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Abstract

:

The aim of this paper is to identify the impact of environmental turbulence on the risk of cooperation in technological entrepreneurship. Multidimensional factors such as the risk of cooperation, environmental turbulence, and the reaction to operationalized changes were selected during the literature review, and were subjected to empirical verification on a 304 element sample of SMEs, which are implementing technology entrepreneurship. The study used a questionnaire interview technique conducted directly in the company, and the research tool was a specially prepared questionnaire. Because of the multidimensional character of the studied variables, structural modelling was chosen. In addition, the influence of selected mediators and moderators on the relationship between the turbulence of the environment and the risk of cooperation in technological entrepreneurship was examined. The article has been divided into five main sections. The first section constitutes the introduction to the deliberations. A detailed review of the literature, taking into account the principles of operationalization of each of the presented variables, is discussed in the second section. The methodology used is then presented. In the next section of the paper, the results of the research are presented and then a broad discussion of these results is undertaken. The last section is a summary of the conducted research and its limitations. Knowledge about the antecedents of cooperation risk allows for the minimization of the presence of adverse phenomena, while knowledge of the directions of their impact greatly enriches the experience in the management of this type of relationship. The presented research may contribute to the construction of a rational model of the cooperation risk management process, in particular, in the case of adopting resources existing within the organization.
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1. Introduction


As a result of existing determinants, technological entrepreneurship constitutes an interesting research challenge in management science. This paper discusses the impact of environmental turbulence on the risk of collaboration. In the article’s deliberation, Ansoff’s [1] (p. 58) definition of the turbulent environment is adopted, which requires constant adaptation and on-going utilization in the conditions of Schumpeter’s creative destruction [2]. Environmental turbulence is a factor determining the commitment to the processes of technology transfer and acquisition. According to the research presented in the literature [3], the unpredictability of the environment, the complexity of change, and their ever-faster pace affects the search for new ways of operation, and increases the uncertainty of collaboration. Empirical studies regarding the impact of environmental turbulence on the risk of collaboration are carried out in this paper. In this regard, the literature review is crucial, as it plays the following roles:




	―

	
cognitive, by presenting the matters of environmental turbulence, the risk of collaboration, and reaction to change that exist within the various directions of research;




	―

	
confirmative, by identifying gaps in the existing research and testing whether the performed empirical studies have achieved satisfactory and/or contradictory results with respect to the research presented in the literature.









The following research questions are posed in the paper:




	Q1.

	
Does environmental turbulence have a significant impact on the risk of collaboration in technological entrepreneurship?




	Q2.

	
Do reactions to change mitigate the impact of environmental turbulence on the risk of collaboration in technological entrepreneurship?




	Q3.

	
What features of technological entrepreneurship moderate the impact of environmental turbulence on the risk of collaboration?









As mentioned above, the presented article consists of five sections. The first section is an introduction to the subject of technological entrepreneurship together with the posing of research questions. The second section consists of a critical analysis of the literature. The first part of the second section presents the definitions and determinants of the functioning of technological entrepreneurship. In the second part, attention is paid to the adaptive perception of the environment, which forces enterprises to actively adapt to the changes taking place in it. The third part of the second section presents the risk of cooperation and the factors shaping it. The third section describes the research methodology and the constructed theoretical model. The fourth section presents the results of the empirical research. It starts with the description of the sample, continues through the empirical model, and ends with a discussion of the results. The fifth section presents the conclusions reached from the research, further research directions, and the limitations determining the implementation of such an empirical approach.




2. Literature Review


This section will carry out a critical analysis of the literature in three aspects, namely, technological entrepreneurship, uncertainty of the environment and the reaction of companies to changes, and the risk of cooperation.



2.1. Technological Entrepreneurship


The concept of technological entrepreneurship is ambiguous, for example, Beckman et al. [4] (pp. 89–93) offer several models of this kind of business implementation. The formal establishment of technological entrepreneurship dates back to 2001, when a symposium of technology companies and research universities was organised in the USA to promote technology-based ventures. An agreement was reached that in this type of entrepreneurship, with universities being the domain of researchers, are just as important as entrepreneurs who create new activities or products and find markets for them. It is assumed that technological entrepreneurship derives from the West Coast Research Symposium (WCRS) on Technology Entrepreneurship, which is a self-organising and self-financing social cluster that has neither a formal infrastructure collaboration nor interpersonal collaboration.



The basis for technological entrepreneurship is an innovative idea or a technological solution leading to the creation of a new or improved product. Such a product can be, for example, a new machine, a small element of a product, an IT solution (e.g., a portal), a system, or a mathematical algorithm offering practical applications. It is important that this solution brings new quality in relation to the solutions applied so far. The source of the created solution is the scientific knowledge of the creators and the representatives of the universities or research centres. Technological entrepreneurship refers directly to technical aspects, previously unknown methods of production, the provision of services, the creation of new products, services and systems, the innovative organisation of processes, and other types of activities that are based on the use of knowledge and/or collaboration with scientific and research centres.



Technological entrepreneurship stems from mainstream entrepreneurship by focusing on the possibilities of supporting innovations in science and engineering. It mainly concerns the introduction of technical innovations to emerging markets, and new products that enable this introduction. Research in the area of technological entrepreneurship is the interconnection of disciplines, entrepreneurship, and technological innovation. Management theories, such as entrepreneurship theory, innovation theory, and determinants of the high technology sector, are components of technological entrepreneurship and boast well-established research achievements [4] (pp. 89–93). Technological entrepreneurship links entrepreneurship—as a domain of social sciences—with technical sciences, because it owes its development to technological advances (e.g., in IT and telecommunications technologies, biotechnology, nanotechnology, etc.). The research direction in technological entrepreneurship stems from the statement made by Baumol [5] (p. 606), that the study of business cannot function without paying attention to the phenomenon of entrepreneurship, for example, who launches it, and when, where, why, and how they evolve (or not) over time.



As a result of the nature of technological entrepreneurship and the commercialisation of scientific research outcomes, the close collaboration of technological entrepreneurship with broadly understood research and scientific milieus (e.g., universities, research and development units, centres supporting small and medium enterprises, technology transfer centres, etc.) is indispensable [6].



What follows from these considerations is that the phenomenon of technological entrepreneurship occurs when the development of science and technology creates a key element of an entrepreneurial opportunity, enabling the generation of a given undertaking. Thus, the typical features of technological entrepreneurship are as follows:




	―

	
anticipation of technological changes;




	―

	
management of external and internal relations; and




	―

	
the method of organising resources and their externalisation that would facilitate development through the exploitation of the emerging technological opportunity.









Beckman et al. [4] ( p. 89) show that technological entrepreneurship makes use of an element of opportunity that is based on the effects of network advantages, technical standards, and cost reduction. Ferreira et al. [7], on the basis of a categorized bibliometric analysis (135 articles published in the years 1986–2013), present the existing knowledge on technological entrepreneurship. They emphasize that technological entrepreneurship consists of creating new options by reorganizing and transforming existing resources. They also show that in technological entrepreneurship, in addition to the characteristic features of the entrepreneur, it is necessary to take into account the characteristics of the environment and the requirements of the market itself, which may favour (or inhibit) the development of this type of entrepreneurship.



Harms and Walsh [8], stress the importance of material resources, such as financial resources, as well as intangible opportunities, such as procedures and experience. In this type of activity, the technology itself is key and can be a link between the cognitive aspect of technological change and the cognitive perspective in entrepreneurship.



Antoncic and Prodan [9] show that corporate entrepreneurship can be considered as an important factor for organizational efficiency. The model they created indicates the value of involvement in strategic alliances for the development of enterprises’ activities in the field of technological entrepreneurship and the resulting improvement in efficiency (the model has been tested by means of 226 useful responses from data from postal surveys taken from a sample of manufacturing companies in Slovenia).



In this work, it was assumed that technological entrepreneurship covers all projects implemented by companies from the SME sector that are related to the transformation of the research results and research potential of research institutions, as well as the research potential of scientific institutions, enterprises, and independent producers into goods and services.



Most researchers confirm that the size of the company, its relations with stakeholders, and its financial situation determine the steps taken by the company, regarding both the present and the future. These considerations enabled the formulation of the following research hypothesis:



Hypothesis 1 (H1).

Features describing specifics such as company size, financial situation, and relations created with stakeholders, impact upon the functioning and appropriate responses in technological entrepreneurship.






2.2. Environment Turbulence and Reaction to Change


The concept of ambient turbulence was introduced by Ansoff [1] (p. 58), defining it by means of the characteristics of the degree of growth of its novelty, complexity, and intensity, as well as by the speed of change occurring within it. According to Ansoff [1], the turbulence of a company’s environment constantly intensifies. He distinguishes four basic trends that define it, namely:




	―

	
increase in the change of novelty, which means that important events at the company deviate more and more from employee experience;




	―

	
increase in environmental intensity, which means that the recognition and maintenance of the relationship between the company and its partners requires the intensification of both resource commitment and management attention;




	―

	
increase in the speed of change in the environment, which means that changes are fast and occur frequently, so the company must constantly adapt to such changing conditions; and




	―

	
increase in the complexity of the environment, which means that events are becoming less and less predictable.









Frishammar [10] (p. 41) emphasizes that when the environment affects the functioning of a company, the company adopts an adaptive attitude, that is, it adapts to the changes taking place. Kotler and Castoline [11] (pp. 83–85) claim that the current environment is characterised by fluctuations and dynamic changes, which cannot be forecast, increasing risk and uncertainty in the operation of any organisation. Whereas Sull [12] (p. 20) asserts that turbulence is a measure of the frequency of unforeseeable changes that affect the ability of enterprises to create and maintain a value. Erlogu and Hofer [13] consider the environment to be turbulent because it is characterised by unpredictability.



Dess and Beard [14] stress that a turbulent environment can be described by frequent turbulent, non-linear changes, which are therefore difficult to predict. Changes in the turbulent environment are becoming increasingly similar to chaotic systems, which means that both the nature of change and their effects are difficult to predict.



Lawrence and Lorsch [15] show that organizations must adapt to external change in order to survive in this rapidly changing world. While the internal, rational decisions within firms do somewhat determine an organization’s goals and strategies, their success is ultimately measured by their survival and their ability to cope with the environment.



Schneider, Wickert, and Marti [16] state that the type of environment is related to the number of elements being considered at the same time, their individual diversity, and the identification of their mutual connections In their work, Volberd and van Bruggen [17] emphasize that the contemporary environment is characterized firstly by the dynamism of changes that are identified on the basis of their intensity and frequency; secondly, by complexity, which is understood as the number and degree of interrelatedness of environmental elements; and thirdly, by predictability (i.e., the availability of information and its future verifiability). At the same time, they emphasize that the first two conditions are crucial. Manu [18] emphasize that a desirable feature of companies operating in a turbulent environment is reducing the reaction time to change and increasing flexibility.



Summing up, it should be noted that an important determinant of environment turbulence, to which everyone pays attention, consists of Ansoff’s [1] (p. 58) four tendencies regarding change taking place. These tendencies are also adopted in further studies, including Volberd and van Bruggen [17]; Erlogu and Hofer [13]; and Schneider, Wickert, and Martin [16]. According to this approach, the environment affects the operation of technological entrepreneurship. On the one hand, it is a source of threats, and on the other hand, it provides the chance to seize an emerging opportunity.



The presented considerations emphasize the fact that the turbulence of the environment is measured and defined differently, but significantly affects the decisions taken by the companies, even though it is measured and defined in various ways.



The perception of the environment affects the organisation’s response and its approach to emerging changes. The company adapts to the environment through appropriate responses to such emerging changes. The following approaches are popular in the literature [16]:




	―

	
diagnostic—based on a critical analysis of the actual state and striving for the most favourable solution;




	―

	
forecasting—prediction of an ideal solution based on the latest scientific achievements while incorporating a feasibility option; and




	―

	
diagnostic and forecasting—the ideal solution is a synthesis, an analysis of the actual state is carried out, a technical feasibility is assigned to the model, and a dynamic adjustment to the situation takes place.









There is also an approach [18] (p. 123) that treats the changeability of the environment as a constant, and considers the business to be a variable that ensures the flexibility of the company.



In addition, the adaptive ability, highlighted by Frishammar [10], highlights the important role of the approach of the change in the companies’ response to change. Swiatowiec-Szczepańska [19] and Fudaliński [20] emphasize that the process of selecting the company’s goals and strategies (i.e., their reaction to changes in the environment) determines the risk of strategic choices. Thus, the described reaction to change is perceived in the literature as a mediator of the influence of ambient turbulence on the decisions made. These considerations allow us to formulate another hypothesis, as follows:



Hypothesis 2 (H2).

The impact of the turbulence of the environment on decision-making is mediated by the organization’s approach to change.






2.3. Risk of Collaboration


As a result of the nature of technological entrepreneurship, its close relationship with broadly understood suppliers and/or recipients of technology is indispensable. Such collaboration, from the perspective of the literature, may take various forms and models [21] (pp. 142–147), [22] (p. 20). These relationships are defined as rather reluctant, only indispensable, good neighbourly, close (in which continuous collaboration takes place), and partner-like. In empirical studies, they are grouped into two categories, namely:




	―

	
only necessary, covering: none, rather reluctant, only indispensable; and




	―

	
close, including: good neighbourly, close (in which continuous collaboration takes place), and partner-like.









These entities run operations in collaboration because of the possibilities of mutual learning or knowledge sharing [23] (p. 5). Establishing collaboration is conditioned by the selection of partners and the appropriate scope of collaboration. When looking for partners, technology enterprises use personal connections, limiting themselves to local contacts. The decision to cooperate is influenced by the experience and attitudes of management, as well as by trust in partners. The results of company collaboration affect its innovativeness [24,25] and competitiveness [26]. In the case of technological entrepreneurship, both the transfer of technology taking place in the course of collaboration with other economic or scientific units and the associated risk are of crucial importance. Short et al. [27] demonstrate the critical role of the category of time in the process of transforming opportunities into new values. Thus, when exploring a technological opportunity, there is an interaction between the company’s operation and the changes taking place in its environment. These are the so-called recursive interactions that allow the shaping of entrepreneurial abilities as a response to external influences. Their results are the dynamic abilities to effectively conduct technological entrepreneurship, from the phase of exploration of the technological opportunity, through its conceptualisation, to the exploitation phase leading to the implementation of a technological innovation.



The study by Nooteboom, Berger, and Noorderhaven [28] tested the effects of governance and trust on the risk perceived by agents of firms in alliances. Fudalinski [20] emphasizes that the problem of change in the environment as well as the related belief that there is no real possibility to predict future conditions in order to adjust the organization, has a significant impact on the risk of collaboration. Additionally, he emphasizes that the risk management process is a dynamic phenomenon and requires constant work, correlated with the diagnosis of change in both the internal and general scale. Risk management procedures reinforce the organization’s experience through a standardized description of threats or opportunities that have materialized.



Studies by Dodgson and Hinz [29] (p. 5) with regards to the increase in the importance of horizontal collaboration, show that the impact of competition, spatial proximity, quality, and the effectiveness of innovation is uncertain. Porter [23] (p. 225), in his deliberations on the competitive advantage, noted that many states in the USA and regions in Europe focused their policies on the promotion of collaboration between enterprises. He confirms, after Belussi [30] (p. 23), that trust enhances the mutual benefit resulting from relationships between enterprises and it is stronger in geographically concentrated networks than in the case of dispersed relations. The condition facilitating the absorption of knowledge generated outside the region to stimulate technological entrepreneurship within it consists of horizontal local networks significantly connected with the external world, as concentration on local connections leads to the deterioration of the competitive position of enterprises [31] (p. 298). The research by Fritsch [31], and Fritsch and Franke [32], conducted in the regions of Vienna and Slovenia, show that “collaboration is beneficial for innovation.” Beckman et al. [4] (pp. 90–93) emphasize that the sources of companies’ predominance on the market depend on the results of collaboration with the environment; the risk of changes in technology, which risk contributes to cost reduction; the reduction of uncertainty; and the increase in trust, especially in the case of systematic and long-lasting collaboration. Collaboration and technology transfer have a synergistic effect on the activity of technological entrepreneurship [33]. The literature also includes studies on the risk of relationships. Światowiec-Szczepańska [19] (pp. 243–277) conducted a risk assessment of a strategic partnership. The empirical research on 215 entities shows that the following hidden variables have a significant impact on the results of strategic partnership: relational standards, relational risk, contract complexity, a partner’s competences, good will, and economic risk.



Yoon C., Lee K., Yoon B., and Toulan O. [34] divide the collaboration success factors into the planning process and the collaboration process. The success factors in the planning process are collaboration R&D, methods of work and performance distribution, and geographical similarity. The success factors in the collaboration process can be divided into mutual trust and partner characteristics. There are four types of dependent variables to identify in collaboration performance, namely: financial performance, process innovation, improving competitiveness, and technology acquisition. As a result of the analysis, important success factors vary according to collaboration type, and the success factors that affect performance differ depending on the achievement type.



To summarise, based on the literature review, the risk of collaboration in technological entrepreneurship is determined by, among others, the following:




	―

	
the formalisation of collaboration [33];




	―

	
trust in a partner or experience in collaboration [28,30,35];




	―

	
flexibility of parties [31]; and




	―

	
risk awareness [19].









Fudalinski [20] shows, in his considerations, that the antecedent of the risk of collaboration is environmental turbulence. Diversity in the context of the risks of cooperation has enabled the formulation of a research hypothesis, namely:



Hypothesis 3 (H3).

Awareness of environmental turbulence positively affects the perception of the risk of collaboration.







3. Methodology


The first part describes the theoretical model. In order to indicate the effect of environmental turbulence on the risk of collaboration in technological entrepreneurship, structural modelling is relied on. In the literature, the modelling of structural equations in the study of relationships has been used in many studies, including the following:




	―

	
Anderson and Narus [36] present a survey examining satisfaction with a producer–distributor relationship in the electronics sector;




	―

	
Morgan and Hunt [37] study a producer–dealer relationship in the automobile tire sector;




	―

	
Lush and Brown [38] investigate cross-sector supplier–distributor relationships;




	―

	
Carson, Madhok and Wu [39] conduct a study of cross-sectorial relationships in a group of selected enterprises;




	―

	
Rašković and MöRec [40] present a study of relationships with suppliers in international companies; and




	―

	
Rezazadeh and Nobari [41] present a conceptual model that they verify empirically indicating that the strengthening of partners’ entrepreneurship is the main incentive for collaboration.









Because of the multifaceted and multidimensional nature of the problem in question, a decision has been made to use latent constructs. Individual constructs and the observable variables used to identify them are created based on evidence from the literature and by merging the results provided by different researchers, and also through the development of the model presented in the paper by Anderson, Christ, and Sedatole [42]. The proposed theoretical model, which identifies the impact of environmental turbulence on the risk of collaboration in technological entrepreneurship, is presented in Figure 1. The description of individual constructs and items that create them are presented in Table 2.



The models of the structural equations are estimated using the maximum likelihood estimation, assuming the multidimensional normal distribution. Westland [43] shows that the requirements for the sample size and for its distribution when using structural models are most often unsatisfied. Structural models have both proponents and opponents [44]. The clear advantage of the used tool is the ability to test both the indirect and direct effects, and to introduce latent variables [45] (p. 77), [46,47,48]. As part of the presentation of the results, the causal relationships between variables are expressed using a standardized path coefficient (variance equal to one), which indicates how much the effect changes if the cause factor changes by one unit. Thus, the coefficient values describe the direction (negative/positive) and the force of the impact of the cause on the effect. There are many approaches and indicators in the literature that allow one to verify the fit of the structural model. Table 1 presents commonly used goodness of fit tests.



What is important, from the analytical point of view, is the determination of the reliability of the data and the consistency of observable variables within the latent variables. To ensure those factors, the following is established: Joreskog’s Rho as composite reliability (CR), average variance extracted (AVE), and Cronbach’s alpha coefficient. The high reliability of the scale is indicated by values greater than 0.7 for the Cronbach’s alpha coefficient, this condition is called Nunnally’s criterion [56]; CR >0.7; and AVE >0.5 [55]. It is also expected that the correlations of individual variables with the summary result of the scale are higher than 0.4 [57].



Moreover, the phenomenon of moderation and mediation is introduced in order to test the acceptability of the cause and effect relationship hypothesis in the context of the characteristics of the company. It is worth emphasizing that testing the role of a moderator consists of accepting the similarity of structural weights. With the use of the effects of moderation or mediation [58] (pp. 1–22), a deeper analysis of the cause and effect is possible. This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation, and the experimental conclusions that can be drawn.



The data obtained as a result of the conducted research procedure have been analysed using the following software: Excel, AMOS, and IBM SPSS Statistics 20. During the research, the models of the structural equations performed verification and descriptive functions [53].



To test the model and its hypothetical relationships between constructs, a structured and standardized questionnaire was created to operationalize hidden constructs, based on scales identified in the literature. Included in the questionnaire for the measurement of the analysed constructs are four statements for environmental turbulence [1] (p. 58), three for reactions to change, and four for the risk of cooperation. The five-point Likert scale was used to measure the identified items. The questionnaire additionally contained a metric concerning size, organizational form, years of activity, capital and ownership links, financial results in the last period, and 20 questions used in the implemented project. The pre-prepared questionnaire was verified in pilot studies carried out by the authors themselves. This stage of the analysis included interviews with senior management and was aimed at verifying the clarity of statements made, as well as the exclusion of misunderstanding and possible uncertainties. Another one conducted by a research company was aimed at confirming the validity and reliability of the proposed scales based on statistical analysis using the collected data.



Conducting proper research was commissioned to a research company and to this end the computer assisted telephone (CATI) technique was used, unless it was the respondent’s wish to have a direct interview with him in the company. Concerning the conducting of a telephone interview, the disadvantages of this method are the necessity of having a short questionnaire, as well as uncomplicated and simple questions. Undoubted advantages are the constant monitoring of the research, the good quality of collected data, the standardization of the collected data, the short time of data collection, and the low costs. The advantages of this technique include minimizing the risk of errors related to the lack of respondents’ answers, measurement, and technique.



In this type of research, the problem is always how large should the sample be? Of course, the bigger the better. Aaker and Bogozzi [49] show that when analysing two to three subgroups, a minimum number of 200 is sufficient.




4. Data, Empirical Results, and Discussion


4.1. Data


In order to answer the research questions formulated herein, the research firm used the data collected during the research performed by the staff of the Faculty of Management at the Lodz University of Technology, in the period 2014–2017. The empirical research was performed on a randomly selected sample of 304 items. The sample was drawn by a research company, based on a purchased database of SME entities, as per their PKD (Polish Classification of Activities ) codes [B, C, D, H, I, J]). The subject of the research comprised small- and medium-sized enterprises, from which business activity utilized technical solutions arisen from their own research and development work, or which used solutions developed by other entities (universities and scientific institutes, research and development units, etc.), or based upon the ideas of natural persons. We conducted structured interviews in 304 companies, to which verification questions were posed. The survey was carried out between October and December 2017. It concerned only Polish companies, but those in all industries. As a result of the validation, none of the questionnaires were rejected and no data was missing in any of them. This was the result of sensitizing interviewers to the need to get answers and persuading the respondents that there are no bad and good answers. Anonymity was also guaranteed [15]. Using a questionnaire based on respondents’ assessments is always subject to the error of subjectivism. However, in this case, the selection of respondents in the form of the persons responsible for cooperation with the technology provider allows one to suppose that the opinions expressed above correspond to the situation of the company. In addition, the research was carried out once at a given point in time, and cooperation is a long-term process. In light of the justifications presented, research limitations and potential errors should not affect the quality of the data obtained.



The research company used its internal databases effectively, around every 14th record call ended with an interview. There were 4200 companies that were drawn, and thus the rate of return in the research is around 7.14%. Amongst respondents, PCA C dominated, and thus industrial companies constituted 67.8% of the respondents, just as in the register of Polish companies. The percentage share of the surveyed companies in the selected sections of the Polish Classification of Activities reflects the situation in the Polish market. On average, the interview took about 30 min. The surveyed companies were dominated by limited liability companies, accounting for 52.3% of the respondents, while natural persons conducting economic activity constituted 27.6% of the respondents. In addition, these were companies operating for over five years on the market; 13.5% of the companies were functioning for over five but less than 10 years, and the companies operating over 10 years dominated—they accounted for 81.9%. Of the surveyed companies, 68.1% had no capital linkages with other researched companies.



The research examining the impact of environmental turbulence on the risk of collaboration in technological entrepreneurship was carried out in 304 companies from the SME sector, that was used in their business new technical solutions, resulting from their own research and development work or from solutions developed by other entities. In most cases, these are small companies employing up to 49 people, 76% (231 entities), and medium-sized companies employing 50 to 249 people, 24% (73 entities). The entities that made a profit in 2016 comprised 75.7% (230 entities), while those that made a loss amounted to 24.3% (74 entities). This research includes a description of the type of collaboration relationships from the point of view of the company’s business. The respondents describe these relationships as follows:




	―

	
32.89% (in 100 surveyed companies) only necessary, covering: none, rather reluctant, only indispensable, or necessary; and




	―

	
67.11% (in 204 surveyed companies) close, covering: good neighbourly, close, or even partner-like.










4.2. Creation of Latent Variables


Based on the empirical data (304 observation), it is verified whether the accuracy of the measurement of each of the hidden variables, measured with Cronbach’s alpha, assumes a value of at least 0.7 (CR and AVE are also calculated for each variable). The detailed data is presented in Table 2. The presented statistics show that latent variable environmental turbulence is built with all of the observable variables proposed by Ansoff [1]. The latent variable reaction to change is built with only two observable variables, because the assessment of the statement that the company needs time to react to changes in the environment is not correlated with the other statements. The weakness of these deliberations is the failure to meet the threshold conditions by the constructed risk or collaboration and the observable variables that represent it.



A construct defined as the risk of collaboration does not reach the threshold values of the analysed indicators, despite the rejection of the variable formalisation of the collaboration (i.e., we suspect that the scale is only marginally reliable, but under certain conditions it may be acceptable). The determined factor loads are higher than 0.7, which means that this construct is acceptable.



The reliability of measurement for the risk of cooperation determined by means of Cronbach’s alpha is 0.659, and CR is 0.693, AVE [59]. For both measures, the acceptable minimum is 0.7, which gives an approximation of both of these values [55] (p. 7). In order to obtain reliable results, it was decided to determine the confidence intervals of the studied factors. For this purpose, bootstrap analyzes were made, generating 2000 bootstrap samples with the size equal to the sample size (n = 304). In addition, the percentage of bootstrap tests in which the recommended minimum values of the analyzed measures were met (0.7 for Cronbach’s alpha and CR) were given (Table 3 and Table 4).



In the case of the risk of collaboration, the reliability improved significantly and over 65% of the samples obtained acceptable values (Table 3).



In turn, the accuracy was assessed on the basis of the following:




	―

	
Convergent validity, where AVE, whose value for each latent variable in the model should exceed 0.5 [60]. This condition is not met for risk of collaboration, because AVE is 0.433. Bootstrap analyzes (2000 bootstrap samples with the size 304) indicated that 51% of the samples obtained acceptable values (over 0.5); and




	―

	
Discriminant validity [60] (Table 4) to check the extent to which the identified latent variables are different from each other.









The square root AVEs are compared with the appropriate correlation factors. Their much higher values indicate a positive divergent validity test. Therefore, the individual latent variables differ significantly from one another.



In future research, it may be worthwhile to consider what observable variables should be added by conducting more in-depth desk research. Because of the theoretical conditions, it was decided that they would remain in the created model.




4.3. Model Estimation


This model is estimated using the maximum likelihood estimation, assuming a multidimensional normal distribution. Furthermore, no suspicious response pattern was observed, and also, following the outlier labeling rule, no significant outlier was observed; however the data was normal because no skewness or kurtosis statistics higher than one were found. In the case of the measurement and structural models, there is no reason to reject the hypothesis that the standardised residual values of the empirical and theoretical matrix are equal to zero (χ2 = 53.568; p = 0.000). The value of root mean square of approximation error (RMSEA) = 0.096 (RMSEALO = 0.075; RMSEAHI = 0.117) indicates a poor fit of the model. The values of χ2/ss = 2.232 indicate the acceptability of the model. Indices GFI = 0.936 and AGFI = 0.898 assume the values close to the required thresholds. All of the meters are on the limit of acceptability, so the model is poorly suited to the data, but can be used in the description.




4.4. Results


In the measurement model (Table 5), significant correlation dependencies are identified (p < 0.001) between the following:




	―

	
the assessment of the environmental turbulence and perception of the risk of collaboration with a force of 0.558;




	―

	
the assessment of environmental turbulence and assessment of reaction to change with a force of 0.632,




	―

	
the assessment of the reaction to change, and perception and collaboration risk with a force of 0.452.









Note that with the increasing average perception of the turbulent environment and reactions to changes, the perception of risk of collaboration also, on average, increases.



On the basis of descriptive statistics, it is worth noting that the respondents most highly evaluate the average response to changes, then the uncertainty of the environment and evaluate the risk of cooperation the lowest. However, average values do not differ significantly from one another statistically. The greatest diversity is characterized by the uncertainty of the environment, then reaction to changes, and the lowest by the risk of collaboration (see Figure 2).



The empirical data (Table 5, Figure 2) confirm that the perception of environmental turbulence has a significant and direct impact on the risk of collaboration and the company’s reactions to change. However, it is not possible to confirm that the company’s reaction to change has a statistically significant impact on the perception of the risk of collaboration. Therefore, a company’s reaction to change does not mediate the impact of environmental turbulence on the risk of collaboration. In the respondents’ perceptions, the higher the environmental turbulence, the higher the collaboration risk. Moreover, a higher-level perception of environmental turbulence affects the company faster and anticipates the company’s reactions. There is a significant cause–effect relationship (see Table 5), as follows:




	―

	
with the risk of collaboration being impacted by the perception of turbulence—this is a positive direct effect on the level of 0.552; and




	―

	
with reactions to change being impacted by the perception of turbulence—this is a positive direct effect on the level of 0.558.










4.5. The Effect of a Moderating Variable


At a later stage of research, it was tested whether the significance and force of this impact is identical in the groups distinguished in the sample, because of such characteristics as the size of the enterprise, the financial situation, and relationships with the cooperating parties.



The analyses carried out in groups with the provided characteristics (Table 6) show that in small and large companies, as well as in companies posting a profit or loss in 2016, the significance and force of impact in the presented model can be considered identical. However, the results indicate statistically significant differences in the case of companies defining relations with cooperating companies as only necessary or close. If the companies that define relationships as close or even partner-like, the impact of the reaction to change is significant and positive for the risk of collaboration, that is, if the company is capable of an on-going or anticipatory reaction to change, the risk of collaboration increases. Moreover, the impact force is statistically significantly different, namely:




	―

	
from environmental turbulence on the reaction to change—in the group of companies describing relationships as close, the force of this impact is significantly higher than in the group of companies where these relationships are only necessary;




	―

	
from environmental turbulence on the risk of collaboration—in the group of companies describing relations as close, the impact force is significantly lower than in the group of companies where these relationships are only necessary.









Therefore, in practical terms, this means that in the case of close relationships, environmental turbulence enforces a reaction to changes, and these increase the awareness of the risk of long-term collaboration. However, in the case of only the necessary relationships, the enterprises focus only on the current risk of collaboration. Consequently, in the case of companies maintaining close relationships with their parties, the reaction to change is a mediator of environmental turbulence to the risk of collaboration, as follows:




	―

	
the total impact of environmental turbulence on the risk of collaboration is 0.596;




	―

	
the direct impact of environmental turbulence on the risk of collaboration is 0.474; and




	―

	
the indirect impact of environmental turbulence on the risk of collaboration through reactions to change is 0.122 (t = 1.945, p = 0.0247) [59].









Therefore, in the group of companies maintaining close relationships, the theoretical model is fully confirmed.




4.6. Discussion


The reactions to changes do not have a significant statistical impact on the risk of collaboration. This may be due to the low reliability of the latent construct risk of collaboration. The obtained results confirm the results presented in the literature, as follows:




	―

	
the assessment of environmental turbulence positively affects the perception of the risk of collaboration,




	―

	
the assessment of environmental turbulence positively affects the assessment of the reaction to changes, however,




	―

	
the significance of the impact of the reaction to the changes assessment on the risk of collaboration is not confirmed.









Based on the presented model, one observes that the reaction to change is the impact mediator in the group of companies maintaining close relationships with cooperating organisations. This means that the more entrepreneurs are aware of their flexibility, the higher the awareness of the risk of collaboration is. This is confirmed by the theses presented in the papers by McCarthy et al. [61] and Frishammar [10]. The results of the empirical research show the invariability of the impact of the perception of environmental turbulence on the risk of collaboration, depending upon the size of the company (as do the results obtained in 2016), which results from the growing awareness of managers, and which also confirms the considerations presented in the papers by McCarthy et al. [61], Manu [18], and Sull [12].



It is worth noting that the constructed risk of collaboration failed to include the observable variable of the formalisation of collaboration indicated in the papers by Todtling et al. [33] and Światowiec-Szczepańska [19]. An important element of the constructed risk of collaboration is as follows:




	(1)

	
risk awareness, as indicated by Światowiec-Szczepańska [19];




	(2)

	
trust in a partner or experience in collaboration, indicated by Belussi’s [30]; and the




	(3)

	
flexibility of parties, indicated by Fritsch’s [31].









The empirical studies confirmed the conclusion of Belussi [30], that trust reinforces the awareness of the risk of collaboration, which is beneficial for both parties. Moreover, in the group of companies maintaining close relationships, it is shown, similarly to the conclusions by Frishammar [10], that the environment affects the functioning of the enterprise through its reactions to changes; that is, they adopt an adaptive attitude.





5. Conclusions


In the current era, risk management is becoming increasingly important. As part of empirical research, the regularity identified in theory is confirmed—environmental turbulence significantly affects the risk of collaboration, that is, in the surveyed companies with a greater awareness of changes taking place in the environment, came a greater awareness of the risk of collaboration.



Because of the use of structural modelling, it is possible to derive the cause and effect relationships between the identified constructs. The results invite further detailed considerations in the area of factors that identify the risk of collaboration. An important element of future research will be to identify the factors determining the use of the company’s internal potential, or refocusing the search for opportunities on internal resources. In further research, it would be reasonable to expand this research with all of the observable variables identified in the literature that are part of the constructed risk of collaboration.



The paper is further motivated by interest in the role of technology in the development of transition economies. I study SMTEs in Poland, a country that has successfully transitioned to a free market economy, establishing a healthy entrepreneurial sector. Technological entrepreneurship is a new phenomenon that has not yet been explored in many areas, and I have wondered whether commonly known theories are applicable. It is widely agreed that the development of local networks can stimulate innovation, making the case for further research into the factors that affect collaboration.



The presented considerations are limited by the dataset, namely the opinions of the respondents, which are subjective by nature. What this means is that perception is measured through the prism of a respondent’s subjective assessment. Moreover, limitations in the conceptual model being developed have resulted from the utilized critical analysis and the overview of the literature. Furthermore, a significant hindrance to the empirical research is the operationalization of the variables. A limitation to the applied structural modelling method is the circumstance where a good model fit does not prove the theory, but only makes it more probable. The model supports the validity of the causal model. However, it does not prove it, as it is only one of the potential explanations of the reality under study.
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Figure 1. Theoretical model of the impact of environmental turbulence on the risk of collaboration in technological entrepreneurship. 
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Figure 2. The empirical model of the influence of the environmental turbulence and reaction to change on the risk of collaboration with indicated standardised path indices. The arrows indicate the estimated standardised parameters. *** represents dependencies significant for p < 0.001. The dashed line represents a statistically insignificant relationship. 
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Table 1. Goodness of fit tests in the assessment of structural equation models.






Table 1. Goodness of fit tests in the assessment of structural equation models.





	Parameter
	Values and Requirements





	Statistic λ2 and its significance [46,49]
	H0: no discrepancy between the observed covariance matrix and the one implied by the model. p >0.05 means that the restrictions imposed by the researcher in the theoretical model are correct. The usefulness of this test is limited because it leads to the rejection of real models too easily. It is very rarely used in empirical research to verify the reliability and validity of the model.



	Quotient λ2 by the number of degrees of freedom [50]
	<1—too good a fit;

(1; 5)—acceptable model (some claim that the upper boundary is 2); and

>5—unacceptable models.



	RMSEA root mean square of approximation error [51,52]
	Steiger-Lind test ranks high among experts. This is a measure of how poorly the model fit is, taking into account its parameters that require estimation. The closer to 0 the result is, the better the theoretical model fits the matrix of results. The following is assumed for the values:

<0.01—perfect fit;

(0.01–0.05)—good fit;

(0.05–0.08)—satisfactory fit;

(0.08–0.10)—poor fit; and

>0.1 indicates a bad model fit.



	GFI–(Goodness of Fit)(CFI-Comparative Fit Index and IFI-Incremental Fit Index) index or AGFI– (Adjusted

Goodness of Fit) indices of goodness (quality) of fit [46,53]
	These measure the size of the variance-covariance matrix that is predicted by the reconstructed matrix. A value above 0.9 means an acceptable model; 0.95 means a satisfying one; and 1 means a perfect model fit.







Source: proprietary study, based on [20,46,49,54,55].
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Table 2. Descriptive statistics and indicator values for observable and latent variables.
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Latent Variable

	
Observable Variable Measured on the Scale 1–5

	
Source

	
Descriptive Statistics (Base)

	
Cronbach’s Alpha

CR, AVE

	
Factor Loads




	
Mean

	
Median

	
Trend

	
Standard Deviation






	
Environmental turbulence

	
Increase in change novelty

	
Ansoff [1] (p. 58)

	
3.44

	
4

	
4

	
1.30

	
α = 0.8185;

CR = 0.824

AVE = 0.541

Mean correlation between items: 0.538

	
0.789




	
Environment intensity increase

	
Ansoff ([1] (p. 58)

	
3.98

	
4

	
4

	
1.08

	
0.764




	
Increase of environment change pace

	
Ansoff [1] (p. 58)

	
4.00

	
4

	
4

	
1.02

	
0.811




	
Growing complexity of environment

	
Ansoff [1], (p. 58)

	
3.71

	
4

	
4

	
1.19

	
0.863




	
Reaction to change

	
Company needs time to react to changes in the environment

	
Frishammar [10]

	
4.62

	
5

	
5

	
0.75

	
α = 0.7886

CR = 0.796

AVE = 0.663

Mean correlation between items: 0.656

	




	
Company keeps up with the changes in the environment

	
Manu [18] (p. 123)

	
3.68

	
4

	
4

	
1.22

	
0.909




	
Company reacts in advance to changes in the environment

	
Yoon, Lee., Yoon, Toulan [34]

	
3.95

	
4

	
4

	
1.09

	
0.909




	
Risk of collaboration

	
Formalisation of collaboration

	
Todtling, Lehner, Kaufmann, [33]

	
3.51

	
4

	
4

	
0.82

	
α = 0.659

CR = 0.693

AVE = 0.433

Mean correlation between items: 0.393 0.65

9CR = 0.693

AVE = 0.433

Mean correlation between items: 0.393

	




	
Flexibility of parties

	
Fritsch [31]

	
3.62

	
4

	
4

	
1.10

	
0.761




	
Awareness of risk

	
Światowiec-Szczepańska [19]

	
3.39

	
4

	
4

	
1.01

	
0.8131




	
experience in collaboration

	
Belussi [30], Nooteboom, Berger, Noorderhaven [28],

Das, Teng [35],

	
3.52

	
4

	
4

	
1.25

	
0.7381
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Table 3. Bootstrap analyzes latent variable.
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Latent Variable

	
Cronbach’s Alpha

	
CR




	
Value

	
Average from the Sample

	
90% Bootstrap Confidence Interval

	
Value >0,7 been Achieved in: [% Samples]

	
Value

	
Average from the Sample

	
90% Bootstrap Confidence Interval

	
Value >0,7 been Achieved in: [% Samples]




	
LO

	
HI

	
LO

	
HI






	
Environmental turbulence

	
0.819

	
0.818

	
0.811

	
0.847

	
100.0%

	
0.824

	
0.806

	
0.656

	
0.916

	
80.9%




	
Reaction to changes

	
0.789

	
0.790

	
0.759

	
0.819

	
100.0%

	
0.796

	
0.794

	
0.742

	
0.868

	
100%




	
Risk of collaboration

	
0.659

	
0.702

	
0.637

	
0.765

	
66.6%

	
0.693

	
0.674

	
0.577

	
0.817

	
65.6%
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Table 4. Discriminant validity for particular constructs of the research model and their mutual correlations.
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AVE

	
Environmental Turbulence

	
Reaction to Change

	
Risk of Collaboration




	
Value

	
Average from the Sample

	
90% Bootstrap Confidence Interval

	
Value >0,7 been Achieved in: [% Samples]




	
LO

	
HI






	
Environmental turbulence

	
0.541

	
0.554

	
0.495

	
0.605

	
91.66%

	
0.735

	

	




	
Reaction to changes

	
0.663

	
0.660

	
0.572

	
0.699

	
100%

	
0.558 ***

	
0.814

	




	
Risk of collaboration

	
0.433

	
0.463

	
0.380

	
0.549

	
51.00%

	
0.432 **

	
0.452 **

	
0.658




	
mean

	

	

	

	

	

	
3.781

	
4.086

	
3.553




	
Standard deviation

	

	

	

	

	

	
0.925

	
0.807

	
0.592




	
Skewness

	

	

	

	

	

	
−0.755

	
−0.903

	
−0.455




	
Kurtosis

	

	

	

	

	

	
0.211

	
−0.088

	
−0.211








Note: the square root value of AVE is shown on the diagonal, under the diagonal of the Pearson correlation coefficient. *** represents p < 0.001, ** represents p < 0.01, and * represents p < 0.05.
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Table 5. Standardised values of estimated parameters in the measurement and structural model.
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Measurement Model

	
Structural Model




	
Correlation Dependencies

	
Parameter

	
Causal Dependencies

	
Parameter






	
Environmental turbulence <--> reaction to changes

	
0.558 ***

	
Environmental turbulence--> reaction to changes

	
0.558 ***




	
Environmental turbulence <--> risk of collaboration

	
0.432 **

	
Environmental turbulence--> risk of collaboration

	
0.552 ***




	
reaction to changes <--> risk of collaboration

	
0.452 **

	
reaction to changes--> risk of collaboration

	
0.144








*** represent dependencies significant for p < 0.001. ** represent dependencies significant for p < 0.01.
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Table 6. Standardised values of the estimated parameters in the structural model.
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	Company Size in 2016
	Small (n = 231)
	Medium (n = 73)
	p-Value



	Environmental turbulence --> reaction to change
	0.563 ***
	0.525 ***
	0.6934



	Environmental turbulence --> risk of collaboration
	0.603 ***
	0.462 **
	0.1528



	Reaction to change --> risk of collaboration
	0.108
	0.202
	0.4811



	Company financial standing in 2016
	Profit (n = 230)
	Loss (n = 74)
	p-Value



	Environmental turbulence --> reaction to change
	0.545 ***
	0.610 **
	0.4731



	Environmental turbulence --> risk of collaboration
	0.541 ***
	0.591 **
	0.5886



	Reaction to change --> risk of collaboration
	0.166
	0.049
	0.3841



	Relation with cooperating party
	Only necessary (n = 100)
	Close (n = 204)
	p-Value



	Environmental turbulence --> reaction to change
	0.432 **
	0.607 ***
	0.0224



	Environmental turbulence --> collaboration risk
	0.769 **
	0.474 ***
	0.0000



	Reaction to change --> collaboration risk
	0.084
	0.210 *
	0.0148







*** represent dependencies significant for p < 0.001, ** p < 0.01; * p < 0.05.
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