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Abstract

:

The innovation capability of a company is considered the determinant of its competitiveness in the long-term. Therefore, it is of increasing importance to understand the critical variable behind a firm’s innovation capability. The paper explores these issues and contributes to the research on the factors that drive a company’s innovation capability. The aim of the paper is to identify which factors determine the innovation capability of manufacturing enterprises operating in Poland. In the theoretical part, it provides an overview of recent contributions to the literature on a company’s innovation capability enhancers. The empirical contribution of the paper refers to recognising the relationship between the certain practices pursued by Polish manufacturing enterprises and their innovation capability measured by innovation output. Using a model for panel data, the study finds that that the factors driving innovation capability of manufacturing enterprises operating in Poland are the following: inter-organisational cooperation, hiring employees in research and development (R&D) activities as well as firms’ internal expenditures on R&D. The study is based on the data from publications of the Central Statistical Office of Poland, which contain information on the activities of manufacturing enterprises and reports presenting the results of research on the innovation capability of enterprises.
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1. Introduction


In today’s highly complex and rapidly changing economic reality, a firm’s ability to innovate has become an imperative for survival and success. It results from the fact that globalisation calls for new ways to compete and meet the demand for increasingly innovative services and products offered on the market [1,2,3]. Currently, enhancing the ability to innovate is considered to be a prerequisite for a company to achieve a high level of competitiveness and sustainability. There is a considerable agreement among the researchers and practitioners on the view that innovation is closely related not only to a firm’s sustainability but also to the sustainability of the whole business environment [4]. The ability to innovate is also said to be an attribute of the companies that aim to improve their competitive advantage while supporting sustainability in the long term [5,6]. In the relevant literature, company competitiveness is discussed from several perspectives, however generally the ability to generate several types of innovations is perceived as a very significant source of a firm’s competitive advantage as well as a firm’s sustainability [7,8]. It is said that business entities that aspire to remain competitive in today’s economy for a long time need to treat the development of their ability to innovate as a philosophy of continuous improvement towards sustainability [8]. Furthermore, contemporary companies aimed at sustainability have to enhance their ability to meet and satisfy the stakeholder demands without compromising their ability to meet the needs of future stakeholders [9]. This, in turn, requires being able to innovate. Interesting research regarding this issue is provided by Saadi and Che Razak and Sriboonlue et al. [7,8]. Saadi and Che Razak propose a conceptual framework to analyse the relationship between a firm’s technological innovation capability that enables innovation and its organisational sustainability, focusing on the mediating role of innovative human capital. The authors argue that technological innovation capability is a significant source of a company’s competitive advantage and sustainability in the long term [7]. Whereas, Sriboonlue et al. investigated the auto parts industry in Thailand and they empirically proved the existence of a significant positive relationship between innovation capability (simply meaning the ability to innovate) of a firm and firm’s performance in terms of innovation. Sriboonlue et al. highlight the significance of innovation capability as one of the crucial tools to achieve a firm’s sustainability in a rapidly changing environment [8]. Business entities today are aware of the need to create the blended value of reducing the environmental impact as a result of their operations and activities [10,11] as well as considering their impact on society in terms of securing the well-being of future generations [12,13]. Incorporating sustainability into the enterprise’s activities aimed at innovation may happen both on the organisational level and the inter-organisation level. Contemporary companies, while working on innovations, frequently cooperate with other business entities, research institutions, universities, etc. and this enables them to build a community of practice around sustainability [14,15]. As sustainability has recently become an issue of global competitiveness, companies are forced to implement innovative thinking in the area of corporate strategy, investment prioritisation, technology development, etc. [16]. Given the above, modern companies consider an increase in efficiency in the sphere of their innovation capability a priority. The term “innovation capability” has aroused the attention and interest of multiple researchers and has been used in the innovation literature for decades [17,18,19,20,21,22]. Despite this, there is still a discussion about its meaning [23]. According to Lawson and Samson, a firm’s innovation capability is the ability to continuously transform knowledge and ideas into new products, processes and systems for the benefit of the company and its stakeholders [24,25,26]. In the same vein, Neely et al. as well as Esterhuizen et al. claim that an enterprise’s innovation capability refers to its potential to innovate [17,27]. Olsson et al. enriched the innovation capability definition by adding the statement that it is the ability of the firm to continuously generate innovations as a response to its dynamic environment [18]. Additionally, Wonglimpiyarat, while discussing innovation capability nature, focuses on a firm’s ability to make major modifications to improve existing technologies or create completely new ones [28]. Summing up the definitions mentioned above, innovation capability may be understood as an enterprise’s ability to successfully innovate by developing new products, processes as well as achieve superior technological and/or management performance [29]. Developing a firm’s innovation capability may include such activities as internal research and development, external research and development, provision of modern machinery, equipment, computer hardware and software to produce new or significantly improved products and processes, obtaining the opinions of external experts, training for innovation, activities leading to innovation in the market and other activities such as software testing, software development, etc. [30,31].



While discussing the above-said issues, the question of the determinants of a firm’s innovation capability arises among the most important management practices. It is particularly crucial for Polish enterprises due to the fact that most countries within the EU are ranked higher than Poland in regard to firms’ ability to innovate. Based on the relevant literature, there are multiple aspects affecting a company’s innovation capability. Generally, they may be categorised as the issues referring to a firm’s resources, interaction with the environment, internal processes and organisational attributes [21,32]. As far as the aspects of the resources and a firm’s interaction with its environment are concerned, a growing number of authors highlight the significance of inter-organisational cooperation [33,34,35,36,37,38,39,40]. This results from the fact that in today’s environment, inter-organisational cooperation, understood as a mutually beneficial and well-defined relationship entered by two or more organisations to achieve common goals [41], provides essential building blocks to access dispersed capabilities. As such, it has far-reaching implications for innovating. Regarding a company’s internal processes, several authors point to such aspects as organisational strategy focused on innovation, the development of human capital of the firm as well as R&D expenditures [24,42,43,44,45,46]. Within the aspects regarding organisational attributes stimulating a firm’s innovation capability, most authors indicate leadership, risk acceptance, organisational culture conducive to innovation and efficient communication enabling knowledge sharing and learning [24,42,47]. Finally, several pieces of research claim that public support aimed at the development of a firm’s R&D sphere is an essential enhancer of its innovation capability [44,48,49].



Research on a firm’s ability to innovate is generally fragmented. Several authors focus on particular areas such as inter-firm cooperation, the human capital of the company, knowledge management, creating organisational culture and a climate favourable to innovation, etc. [43,50,51,52,53,54,55,56,57,58]. However, there is a lack of research, including all issues above while analysing how to improve an enterprise’s ability to innovate. Thus, we perceive this paper as an attempt to fill this research gap using the example of manufacturing companies operating in Poland. In order to find out the factors determining the innovation capability of manufacturing enterprises operating in Poland, an econometric model for panel data was constructed. The source of data for the analyses carried out were publications of the Polish Central Statistical Office, which contain basic information on the activities pursued by manufacturing enterprises and reports presenting the results of research on the innovation-oriented activities of enterprises. Such research is conducted in European Union countries as part of the international Community Innovation Survey (CIS) research program.



The paper contributes to the knowledge and research on the factors that drive a company’s innovation capability that is fundamental for business competitiveness. The aim of the paper is the attempt to identify which factors determine the innovation capability of manufacturing enterprises operating in Poland. In the theoretical part, the paper provides an overview of recent contributions to the literature on a company’s innovation capability enhancers. The empirical contribution of the study refers to recognising the relationship between the certain practices pursued by Polish manufacturing enterprises and their innovation capability measured by innovation output. Our paper provides important managerial implications. It highlights that better recognition of the factors driving a firm’s innovation capability can help managers find the best ways to increase the efficiency of investments in enhancing a firm’s ability to innovate.




2. The Main Drivers for a Firm’s Innovation Capability


As highlighted by the resource-based view of the firm, all organisations differ in their resources and capabilities in important and durable ways that affect their competitive advantages [59,60,61,62]. Over the past decades, it has been recognised that under the conditions of strong competition several business entities are not able to stay self-sufficient in the field of creating their resource bases, in particular with regard to knowledge assets. The changes in the environment force contemporary companies to focus on modifying their resources. If they want to retain their competitiveness in the hypercompetitive landscape, they need to monitor and modify their resources permanently and fill in the niches in their resource bases. However, as accessing the resources needed for innovation is often difficult for individual companies, they start searching for the desired resources outside. Under such conditions, inter-organisational cooperation has been recognised as a good way of improving a firm’s conduct in the field of innovation capability. Inter-organisational cooperation is defined as a mutually beneficial and well-defined relationship between two or more organisations created in order to achieve their common goals [41]. There is no doubt that in the contemporary economy, enterprises acting alone are not best placed to capture the opportunities available in the market or cope with the challenges that face them. Inter-organisational cooperation allows companies to gain access to global markets, absorb new technologies, share knowledge, human and material resources [34,37,63]. As emphasized by Miotti and Sachwald, currently the research needed to innovate becomes increasingly complex and multi-disciplinary. This forces business entities to seek resources outside their boundaries and thus create several inter-organisational relationships [63].



Obtaining the benefits of inter-organisational cooperation has been explained by several theories in the field of management, among which the most common concepts are the above mentioned resource-based view of the firm [59,60], transaction cost theory [64,65] or organisational learning theory [66]. According to the resource-based view of the firm, enterprises that are not self-sufficient in creating their own resource base, need specific resources from their environment, thus becoming dependent on it. This implies the fact that enterprises are forced to use external sources of resources by establishing various links with other organisations [36,37,67,68,69]. As highlighted by several researchers, the benefits from inter-firm cooperation are obtained through access to complementary assets or through accessing particular resources in a more cost-effective way [50,51,63,70,71,72]. Access to complementary assets from outside the company is particularly important for R&D activities pursued by firms. Business entities conducting complex, expensive and thus risky research for innovation frequently search for R&D cooperation [63]. The benefits resulting from co-operators’ resources complementarity are particularly significant, while none of the complementary resources owned by the cooperating enterprises alone contribute to building a competitive advantage, when combined with the resources of a second enterprise their value increases many times as it brings the integration of resource capabilities that allow innovation [73,74]. Much research presented in the literature of the field proves that inter-organisational cooperation has a positive impact on a firm’s innovation performance [63,70,72,73,74,75].



Inter-organisational cooperation has also been recognised as spreading the risks of innovating. Inter-organisational cooperation can reduce these risks for individual participants by sharing the costs involved, reducing the time span of innovation and increasing the possibility of success [74]. Due to the fact that expenses involved in innovating can be high, sharing the costs of innovating can contribute to reducing these risks as well as enabling organisations to simultaneously pursue multiple innovation projects [76]. Furthermore, the decrease in the level of co-operators’ costs is related to the phenomenon of economies of scale and economies of scope. The issue of economies of scale is clearly highlighted in the literature on building inter-organisational relations [77,78,79]. Pooling co-operators’ resources enables them to reach a scale of production that they could not reach by themselves. The economies of scale arise not only in the area of production but also in the field of R&D. This may result in co-operators’ ability to innovate [35,80]. Achieving scope benefits within inter-organisational cooperation refers to the fact that cooperating organisations provide the opportunity to increase their potential without the need to create additional market capacity. The access to new competencies obtained from partners with whom the company cooperates improves the competitiveness of the newly created organisational system, provided that the costs of transferring these competencies are lower than the costs of developing such skills on their own or the costs of acquiring them on the intermediate market [81,82]. Furthermore, inter-organisational cooperation has been recognised as contributing to knowledge transfer, stimulating the generation of new ideas and contributing to interactive learning [36,83,84]. This directly refers to enhancing a company’s ability to innovate, both by generating knowledge inside a firm and acquiring new knowledge from outside [36]. These issues are discussed within a firm’s absorptive capacity research stream [10,11,43,52,85,86,87]. The concept of absorptive capacity was first proposed by Cohen and Levinthal who use this term to label a firm’s ability to innovate and thus be dynamic. The aforesaid authors define absorptive capacity as the ability of a firm to recognise the value of new, external information, assimilate it and apply it to commercial ends [52]. While considering inter-organisational cooperation and its benefits in terms of innovation, it should be noted that there is increasing evidence in the academic literature that merely entering into inter-organisational cooperation does not increase innovation definitely [10,88]. Taking the perspective of the knowledge-based view, innovation is closely related to organisational learning [89]. Thus, in the contemporary economy, companies that aim at innovation are forced to engage in interactive learning to create know-how collectively [90]. It results from the fact that by enlarging an enterprise’ s knowledge base and accessing the knowledge that can augment its sources of expertise, interactive learning may help to strengthen its innovativeness and market position [91,92]. Moreover, a firm’s absorptive capacity allows better assessment of the benefits derived from new technologies with regard to their ability to reduce potential liability costs, legal fees, or product take-back costs, or to leverage production efficiencies and waste reduction [93].



The idea of absorptive capacity is closely related to the firm’s human capital. In the relevant literature, absorptive capacity is described as the collective ability of a firm resulting from the individual abilities of its members whose prior knowledge and experience provide the ability to recognise new information, assimilate it and create value out of it [52,94]. This directly refers to human capital significance in knowledge creation and innovation. Multiple researchers highlight the issue of human capital in enhancing a firm’s ability to innovate [43,53,54,55,95]. At present, there is considerable agreement among researchers and practitioners on the view that a firm’s ability to innovate depends, to a great extent, on intangible assets and knowledge that are at its disposal and on the manner in which it is able to employ these [96]. As mutual learning occurs between the company and its individuals, the company accumulates such knowledge over time and learns from its employees in order to generate innovations [43,97]. It has been empirically proven that employees’ competencies, knowledge, creativity, capacity to resolve problems, entrepreneurial spirit, disposition or aptitudes for life-long learning, etc., appear to be critical elements for the company’s ability to develop and generate innovations [54,95]. Several previous pieces of research have proved the critical role of absorptive capacity in enhancing a company’s innovation capability [11,66,84,98,99,100]. Presently, innovation increasingly requires multidisciplinary knowledge, in particular in the markets dominated by knowledge intensity and specialisation [74]. Furthermore, an enterprise’s innovativeness depends not only on transferring knowledge but also on its ability to integrate different kinds of knowledge and to coordinate the knowledge flow among different organisations in the market [74,91,100].



Companies may practise inter-organisational cooperation through close relationships with customers, suppliers, universities, research institutions or other public research centres [35,101,102,103,104,105]. Furthermore, an enterprise may participate in alliances with its competitors, aimed at technology transfer or joint product development [69,106,107,108]. A firm can also participate in clusters that allow companies to speed up the dissemination of the network relationships in general regional economic space. In addition, a variety of different sources of technological knowledge and relationships facilitates the combination of factors in achieving competitive advantage and becomes a prerequisite for innovation generated by cluster participants [109]. Functioning in a cluster increases a firm’s opportunities for obtaining new and attractive resources and sales markets, as well as subcontractors [110,111]. Taking the perspective of clusters, several researchers claim that cooperation with research institutions brings tangible benefits to enterprises that undertake it [112,113]. Through intensive cooperation between companies and research institutions within clusters, the knowledge transfer is accelerated, allowing enterprises to benefit from the research findings so that they can market innovative products and services each more expediently and competitively. It also helps research institutions to effectively find partners in the industry to realise their research projects. Cluster initiatives and networks are thus able to increase the innovation capability of enterprises significantly and to contribute to the profiling and positioning of the regions in global competition [114]. Several pieces of research prove that enterprise participation in clusters brings about the benefits related to major technological evolutions among cluster members leading to developing new processes and products [114,115,116,117].



Hypothesis 1 (H1).

There is a positive relationship between the innovation capability of manufacturing enterprises operating in Poland and their inter-organisational cooperation.





Hypothesis 2 (H2).

Inter-organisational cooperation of manufacturing enterprises in the form of cluster initiatives is a factor stimulating their innovation capability.





The primary source of knowledge that constitutes the company’s absorptive capacity is R&D. This is due to the fact that R&D generates innovation and creates knowledge, which allows enterprises to develop the capability to manage data and information from many sources [43]. Multiple researchers agree that R&D investments have a positive effect on a firm’s innovation capability [44,48,49,63,118,119,120,121]. Cohen and Levinthal argue that apart from the fact that R&D obviously generates innovation, it also develops the firm’s ability to identify, assimilate and exploit knowledge from the environment which is recognised as a firm’s absorptive capacity [85]. As R&D is said to be one of the drivers of innovation, R&D expenditure is one of the key indicators used to monitor resources devoted to science and technology worldwide [122]. It has also been proven that to maximise the benefits of a firm’s R&D expenditures, the level of R&D spending should match up with a company’s aims and strategy [123]. Very interesting results are provided by Ortega-Argilés et al. who have investigated European manufacturing and service companies taking the period 1990–2008. The aforementioned authors confirmed that a firm’s R&D expenditures have a positive impact on its performance, particularly from an innovation perspective [124]. Also, Gkypali et al. came up with engrossing results regarding the impact of a firm’s internal innovation efforts on its innovation performance. The aforesaid authors claim that internal R&D activities pursued by Greek companies have a positive effect on their innovation output. Interestingly, they discovered that the diversity in external firm collaborations has a negative impact on a company’s innovation output, elevating the significance of the optimal balance that is needed between a firm’s internal investments in R&D and the diversity of its R&D collaborations [70].



However, the approach to innovation as a sole result of R&D investments is being criticised in the relevant literature [44]. Such simplified reasoning leads to the incorrect qualification of companies as innovative or not. Several researchers claim that companies belonging to low technological industries such as food, rubber, metalworking, etc. present a high level of R&D investment, while companies classified as highly technological due to their sector, for example, pharmaceutical firms in India or the electronics industry in China, invest very little or nothing in R&D. It results from the fact that much of the technology applied by these companies comes from headquarters abroad [44,125,126,127]. As a result, enterprises with low levels of investment in R&D end up being understood as non-innovators, which is not necessarily true.



Another significant issue related to a company’s R&D expenditures and effort in terms of a firm’s innovation capability regards the interaction between R&D and human capital within the company [128]. D’ Amore et al., argue that other than a positive and significant relationship between human capital embodied in a firm’s workforce and its ability to generate innovation, there is also a complementarity between human capital of the company and its R&D efforts. The aforementioned authors claim that the higher the company’s expenditures in R&D, the stronger the relationship between human capital and the firm’s ability to innovate [129]. The conducted efforts and expenditures of R&D should be aligned with the company’s strategy which is said to be an important enhancer of the firm’s innovation capability [24,42,130,131]. A company’s strategy determines the degree to which a firm mobilises available resources to achieve organisational goals in the face of an uncertain environment. Moreover, strategy facilitates an enterprise’s ability to identify external opportunities and match those opportunities with internal capabilities so as to explore new markets and deliver innovative products [132,133]. As highlighted by Lawson and Samson, enterprises that are able to link their technological goals with overall business strategy are highly capable of bringing innovation [24]. Also, the focus on organisational learning as well as cooperation with other market actors is determined by the company’s strategy. Another issue related to a firm’s strategy refers to risk-taking. The ability and willingness to take risks have been recognised as an attribute of innovative business entities [134]. If risk-taking is in line with the firm’s strategy, it enables people to experiment, try new ways of performing their tasks, learn from their mistakes, etc. In addition, the acceptance of risk implies the company’s orientation towards inter-organisational cooperation. In turn, all these activities result in an increase in the firm’s ability to innovate [21,134].



Hypothesis 3 (H3).

There is a positive relationship between the amount of internal expenditure on R&D in industrial enterprises and their innovation capability.





Hypothesis 4 (H4).

The volume of employment in R&D in manufacturing enterprises has a positive impact on their innovation capability.





Hypothesis 5 (H5).

There is a positive relationship between the size of employment in the group of research and development workers in R&D in manufacturing enterprises and their innovation capability.





Multiple researchers also highlight the role of leadership in supporting a firm’s innovation capability [24,42,133,135]. A leader who focuses on innovation creates an appropriate environment in the company, cares about communication that allows knowledge and expertise sharing necessary to innovate and creates an organisational culture favourable to innovation, promoting creative thinking and acting [47,136,137]. Vincent et al. stress that managers can support a firm’s ability to generate innovation by stimulating creativity, experimentation and openness to new ideas within the organisation. Moreover, it has been found that creativity is dependent on leaders’ ability to create opportunities as well as to provide the needed resources [138].



Enterprise innovation capability, frequently based on R&D efforts and expenditures, is characterised by the high risk that arises from the low predictability of the results of the conducted research and relatively long gestation period [139]. However, given that innovation plays a key role in strengthening a company’s competitive advantage, the solution commonly adopted in the developed countries refers to public financial subsidies aimed at supporting firms’ R&D investments [139,140]. Despite the fact that some research provides mixed empirical evidence regarding the public support stimulant effect on firms’ investments in R&D [141,142,143], most researchers argue that public support dedicated to enhancing enterprises’ innovation capability stimulates firms’ R&D investments that result in generating innovation [140,144,145,146]. It has also been found that subsidised companies are characterised by the increase in the number of patent applications that are a widely used measure of an enterprise’s innovation output [147]. Of particular interest is the fact that the positive impact of public financial support for the company’s R&D investments is shaped by factors determining the absorptive innovation capacity as human capital and undertaking cooperation with other market actors. Human capital significance refers to the fact that without well-educated and experienced employees, the process of generating innovation will not proceed effectively or will not occur at all, whereas undertaking inter-organisational cooperation allows access to external knowledge and funds and contributes to the improvement of the enterprise’s innovation performance [139].



Hypothesis 6 (H6).

Public support for manufacturing enterprises operating in Poland has a positive impact on their innovation capability.






3. The Innovation Capability of Polish Manufacturing Companies


The Global Innovation Index 2019 report developed by experts from Cornell University, INSEAD and the World Intellectual Property Organization shows that Poland is ranked at the 39th position in the ranking of innovativeness of economies out of 129 countries examined [147]. Most countries that are members of the European Union occupy higher positions in this ranking than Poland, only four economies (i.e., Bulgaria, Greece, Romania and Croatia) have a lower level of innovation than Poland. The countries of Central and Eastern Europe which Poland is most often compared with (i.e., the Czech Republic, Hungary and Slovakia) rank higher in this ranking: the Czech Republic—26th place, Hungary—33rd and Slovakia—37th. Therefore, it is worth looking at how the innovative capability of Polish enterprises has developed over the past few years. It is an essential variable that is used in the estimates of the level of innovation of individual countries. In the context of the development of the economy based on Industry 4.0, innovations introduced by industrial enterprises are particularly important, because there are breakthrough solutions that significantly change the existing, often traditional manufacturing processes, which, in turn, translates into saving resources and increasing operational efficiency.



The analysis of the Central Statistical Office of Poland data on the innovation capability of manufacturing enterprises in the years 2009–2018 indicates a reasonably stable situation in this period as regards the share of innovation-active enterprises (i.e., those that introduced at least one product or process innovation in the period under review or implemented at least one innovation project that was interrupted or discontinued during the period under review or was not completed by the end of this period, meaning that it is still being continued) in the total number of manufacturing enterprises. In 2009, this share amounted to 18.1% (Table 1). A slight decrease occurred in the years 2010–2011 (by one and two percentage points, respectively), which was a consequence of the economic slowdown due to the global crisis in the years 2008–2009. In 2012, there was a slow increase in the share of innovation-active enterprises in the total number of industrial enterprises. In 2017, innovation-active enterprises constituted 18.5% of entities conducting activity in the industry and in the following year, as reported by the Central Statistical Office of Poland, as much as 24%. However, it is worth noting here that such a significant increase in the share of innovation-active enterprises is mostly the result of a change in the research methodology that was made after the publication of the fourth, revised edition of the Oslo Manual 2018 [148]. The data of the Central Statistical Office of Poland also show that in manufacturing enterprises, in the entire analysed period, the share of entities that introduced process innovations (new or significantly improved processes) was slightly higher than product innovations (new or significantly improved products).




4. Materials and Methodology


In order to answer the question, “Which factors determine the innovation capability of manufacturing enterprises operating in Poland?” an econometric model for panel data was constructed. The source of data for the conducted analyses were the publications of the Central Statistical Office of Poland, which contain basic information on the activities of manufacturing enterprises and reports (publications) presenting the results of research on the innovation capability of enterprises. Such research is carried out in European Union countries as part of the international Community Innovation Survey (CIS) research program.



A total of 22 NACE (Nomenclature statistique des activités économiques dans la Communauté européenne) divisions representing the “Manufacturing” section were included in the analysis. The study did not include several NACE divisions for which it was not possible to obtain complete data relating to the innovation capability of enterprises. Data from 2011 to 2018 were used.



The surveyed industry branches form a specific set of facilities in which firms’ innovation capability is shaped by individual and common factors for all NACE divisions. For this reason, appropriate research methods should be applied to assess the impact of specific factors on firms’ innovation capability belonging to different divisions. Panel models are suitable models for this type of research. Due to the lack of homogeneity of the studied NACE divisions, panel models provide excellent opportunities for analysing differences appearing in relation to individual objects and allow, when estimating parameters, using the estimators of the desired properties [149,150].



The explanatory variable in the model was the participation of innovation-active enterprises in individual NACE divisions. On the contrary, the set of explanatory variables contained variables related to cooperation undertaken by enterprises operating in the individual departments of NACE. One of them is the participation of enterprises actively cooperating in the field of innovation activities with other enterprises or non-commercial institutions. The cooperation aimed at enhancing a firm’s innovation capability should not be considered as ordering works with external contractors without active participation in their implementation. The second variable is the share of enterprises actively cooperating in the field of innovation capability under cluster initiatives. In addition, the variable concerning the internal expenditure of enterprises on R&D activities and the variable related to public aid, which refers to the support of enterprises by public authorities in the scope of their innovation capability, was included in the set of explanatory variables. The set of explanatory variables also includes the size of total employment in R&D and a variable informing about employment in the group of researchers.




5. The Results of Model Estimation


The research hypotheses allowed model specification for panel data:


     I n n o v _ A c t i  v  j t   =  α 0  +  α 1  C o o p e  r  j t   +  α 2  C l u s t e  r  j t                   +  α 3  E x p e n _ R  D  j t   +  α 4  E m p l _ R  D  j t   +  α 5  R e s e a r _ R  D  j t     +  α 6  P u b _ S u p  p  j t                   +  v  j t       



(1)






   v  j t   =  e t  +  u j  +  ε  j t    



(2)







The description of individual variables and the sources of data used are presented in Table 2.



Due to the fact that the explained variable takes values from the interval [0;1] the logit transformation of the explanatory variable Innov_Activjt has been performed. The dependent variable was obtained in the form of logit [ln(Innov_Activjt/(1−Innov_Activjt)] whose values belong to the range (−∞;∞). Thus, the possibility of obtaining the theoretical values of the Innov_Activjt index that exceed the allowed range [0;1] was eliminated.




6. Results and Discussion


The basic methods of estimating parameters in panel models are the estimator of fixed effects (FE) and the estimator of random effects (RE). Individual effects are a source of heterogeneity of the sample and refer to specific panel units [151,152]. The FE estimator assumes that individual effects are not random and it is possible to estimate them. In the case of the RE estimator, individual effects are treated as random and become a fragment of the random component. It is usually assumed that if the individual effect is uncorrelated with the explanatory variables, the estimator of the random effect (RE) should be used and in the case of correlations—the estimator of the fixed effect (FE). In the particular case, when all objects (panel units) are homogeneous and the deviations of the empirical values of the explained variable from the theoretical values are caused only by a random component, the estimator of the ordinary least squares (OLS) method can be used to estimate the parameters in the panel model.



The estimation of the panel data model designated with the Formula (1) was made with the use of the Gretl (GNU Regression Econometrics Time-Series Library version 9.1.14.) software (GNU General Public License, Free Software Foundation). There were no a priori assumptions made for the occurrence and significance of individual effects, as well as for the character of the individual effects (fixed or random). The choice of the estimation methods (pooled OLS, fixed effects, random effects) was made with the use of a decision procedure from the field of econometrics advocated in the literature [150]. The model was estimated with the use of a classical least squares method and diagnostic tests were performed and, as a result, the following values of the test statistics were obtained: the Wald test (F = 34.5753, p-value < 0.00001) the Breusch-Pagan test (LM = 217.908, p-value < 0.00001) and the Hausman test (H = 43.2328, p-value < 0.00001). On the basis of conducted diagnostic tests, it has been finally established, with the risk of error at the level of 0.05 (α = 0.05), that the appropriate model for describing the studied dependence is the fixed effects model (FE). Therefore, the parameters of the fixed effects model were estimated. However, the phenomenon of heteroscedasticity occurred. Heteroscedasticity affects inappropriate estimations of standard errors for individual parameters and the revaluation of the determination coefficient, which may distort the conclusions regarding the significance of variables. Therefore, to estimate the parameters, ultimately, the weighted least-squares method was applied (WLS). The values of statistically significant parameters of the model described by the Formula (1) are presented in Table 3.



The model is correct in statistical terms. The general performance of the model is satisfactory (Adjusted R2 = 0.746077). Four potential explanatory variables were found to be significant. A variable that significantly and positively affects the innovation capability of manufacturing companies operating in Poland is their cooperation with other entities (i.e., other enterprises or non-commercial institutions, for example, universities or scientific and research centres). The obtained value of parameter α with the Cooperjt variable informs that the increase in the share of enterprises that cooperate with other entities affects the overall innovation capability of manufacturing enterprises in Poland (here expressed as the logit of the Cooperjt variable) to a less than proportional degree. This is indicated by the value of parameter α for the Cooperjt variable, which, in the estimated model, was 0.625330. Such a result was to be expected because cooperation between enterprises is particularly conducive to the exchange of knowledge and experience. Partnership and cooperation functioning in this type of network of connections generate synergy effects that are necessary for the process of creating innovations. Our findings are aligned with the evidence found in the relevant literature. The positive outcomes of inter-organisational cooperation have been proven by several researchers [10,43,104,153,154]. Roper et al. claim that innovative companies mostly cooperate with their customers, suppliers, universities, as well as other public research centres [104]. Similarly, Farace and Mazzotta indicate that participating in inter-organisational networks increases a firm’s innovation capability [43]. Also, the research findings provided recently by the Polish Agency for Enterprise Development (PARP) related to the monitoring of Polish enterprises innovativeness conducted in 2019, confirm that Polish enterprises, while searching for innovations, cooperate mainly with their customers (69% of all Polish innovation-active firms from 2016 to 2019) and suppliers (46% of all Polish innovation-active firms between 2016 and 2019) [155]. Also, companies’ cooperation with research institutions has been proven in previous research to stimulate businesses’ innovation capability. Such a relationship has been studied by Schubert and Robin who indicated that cooperating with public research increases product innovation [156]. On the basis of the obtained results regarding the Cooperjt variable, it can be concluded that there are no grounds to reject the H1 hypothesis.



At the same time, the research shows that the Clusterjt variable turned out to be statistically insignificant (at the significance level of 0.05), which means that the H2 hypothesis, according to which inter-organisational cooperation in the form of cluster initiatives should be a factor stimulating innovation capability of manufacturing enterprises in Poland, should be rejected. Taking into consideration that firms participating in clusters have been recognised as enhancing their ability to innovate [98,99,100], we suppose that our finding results from the fact that only 4% of Polish innovation-active companies declare to cooperate within clusters [155].



The results obtained indicate the importance of variables related to employing staff in R&D activity in enterprises. The study shows that increased employment in R&D has a positive impact on the innovation capability of enterprises only when it concerns researchers. This is indicated by the value of the α parameter next to the Resear_RDjt variable (α = 0.171018), which means that there are no grounds for rejecting the H5 hypothesis. Increasing total employment in R&D (the Empl_RDjt variable) is not a factor favouring the growth of enterprise innovation capability (α = −0.203150). Therefore, it can be concluded that R&D employees (technicians and equivalent staff and other supporting staff), though certainly needed, do not significantly affect the growth of the innovation capability of enterprises. The obtained negative result of the parameter α for the Empl_RDjt variable may signify excessive employment in the group of non-research workers in the surveyed industrial enterprises. In this situation, it should be concluded that the H4 hypothesis, according to which the level of employment in R&D activity in industrial enterprises has a positive impact on their innovation capability, should be rejected.



Research also shows that a statistically significant factor influencing the innovation capability of enterprises is the internal expenditure on R&D (for the variable Expen_RDjt α = 0.217961). Therefore, there is no reason to reject the H3 hypothesis. Internal expenditures on R&D include the expenditures incurred in a reporting year on R&D activity in the reported entity, irrespective of the origin of such funds. They cover both current expenditures and investment outlays on fixed assets related to R&D activity, but do not cover the depreciation of these assets. Intramural expenditures on R&D activity are surveyed according to the costs category and according to sources of financing (i.e., sources of funds for this activity by entities conducting it). Our findings are compatible with the relevant literature. The positive effect of R&D expenditures on a firm’s innovation capability is proposed by several researchers [48,118,119,120,121].



The Pub_Supjt variable turned out to be statistically insignificant (at the significance level of 0.05), which means that the H6 hypothesis, according to which the support of enterprises operating in Poland from public funds has a positive impact on their innovation capability, should be rejected. These findings seem to be aligned with the view of some researchers that public support for a firm’s R&D may crowd out firm-financed R&D spending [155,156,157,158,159].




7. Conclusions


The aim of the article was to identify the factors determining the innovation capability of manufacturing enterprises operating in Poland. The conducted analysis allowed us to verify the hypotheses that were formulated in the research process. The developed econometric panel data model showed that the factors driving the innovation capability of manufacturing enterprises operating in Poland are the following: inter-organisational cooperation, hiring employees in R&D activities as well as firms’ internal expenditures on R&D.



Given the contemporary instability of the business environment, the acceleration of knowledge advancement leading to developing various categories of innovation, the innovation-oriented activity of a company is no longer dominated by operating independently. Success in this field requires collaboration with other entities, such as other companies, universities, research institutions. Cooperation is said to be a source of tangible business advantages that allow firms to expand the scope of R&D projects and to tap into resources and expertise that would otherwise be deficient. Furthermore, employing researchers in companies’ R&D field and enterprises’ internal expenditures on R&D have proven to be significant factors in fostering the innovation capability of the analysed manufacturing enterprises operating in Poland. R&D activity pursued by the company allows the creation of knowledge that fosters its ability to innovate, which translates into several outcomes regarding sustainability such as reducing carbon emissions, eliminating waste, the continual use of resources, etc. Thus, the internal expenditures on R&D activity result not only in enhancing firms’ innovation capability but also in strengthening their sustainability orientation.



Our results contribute both to the literature and practice in the field of enterprise innovation capability. Research presented in the literature on the determinants of innovation capability is most often of a qualitative nature. This article presents the author’s concept of the determinants of the enterprises’ innovation capability model using panel data. Based on the panel model, factors significantly affecting the innovation capability of Polish enterprises were identified. The results of the analysis can be a source of information both for enterprises as well as for authorities making decisions regarding the spending of public funds that are intended to support the innovation capability of Polish enterprises.



Our findings also have useful strategic implications for enterprises. As a firm’s ability to innovate is a prerequisite for its competitiveness, managers need to make strategic decisions in terms of strengthening businesses’ innovation capability in the long term. Our research results can help them make such a decision by showing that inter-organisational cooperation is, in fact, necessary to provide access to new knowledge, in particular, to allow absorption of new technologies, to gain access to global markets as well as human and material resources of other organisations. Furthermore, our results prove that investing in R&D activity within a company brings about improvement in its innovation capability. This suggests that managers responsible for firms’ performance in terms of innovation, must attach great importance to companies’ internal expenditures on R&D.



We are also aware that the current study is not free from limitations. First of all, due to the lack of availability of relevant data, the proposed model does not take into account some of the factors potentially influencing the innovation capability of enterprises described in the theoretical grounding. Some of them are unobservable features of the analysed industries, which, due to the lack of the possibility of operationalisation, increase the value of the residuals in the estimated model. Additionally, the model does not analyse the variables delayed in time. Thus, in the future, it would be possible to verify the dynamic model for panel data describing the determinants of innovativeness of enterprises in the analysed industries. The limitations of the conducted study simultaneously indicate future research directions. It would be interesting to enlarge the empirical analysis through the inclusion of a wider range of potential variables that may determine the innovation capability of industrial enterprises. Furthermore, extending the time of observation of the studied objects (by another dozen or so years) may reduce the impact of business cycles in the economy and individual industries. It is therefore worth verifying a similar model for panel data with a period extended by several years into the future. It could also be interesting to compare the results of our research on industrial enterprises with the results for enterprises operating in the services sector. In the context of research on determinants of innovation capability of enterprises, interesting conclusions can also be provided by international comparisons, for example, with other countries of Central and Eastern Europe or, even more broadly, with countries being members of the European Union.
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Table 1. The innovation capability of manufacturing companies in Poland in the years 2009–2018.






Table 1. The innovation capability of manufacturing companies in Poland in the years 2009–2018.





	Specification
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018 *





	Innovation-active enterprises as the share of total manufacturing enterprises
	18.1
	17.1
	16.1
	16.5
	17.1
	17.5
	17.6
	18.7
	18.5
	24.0



	Innovation-active enterprises as the share of total manufacturing enterprises (introducing products that are new or improved from firm’s point of view)
	12.7
	12.1
	11.2
	11.2
	11.0
	11.7
	11.8
	12.4
	12.0
	16.8



	Innovation-active enterprises as the share of total manufacturing enterprises (introducing products that are new or improved from firm’s point of view)
	7.0
	6.8
	6.1
	5.6
	5.7
	6.2
	6.5
	6.3
	6.0
	7.5



	Innovation-active enterprises as the share of total manufacturing enterprises (introducing new or improved business processes)
	13.8
	12.9
	12.4
	12.4
	12.8
	12.9
	13.0
	15.2
	15.3
	19.9







Note: * In 2018, change of methodology. Source: Central Statistical Office of Poland, Innovation capability of enterprises in 2009–2018, Statistical information and studies, Warsaw 2019, p. 24.
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Table 2. The variables used in empirical investigation.
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	Variable
	Description of Variable





	Innov_Activjt
	Innovation-active enterprises as the share of all enterprises, in j NACE division, in the period t.



	Cooperjt
	Enterprises that participated in innovation-oriented inter-organisational cooperation as the share of innovation-active enterprises, in j NACE division, in the period t.



	Clusterjt
	Enterprises that participated in innovation-oriented cluster cooperation as the share of manufacturing enterprises participating in innovation-oriented cooperation, in j NACE division, in the period t.



	Expen_RDjt
	Internal expenditures on R&D activity, in j NACE division, in the period t (in current prices).



	Empl_RDjt
	Total employment in R&D in j NACE division, in the period t (in full-time equivalents).



	Resear_RDjt
	Researchers employed in R&D, in j NACE division, in the period t (in full-time equivalents).



	Pub_Suppjt
	Enterprises which received public support for innovation, as the share of innovation-active enterprises, in j NACE division, in the period t.



	vjt
	Random error in the object j, in the time period t, which consists of the following components: et—impulses affecting all observations in the period t; uj—impulses affecting all observations in the object j; εjt—impulses affecting only observations in the object j in the period t.







Source: Own elaboration.
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Table 3. The results of the estimation of the model describing the innovation capability of manufacturing enterprises in Poland.
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Independent Variables

	
Dependent Variable ln[Innov_Activjt/(1—Innov_Activjt)]




	
The Model before a posteriori Elimination

	
The Model after a posteriori Elimination




	
Coefficient

	
Standard Error

	
t-Ratio

	
p-Value

	
Significance (a)

	
Coefficient

	
Standard Error

	
t-Ratio

	
p-Value

	
Significance (a)






	
const

	
−4.025410

	
0.265206

	
−15.18

	
<0.00001

	
***

	
−3.94663

	
0.227067

	
−17.38

	
<0.00001

	
***




	
Cooperjt

	
0.606359

	
0.0673053

	
9.009

	
<0.00001

	
***

	
0.625330

	
0.0598285

	
10.45

	
<0.00001

	
***




	
Clusterjt

	
−0.003636

	
0.021190

	
−0.172

	
0.8637

	

	

	

	

	

	




	
Expen_RDjt

	
0.217961

	
0.0415166

	
5.250

	
<0.00001

	
***

	
0.221446

	
0.0404907

	
5.469

	
<0.00001

	
***




	
Empl_RDjt

	
−0.203150

	
0.0818217

	
−2.483

	
0.0140

	
**

	
−0.204349

	
0.0807056

	
−2.532

	
0.0122

	
**




	
Resear_RDjt

	
0.171018

	
0.746521

	
2.291

	
0.232

	
**

	
0.164531

	
0.0712657

	
2.309

	
0.0222

	
**




	
Pub_Supjt

	
0.0382506

	
0.0639111

	
0.599

	
0.5503

	

	

	

	

	

	




	
Observations

	
176

	
Observations

	
176




	
Standard error of residuals

	
0.993230

	
Standard error of residuals

	
0.992700




	
R2

	
0.752016

	
R2

	
0.751881




	
Adjusted R2

	
0.743212

	
Adjusted R2

	
0.746077




	
F(6; 169) = 85.41595

	
p-value for test F < 0.00001

	
F(4; 171) = 129.5461

	
p-value for test F < 0.00001








(a) ** Statistically significant variable at the level of 5%; *** Statistically significant variable at the level of 1%. Source: The author’s own calculations.
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