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Abstract

:

Digital transformation is a key driving force of open innovation to capture and transfer knowledge inside and outside of a company’s bounds. New challenges in organizing multiple knowledge flows imply the need for increased competences related to this paradigm of future employees. In this article, we organize and aggregate the competencies required for open innovation collaboration and develop a competence profile that organizes individual competencies in an open innovation context. Based on elements of the European Entrepreneurship Competence Framework, we delineate an OI Competence Profile and list the core competencies to manage and accelerate the inflow and outflow of knowledge. We explore this profile by comparing data from 2332 students from four European universities to find differences in the distribution of OI competencies between countries. The study contributes to understanding the individual competencies that target the future OI needs of companies necessary in the context of digital transformation. It also introduces an interdisciplinary approach to integrate the research streams of management practice, open innovation, and entrepreneurial education.
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1. Introduction


Digital transformation manifests changes in the global information economy rising from the advancement of digital technologies, ubiquitous innovation, intellectual work mobility, and the growing importance of information sources and processes [1]. To take advantage of the transformation and create a sustainable, future-ready employee environment, companies need to identify employees who are motivated by and skilled in digital transformation. According to the European Commission [2], education, training, reskilling, and upskilling are among the most urgent concerns to address when adjusting to the digital transformation in industries, as a competent workforce is of the ultimate importance to make it a reality. The World Manufacturing Forum [3] has determined the top ten skills that will be essential in future industries. Notably, only four of them relate directly to digital skills. The remaining are more transversal abilities linked to creative, entrepreneurial, flexible, and open-minded thinking.



The concept of open innovation (OI) is defined as the use of purposive inflows and outflows of knowledge to accelerate internal innovation and expand the markets for external use of innovation [4]. It implies that two or more organizations are jointly engaged in an integrated effort to generate new solutions and shape them into a product or process by linking various types of technology, concepts, skills, and means [5]. Primarily, OI has been incorporated by large multinational organizations [6] and SMEs [7]. It is apparent that the role of OI has become more vital, contributing to the creation of new OI employment characteristics in firms [8]. Future employees involved in OI projects must therefore have, learn, and expand competencies distinct to this paradigm [9]. OI employees have distinct attitudes and abilities to co-create solutions mobilizing innovation ecosystems [10]. They possess the competencies to learn again and discover new ways to apply external knowledge, making it “absorbable” [11], looking for external knowledge, helping the ideas through internal processes, and supporting their exploitation in the organization [4,12].



There is a vast amount of literature on barriers for the management of a workforce engaged in knowledge acquisition and boundary-broadening activity [9,13,14,15]. Similarly, numerous scholars have explained managerial practices to implement OI [16,17]. Still, OI literature has not made clear how future employees could prepare to face the challenges of OI, and there is a lack of research on how OI activities are managed at the individual level [18], given that the success of OI strategies hinges on the employees appointed to execute these strategies. For instance, the study by Enkel [17] presents different firm-level capabilities and processes that firms need to develop to fully adopt open innovation; their study does not suggest how to develop OI capabilities. Vanhaverbeke and Cloodt [19] pointed out the limited research on OI managerial practices as a basis to develop OI-oriented entrepreneurial education.



Companies depend on the research and knowledge of universities to prepare their employees and manage innovation. This research takes on the challenge of disentangling the OI competencies that university students of different fields should acquire to benefit from the inflow and outflow of knowledge as future OI employees. Although much effort has been made to encourage being innovative, especially among young people, many students who have already graduated from universities do not consider themselves innovative [20,21]. Developing young adults’ OI competences is still a challenging task [22].



The research question of this paper is: What competencies are required for the open innovation collaboration of the future workforce? The aim of this paper is to identify those competencies and develop a competency profile that organizes individual competencies in an open innovation context. We further explore this profile by comparing data from students from four European universities to find differences in the distribution of OI competences across countries.



We investigate a large sample of students, with a focus placed on students from four countries evaluated as transition economies. A transition economy is an economy that is changing from a centrally planned to a market economy [23]. Up until recently, the majority of studies on OI were carried out in advanced market economies. The prominence of a transition economy context is substantiated as the institutional environment forms the structure of political, social, and economic stimulus, and thereby restricts the breadth of the strategic choices available to employees and companies and determines the use of OI practices by organizations [24]. It is believed [25] that empirical gaps need to be filled to understand processes that can overcome the low level of trust in order to expedite collaboration in an OI context.



The innovation process in transition economies is determined by both the level of technological and market complexity, and the institutions, infrastructure, and framework conditions where firms operate. According to The Global Innovation Index 2020 [26], all four researched countries performed similarly in the overall rank: Latvia ranks 23rd among the 39 economies in Europe, Bulgaria ranks 24th, Poland 25th, and Ukraine 30th. Despite lower ranks in the overall score, relative to GDP, Ukraine is performing above expectations, and Poland, gaining a high-income group economy status only in 2018 and having been a middle-income group economy for the previous 15 years, underperforms expectations for its level of development. We can assume a similar innovation level of these countries, which makes a strong base for comparisons among them.



All of the countries studied here are transition economy countries still experiencing driving forces, defined as the path dependence shaping systemic changes. Taking the perspective of path dependence, transformation is defined as the process of accumulation of positive or negative effects, the result of which is influenced to a greater extent by actions undertaken in the old system than those undertaken in a later period [27]. It has created specific patterns of behavior both in relation to the adopted institutional solutions used in the economy and politics and in social attitudes that cannot be ignored.



The conclusions augment theoretical links between entrepreneurial competency management and open innovation management and give recommendations pointing to how employees can support the success of OI [18]. Additionally, the results fuel the knowledge base for entrepreneurial education toward future needs in open innovation, transforming the economy. Even though this paper is exploratory, the study utilizes quantitative data based on an original survey.



The paper is structured as follows. In the theoretical part of this paper, the competencies supporting OI are described. Since we included certain elements in the OI competency profile, its description is followed by a review of literature pertaining to creativity, cooperation, and entrepreneurial attitudes. We believe that the unique way in which all the elements studied mentioned above are taken into consideration, brought together and used in one proposed competence profile, can be seen as a promising and underexplored avenue for individual motivations toward digital transformation research. Therefore, the intended contribution to be made is related to an expansion of the current understanding of what OI competencies look like in an under-researched regional context.



The theoretical part of the paper is followed by a description of an exploratory study in which the elements of the theory were tested on a group of university students from Bulgaria, Latvia, Poland, and Ukraine. Students in their first year of study were included. The Kruskal–Wallis test was used, and significant differences were found. Apart from the contribution related to the theory development, this article can contribute to the understanding of factors influencing the emergence of open innovation skills and individual motivations towards digital transformation in the European context, and specifically in its eastern and central part. The economies studied are functioning in the post-communist era and are trying to expand by using free-market mechanisms. To stimulate this growth in the future, it is crucial to encourage young adults to develop open innovation skills. The article is concluded with a discussion of the implications of the obtained findings, and further research avenues are proposed.



1.1. Competencies in Support of OI


Open innovation includes a broad array of types and scopes of activities in innovation projects [28]. Firms are involved in outbound innovation (through disclosing or trading know-how) or in inbound innovation (through sourcing or securing knowledge from outside) [29], or in both (by combining external innovation assets and outbound transfer activity) [30]. A fundamental theoretical structure for analyzing and categorizing the competency angle of innovation processes is the exploration/exploitation dichotomy, implying that the individual competencies associated with both modes are critical for succeeding in OI [31].



The specific OI competency follows the demand for firms to form and govern innovation process beyond ecosystem bounds, bringing together various sources of inbound and outbound expertise within varied and strenuous innovation projects. Tapping into the crucial urgency to apply applicable expertise throughout company bounds, as identified in previous studies [32,33], companies are dependent on different arrays of competencies to govern the scale of openness as a practice of managing the barriers for OI at the employee level [18].



This complements the calls [18] for studies at the intra-organizational level of analysis that will reveal how individual-level capabilities, as well as the structure of the firm, need to adjust to the OI paradigm. The barriers to carrying out OI collaboration put new strains on the competencies of the participating employees. Still, it is challenging for companies to determine and obtain these abilities and skills in new employees [34].



In this paper, we define competence as a mixture of the type of work and the attributes of the employee carrying it out [35]. A competency (plural competencies) is a part of competence, which is the employees’ array of distinct expertise, insight, and skills/capabilities/behaviors that allow them to manage the challenges and obligations of their work [36,37]. Therefore, our study concentrates on investigating and empirically evaluating competencies as the basic unit of analysis and as the components of competences. In our study, we aim attention at analyzing the general competencies for OI, while not differentiating skills and abilities in the literature review and the subsequent operationalization of the concept.



An unambiguous attribution of individual competencies to the features of OI and its stages, the exploration and exploitation of knowledge, is not without its challenges. Therefore, in this study, we try to organize and aggregate the most dominant traits identified in the literature as encouraging OI activity on the individual level.



A study of large multinationals [38] proposed a set of desirable personal abilities, including open attitude, a business mindset (entrepreneurship), adaptability, and flexibility (cooperation) [34]. Du Chatenier et al. [9] identified three dimensions needed for effective involvement of employees in open innovation projects: managing inter-organizational innovation (cooperation), managing the overall innovation process (entrepreneurship), and creating knowledge collaboratively (creativity, collaboration).



According to Hafkesbrink and Schroll [31], on the side of exploration, individual competencies are needed that help employees capture new knowledge: creativity, initiative, commitment, curiosity, flexibility. On the exploitation side, individual competencies should encourage the utilization of knowledge; thus, the share of creativity may be lower, and individual competencies that are needed are those that support persistence, strength of character, ambition, diligence, execution, and reliability (entrepreneurship). Correspondingly, cooperation-related competencies are needed to balance the inevitable constrictions of exploration and exploitation.



A study on 473 SMEs from Poland [39] indicated three dimensions representing innovative culture supporting open innovation: creativity and risk taking, internal cooperation, and learning abilities. In a study of the open innovation competency of design companies [40], individual open innovation competency of individuals was defined with three qualities: creativity, organizing ability (entrepreneurship), and expressive ability.



Another study [41] points to the exploring phase, which requires cooperation and creativity competences, listening to and engaging with other people in order to find new insights and using it to recognize and address new needs. The exploitation phase requires cooperation, creativity, and entrepreneurship skills for extracting and implementing, that is, collaborating with others to develop the ideas, test them, and create prototypes.



Kratzer et al. [42] argue that setting employees’ mindsets mainly on the creative side of open innovation might be misleading: employees may be eager to generate ideas (creativity) and engage in open projects, but they might not see the aim of the project to use the innovation in many ways. This indicates that an open innovation culture should cover the whole extent of the innovation process, underlining the application of good solutions by the employees regardless of the idea source (cooperation), and they should possess competencies that support implementation (entrepreneurship). Matricano [43] believes that the success of open innovation is built on competencies such as curiosity, creativity, flexibility, and diversity, because the open dimension requires openness (cooperation), trust, responsibility (entrepreneurship), authenticity, and sustainability.



Csath [44] argues that understanding open innovation is critical for SMEs to grow, and there is a need for an educational system that supports creativity, self-discipline, self-motivation (entrepreneurship), desire for knowledge and lifelong learning, openness, and cooperation. The study mentioned implies that an encouraging external environment and a supporting internal learning atmosphere are both significant for effective innovation in small and medium companies.



Podmetina et al. [8] proposed types of OI that are based on distinct competencies for their achievement, specifically, open technology acquisition and transfer, open mass innovation, and open cooperative innovation. They suggested that a specific OI management competency needs a suitable set of cultural consciousness, skills to cooperate with different communities, ability to create knowledge (creativity) as well as distribute and receive knowledge, and ease to work in a multidisciplinary environment and on cross-functional projects, integrated with communication and networking ability (cooperation). Moreover, interpersonal OI competencies included innovation process collaboration and innovative project management (entrepreneurship).



It is self-evident that creativity as an individual skill has had the broadest representation in open innovation literature as a critical competence. However, there is also a wide consensus on entrepreneurship as a skill needed for the successful application of innovation. The idea of culture for open innovation is often defined as the interaction between different facets of entrepreneurialism: the entrepreneurship of new entrepreneurs, the intrapreneurship of project members in an existing company, and organizational entrepreneurship by the company itself [45]. Cheng and Huizingh [46] studied 223 Asian service companies and found that strategic orientation is a significant and positive moderator between open innovation and company’s performance in terms of innovation, with entrepreneurial orientation strengthening the positive effect more than market or resource orientation. Critical dimensions defining entrepreneurial orientation were proactiveness, risk tolerance, creativity, and intensive support for innovation process.



In an open innovation context, the entrepreneur’s mindset seems to moderate the personal opportunity recognition and commercialization, thus positively influencing the likelihood of new venture/project survival [47]. The entrepreneurial mindset does not in itself lead to project success—it does not generate or transfer any resources by itself. Rather, it increases the effectiveness of individual relationships and transactions with stakeholders. Similarly, simply having access to stakeholders does not lead to success, but an entrepreneurial mindset will help the individual identify valuable sources of knowledge and recombine them into successful innovation.



Subsequently, a great deal of attention is paid in the OI literature stream to cooperation in its broad meaning. Behanm et al. [48] identify four competences as bundles of open innovation cooperation capabilities, namely networking, competency mapping, relational, and desorptive capabilities. Bello-Pintado and Bianchi [49] point to social skills connected to open innovation strategies and define them as cooperation and communication abilities, which are potentially related to formal education but are mainly based on personal features and grounded by experience in different contexts. According to Kratzer et al. [42], successful teamwork in an open innovation context involves integrating complementary knowledge and skills to utilize the innovation potential of cooperating employees with diverse social backgrounds (cooperation). In such situations, knowledge holders with different social backgrounds could be brought together by adapting personal knowledge to the particular institutional and regional circumstances, which is a time-consuming yet critical process, and therefore should be integrated into an open innovation team from the start.



Summing up, the empirical evidence in the OI research stream points to the aggregated competencies of creativity, entrepreneurship, and cooperation as multifaceted constructs supporting OI activity.




1.2. Open Innovation Competence Profile of University Students as Future Workforce


In our study, the open innovation concept builds on entrepreneurial learning in several ways: progressing broad self-reliance and capacity to pursue ideas and opportunities to generate value, as well as developing the ability to create value from elementary and predictable frameworks to sophisticated, rapidly changing environments. Moreover, our research hypotheses were formulated concerning the elements of the Open Innovation competence profile adopted in the context of digital transformation. We conduct our research on groups of students from technological universities as a future workforce for European companies. In order for employers to be ready to successfully navigate and succeed in an ever-changing work landscape, students, as future employees, must be prepared to enter this digital transformation process. Thus, our research focuses on these young adults.



The present study examines the positioning of students towards open innovation in terms of their self-perceived skills and abilities. Questions were asked about different kinds of skills and motivations that are associated with OI competences. In consonance with the prevalent employability discussion, it was anticipated that features describing entrepreneurship, creativity, and cooperation in particular would show no differences between different countries with similar cultural and historical contexts.



Taking the above into account, we proposed an OI competence profile of university students, which reflects the ability of university students to manage processes associated with OI [8,9,31,39,41,42,43,44,45,46]:




	
Entrepreneurial competency, which is important for any innovation specialist, assisting in productive and collaboration in an OI paradigm;



	
Creative work competency, which is necessary for transferring creative solutions into products that are likely to thrive in a changing and volatile environment;



	
Cooperation competency, which is needed for developing the right combination of skills to distribute and receive knowledge, ability to perform in diverse circumstances, and management of multi-functional projects.








Those skills were identified and aggregated as the most prevalent skills in the empirical OI studies corresponding to the needs of the OI paradigm. The selection criteria of competencies ensured that the aggregated constructs reflect the given definition of competence and correspond to the challenges of open innovation, and that there should be empirical evidence pointing to their importance for open innovation processes. Although these competencies, as such, may not be treated as an exclusive qualification for the OI professional, they help to gain and integrate outside knowledge in internal processes and external use. Separately, these competencies could be considered substantial for any OI project employee and for intra-organizational innovation. However, together with other competencies, they become critical elements in the comprehensive competence of OI professionals in such processes.



For the purpose of our study, we adapt elements of The European Entrepreneurship Competence Framework [50], a flexible reference framework to support the development and understanding of entrepreneurial competence in a context of open innovation. The European Entrepreneurship Competence Framework was developed by the European Commission as a reference framework to explain what is meant by an entrepreneurial mindset. In our study, we operationalize skills as aggregated constructs based on the corresponding skills definitions from the Framework. Subsequently, an OI competence profile was constructed (Table 1), based on the list of three aggregated competencies, supported and grounded in relevant OI empirical studies. After that, a profile was compared using data raised among students from three universities.



In research on the role of open innovation competences in individual readiness and motivations for digital transformation, a great importance is given to competences which are key factors in the formation and development of individual business activity, creating new jobs, successful entering the labor market, or building a professional career by students [22,51]. In an understudied context of central and eastern European countries, we were particularly interested in whether the origin country had an impact on the competencies of students who had chosen technical and engineering fields of study. Iivari et al. [52] argued that there is a link between digitalization transformation and young adult training, and this relationship is reflected in general country success and economic development. It is believed that sustainable growth and development comes from people’s ingenuity and innovativeness, and developed best practices, which only people ready for digitization and transformation can generate. Therefore, in order to make well-informed decisions in the field of university education, it is worth creating the OI competence profile. Therefore, the objective of this qualitative research is to determine whether there are similarities or differences in student entrepreneurship, creativity, and cooperation skills. Consequently, we hypothesize that:



Hypothesis 1 (H1).

The Open Innovation Competence Profile does not differ between Bulgarian, Latvian, Polish, and Ukrainian students.





Hypothesis 1a (H1a).

The entrepreneurship factor does not differ between Bulgarian, Latvian, Polish, and Ukrainian students.





Hypothesis 1b (H1b).

The cooperation factor does not differ between Bulgarian, Latvian, Polish, and Ukrainian students.





Hypothesis 1c (H1c).

The creativity factor does not differ between Bulgarian, Latvian, Polish, and Ukrainian students.







2. Methods


The study was based on a survey completed by the students. The sample population consisted of 2332 first-year undergraduate students from four technical universities in Bulgaria (Technical University of Sofia), Latvia (Riga Technical University), Poland (Gdansk University of Technology), and Ukraine (Lviv Polytechnic National University). Data were not statistically imputed; incomplete and invalid questionnaires were rejected. Overall, 1247 participants were male students (53.8%), 1073 were female students (46.3), and 12 did not provide information on gender (0.5%). The proportion is very close to the ratio of male and female students in the universities analyzed. The survey was conducted during regular lectures and seminars among first-year students in the period of October 2019 to February 2020. All students who were present received a paper version of the questionnaire. The study was part of a broader entrepreneurship-related questionnaire that had been used in the SEAS Project (Survey on Entrepreneurial Attitudes of Students), which has been an ongoing project run on several technical universities. The SEAS project members intend to acquire data from the same participants in 4–5 years to track the evolution of entrepreneurial attitudes. We have taken part in that project and used the opportunity to place questions and acquire responses related to the three aggregated competences deemed most significant for the open innovation paradigm, supported and grounded in relevant empirical OI studies.



To guarantee semantic equivalence of all the measure items, which were originally in English, a back-translation procedure was adopted to produce Bulgarian, Latvian, Polish, and Ukrainian versions of the measures. The authors, together with all the research partners, first translated the English version of the measures into their native languages. Then, the versions in native languages of the measures were independently back-translated into English by two professional translators in each language. The final questionnaire required gender, minority status, university, and field of study, and included measures to assess the OI competence profile. To assess the reliability of the measures, a pilot study was conducted among more than 180 students.



The Open Innovation Competence Profile score was measured using nine elements in three categories of factors: entrepreneurship, cooperation, and creativity. Students were asked to indicate their level of agreement with each of the statements using a five-point Likert scale. Exploratory factor analysis was performed to determine the internal structure of the scale. The principal component method was applied. Kaiser–Meyer–Olkin measure of sampling adequacy was 0.864, above the commonly recommended value of 0.60, and Bartlett’s sphericity test was significant χ2 (36) = 5087.78, p < 0.001. The Kaiser criterion was used to determine the number of factors, based on which it was established that three factors should be distinguished. Together, these factors explain 52.26% of the variance.



After an analysis of the factors using the Varimax orthogonal rotation method, it was found that the first factor consisted of three items. They were intended to measure entrepreneurship. The factor loadings of these items were 0.83, 0.82, and 0.74, respectively. The second factor consisted of three items that were intended to measure cooperation. The factor loadings of these items were 0.77, 0.81, and 0.66, respectively. The last factor consisted of three items, intended to measure creativity. The factor loadings of these items were 0.73, 0.66, and 0.78. No cross-loadings were observed. The three identified factors followed the expected structure. The following reliability levels were obtained (the Cronbach’s alpha coefficient was computed): 0.78 for entrepreneurship, 0.64 for cooperation, and 0.74 for creativity. The second is slightly below the commonly recommended level of 0.70, but can be considered acceptable in the case of a newly developed measure [53]. Composite scores (mean values) for each of the factors were calculated. The whole OI competence profile scale has acceptable internal reliability (α = 0.812).




3. Results


In Table 2, we present descriptive statistics of our measures together with reliability levels (n = 2332).



Table 2 also displays the means, standard deviations, and intercorrelations of variables included in this study. Respondents in this study rated themselves highest for creativity, followed by cooperation and entrepreneurship; overall, their OI competence profile score was at an average level of 3.59. The results of the correlation analysis indicated that all pairs of variables recorded a positive and significant correlation.



The Kruskal–Wallis test analysis was used to investigate the hypotheses formulated in this paper. The Kruskal-Wallis test is a rank-based non-parametric test that we used to ascertain if there are statistically significant differences among four groups of an independent variable (countries) on a dependent variable (rank in perception on OI competence). It is an extension of the Mann–Whitney U test because it allows us to compare more than two independent groups, and it is considered the non-parametric alternative to the one-way ANOVA [54]. Since it is a non-parametric method, the Kruskal–Wallis test does not assume a normal distribution of the residuals [55]. We use the Kruskal–Wallis test to understand whether OI competence profile and its components, measured on a 5-point scale (“completely false”; “somewhat false”; “neither true nor false”; “somewhat true”; “completely true”) differ based on country of origin of the university as an independent variable (group 1 “Poland”, group 2 “Ukraine”, group 3 “Latvia”, and group 4 “Bulgaria”). H1 postulated that there were no differences in the OI competence scores of the students of the countries analyzed.



A Kruskal–Wallis H test determined that there was a statistically significant difference in the OI competence profile between the different countries, χ2(3) = 130.52, p = 0.000, with a mean rank OI score of 1029.65 for Bulgaria, 1060.99 for Latvia, 1063.89 for Poland, and 1400.78 for Ukraine. Thus, Hypothesis 1 was rejected.



Significant differences were also observed in the OI subscales of entrepreneurship, cooperation, and creativity:




	
A Kruskal–Wallis H test determined that there was a statistically significant difference in entrepreneurship between the different countries, χ2(3) = 125.36, p = 0.000, with a mean rank entrepreneurship score of 1059.62 for Bulgaria, 1091.94 for Latvia, 1051.55 for Poland, and 1394.18 for Ukraine. Thus, Hypothesis 1.1 was rejected.



	
A Kruskal–Wallis H test determined that there was a statistically significant difference in cooperation between the different countries, χ2(3) = 86.34, p = 0.000, with a mean rank cooperation score of 1158.44 for Bulgaria, 1041.92 for Latvia, 1080.88 for Poland, and 1351.20 for Ukraine. Thus, Hypotheses 1.2 was rejected.



	
A Kruskal–Wallis H test determined that there was a statistically significant difference in creativity between the different countries, χ2(3) = 67.66, p = 0.000, with a mean rank creativity score of 949.67 for Bulgaria, 1085.50 for Latvia, 1130.48 for Poland, and 1317.35 for Ukraine. Thus, Hypotheses 1.3 was rejected.








We rejected the hypotheses of the Kruskal–Wallis tests because at least one of the samples stochastically dominates at least one other sample. Unfortunately, the test did not identify where this dominance occurs. Thus, we conducted post hoc tests to test pairwise comparisons.



The comparison between pairs allows one to conclude if there are statistically significant differences between countries. As can be seen from Table 3, Table 4, Table 5 and Table 6, all pairwise comparisons with Ukraine showed such differences.



In the case of the Open Innovation Competence Profile, we found that the group of students from Ukraine was significantly different to the group of students Bulgaria (p = 0.000), Latvia (p = 0.000), and Poland (p = 0.000). The other groups were not significantly different: Bulgaria–Latvia (p = 0.59), Bulgaria–Poland (p = 0.508), and Latvia–Poland (p = 0.943).



Analyzing only one factor from the OI competence profile, namely entrepreneurship, we observed the same pattern of differences, where only the group of students from Ukraine was significantly different to the group of students from Bulgaria (p = 0.000), Latvia (p = 0.000), and Poland (p = 0.000). The situation repeats also with cooperation.



In the case of the creativity factor, we found that the group of students from Bulgaria was significantly different to the group of students from Poland (p = 0.000). The group of students from Ukraine was significantly different to the group of students from Bulgaria (p = 0.000), Latvia (p = 0.000), and Poland (p = 0.000). The other groups were not significantly different: Bulgaria–Latvia (p = 0.02) and Latvia–Poland (p = 0.265).



Figure 1 shows the Kruskal–Wallis independent sample test boxplots of four Universities scores. The analysis revealed that the OI competence scores were significantly higher in the Ukrainian student group (median (Md) = 3.78, n = 734) compared to the group of Polish students (Md = 3.56, n = 1026), Latvian students (Md = 3.56, n = 370), and Bulgarian students (Md = 3.44, n = 202) (Figure 1a). The same was observed in the cases of the components of the OI competence profile, where Ukraine obtained significantly higher scores in entrepreneurship (Md = 3.67) (Figure 1b), cooperation (Md = 4.0) (Figure 1c), and creativity (Md = 4.0) (Figure 1d).




4. Discussion and Conclusions


Digital transformation is a key driving force of open innovation to capture and transfer knowledge and expertise within and outside of the firm’s boundaries [56]. Embracing digital transformation through open innovation requires companies to determine what competencies are important and how they will be represented in the future workforce. In this article, we organized and aggregated the competencies for OI collaboration that are most grounded in empirical OI studies and developed a competency profile that organizes individual competencies in an open innovation context. Operationalizing competences on the basis of the European Entrepreneurship Competence Framework, the paper delineates an OI competency profile, which lists the core competencies to manage and accelerate the inflow and outflow of knowledge: creativity, entrepreneurship, and cooperation. Creativity is needed to transform creative solutions into products that are likely to thrive in a changing and volatile environment [8,9,38,39,41,42,44]. An entrepreneurial mindset is strategic for OI employees, integrating innovation and dexterity to organize business imperatives [8,9,36,39,41,42,44,45,46,47]. Cooperation as a competency in inter- and intra-organizational collaboration is important for OI professionals. Extended cooperation abilities are necessary for any perimeter-extending innovation activities [8,39,41,42,44,48,49]. Indeed, while these competencies as such may not be treated as an exclusive qualification for the OI professional, they help to gain and integrate external knowledge in internal processes and external utilization [8,9].



By comparing the OI competency profiles of students from different universities, we answer the research question and, in doing so, complement the empirical background. We explore this profile by comparing data from students from four European universities to find differences in the distribution of OI competences between countries. University students from selected European countries were more heterogeneous in their levels of competencies. Specifically, this study revealed that Ukrainian students reported a higher intensity of OI counts in the context of a transitional economy. Regarding the links between cultural values and OI competencies, we found an interesting situation related to the context of the transitional economy, to which open innovation researchers to date have devoted relatively little conceptual and empirical attention. Students from Ukraine reported a significantly higher OI competence profile, and scored higher on its individual factors, while those from Bulgaria, Latvia, and Poland were significantly lower.



According to the Global Innovation Index (2017–2020), in recent years, Ukraine has performed very well in terms of human capital and research, being well above other lower-middle-income innovation achievers, and even above some of the high-income countries like Poland and Latvia, in particular in its performance in tertiary enrollment and knowledge creation. In addition to that, according to the 2018 Global University Entrepreneurial Spirit Students Survey (Sieger, 2019), the entrepreneurial intentions of Ukrainian students were expressed by 13% of the respondents planning to start a business in the period immediately after graduation and 58% of the respondents within five years after graduation. In comparison, 5% of Polish students expressed entrepreneurial intentions immediately after graduation, and 36% declared the desire to run their own business within five years after graduation (no data for Bulgarian or Latvian students).



The institutions, infrastructure, and framework conditions where firms operate, and the high unemployment rate in Ukraine compared to other countries under study, might play a part in the entrepreneurial attitudes of students. A possible explanation could be related to the influence of necessity-entrepreneurship prevalent in developing countries [57]. Some individuals set up businesses when they spot a business opportunity, whereas others feel forced into starting a business out of necessity because of the lack of other options in the labor market. Moreover, recent research indicates [58] that personal usage of external knowledge sources is more effective in emerging economies than in developed economies, perhaps because companies in emerging economies have less or poorer internal knowledge that employees can leverage into innovation outputs.



This wider perspective contributes to understanding individual competencies that will serve the future OI needs of companies. The competencies indicated here manifest the corporate need for OI competencies that could be easily described, evaluated, and advanced during university education or through later training in company placement.



4.1. Theoretical and Managerial Implications


This article contributes to theory and managerial practice through the development of an OI competency profile and presentation of original empirical results in a multinational context. The study also provides important ground for international comparisons, pointing to the specific conditions of the phenomenon for transition economies. This paper adds to the body of knowledge on entrepreneurship education and managing competencies in an OI paradigm by identifying the OI competency level among students as future employees of European companies, and it develops an OI competence profile that is easy to use as a comparative indicator of entrepreneurial education efforts in developing competencies needed for OI adoption.



The study adds to the theory advancement by constructing, validating, and evaluating a profile score for OI competencies. This new measurement method is universal, based on the European Entrepreneurship Competence Framework, and can be used for the analysis of OI competencies in universities across different countries, as part of the analysis of entrepreneurial education, adding to the limited literature on the interrelationship between entrepreneurial education and OI management [13,14]. In that sense, this study is a response to calls for a further integration of the diverse levels and fields of empirical research in OI management literature [18].



On the functional side, the proposed OI competency profile contributes to the professionalization of OI governance [59] by determining different competencies connected to OI practice. Furthermore, the research is an answer to the need for an OI competency profile in entrepreneurial university education for future employees of OI-adopting companies. This paper assists in providing recommendations to higher education organizations on the development of OI-oriented curricula. At the policy level, this research constitutes a future insight into new incentive framework programs. In addition, it highlights the educational areas that should be strengthened in the policy programs targeted at European universities.



This study contributes to the current literature on digitalization transformation, open innovation, and entrepreneurship, particularly in the environment of transition countries. We proved that issuing judgments or recommendations concerning Open Innovation competences, in particular entrepreneurship, cooperation, and creativity, for quite similar countries, should be addressed separately. We showed that, despite a similar historical context, the researched countries differ significantly in many of the analytic aspects. Therefore, future research could look into the causes of these differences in more depth, to match the support and motivation system for young people and stimulate their motivation towards digitalization transformation.



In conclusion, this study builds links between management practice, open innovation, and entrepreneurial education and gives understanding for practitioners from universities, as well as managers from OI-oriented companies. The results underline the need to incorporate relevant OI competency building elements into university education and/or training of employees on the job. This paper underlines the competencies needed for future OI professionals regardless of the profile of university education and promotes OI competencies not only between business and management students but also between all fields, including engineering.




4.2. Limitations and Future Research


In this research, the authors focus on exploring the OI competence profile among students in four countries, so the findings cannot be applied one-to-one to other countries. Because of convenient sampling, the obtained results cannot be generalized to all students at Bulgarian, Latvian, Polish, and Ukrainian universities. Despite the student sample’s suitability for testing hypotheses, it is possible that the sample had some constraints, as students from technological universities could be likely to be more motivated towards digitalization transformation in the form of higher OI competences compared to other people.



Due to the fact that our samples were university students, the results of our research are especially relevant not only for business and policymakers, but also for entrepreneurship education. Universities have a significant role in motivating students through providing the necessary training and courses to stimulate and encourage a more positive picture of digitalization transformation among students.



The questions used in the study were part of a broader entrepreneurship-related questionnaire that had been used in the SEAS Project (Survey on Entrepreneurial Attitudes of Students). We have taken part in that project and used the opportunity to acquire responses to questions related to the three aggregated competences deemed most significant for open innovation paradigm, based on the OI empirical research. More possible competence constructs related to OI competences could be tested in the next round of the SEAS project, providing grounds for a longitudinal OI research study.



This study is essential to determine whether European companies adopting OI will have access to the competencies required to implement OI practices in the future. It is not, however, expected that all students (as future employees) will have all the competencies at a high level. Yet, in this paper, we aim to highlight the need for universities engaged in entrepreneurial education (and firms searching to employ OI project members) to assess these dimensions along with others during the creation of a job description.



This research is exploratory and does not exhaust all the topics concerning open innovation entrepreneurial education. This study is a first step in uncovering the complexity of OI cooperation and the competencies involved. The nature of multi-layer research on IO competency invites more systematic investigation of OI competencies in relation to future diverse work environments. This research is empirical and based on a large population survey, and it represents a basis for future empirical studies researching OI competencies in Europe or other regions. Even though the sample is adequate for the conducted analyses, more calibrated and detailed analysis of national differences could be an interesting research direction, that is, the analysis of cultural variations by introducing variables measuring cultural characteristics and linking these to the OI competencies.
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Figure 1. Kruskal–Wallis independent sample test boxplots of four categories scores including (a) OI competence score results; (b) entrepreneurship score results; (c) cooperation score results; (d) creativity score results. 
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Table 1. Open Innovation Competence Profile and corresponding skills from European Entrepreneurship Competence Framework.
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	Open Innovation Competence Profile

(and Respective Questions from the Survey)
	Corresponding European Entrepreneurship Competence Framework Skills [37]





	Entrepreneurship

I can develop a unique idea for a business.

I can identify market opportunities for a new business.

I feel I am an entrepreneurial person.
	“Valuing ideas

Judging what value is in reference to social, cultural, and economic conditions

Recognising the potential of an idea to generate value and finding unique ways to capture that value”

“Spotting opportunities

Identifying and taking advantage of opportunities to generate value by examining the social, cultural and economic environment

Identifying problems, needs and challenges that need to be solved.

	
Establishing new ways of connecting and combining different parts of the environment to generate value”








	Cooperation

I can convince others to work for me in my new business.

I can work in a group.

I can lead others.
	“Mobilising others

Inspiring and exiting relevant partners

Geting the support needed to achieve valuable results

	
Demonstrating effective communication, persuasion, negotiation, and leadership”





“Working with others

Working together and collaborating with others to develop ideas and turn them into reality

	
Networking



	
Resolving conflicts and interacting with competition positively.”








	Creativity

I am creative/inventive.

I can find different ways to reach a goal.

I like to take risks.
	“Creativity

Creating several ideas and opportunities to generate value, as well as improved solutions to existing and new challenges.

Exploring and experimenting with innovative ways of thinking and acting

	
Incorporating knowledge and resources to achieve valuable results”





“Coping with uncertainty, ambiguity & risk

Within the value-generating process, including structured ways of testing ideas and prototypes from the early stages, to reduce risks of failure



	
Handling fast-moving situations promptly and flexibly”
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Table 2. Descriptive statistics.
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	Alpha
	Mean
	SD
	(1)
	(2)
	(3)





	1. Open Innovation Competence Profile
	
	3.59
	0.61
	
	
	



	2. Entrepreneurship
	0.78
	3.18
	0.81
	0.86 **
	
	



	3. Cooperation
	0.64
	3.74
	0.71
	0.85 **
	0.59 **
	



	4. Creativity
	0.74
	3.85
	0.66
	0.80 **
	0.51 **
	0.55 **







** Correlation is significant at the 0.01 level (2-tailed).













[image: Table] 





Table 3. Open Innovation Competence Profile—pairwise comparisons.
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Pairwise Comparisons of University




	
Sample 1–Sample 2

	
Test Statistic

	
Std. Error

	
Std. Test Statistic

	
Sig.

	
Adj. Sig. a






	
Bulgaria–Latvia

	
31.341

	
58.813

	
0.533

	
0.594

	
1.000




	
Bulgaria–Poland

	
34.232

	
51.749

	
0.661

	
0.508

	
1.000




	
Bulgaria–Ukraine

	
371.128

	
53.416

	
6.948

	
0.000

	
0.000




	
Latvia–Poland

	
2.891

	
40.768

	
0.071

	
0.943

	
1.000




	
Latvia–Ukraine

	
339.787

	
42.864

	
7.927

	
0.000

	
0.000




	
Poland–Ukraine

	
−336.896

	
32.500

	
−10.366

	
0.000

	
0.000








Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (two-sided tests) are displayed. The significance level is 0.050. a Significance values have been adjusted by the Bonferroni correction for multiple tests.
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Table 4. Entrepreneurship factor—pairwise comparisons.
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Pairwise Comparisons of University




	
Sample 1–Sample 2

	
Test Statistic

	
Std. Error

	
Std. Test Statistic

	
Sig.

	
Adj. Sig. a






	
Poland–Bulgaria

	
−8.063

	
51.432

	
−0.157

	
0.875

	
1.000




	
Poland–Latvia

	
−40.383

	
40.519

	
−0.997

	
0.319

	
1.000




	
Poland–Ukraine

	
−342.622

	
32.301

	
−10.607

	
0.000

	
0.000




	
Bulgaria–Latvia

	
32.320

	
58.453

	
0.553

	
0.580

	
1.000




	
Bulgaria–Ukraine

	
334.559

	
53.088

	
6.302

	
0.000

	
0.000




	
Latvia–Ukraine

	
302.239

	
42.601

	
7.095

	
0.000

	
0.000








Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (two-sided tests) are displayed. The significance level is 0.050. a Significance values have been adjusted by the Bonferroni correction for multiple tests.
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Table 5. Cooperation factor—pairwise comparisons.
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Pairwise Comparisons of University




	
Sample 1–Sample 2

	
Test Statistic

	
Std. Error

	
Std. Test Statistic

	
Sig.

	
Adj. Sig. a






	
Latvia–Poland

	
38.963

	
40.386

	
0.965

	
0.335

	
1.000




	
Latvia–Bulgaria

	
−116.521

	
58.262

	
−2.000

	
0.046

	
0.273




	
Latvia–Ukraine

	
309.283

	
42.462

	
7.284

	
0.000

	
0.000




	
Poland–Bulgaria

	
−77.558

	
51.265

	
−1.513

	
0.130

	
0.782




	
Poland–Ukraine

	
−270.320

	
32.196

	
−8.396

	
0.000

	
0.000




	
Bulgaria–Ukraine

	
192.762

	
52.915

	
3.643

	
0.000

	
0.002








Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (two-sided tests) are displayed. The significance level is 0.050. a Significance values have been adjusted by the Bonferroni correction for multiple tests.
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Table 6. Creativity factor—pairwise comparisons.
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Pairwise Comparisons of University




	
Sample 1–Sample 2

	
Test Statistic

	
Std. Error

	
Std. Test Statistic

	
Sig.

	
Adj. Sig. a






	
Bulgaria–Latvia

	
135.830

	
58.216

	
2.333

	
0.020

	
0.118




	
Bulgaria–Poland

	
180.816

	
51.224

	
3.530

	
0.000

	
0.002




	
Bulgaria–Ukraine

	
367.688

	
52.873

	
6.954

	
0.000

	
0.000




	
Latvia–Poland

	
44.986

	
40.354

	
1.115

	
0.265

	
1.000




	
Latvia–Ukraine

	
231.858

	
42.428

	
5.465

	
0.000

	
0.000




	
Poland–Ukraine

	
−186.873

	
32.170

	
−5.809

	
0.000

	
0.000








Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (two-sided tests) are displayed. The significance level is 0.050. a Significance values have been adjusted by the Bonferroni correction for multiple tests.
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