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Abstract

:

Currently, small and medium enterprises (SMEs) play a leading role in most of the world’s economies. For this reason, they seek technological competitiveness and improvement of their innovation activities. In this context, open innovation and eco-innovation are important elements to achieve these goals. With this background, the purpose of this paper is to analyze the relationship between technological capability, open innovation, and eco-innovation in corporate performance, testing a structural equation model using SmartPLS in a sample of 684 small and medium-sized companies in Mexico. The main results show that technological capability significantly influences open innovation and eco-innovation practices, not directly in corporate performance, but through open innovation or eco-innovation. Our results also confirm the positive effects that eco-innovation and open innovation have on SMEs’ corporate performance. These results have important implications in the literature on dynamic capabilities that have not been previously tested. For companies and decision-makers, it shows why these practices in small and medium-sized companies should be encouraged.
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1. Introduction


Since the start of the era based on globalization and the knowledge society, most companies in different regions are struggling to be more innovative and competitive. Technological changes, economic shocks, and market demands have forced many organizations to rethink their business models [1,2]. Therefore, for more than three decades, most companies have been working on research and development (R&D) of new products with greater intensity to increase their competitiveness level [3,4].



Company managers have focused on approaches and closed processes for the development of innovative activity [5]. Derived from the demands of highly competitive markets, open innovation (OINN) arose as a strategy that breaks with closed innovation paradigms [6]. In the context of Mexican small and medium enterprises (SMEs), open innovation is a novel strategy that allows managers to have access to the external capabilities of an organization to develop their technologies [7,8]. New business models based on open innovation allow the integration of technology management and organizational innovation management [3]. This approach makes it possible to eliminate internal limits and involve all organization stakeholders (managers, employees, clients, suppliers, and society), thereby developing innovative behavior and motivation toward a change in culture based on creativity and innovation. Undoubtedly, technological capability (TC) has been a critical element in accelerating innovation activities in companies and is considered one of the most relevant dynamic capacities to achieve sustained competitiveness [9,10]. The technological capacity involves a series of financial and human resources to achieve efficiency [11]. Technological capacity encompasses the practical and theoretical knowledge that will allow a company to improve and develop new products [12,13]. New technologies have important implications in open innovation processes for SMEs, since with this organizational link, they can meet customer expectations and achieve more excellent corporate financial performance [14].



With the emergence of new production patterns and the growth in the number of customers with socially responsible purchasing behaviors, companies are adopting new business models based on changes that allow them to compete in ecological and/or sustainable market segments [15,16]. For this reason, eco-innovation (EINN) is taking on great relevance considering business activities focused on improving products and environmental and economic processes [17]. A significant number of companies have considered introducing eco-innovation to create economic and environmental value [18] simultaneously. This process draws on complex networks of partners and external stakeholders, cooperating through open innovation systems with inbound and outbound practices, to address the challenges posed by eco-innovation [19].



In SMEs’ contexts, a significant number are adopting this type of business practice to achieve sustainability [20]. Among the most advanced practices in SMEs are certifications in social responsibility and the adoption of certifications through ISO 14000 and 26000 [21,22]. From a dynamic capabilities theory (DCT) perspective, without a doubt, TC has a direct influence and significant impact on open innovation activities and eco-innovation, which together allow increased business competitiveness and help raise corporate performance (CPERF) [23]. However, SMEs located in emerging regions have internal obstacles (short-term vision, low-qualified personnel, traditional technologies, and a culture focused on closed innovation processes) [24,25,26] and external barriers (aggressive competitiveness, globalization of multinational companies, and changes in economic cycles) [27,28].



Despite the growing interest in EINN, few studies have examined its relationship with OINN to affect company performance. Our understanding of the relationship between OINN, EINN, and performance remains fragmented, and it deserves further exploration [29]. More significant efforts are also required to explain the participation of EINN from different points of view [19]. OINN and EINN are in development stages, so additional studies will help to better understand their effects on company performance [30]. A recent systematic study called for the study of EINN in SMEs, explicitly in developing countries, since studies in those countries reach only 22% versus 75% in developed countries [31]. Other studies have added that it is not clear if the findings in the literature on open innovation in companies are equally valid in emerging markets, which do not have the same capabilities as companies in developed markets [32].



We consider that SMEs have resource limitations [33,34], particularly in emerging economies where such limitations are usually more critical [35]. Our study makes a significant contribution based on the theory of dynamic capabilities. The proposed model is analyzed from two perspectives: (1) the open innovation model supported by TC for the generation of corporate performance of SMEs and (2) the eco-innovation (sustainable) model with technological support to raise the corporate performance of SMEs. These business models are generally studied and adopted by large and high-tech companies. Therefore, our model makes an important empirical contribution by analyzing these development and competitiveness strategies in SMEs’ context in an emerging economy. This research aims to analyze the effects of TC on OINN, EINN, and the corporate performance of SMEs. In addition, the effects of OINN and EINN on corporate performance and the mediation effect they have between TC and the corporate performance of SMEs are analyzed. The research questions are the following: (1) Does TC significantly influence the development of OINN and EINN practices and raise the level of corporate performance in SMEs? (2) What contributes more to CPERF of SMES, the practices of OINN or EINN? (3) Are OINN and EINN business practices that have a mediating role between TC and CPERF in SMEs? The current literature on open innovation and eco-innovation provides an important empirical contribution regarding SME businesses in an emerging economy such as Mexico. The first section of the paper introduces the importance of technological capacity, open innovation, and eco-innovation in SMEs’ corporate results globally and in Mexico. In the second section, a review of the literature is described, explaining the theoretical foundation through dynamic capabilities and how technological capability contributes to open innovation activities, eco-innovation, and SMEs’ corporate performance. Moreover, in this section, the hypotheses of the model are developed and justified. The third section describes the methodology: population, sample, data collection technique, characterization of SMEs, and measurement of the variables under study. In the fourth and fifth sections, the findings are presented, and the results are discussed. The last section of the paper describes the conclusions, limitations, and future lines of research.




2. Literature Review and Hypothesis Statement


2.1. TC, Open Innovation, Eco-Innovation, and Corporate Performance


From the perspective of dynamic capabilities theory, SMEs are moving toward more innovative and sustainable business models that allow them to increase their competitiveness and satisfy their stakeholders’ demands. According to Teece [3], innovative business models are based on technological capacity, open innovation capacity, sustainability, or ecological innovation. Technological capacity is understood as a company’s ability to design and develop new processes and products, improve knowledge and human capital skills, and transform knowledge into inputs (products and services) of high added value to increase organizational performance [36,37]. Some studies have explained a strong relationship between development and technological capacity with open innovation activities in SMEs; therefore, it is considered a dynamic capacity that helps competitiveness [38,39,40]. Currently technological capacity and the use of new disruptive technologies determine the innovation capacity of companies because the collection of information and knowledge from customers, suppliers, and employees is carried out through digital tools that help with direct bi-directional interaction. Thus, open innovation (inbound and outbound) is more effective in developing and creating products [41,42].



At the same time, new technologies are making a strong push in eco-innovation and green supply chains [43]. Studies developed by Kuo and Smith [44] have verified that companies that use technologies in their processes to develop ecological products report a high level of satisfaction of green and/or ecological consumers. Some SMEs are also adopting new technologies (procedures, machines, and equipment) with cleaner and more ecological processes, which has allowed energy savings and cost reduction and the development of products that are friendly to the environment [40,45]. Similarly, the technological and innovative capacities of a company determine the level of financial and corporate performance [46,47]. In the same way, SMEs, which have greater technological equipment and make use of digital tools such as social media (Facebook, WhatsApp), online marketing (websites, e-commerce), and artificial intelligence (chatbots) and have a better approach to their markets and consequently raise customer satisfaction, market share, and financial performance [48,49]. However, other studies indicate that sometimes low technological capacity and the incorrect application of TC have little impact on innovation processes, economic growth, and corporate performance [50], while more recent studies report that digitization and the adoption of disruptive technologies are decisive in increasing SMEs’ competitiveness and financial performance [51]. From the theoretical and empirical point of view, the following hypothetical approaches emerge:



Hypothesis 1 (H1).

A Greater technological capacity of SMEs has a significant effect on open innovation activities.





Hypothesis 2 (H2).

A Greater technological capacity of SMEs has a significant effect on eco-innovation activities.





Hypothesis 3 (H3).

A Greater technological capacity of SMEs has a significant effect on corporate performance results.






2.2. Open Innovation, Eco-Innovation, and Corporate Performance


The study of open innovation is a relatively new subject in business sciences and innovation management. This type of innovation uses inbound and outbound knowledge to accelerate internal innovation and improve competitiveness. However, given the high complexity and deployment of resources (dynamic capabilities) to achieve maximum efficiency and sustained high financial performance, SMEs have seen little benefit from this type of innovation strategy [7,8]. The lack of links with other companies, research centers, and universities has meant that SMEs positively impact the management of open innovation [8]. Like the one developed by Keinz and Marhold [52], some studies show that strategic alliances have helped develop technological capabilities and improve product designs and contribute to improved financial and economic performance. In the same direction, studies indicate that efficient management of internal and external knowledge channeled toward open innovation and involving other interest groups (government, universities, clients, suppliers, and society) causes an increase in SMEs’ sales production processes and corporate performance [53,54]. The management of innovation has evolved, and today companies are adopting models based on eco-innovation. Some studies on this topic have explained that eco-innovation requires the deployment of resources and environmental strategies and social responsibility to achieve increased customer satisfaction and financial performance [20,55,56].



On the other hand, SMEs face barriers to developing eco-innovation practices; these can be government policies, high costs, demanding markets, and lack of knowledge [6,57]. However, companies that manage to break down these barriers and become sustainable and innovative can obtain many organizational and financial benefits [57,58]. From the previous context, the following hypotheses arise:



Hypothesis 4 (H4).

A greater focus on SMEs’ open innovation activities has a significant effect on corporate performance.





Hypothesis 5 (H5).

A greater focus on SMEs’ eco-innovation activities has a significant effect on corporate performance.





The hypotheses and flows of the theoretical model are presented in Figure 1.





3. Materials and Methods


3.1. Sample


The research design is quantitative and predictive and focused on a population of small companies located in Mexico’s northwest region (Sonora, Baja California, and Sinaloa). Among Mexican micro-, small, and medium enterprises (MSMEs), there are more than 6 million businesses, of which 94.5% are microenterprises and 4.9% are SMEs; these two groups of companies generate more than 60% of the jobs in the country, and only 0.02% correspond to large companies. Businesses in Mexico comprise 49% of trade companies, 39% of service companies, and 13% of manufacturing companies. Data from the Comisión Económica para América Latina y el Caribe CEPAL [59] show that Mexican SMEs are quite heterogeneous, and they require analysis, preferably of a sectoral type. Furthermore, the Global Entrepreneurship Monitor GEM [60] affirms that new public policies of the Mexican government are an attempt to promote research and development (innovation) and sustained economic growth through Sustainable Development Goal (SDG) 8. Mexico is an interesting case that has remained unexplored in the literature. It has had favorable gross domestic product (GDP) growth rates since the 1990s [61], mainly due to large multinational corporations’ foreign direct investment activities in the study area. Despite these trends, Mexico’s relative performance in terms of innovation has remained below expectations given the size of its economy [62].



The selection of the population followed the principles of the stratified method. SMEs in the commerce sector were selected for this study because they represent crucial Mexican economic participation [63]. The number of employees was taken as a reference; the participating companies have from 10 to 200 employees (85% are small companies with 10 to 50 employees, and 15% are medium-sized companies with 51 to 200 employees). The information on these companies’ total numbers was provided by the National Directory of Economic Units (DENUE) [64]. The sample size was determined so that the maximum margin of error for estimating a proportion (relative frequency of response to a specific item of a question) was less than 0.03 points, with a confidence level of 95%.



A significant limitation in empirical studies is limited resources and low response rates [65]. We addressed this limitation by interviewing the owners or managers of the companies that participated in the research. They had sufficient knowledge and a holistic perspective of organizational processes and practices and the external business environment [66]. The data collection was carried out through a questionnaire in the form of a personal interview with the owner and/or manager of each participating company (see Appendix A). The fieldwork was carried out from March to November 2019. Finally, data on a total of 684 companies were collected. The oldest company has been in operation for 67 years, and the youngest has one year of activity in the sector. Moreover, 15% of the companies have an environmental certification (ISO14000), and 85% do not.




3.2. Characteristics of SMEs


In this section, the main characteristics of the 684 companies that participated in the study are described in detail. For this purpose, it was decided to describe the type of company, the gender of the manager, and the manager’s educational level and experience.



Regarding the type of company, in Mexico’s specific case, the form of registration and legal constitution of companies through government agencies such as the Ministry of Finance is considered. A legal person refers to a company made up of several partners who contribute to social capital. On the other hand, companies legally registered by a single person are called natural persons with business activity. Table 1 shows the types of companies and the gender of the managers. It is observed that there were many more males than female managers of the two types of companies.



Table 2 shows the type of company, the manager’s experience based on years working at the SME, and the manager’s level of education. Most of the managers (77%) have relative seniority in the company, an average of 1 to 7 years (little experience), and about 23% have an average of 15 years’ seniority (sufficient experience). Those who have enough experience have an average of 20 years’ seniority at the SME (1%). Regarding the level of education, most SME managers (64%) have completed university (undergraduate or postgraduate), and another 46% have completed necessary studies (high school or technical level).



Table 3 shows the gender, level of education, and experience of the SME managers. The data show that more male than female managers have completed university studies. It is also observed that there are more male than female managers with little experience, but also male managers have sufficient experience.




3.3. Design and Validation of Data Collection Instrument


The questionnaire used in the research was directed to managers or directors of SMEs that participated in the study. It was divided into two phases. The first one included the general data of the investigation, such as the sector in which the company operates, its size concerning the number of employees, its geographical location, the gender of the director, the type of company, and the manager’s training/or education level. The second section was made up of the study variables: open innovation, eco-innovation, information communication technologies, and corporate performance. A pilot test was initially applied with 5% of the sample to correct any anomalies related to the question design to validate the instrument. To avoid non-response bias, analysis of the single Harman factor was carried out as a tool that helps to diagnose bias through the analysis of common method variance (CMV). We performed confirmatory factor analysis (CFA) using SPSS version 23 software and subsequently examined the reliability of each model construct through the structural equation system (SEM) based on the variance with support from partial least square (PLS). There are two crucial indicators when making these calculations that can lead to the presence of CMV: when performing CFA, the results are grouped into a single factor, and when a single factor explains most of the variance of the model variables [67,68]. The results show that the Kaiser-Meyer-Olkin (KMO) value is 0.931 (statistically significant), and the chi-square value is 2781.997. CFA shows that our model is adjusted and grouped into six variables; these factors have a total value of the explained variance of 65.91%, and the first factor has a value of 26.55%, which shows that non-response bias is unlikely to exist in the proposed research model.




3.4. Measurement of Variables


The variables used in the research were measured through first-order reflective one-dimensional variables and second-order multidimensional constructs in mode A. The technique used to analyze the proposed model was a two-step approach. (1) The model was drawn with the first-order dimensions and their respective indicators. These dimensions were then connected to the main construct, and the corresponding analysis was made to obtain the latent variables scores. (2) The score values were used to analyze the first-order dimensions, and they were connected with the second-order construct for later execution in SmartPLS version 3.3.2 [69]. The SEM-PLS method was chosen for this research due to the following factors: (1) the nature of the items of a reflective type, (2) adaptation to the design of the quantitative–predictive type of research, and (3) the size of the sample and the robustness of the model with first- and second-order constructs [70,71]. All variables were measured using a 5-point Likert scale (1 = completely disagree to 5 = completely agree). The justification for the selection was that this scale allowsd us to relate variables and estimate effects with models of structural equations [72], specifically in PLS-SEM models [73].



3.4.1. Technological Capability (TC)


This reflective construct was measured in a unidimensional way considering the adoption and use of technology to improve a company’s innovation. To measure it, five questions were structured, adapted from [10,74,75]. The construct meets the minimum requirements of reliability and validity: the factor load ranges from 0.721 to 0.857, Cronbach’s alpha is 0.863, and composite reliability has a value of 0.902; moreover, the mean-variance extracted is 0.648.




3.4.2. Open Innovation (OINN)


This reflective construct was measured in a multidimensional way, considering incoming and outgoing innovation, as a means of increasing corporate performance. The construct was made up of two dimensions: (1) inbound, which includes three questions, and (2) outbound, made up of 3 questions. The questions of this dimension were adapted from Ref. [6,7]. The construct meets the minimum requirements for reliability and validity: the factor load ranges from 0.727 to 0.811, Cronbach’s alpha 0.879, and composite reliability has a value of 0.908; moreover, the mean-variance extracted is 0.623.




3.4.3. Eco-Innovation (EINN)


This reflective construct was measured in a unidimensional way, considering ecological and sustainable practices in innovation and their relationship with corporate performance. The seven questions of this dimension were adapted from Ref. [76,77]. The construct meets the minimum requirements of reliability and validity: the factor load ranges from 0.765 to 0.856, Cronbach’s alpha 0.925, and composite reliability has a value of 0.939; moreover, the mean-variance extracted is 0.690.




3.4.4. Corporate Performance (CPERF)


This construct was measured in a unidimensional way considering the opinions of the directors and/or managers of the SMEs on their financial and economic benefits in the last 2 years derived from the implementation of innovative actions. To measure it, four questions were structured, adapted from Ref. [16,78,79]. The construct meets the minimum requirements of reliability and validity: the factor load ranges from 0.718 to 0.793, Cronbach’s alpha 0.750, and composite reliability has a value of 0.939; in addition, the mean-variance extracted is 0.690.






4. Results


4.1. Measurement Model


In addition to the individual reliability of the items, presented in the previous section, which was shown to be very close to or above 0.707 [80,81], this section shows the internal consistency of the model through the reliability of the constructs, Cronbach’s alpha, composite reliability, and rho_ A, values that are above 0.7 according to what is recommended [70,81] (see Table 4).



Convergent and discriminant validity are shown in the following tables. The data indicate that the average variance extracted (AVE) explains at least 50% of the variance of the indicators analyzed in the model. In the same way, discriminant validity indicates that the square root of AVE (values on the diagonal) is greater than the values of the correlations of the constructs [82,83] (see Table 5).




4.2. Structural Model


First, the evaluation of the algebraic sign (+, −), the magnitude (value of the coefficient and of t), and the statistical significance of the path coefficients are shown; this analysis was carried out using the bootstrapping technique with 5000 samples. In addition, standard deviation and explained variance (R2) are shown by multiplying the value of the path coefficient and the correlation. This analysis was performed under a one-tailed Student’s t distribution with n − 1 degrees of freedom (Table 6).



Table 6 and Table 7 show the hypothesis test results; only H3 does not have empirical support. On the other hand, H1, H2, H4, and H5 show a strong positive and significant relationship at 99%. In addition to the beta value, algebraic sign, and significance, we show the value of t, which is greater than 2. This test corroborates the results of the relationships that have empirical support in our model. In addition, the bootstrapping test with 5000 samples includes the confidence intervals of percentiles (CI) and corrected biases (CI); in the confidence intervals, zero is not presented, thereby demonstrating the strength and magnitude of the relationships of model constructs.



4.2.1. Indicators of Predictive Analysis of the Model


To evaluate the model’s predictive power, the values of the coefficient of determination (adjusted R2) of the endogenous constructs were analyzed. The results of our model indicate the following: OINN = 0.273, EINN = 0.206, and CPERF = 0.066. According to Chin [83], the values for open innovation and eco-innovation are moderate; however, the value is a bit weak for corporate performance. Falk and Miller [84] suggested that a value of 0.10 meets the requirements to achieve a minimum predictive power level (see Figure 2). We analyzed the effect size with the value of f2; this analysis shows the effect and/or value that the construct contributes, exogenous to endogenous. The results of the key relationships with the greatest strength are as follows: TC-OINN = 0.377 (big effect), TC-EINN = 0.262 (moderate effect), OINN-CPERF = 0.025 (small effect), and EINN-CPERF = 0.016 (small effect). These values are taken according to the recommendation of Ref. [83,85].




4.2.2. Measuring the Predictive Relevance of the Model


To evaluate the model’s predicative relevance, the Stone-Geisser test was carried out using the blindfolding technique to determine the value of Q2. Values of the reflective variables greater than zero are considered to have adequate predictive relevance [83]. Our model results show the following values: OINN = 0.169, EINN = 0.141, and CPERF = 0.037. In addition, another measure of goodness of fit was incorporated to measure the global model; for this, the standardized root mean residual sack (SRMR) was considered, a value that must be below 1 [70,86]. Our value is 0.081, which shows that the proposed model has a good fit.




4.2.3. Multiple Mediation Analysis


The single-step multiple mediator model was used to test the mediation effect (c = c’ + a1 × b1 + a2 × b2). This implies first estimating the importance of the direct effect (c’). Subsequently, two steps are carried out: (1) determining the indirect effects (a1 × b1) and (a2 × b2) using the bootstrapping technique with 5000 samples, with calculations of 90% confidence intervals [87,88]; and (2) determining the type of effect and magnitude of the indirect effects in relation to the total effect, in order to determine the importance of the direct and indirect effects and the type of mediation between variables [88,89]. It is also important to measure the value of the variance accounted for (VAF) indicator [90]. Hair et al. (2017) and Carrión et al. (2017) [90,91] indicated total or complete mediation when a × b is significant and the value of c’ is not significant, which we found in the analysis of our results. Furthermore, the VAF value is 86% above the average value, which shows that OINN and EINN have a mediating effect between TC and corporate performance: H1 = TC → CPER = c’; H2 = TC → OINN → CPERF = a1 × b1; and H3 = TC → EINN → CPERF = a2 × b2.



Table 8 and Figure 3 show the results obtained from multiple mediation analysis. The results show that open innovation and eco-innovation are measurement variables that help increase the relationship between TC and SMEs’ corporate performance.




4.2.4. Multi-Group Analysis


In the study, a non-parametric PLS-MGA analysis was used; this test requires confirmation of the measurement invariance between two groups (1 = certified (14% of the total sample) and 2 = not certified (86% of the total sample) in ISO 14000). For this, the configurational invariance was analyzed, and the compositional invariance was presented [80]. Regarding the configurational invariance, it was confirmed that the treatment of data for the measurement of the two models and the structural and algorithm configuration were the same for both groups (see Table 9). For compositional invariance, a permutation method was used with a sample of a minimum of 1000 permutations with a significance level of 5%. This method compared the original score correlations with the empirical distribution correlations after the permutation process. If the correlations exceed 5%, it is established that there is compositional invariance.



This analysis is carried out in the following section with the analysis of differences in the beta coefficients. The results show that SMEs that do not have certifications in environmental aspects are carrying out technological, innovative, and eco-innovative practices to achieve higher financial returns (see Table 10).



ISO 1400 was selected to develop the multi-group analysis, mainly due to the organizational benefits it brings to companies. According to the ISO [92], this certification is based on a management system that improves product quality, operational efficiency, environmental performance, and health and safety in the workplace. It can also be a crucial factor in defining stable executive leadership and setting goals for SMEs’ business employees. On the other hand, the high cost of implementing this type of certification prevents SMEs from adopting it in a timely and permanent manner. Therefore, the company’s size and age are decisive factors in this business strategy [93]. On the other hand, it has been observed that companies in the industrial sector, such as manufacturing (automotive, nanotechnology, and aerospace), adopt this type of environmental management certification to a greater extent [57,94]. Additionally, it was decided to analyze this business practice because most companies have not adopted this certification, so it is interesting to measure it and verify its effects on corporate performance, eco-innovation, and open innovation.



In addition, Table 11 shows that SMEs that do not adopt ISO 1400 certification achieve fewer significant results in corporate performance, but these results are slightly above those of SMEs that do have certification in this environmental standard.The same behavior is manifested for eco-innovation and open innovation. These results may be because for Latin American SMEs, specifically Mexican ones, this type of norm is not mandatory, and these environmental management practices are in an initial phase of adoption [22,95]. Therefore, these certification standards represent a challenge for SMEs and an important area of opportunity to increase their competitiveness and performance.






5. Discussion


Based on the theory of dynamic capabilities and the call to develop new innovative and sustainable business models, we tested a theoretical model that includes dynamic capabilities, open innovation, and eco-innovation with 684 SMEs located in a developing economic region. Next, we present the main elements derived from the investigation, both conceptual and practical.



First, we analyze the effects that TC has had on open innovation practices, eco-innovation, and corporate performance results. The results show that SMEs’ technological capability has a more significant impact on open innovation activities since it helps them collect information, transfer it within the company, and improve processes and products. These findings are in line with empirical studies showing that SMEs with greater technological capacity and on the path of digitizing their processes are more likely to adopt open innovation and be more competitive [38,41]. On the other hand, TC has a similar impact on the eco-innovation activities carried out by SMEs. With the new environmental and ecological regulations established by global organizations, these types of companies are adopting these new business models to comply with regulations and meet the needs of green and/or ecological markets. A determining factor of adopting eco-innovation is the impulse to use technology [96] because developing cleaner innovations is more complex and requires more outstanding technological capability [97]. These results are in line with the empirical studies analyzed in the paper because disruptive technologies and digitization help SMEs improve their production processes, save energy, and improve product designs with less polluting materials [44,45].



However, in our model, technological capability does not have a significant impact on corporate performance results. Some explanations for this are related to the companies analyzed. The commercial SMEs under study have low technology since their focus is not on developing new products. Moreover, for this reason, they have a lower capacity to absorb external and internal technology, and they fail to benefit from the supply of technology [96]. These findings are consistent with the argument that an organization’s capacities work to build and integrate competencies in all strategies, but ultimately in performance [30]. Therefore, companies in this sector require public policies to incorporate technological capabilities to be efficient [50,75].



Next, we analyze the findings related to the impact of open innovation and eco-innovation on corporate performance. The results indicate that the open innovation activities carried out by SMEs have a moderate but significant effect on corporate performance results. These findings are in line with the theoretical and empirical context [6,98].



Companies in the commerce sector can create value for their consumers using open innovation [99]. However, to carry it out, factors such as creativity, the ability to learn, and tolerance for failure must be developed to motivate the actors to participate [100,101]. Issues that are not well developed in Mexican SMEs require greater technological capacity, incoming innovation (exchange of knowledge with other sectors and companies), and outgoing innovation (design of new products, patents, and inventions) to improve organizational and economic results [53,54].



With a similar impact and a significant effect, we find that eco-innovation plays an essential role in the corporate performance results of SMEs; however, these new practices for these types of companies are novel and require greater maturity, commitment, and sustainable organizational business practices to achieve better results [3,55,57].




6. Conclusions


This study has important theoretical and empirical implications. From the theoretical perspective, the study makes an essential contribution to developing and analyzing the theory of dynamic capabilities through a theoretical model, which includes open innovation and eco-innovation supported by technological capability. This model was tested with SMEs in Mexico, an economy classified as emerging or developing. Mexico is a fascinating case because, despite good macroeconomic indicators, its relative performance in terms of innovation has remained below expectations given the size of its economy [62]. Moreover, it is established that it is unclear whether the assumptions and findings of the dynamic capabilities literature in developed markets, where most of the studies have been concentrated, are equally valid for companies in emerging markets [32].



From an empirical perspective, the study has important implications for managers and business owners. It shows that SMEs that have efficient technological capacity and adopt innovative and sustainable business models can become more competitive and profitable for more extended periods. This can allow them to achieve a greater competitive advantage, be more innovative, and improve their corporate performance results by taking the following steps: (1) intensifying open innovation activities (interacting more frequently with interest groups); (2) adopting disruptive technology and free software to improve processes; (3) establishing relationships with research centers and universities for the development of technological, innovative, and ecological projects; (4) seeking support from the national government or foreign entities for the development of technological and innovative projects; (5) adopting ongoing training programs for members of the organization; (6) adopting certifications focused on ecological and/or green practices for product development. Regarding the implications of public policies, the results show that SMEs that develop open innovation and eco-innovation improve their performance, bringing better financial results. Therefore, public policies should encourage the adoption of these practices. Previous results indicate that companies’ decisions on eco-innovation are stimulated by national regulations [18]. Another factor that justifies public support for innovation is market failure, such as difficulties that companies of this size have in financing R&D activities [102]. Finally, provisions that promote the transfer and exchange of knowledge between academia and industry could incorporate regulations and policies that stimulate eco-innovation, even as a requirement for financing [96].



The research is not free of limitations, and it is important to try to minimize them in future studies. One of the main limitations in this type of study is the source of the data because the information collected comes from the managers of the surveyed companies’ subjective opinions, which can sometimes lead to bias. Future studies could consider the participation of workers or consumers. Another limitation is the development of measurement scales since they were adapted from studies in different contexts. The statistical analysis used variance; future research might consider statistical analysis that focuses on covariance. Due to the importance of continuously analyzing SMEs in most countries, it is recommended to continue with studies that reveal the practices these companies develop. It would be interesting to contrast whether the model behaves the same in less-knowledge-intensive service companies (LKIS) versus knowledge-intensive service companies (KIS). Other aspects that require attention to strengthen the theoretical models are phenomena related to intellectual capital, intellectual property, and business sustainability, especially in emerging economies.
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Appendix A. (Survey)


Dear company and/or manager: We ask you to please help us answer the following questions of this research project. Thank you very much for your collaboration. Instructions: Please mark with an X, in blocks I and II, the option that you consider most appropriate and closest to the reality of your organization.



	
Block I






	
Activity sector: □ Trade



	
Gender: □ Female □ Male



	
Size of the company: □ Small (10–50 employees) □ Medium (51–200 employees)



	
Level of education: □ Basic studies □ University studies



	
Type of company: □ Moral □ Physical



	
Geographic location of the company: □ Sonora □ Baja California □ Sinaloa






	
Block II








	

	
1: Completely Disagree,

5: Completely Agree

	
Authors (Researchers)/Factor Load




	
Technological capability (TC): In the last 2 years your company:

	
1

	
2

	
3

	
4

	
5

	
[10,74,75]




	
TC1: Had information technology better than the competition

	
□

	
□

	
□

	
□

	
□

	
0.776




	
TC2: Used technological tools to negotiate with suppliers

	
□

	
□

	
□

	
□

	
□

	
0.721




	
TC3: Used software for intradepartmental communication

	
□

	
□

	
□

	
□

	
□

	
0.831




	
TC4: Had qualified personnel to handle ICT

	
□

	
□

	
□

	
□

	
□

	
0.857




	
TC5: Used ICT for decision-making

	
□

	
□

	
□

	
□

	
□

	
0.832




	
Open innovation: In the last 2 years your company:

	
1

	
2

	
3

	
4

	
5

	
[6,7,103,104]




	
Inbound

	

	

	

	

	

	




	
OINN1: Participated in projects with other companies in the sector

	
□

	
□

	
□

	
□

	
□

	
0.853




	
OINN2: Had direct participation of customers in improving products

	
□

	
□

	
□

	
□

	
□

	
0.819




	
OINN3: Had participation of suppliers in improving innovation processes

	
□

	
□

	
□

	
□

	
□

	
0.858




	
Outbound

	

	

	

	

	

	




	
OINN4: Had sales of licenses or registration of new brands

	
□

	
□

	
□

	
□

	
□

	
0.842




	
OINN5: Had sales of intangible assets such as know-how

	
□

	
□

	
□

	
□

	
□

	
0.880




	
OINN6: Developed new businesses with internal knowledge

	
□

	
□

	
□

	
□

	
□

	
0.873




	
Eco-innovation: In the last 2 years your company has:

	
1

	
2

	
3

	
4

	
5

	
[76,77,105,106,107,108]




	
EINN1: Designed products that reduce the use of materials

	
□

	
□

	
□

	
□

	
□

	
0.856




	
EINN2: Designed products with components for reuse or recycling

	
□

	
□

	
□

	
□

	
□

	
0.835




	
EINN3: Designed products to avoid or reduce the use of hazardous materials

	
□

	
□

	
□

	
□

	
□

	
0.765




	
INN4: Used production processes that minimize or reduce waste

	
□

	
□

	
□

	
□

	
□

	
0.814




	
EINN5: Cooperated and linked with sustainable suppliers

	
□

	
□

	
□

	
□

	
□

	
0.853




	
EINN6: Used processes and technologies focused on energy efficiency

	
□

	
□

	
□

	
□

	
□

	
0.855




	
EINN7: Exchanged ideas for the design of green products with stakeholders (employees, customers, and suppliers)

	
□

	
□

	
□

	
□

	
□

	
0.829




	
Corporate performance: In the last 3 years your company has achieved:

	
1

	
2

	
3

	
4

	
5

	
[16,78,79,109,110]




	
CPERF1: Increased profits (financial profits)

	
□

	
□

	
□

	
□

	
□

	
0.718




	
CPERF2: Increased sales of products and services

	
□

	
□

	
□

	
□

	
□

	
0.752




	
CPERF3: Increased contribution margin (costs + expenses, income)

	
□

	
□

	
□

	
□

	
□

	
0.758




	
CPERF4: Increased market share in the sector

	
□

	
□

	
□

	
□

	
□

	
0.793
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Figure 1. Nomogram of the study. 






Figure 1. Nomogram of the study.
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Figure 2. Nomogram of the study (structural model). 
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Figure 3. Nomogram of the study (multiple mediation). 
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Table 1. Type of company and gender of the manager.






Table 1. Type of company and gender of the manager.





	Type of Company
	Male
	Female
	Total





	Legal person
	174
	104
	278



	%
	25.40%
	15.20%
	40.60%



	Natural person
	233
	173
	406



	%
	34.10%
	25.30%
	59.40%



	Total
	407
	277
	684



	%
	59.50%
	40.50%
	100.00%
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Table 2. Type of company, manager’s experience, and level of education.






Table 2. Type of company, manager’s experience, and level of education.





	

	
Manager’s

Experience

	

	

	
Manager’s

Education

	




	
Type of

Company

	
Little

Experience

	
Sufficient

Experience

	
Wide

Experience

	
Basic

	
University






	
Legal person

	
211

	
65

	
2

	
104

	
174




	
%

	
30.80%

	
9.50%

	
0.30%

	
15.20%

	
25.40%




	
Natural

person

	
319

	
85

	
2

	
214

	
192




	
%

	
46.60%

	
12.40%

	
0.30%

	
31.30%

	
28.10%




	
Total

	
530

	
150

	
4

	
318

	
366











[image: Table] 





Table 3. Manager’s gender, level of education, and experience.






Table 3. Manager’s gender, level of education, and experience.





	

	
Manager’s Education

	

	

	
Manager’s Experience




	
Gender

	
Basics

	
University

	
Little

Experience

	
Sufficient

Experience

	
Wide

Experience






	
Female

	
154

	
123

	
231

	
46

	
0




	
%

	
22.50%

	
18.00%

	
33.80%

	
6.70%

	
0.00%




	
Male

	
164

	
243

	
299

	
104

	
4




	
%

	
24.00%

	
35.50%

	
43.70%

	
15.20%

	
0.60%




	
Total

	
318

	
366

	
530

	
150

	
4
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Table 4. Reliability and validity by construct. TC, technological capability. OINN, open innovation; EINN, eco-innovation; CPERF, corporate performance.






Table 4. Reliability and validity by construct. TC, technological capability. OINN, open innovation; EINN, eco-innovation; CPERF, corporate performance.





	Construct
	Cronbach’s Alpha
	rho_ A
	Composite

Reliability





	TC
	0.863
	0.864
	0.902



	OINN
	0.879
	0.880
	0.908



	Outbound
	0.832
	0.832
	0.899



	Inbound
	0.797
	0.800
	0.881



	EINN
	0.925
	0.925
	0.939



	CPERF
	0.750
	0.753
	0.842
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Table 5. Discriminant validity. AVE, average variance extracted.






Table 5. Discriminant validity. AVE, average variance extracted.













	Construct
	AVE
	TC
	OINN
	EINN
	CPERF





	CTs
	0.648
	0.805
	
	
	



	OINN
	0.623
	0.523
	0.790
	
	



	EINN
	0.690
	0.456
	0.344
	0.830
	



	CPERF
	0.571
	0.174
	0.336
	0.204
	0.756
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Table 6. Hypothesis test results.






Table 6. Hypothesis test results.





	Hypothesis
	Path Coefficient
	SD
	T Value
	p-Value
	f2
	Variance Explained: R2
	Result





	H1: TC → OINN
	0.523 ***
	0.032
	16.337
	0.000
	0.377
	27.4%
	Supported



	H2: TC → EINN
	0.456 ***
	0.035
	12.880
	0.000
	0.262
	20.8%
	Supported



	H3: TC → CPERF
	0.025
	0.046
	0.532
	0.302
	0.005
	0.4%
	Unsupported



	H4: OINN → CPERF
	0.166***
	0.043
	3.848
	0.000
	0.025
	3.8%
	Supported



	H5: EINN → CPERF
	0.136***
	0.044
	3.080
	0.001
	0.016
	2.8%
	Supported







*** p < 0.001.
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Table 7. Percentile confidence interval (CI) and bias-corrected.






Table 7. Percentile confidence interval (CI) and bias-corrected.





	
Hypothesis

	
Path Coefficients

	
Percentile

	
Percentile

	
Bias Corrected

5%

	
Bias Corrected

95%




	
CI 5%

	
CI 95%






	
H1: TC → OINN

	
0.523 ***

	
0.467

	
0.574

	
0.467

	
0.574




	
H2: TC → EINN

	
0.456 ***

	
0.397

	
0.513

	
0.396

	
0.511




	
H3: TC → CPERF

	
0.025

	
–0.051

	
0.103

	
−0.051

	
0.101




	
H4: OINN → CPERF

	
0.166 ***

	
0.095

	
0.240

	
0.093

	
0.235




	
H5: EINN → CPERF

	
0.136 ***

	
0.065

	
0.208

	
0.064

	
0.209








*** p < 0.001; n = 5000 subsamples; t (0.05; 4999) = 1645; t (0.01; 4999) = 2327; t (0.001; 4999) = 3092.













[image: Table] 





Table 8. Multiple mediation. VAF, variance accounted for.






Table 8. Multiple mediation. VAF, variance accounted for.





	
Bootstrap 90%




	

	
Path Coefficient

	
Percentile CI

	

	
Bias Corrected CI

	

	
VAF






	
H1 c’

	
0.025 nsig

	
−0.051

	
0.102

	
–0.051

	
–0.051

	




	
a1

	
0.523 sig

	
0.470

	
0.572

	
0.471

	
0.472

	




	
a2

	
0.456 sig

	
0.396

	
0.397

	
0.397

	
0.398

	




	
b1

	
0.166 sig

	
0.094

	
0.239

	
0.093

	
0.092

	




	
b2

	
0.136 sig

	
0.063

	
0.207

	
0.063

	
0.063

	




	

	
Point estimate

	
Percentile

	

	
Bias corrected

	

	




	
H2

	
0.087 sig

	
0.044

	
0.137

	
0.044

	
0.043

	
0.50




	
H3

	
0.062 sig

	
0.025

	
0.106

	
0.025

	
0.025

	
0.36




	
Total indirect effect

	
0.149

	
0.069

	
0.243

	
0.069

	
0.068

	
0.86




	
Total effect

	
0.174

	

	

	

	

	




	
VAF

	
86%

	

	

	

	

	











[image: Table] 





Table 9. Configurational invariance.






Table 9. Configurational invariance.





	Constructs
	Correlation
	5.0%
	p-Value (Permutation)
	Result





	Corporate performance (CPERF)
	0.976
	0.906
	0.263
	Yes



	Eco-Innovation (EINN)
	0.996
	0.997
	0.033
	No



	Technological capability (TC)
	0.996
	0.997
	0.024
	No



	Open innovation (OINN)
	1.000
	1.000
	0.105
	Yes
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Table 10. Hypothesis (Multigroup Analysis).






Table 10. Hypothesis (Multigroup Analysis).





	Hypothesis
	Path (G1)
	Path (G2)
	t Value (G1)
	t Value (G2)
	p-Value (G1)
	p-Value (G2)
	Result





	H1: TC → OINN
	0.506
	0.521
	5.260
	15.214
	0.000
	0.000
	G1 < G2



	H2: TC → EINN
	0.388
	0.460
	4.952
	12.149
	0.000
	0.000
	G1 < G2



	H3: TC → CPERF
	0.024
	0.019
	0.109
	0.392
	0.457
	0.347
	G1 > G2



	H4: OINN → CPERF
	0.148
	0.172
	1.034
	3.569
	0.151
	0.000
	G1 < G2



	H5: EINN → CPERF
	0.030
	0.149
	0.211
	3.085
	0.416
	0.001
	G1 < G2
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Table 11. Adjusted R2 (multigroup).






Table 11. Adjusted R2 (multigroup).





	Construct
	R2 (G1)
	R2 (G2)
	5.00%
	95.00%
	p-Value (Permutation)





	Corporate performance
	–0.001
	0.071
	–0.071
	0.137
	0.046



	Eco-innovation
	0.142
	0.210
	–0.145
	0.175
	0.229



	Open innovation
	0.248
	0.271
	–0.156
	0.172
	0.414
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