector of top manager 

Training Programs Dummy coded 1 if a firm offers training activities its employees, 0 otherwise 

R&D Dummy coded 1 if the firm, in the last three years, has invested in R&D activities, 0 otherwise 

External Knowledge Dummy coded 1 if a firm, in the last three years, has purchased external knowledge (purchase or licensing of patents and 

non-patented inventions, know-how, and other types of knowledge from other businesses or organizations), 0 otherwise  

Credit Line Dummy coded 1 if a firm, in the fiscal year, has a line of credit or a loan from a financial institution, 0 otherwise 

Export Internationalization level of a firm calculated as percentage of exported products 

Competitors Number of direct competitors in the market 

No direct 

competitors 

1 if a firm has no direct competitors 

1-5 competitors 2 if a firm has :>= 1-and <= 5 competitors 

6-20 competitors 3 if a firm has>= 6 and <=20 competitors 

More than 20 

competitors 

4 if a firm has more than 20 competitors 

Firm size 
 

Small 1 if a firm has <=19 employees 

Medium  2 if a firm has >=20 and <=99 

Large 3 if a firm has >=100 

Firms ‘Age Difference between the year in which the survey is carried out and the year of firm starts its business activity 

Board Directors Dummy coded 1 if a firm have a board of directors or a supervisory board, 0 otherwise 

Owner Percentage of firm held by largest owner or owners 

Multi-implant Dummy coded 1 if a firm is a part of an industrial group, 0 otherwise 

Industry Macro Sector of firms 

Manufacturing 1 if a firm operates in the manufacturing sector 

Services 2 if a firm operates in the service sector 

Retail 3 if the firm operates in the retail sector 

Transition 

Countries 

Dummy coded 1 if a firm operates in a country that has not yet completed economic transition, 0 otherwise 
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