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Abstract

:

This study aims to develop a model of sustainability-oriented open innovation from the perspective of SMEs. Sustainability performance improvement is a problem for small and medium-sized enterprises (SMEs) due to limited resources. By implementing open innovation, SMEs can take advantage of external resources to innovate in their operations, thereby increasing sustainability performance. The model developed in this study consists of eighteen constructs: sustainability performance, innovativeness, inbound open innovation, six constructs representing organizational relationship factors, and nine constructs representing knowledge factors. The research model is evaluated using Partial Least Square Structural Equation Modeling. The respondents of this study are 199 SMEs that produce Batik Tulis, a traditional Indonesian fabric. The result shows that innovativeness positively relates to sustainability performance and inbound open innovation has a positive relationship with innovativeness. Competence mapping and network position are the organizational factors that positively affect inbound open innovation. The knowledge factors that positively affect inbound open innovation are the appropriation of knowledge output, connective capacity, inventive capacity, and innovative capacity. Identifying these six supporting factors for sustainability-oriented open innovation in SMEs based on empirical evidence is the main theoretical contribution of this study. As a practical implication, SMEs can gradually improve these six supporting factors by being active members and contributing to industrial associations.
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1. Introduction


Open innovation is the use of knowledge inflows and outflows to accelerate internal innovation and expand the market for external uses of innovation [1]. The emergence of the open innovation concept is triggered by the idea that organizations will find it challenging to innovate in isolated conditions [2]. Therefore, organizations need to interact with various external organizations to exchange ideas and resources.



The expected goal of implementing open innovation, both by large organizations and Small and Medium-sized Enterprises (SMEs), is to increase organizational performance in terms of total sales, market share, and financial benefits [3]. These three things are essential to support organizational continuity but not enough long term. Organizational continuity in the long term requires the organization to meet the needs of the organization and the needs of various stakeholders, which is known as the concept of sustainability [4]. Sustainability is the fulfillment of the current requirements of organizations and stakeholders in the economic, environmental, and social dimensions, through various activities while protecting, maintaining, and improving the human and natural resources needed in the future [5,6]. These three dimensions need to be considered in an integrated manner.



Sustainability-oriented open innovation is open innovation to meet organizational needs in economic, environmental and social dimensions [7]. The case studies conducted by Behnam et al. [7] and Lopes et al. [8] demonstrate the successful implementation of sustainability-oriented open innovation in large organizations. Sustainability is important, not only for large organizations but also for SMEs [9]. Therefore, sustainability-oriented open innovation is necessary to be implemented in SMEs. To achieve sustainability, SMEs need to innovate in their operations, especially in activities related to the environment, employees, society, and ethics [10]. Ramirez-Portilla et al. [11] provide empirical evidence based on 48 SMEs that produce supercars that open innovation has a positive relationship with sustainability. The results from SMEs in the supercars industry might not be applicable in other sectors. Evidence of this relationship in SMEs from different sectors is still needed.



The implementation of open innovation in SMEs requires a different approach from the implementation of open innovation in large organizations because SMEs have minimal resources [12]. The open innovation approach required by SMEs is a low-cost approach, which places greater emphasis on partnerships with external parties [13]. In addition to the role of stakeholders, open innovation needs to be supported by knowledge factors and organizational relationship factors [14].



Bos-Brouwers [10] provides an overview of the implementation of open innovation to achieve sustainability in SMEs but does not identify the supporting factors. The overview describes the scope of open innovation and external sources of knowledge related to open innovation to achieve sustainability in SMEs. Ramirez-Portilla et al. [11] formulate a model of the relationship between open innovation and innovativeness and the relationship between innovativeness and sustainability performance. Bos-Brouwers [10] and Ramirez-Portilla et al. [11] provide insight into implementing sustainability-oriented open innovation in SMEs. The implementation can be more successful if the supporting factors are clearly identified. The investigations related to organizational capabilities in the external search for open innovation and the context-dependency of open innovation are crucial for future research agendas [15]. Behnam et al. [7] reveal the role of networking, competence mapping, relational, and desorptive capabilities in sustainability-oriented open innovation. Lopes et al. [8] demonstrate the role of absorptive capacity in supporting sustainability-oriented open innovation. Since both studies were conducted in large organizations, the supporting factors for sustainability-oriented open innovation in SMEs need further investigation. Therefore, this study aims to develop a model of sustainability-oriented open innovation from the SMEs’ perspective. The model explores the supporting factors for sustainability-oriented open innovation in SMEs. The factors identified in this study will provide insight for the SMEs about the capabilities needed to be enhanced so that they can benefit from the implementation of sustainability-oriented open innovation.



This paper is structured into five sections. Following the introduction is the literature review section which discusses the previous studies related to sustainability-oriented open innovation and its supporting factors, especially in SMEs. The hypothesis and conceptual model development are also explained in the literature review section. The third section explains the research methodology used in conducting this study, and this section explains the sample and data collection and the measurement of variables. The fourth section presents the result of this study, followed by the discussion in the fifth section. Finally, the last section summarizes the result of the study in a conclusion.




2. Literature Review


Open innovation is the development of the organizational innovation process, which originally only involved internal parties of the organization, becoming more open by involving external parties. External parties can play a role as a resource for supporting innovation in the organization and act as parties who take advantage of innovation. Open innovation is a distributed innovation process based on the flow of knowledge across organizational boundaries that are managed intentionally, using various mechanisms in line with the organization’s business model, whether it involves money or not [16]. This definition emphasizes that the flow of knowledge across organizational boundaries needs to be managed intentionally by the organization, with mechanisms adapted to organizational conditions.



The main flows of knowledge in open innovation are inbound and outbound. Inbound is related to obtaining knowledge from external parties for internal use, while outbound is to exploit internal knowledge to external parties [17]. The inbound and outbound processes could happen throughout the open innovation process, starting from idea generation, experimentation and engineering, manufacturing, and marketing and sales [18]. Certain open innovation outputs require specific knowledge, so it is necessary to involve external parties who have such knowledge. The performance target of the organization usually determines the output target of open innovation. Thus, the orientation of organizational performance will determine the orientation of open innovation.



Mazzola et al. [19] conducted a systematic literature review of sixty scientific articles that empirically tested the relationship between open innovation and organizational performance. Of the sixty articles discussing the impact of open innovation, 42 articles discussed the impact on innovation performance, 14 articles discussed the impact on economic-financial performance, and four articles discussed the impact on innovation and economic-financial performance. Thus, these articles represent organizational performance with innovation performance and economic-financial performance, not yet discussing organizational performance to achieve sustainability, especially in environmental and social dimensions. Therefore, sustainability-oriented open innovation needs further investigation.



2.1. Sustainability-Oriented Open Innovation


Sustainability-oriented open innovation is a development of the concept of sustainability-oriented innovation. Sustainability-oriented innovation is defined as the development of products, processes, and management systems to meet organizational needs in economic, environmental, and social dimensions [7]. Sustainability-oriented innovation in this definition is carried out internally in an organization without involving external parties. Therefore, sustainability-oriented innovation that involves external parties of the organization in the stages of innovation can be referred to as sustainability-oriented-open innovation.



The difference between sustainability-oriented open innovation and open innovation, in general, can be identified in the types of external parties involved, as well as the results of the innovation process. The sustainability-oriented open innovation process results are products, processes, and management systems that can meet organizational needs in economic, environmental, and social dimensions. The type of external parties involved is adjusted to the targeted results of innovation.



To identify previous studies related to sustainability-oriented open innovation, a search of journal publications was conducted through the Scopus and the Web of Science database. The search identified 32 journal publications that match the keywords of open innovation and sustainability. One publication by Ramirez-Portilla et al. [11] models the relationship between open innovation and organizational performance in economic, social, and environmental dimensions in SMEs. The model represents sustainability-oriented open innovation with the relationship between open innovation, innovativeness, and sustainability performance. The definition of sustainability performance is organizational achievements in economic, environmental, and social dimensions. Innovativeness is the organization’s propensity to innovate, develop new products, or adopt innovations. Open innovation is an innovation process that includes cross-border exploration and exploitation through intentional inflows and outflows of knowledge involving variations in partners, content, and innovation phases. The empirical finding shows that the implementation of open innovation contributes positively to sustainability performance in SMEs. In addition, two publications discuss the supporting factors for sustainability-oriented open innovation, namely Behnam et al. [7] and Lopes et al. [8]. Behnam et al. [7] discuss organizational relationship factors that support sustainability-oriented open innovation, while Lopes et al. [8] discuss the knowledge factors that support sustainability-oriented open innovation. The research in both publications was conducted through case studies.



The search for scientific publications that have been carried out shows no relationship model for the factors supporting sustainability-oriented open innovation, especially in SMEs. Therefore, further search was carried out to identify models of the factors supporting open innovation in general.




2.2. Supporting Factors for Sustainability-Oriented Open Innovation


Based on a search on the model of factors supporting open innovation in a general context, publications from Fisher and Qualls were identified [14] and formulated a framework regarding organizational relationship factors and knowledge factors in supporting open innovation. Shin et al. [20] further explain the knowledge factors in open innovation. Open innovation involves interaction between the organization and stakeholders outside the organization so that open innovation is influenced by knowledge and organizational relationship factors [14]. The knowledge factors are related to the organization’s ability to manage internal and external knowledge. The organizational relationship factors are related to the organization’s ability to manage interactions with parties outside the organization.



Many previous studies have discussed the role of knowledge in supporting innovation. Innovation has been empirically proven to mediate the relationship between knowledge management and organizational performance in various organizations [21]. Effective knowledge management requires organizations to utilize knowledge from outside the organization [22]. In open innovation, sources of knowledge can come from inside and outside the organization, so the organization’s ability to manage the flow of knowledge into and out of the organization is an important factor. This is related to the filtering and dissemination of knowledge [14].



Seeking knowledge from external sources is an important factor in open innovation. The search for knowledge from external sources requires the organization’s ability to identify various external sources of knowledge so that organizations can acquire a variety of new information [14]. Therefore, seeking knowledge from external sources is related to inbound open innovation. Meanwhile, the knowledge factor related to outbound open innovation is the distribution of internal knowledge to external parties of the organization. Through this distribution, the organization’s internal knowledge can be utilized by external parties, thus providing benefits for both parties [14].



The knowledge factors in open innovation are related to managing the flow of knowledge into and out of the organization, seeking knowledge from external sources, and distributing internal knowledge to external parties of the organization. In the framework developed by Fisher and Qualls [14], knowledge factors and organizational relationship factors are classified into internal and external factors. Internal factors are factors that can be directly influenced by the organization, while external factors are factors that are influenced by the organization’s external environment. Knowledge factors included in internal factors are absorptive capacity and control of knowledge input. Absorptive capacity is an organization’s capability to acquire, transform, and benefit from external knowledge. Control of knowledge input is an organization’s capability to filter the external knowledge entering the organization. Those included in external factors are the distribution of knowledge input and appropriation of knowledge output. The distribution of knowledge input is the range of the dispersion of external knowledge among external stakeholders. Appropriation of knowledge output is an organization’s capability to capture the value of knowledge and reduce the risk of unprotected knowledge exposure to competitors. Organizational relationship factors classified as internal factors are relational capability and coordination capability, and those are classified as external factors are network position and network diversity.



Knowledge factors in open innovation are also discussed in Shin et al. [20]. Shin et al. [20] identified the relationship between the knowledge factors in open innovation and innovation and financial performance. The relationship is empirically proven based on secondary data in the biopharmaceutical industry in the United States. The knowledge factors discussed in Shin et al. [20] were adopted from the framework formulated by Lichtenthaler and Lichtenthaler [23]. The framework explains that it is necessary to explore, retain, and exploit internal and external knowledge in the organization in open innovation. Knowledge factors that support the exploration, retention, and exploitation of internal and external knowledge are inventive capacity, absorptive capacity, transformative capacity, connective capacity, innovative capacity, and desorptive capacity [20]. Inventive capacity is an organization’s capability to control the complementarity and substitutability of the internal knowledge base and to create new knowledge. Transformative capacity is an organization’s capability to keep and reuse its internal knowledge base. Connective capacity is an organization’s capability to retain its external knowledge base through inter-organizational relationships. Innovative capacity is an organization’s capability to exploit the knowledge that has been explored and retained inside or outside the organization. Desorptive capacity is an organization’s capability to transfer the knowledge developed by it to an appropriate organization to be utilized externally.



The knowledge factor for sustainability-oriented open innovation is the same as for open innovation in general. Still, the flow of knowledge is more specific to innovation-related knowledge that can improve organizational sustainability. The knowledge factor in sustainability-oriented open innovation is discussed in Lopes et al. [8]. Lopes et al. [8] explain that organizations could utilize knowledge to support sustainability through open innovation to produce innovative outcomes. The utilization of knowledge in open innovation needs to be supported by absorptive capacity. This was explored through a case study in a family company in Brazil engaged in the rubber industry and operating for 92 years. Lopes et al. [8] have linked one of the knowledge factors mentioned in Fisher and Qualls [14] and Shin et al. [20] with sustainability-oriented open innovation. The role of other knowledge factors in the framework in supporting sustainability-oriented open innovation needs to be further investigated.



In addition to the knowledge factors, organizational relationship factors support open innovation [14]. The interaction between the organization and external parties allows the organization to access the knowledge possessed by external parties to carry out open innovation. Interactions between organizations and external parties can occur between two organizations or more than two organizations that make up an ecosystem. The more types of interactions with external parties an organization has, the higher the chances of the organization’s success in implementing open innovation [24].



The organizational relationship factors in open innovation are related to the many types of interactions, the close relationship between the organization and external parties, and the organization’s involvement in collaboration with external parties. Thus, the organization will have a strong position among various organizations in the innovation network [14]. In the framework developed by Fisher and Qualls [14], organizational relationship factors classified as internal factors are relational capability and coordination capability. Relational capability is an organization’s capability to form and manage positive relationships with other organizations. Coordination capability is an organization’s capability to build and manage innovation networks among different external stakeholders. Organizational relationship factors classified as external factors are network position and network diversity. Network position is how an organization is connected to its external collaborators and its degree of influence in attaining access to resources from its network. Network diversity is the variety of stakeholders associated with the organization.



Organizational relationship factors for sustainability-oriented open innovation are the same as those for open innovation in general. Still, the relationship is built explicitly with external parties who have knowledge related to innovation to improve organizational sustainability. The organizational relationship factors in sustainability-oriented open innovation are discussed in Behnam et al. [7]. Behnam et al. [7] identified networking, competence mapping, relational, and desorptive capabilities as capabilities that organizations must possess to involve external parties in innovation. Desorptive capability is the capability to choose, engage, empower, and align relevant internal actors to external actors in a project. Competence mapping is an organization’s capability to produce an explicit overview of the competencies of external organizations. Identification is carried out concerning the framework of Lichtenthaler and Lichtenthaler [23], particularly in the exploration, retention, and external exploitation sections. External exploration is broken down into networking and competence mapping capabilities, while external retention and exploitation are relational and desorptive capabilities.



The four capabilities in Behnam et al. [7] are identified from the literature discussing open innovation in general, so adjustments are needed when implemented to achieve sustainability. This adjustment is necessary because sustainability-oriented open innovation has more specific goals than open innovation in general. Adjustment of networking, competence mapping, relational, and desorptive capabilities to achieve sustainability was based on case studies on eight innovation projects in Italy and Spain that aim to produce outputs for sustainability and involve at least two external stakeholders. The results show that adjustments for networking, competence mapping, and relational capabilities depend on the outcome characteristics of the targeted innovation. Adjustments for desorptive capability depend on the organization’s internal coordination to align with external stakeholders. Adjustment to sustainability objectives relates to the characteristics of the innovation outcomes and the types of external stakeholders involved. The targeted innovation output is a new product or process related to economic, social, and environmental dimensions. The types of external stakeholders involved are parties who have interests and knowledge in economic, social, and environmental dimensions. Behnam et al. [7] has linked the internal organizational relationship factors mentioned in Fisher and Qualls [14] with sustainability-oriented open innovation. The role of other organizational relationship factors in the framework in supporting sustainability-oriented open innovation needs to be further investigated.




2.3. Hypothesis Development


There is a positive relationship between innovativeness obtained from the adoption of open innovation and economic performance [19]. Economic performance is often used as a representation of organizational performance, but to represent organizational performance that leads to sustainability, social performance and environmental performance are also needed [10]. Innovativeness has a positive relationship with organizational performance in economic, social, and environmental dimensions [11]. When SMEs can create: (1) new environmentally friendly products, (2) new production processes that use resources efficiently and minimize waste that pollutes the environment, (3) new work systems that are safe for employee health, (4) organizational management that has a positive impact on the welfare of the local community, the sustainability performance of SMEs will be high. Based on this, the following hypothesis is formulated.



Hypothesis 1 (H1).

Innovativeness has a positive relationship with sustainability performance.





One of the impacts of the implementation of open innovation is the innovativeness in creating and marketing new products [25]. The implementation of inbound open innovation can increase the innovativeness of the organization [19]. The flow of knowledge in the implementation of inbound open innovation allows organizations to create new products or processes that can directly improve organizational performance. Outbound open innovation can also improve organizational performance, but not directly, because the results of organizational innovation are utilized by external parties [26]. This study uses the organization as the unit of analysis so that the open innovation discussed focuses on inbound open innovation, which directly impacts organizational performance. SMEs can create new products, processes, and management systems by leveraging external knowledge and resources. Appropriate external expertise and resources will improve innovation results that can make SMEs achieve profit targets while preserving the environment and harmony with local communities. Based on this, the following hypothesis is formulated.



Hypothesis 2 (H2).

Inbound open innovation has a positive relationship with innovativeness.





There are four organizational relationship factors related to sustainability-oriented open innovation: competence mapping, desorptive capability, networking capability, and relational capability [7]. Competence mapping and networking capability are useful for identifying external parties with certain competencies to be involved in innovation in the organization. For example, if SMEs need to change their production processes to be more environmentally friendly, external parties with technical capabilities in material processing, product design, production processes, and waste treatment are needed. Therefore, competence mapping and networking capability are crucial to making SMEs able to find appropriate partners and ensure they join the innovation project. Desorptive capability and relational capability are related to empowering organizational members to establish positive relationships with external parties so that external parties can be involved in organizational innovation on an ongoing basis. The right empowerment will enable the organization to utilize the resources of external parties optimally in innovation in the organization. In an innovation project to create a new production process that is more environmentally friendly, SMEs must involve production employees so that all parties can understand the current production process, the changes needed, and the constraints faced.



Fisher and Qualls [14] also discussed the relationship between networking capability and relational capability factors with open innovation. Fisher and Qualls [14] explain four organizational relationship factors related to open innovation. These factors are networking capability, relational capability, network position, and network diversity. Network position is related to the strength of the organization’s influence on external parties in the innovation network. If the organization has a strong influence, it will be easy to involve external parties in innovation. Network diversity relates to the diversity of external parties connected to the organization. If the organization is connected with various external parties, it will be easy to access diverse resources according to its innovation needs. SMEs with a strong network position and wide network diversity will easily access external knowledge and resources. This access will increase the success of the open innovation project. Based on this, the following hypotheses were formulated.



Hypothesis 3 (H3).

Competence mapping has a positive relationship with inbound open innovation.





Hypothesis 4 (H4).

Desorptive capability has a positive relationship with inbound open innovation.





Hypothesis 5 (H5).

Networking capability has a positive relationship with inbound open innovation.





Hypothesis 6 (H6).

Relational capability has a positive relationship with inbound open innovation.





Hypothesis 7 (H7).

Network position has a positive relationship with inbound open innovation.





Hypothesis 8 (H8).

Network diversity has a positive relationship with inbound open innovation.





The knowledge factor related to sustainability-oriented open innovation is absorptive capacity [8]. Absorptive capacity is the organization’s ability to internalize knowledge to be utilized according to the needs of innovation in the organization. If the organization has a good absorptive capacity, then the organization can use knowledge from various sources to benefit innovation in the organization. For example, SMEs can get insight from production and environmental experts about many types of waste treatment facilities related to their technical operation, advantage, and disadvantage. SMEs with high absorptive capacity can put the new knowledge in their problem context to execute an appropriate open innovation project to develop their waste treatment facility.



Fisher and Qualls [14] and Shin et al. [20] discussed the relationship between absorptive capacity and open innovation. There are four knowledge factors related to open innovation: absorptive capacity, control of knowledge input, distribution of knowledge input, and appropriation of knowledge output [14]. Control of knowledge input is the organization’s ability to filter external knowledge that enters the organization. If the organization can filter knowledge well, then innovation can take place effectively. SMEs that can not filter external knowledge might be overwhelmed trying to implement the knowledge that may not suit their needs and situation, so their open innovation project will fail. Distribution of knowledge input is the range of knowledge distribution in external parties required by the organization in innovating. If the range of distribution is wide, it is easier for organizations to access the knowledge needed to innovate because the protection against that knowledge tends to be low. Finally, appropriation of knowledge output is an organization’s ability to understand the value of its knowledge. Suppose the organization has a good understanding of the value of knowledge. In that case, the organization can sort out the knowledge conveyed to external parties to get commensurate feedback. SMEs that understand the value of their knowledge can use it as bargaining power to attain access to other organizations’ resources in an open innovation project. It is a natural situation in which we have to provide something in exchange for help from others.



The knowledge factors that influence open innovation, namely absorptive capacity, desorptive capacity, transformative capacity, connective capacity, inventive capacity, and innovative capacity [20]. Desorptive capacity is an organization’s ability to externalize its knowledge. If the organization has a high desorptive capacity, it can disseminate its knowledge to external parties. Transformative capacity is an organization’s ability to maintain an internal knowledge base, so that knowledge can be used repeatedly in the innovation process. SMEs with a high transformative capacity can accelerate their open innovation project because they are not only dependent on knowledge from external parties but also have a reliable internal knowledge base. Connective capacity is the organization’s ability to maintain an external knowledge base to be reaccessed when needed in innovation in the organization. SMEs with a high connective capacity can accelerate their open innovation project because they do not need to establish a new connection with external knowledge sources every time they are involved in a unique open innovation project. Inventive capacity is an organization’s ability to create new knowledge based on its internal knowledge. If the organization has a high inventive capacity, various innovation ideas will emerge. Finally, innovative capacity is an organization’s ability to exploit knowledge for innovation. SMEs that can exploit knowledge to create a new product, process, and management system obviously will have a high possibility of succeeding in open innovation. Based on this explanation, the following hypotheses were formulated.



Hypothesis 9 (H9).

Absorptive capacity has a positive relationship with inbound open innovation.





Hypothesis 10 (H10).

Control of knowledge input has a positive relationship with inbound open innovation.





Hypothesis 11 (H11).

Distribution of knowledge input has a positive relationship with inbound open innovation.





Hypothesis 12 (H12).

Appropriation of knowledge output has a positive relationship with inbound open innovation.





Hypothesis 13 (H13).

Desorptive capacity has a positive relationship with inbound open innovation.





Hypothesis 14 (H14).

Transformative capacity has a positive relationship with inbound open innovation.





Hypothesis 15 (H15).

Connective capacity has a positive relationship with inbound open innovation.





Hypothesis 16 (H16).

Inventive capacity has a positive relationship with inbound open innovation.





Hypothesis 17 (H17).

Innovative capacity has a positive relationship with inbound open innovation.





Thus, there are seventeen hypotheses related to the relationship between organizational relationship factors, knowledge factors, inbound open innovation, innovativeness, and sustainability performance. The number of organizational relationship factors is six and the number of knowledge factors is nine.





3. Materials and Methods


This research was carried out in five main stages: the preliminary stage, model development, data collection and processing, analysis, and formulation of conclusions. First, a study of the literature and observation of the research object was carried out in the preliminary stage. Next, a study of the literature was conducted to identify the latest research related to sustainability-oriented open innovation, which was carried out by searching the Scopus database and the Web of Science. The keywords used are open innovation and sustainability. Finally, observations of the research object were carried out to get to know the characteristics of SMEs in general and the implementation of the concept of open innovation and sustainability in SMEs.



The model development stage begins with the formulation of a conceptual model. The relationship between the variables in this conceptual model is then formulated into hypotheses. Finally, conceptual models need to be operationalized into measurement indicators to test these hypotheses. Therefore, an operational definition is formulated for each variable in the conceptual model. Then, based on the operational definition, each variable is specified into measurement indicators.



The data collection and processing stage consists of several activities: the determination of data collection techniques, respondents and number of samples, questionnaire design, data collection, validity and reliability testing of the questionnaire, and hypothesis testing. The data collection technique used is a survey. Survey respondents were determined according to the sampling process, whose steps consisted of defining the population, determining the sample frame, determining the sampling design, determining the number of samples, and implementing sampling [27]. The population that is the target of the survey respondents in this study are the SMEs that produce Batik Tulis in Indonesia. The sampling design used area sampling. Area sampling is sampling conducted in certain geographic regions by selecting samples in each area at random [27]. The selected areas are Surakarta Municipality, Rembang Regency, and Madura Island, known as Batik Tulis-producing areas since the 16th century or earlier. The total number of targeted samples is a minimum of 180, according to the rule of thumb limit of ten times the number of research variables [27]. The questionnaire contains measurement indicators and questions regarding the profile of SMEs. Validity and reliability testing was carried out by testing the measurement model using Partial Least Squares Structural Equation Modeling (PLS-SEM). Testing the measurement model for the reflective model consists of four stages, namely evaluation of internal consistency, evaluation of indicator reliability, evaluation of convergent validity, and evaluation of discriminant validity [28]. Hypothesis testing was done by testing the structural model using PLS-SEM. Structural model testing consists of five stages: evaluation of collinearity, evaluation of the significance of the relationship in the structural model, evaluation of the coefficient of determination, evaluation of influence size, and evaluation of predictive relevance [28]. The results of testing the structural model show statistical proof of the hypothesis.



The data processing results are then analyzed, especially to identify the key factors that significantly influence the implementation of sustainability-oriented open innovation in SMEs. In the last stage, all research results are summarized into conclusions related to the research objectives. The research results become the basis for formulating suggestions for further research.



3.1. Sample and Data Collection


Data collection was carried out through a questionnaire survey on SMEs that produce Batik Tulis in Indonesia. Batik Tulis is a traditional Indonesian cloth that has been recognized by the United Nations Educational, Scientific, and Cultural Organization (UNESCO) since 2009 as an Intangible Cultural Heritage of Humanity [29]. The characteristic of Batik Tulis, which distinguishes it from other types of cloth, is the process of dyeing the cloth. The dyeing process is done traditionally using the resist technique. After the design is drawn on the cloth, certain areas are covered with hot wax lines and dots which prevent dye absorption. Areas that are not covered with hot wax will be given a certain color. The hot wax is then removed by soaking the cloth in boiling water. To give another color, the process of covering the design with hot wax, dyeing the cloth, and removing the hot wax is repeated [30]. Making a piece of Batik Tulis cloth requires varying times, depending on the level of complexity of the motif and color. The time required can be several weeks, months, or even years. Craftspeople must also carry out the process with great patience and thoroughness. Therefore, Batik Tulis has a high value.



Most of the Batik Tulis is produced by SMEs. The research respondents are SMEs that produce Batik Tulis represented by the SME leaders, as parties who have information about operational and managerial activities. The data collection period started from February to November 2020, and the number of responses received was 199. All the questions in the questionnaire were completely filled in on the 199 responses.




3.2. Measurement of Variables


This study uses constructs derived from previous empirical studies and well-grounded literature studies to ensure content validity. The constructs in this study are adapted from the empirical studies of Ramirez-Portilla et al. [11], Behnam et al. [7], Lopes et al. [8], and Shin et al. [20] and supported by the conceptual framework of Fisher and Qualls [14].



The survey questionnaire consists of two parts. The first part has several open-ended and multiple-choice questions regarding the profile of SMEs, such as location, year of operation, number of employees, and product sales areas. The second part contains measurement indicators using perceptive seven scale levels ranging from strongly disagree (1) to strongly agree (7). All of the constructs are first-order constructs with reflective measurement indicators. The measurement indicators for each construct are explained in the following paragraphs. The complete list of measurement indicators is shown in Appendix A.



Sustainability performance (Sust) is defined as the achievement of SMEs in the economic, environmental, and social dimensions in an integrated manner, taking into account the stakeholders’ interests. There are twelve measurement indicators for sustainability performance adapted from Ramirez-Portilla et al. [11].



Innovativeness (Inno) is defined as the achievement of SMEs in the development, use, and introduction of new products and processes to meet organizational needs in economic, environmental, and social dimensions. Innovativeness is measured by ten measurement indicators, adapted from Ramirez-Portilla et al. [11] and Wang and Ahmed [31].



Inbound open innovation (Inbo) is an innovation process in SMEs based on the flow of incoming knowledge from external parties to meet organizational needs in economic, environmental, and social dimensions. The number of measurement indicators for inbound open innovation is sixteen. Those are adapted from Ramirez-Portilla et al. [11] and Martinez-Conesa et al. [32].



Six constructs represent the organizational relationship factors. Competence mapping (Comp) is defined as the ability of SMEs to produce an explicit overview of the competencies of external parties. Competence mapping is measured by four indicators adapted from Behnam et al. [7]. Desorptive capability (DCab) is the ability of SMEs to select, involve, empower, and align relevant internal parties with external parties in innovation activities. There are four measurement indicators for desorptive capability adapted from Behnam et al. [7]. Networking capability (Netw) is the ability of SMEs to build and manage innovation networks that involve various external stakeholders. Networking capability is measured by five indicators adapted from Behnam et al. [7] and Mitrega et al. [33]. Relational capability (Rela) is the ability of SMEs to manage positive relationships with various external parties. There are five measurement indicators for relational capability adapted from Behnam et al. [7] and Yim et al. [34]. Network position (NPos) is the connectedness of SMEs to external parties and the degree of influence of SMEs in gaining access to resources from the innovation network. Network position is measured by five indicators adapted from Fisher and Qualls [14] and Pan et al. [35]. Network diversity (NDiv) is the various stakeholders connected with SMEs in innovating. Network diversity is measured by seven indicators adapted from Fisher and Qualls [14] and Ramirez-Portilla et al. [11].



Nine constructs represent the knowledge factors. Absorptive capacity (Abso) is defined as the ability of SMEs to acquire, assimilate, transform, and increase knowledge that comes from outside the SMEs. Absorptive capacity is measured by six indicators adapted from Lopes et al. [8] and Lau and Lo [36]. Control of knowledge input (Cont) is the ability of SMEs to filter external knowledge that enters the organization. Four measurement indicators for control of knowledge input were adapted from Fisher and Qualls [14]. Distribution of knowledge output (Dist) is the range of knowledge distribution among external stakeholders SMEs require to innovate. There are six measurement indicators for the distribution of knowledge output adapted from Fisher and Qualls [14]. Appropriation of knowledge output (Appr) is the ability of SMEs to understand the value of their knowledge and prevent the leakage of that knowledge to competitors. Appropriation of knowledge output is measured by four measurement indicators adapted from Fisher and Qualls [14]. Desorptive capacity (Deso) is the ability of SMEs to transfer internally created knowledge to appropriate organizations so that knowledge can be utilized externally. Desorptive capacity is measured by five indicators adapted from Shin et al. [20] and Ahn et al. [37]. Transformative capacity (Tran) is the ability of SMEs to maintain the internal knowledge base. Transformative capacity is measured by five indicators adapted from Shin et al. [20] and Huang et al. [38]. Connective capacity (Conn) is the ability of SMEs to maintain the external knowledge base. There are four measurement indicators for connective capacity adapted from Shin et al. [20]. Inventive capacity (Inve) is the ability of SMEs to improve and replace the internal knowledge base and create new knowledge. Inventive capacity is measured by five indicators adapted from Shin et al. [20]. Innovative capacity (ICap) is the SMEs’ ability to exploit the knowledge that has been explored and maintained inside or outside the organization. Innovative capacity is measured by five indicators adapted from Shin et al. [20].





4. Results


The conceptual model developed in this study was tested empirically with data collected through a questionnaire survey. The process of data processing and model testing is described in this section. The explanation begins with describing the respondents’ profile, testing the measurement model, testing the structural model, and discussion.



4.1. Profile of Respondents


The respondents of the questionnaire survey are 199 SMEs that produce Batik Tulis. To provide a brief profile of the SMEs, a summary is presented in Table 1. Most of the SMEs have 1 to 10 employees (41.71%), have been operating for 11 to 20 years (48.74%), and sell their products in the domestic market.



The number of employees in the 199 SMEs varies from 2 to 250 employees. The mode is 20 employees (in 21 SMEs) and the average is 21 employees. Based on the number of employees in Table 1, the largest group is 83 SMEs (41.71%) with 1 to 10 employees, followed by 55 SMEs (27.64%) with 11–20 employees. Among the 9 SMEs that have more than equal to 51 employees, 5 of them have more than equal to 100 employees.



The age of the 199 SMEs is ranged from 1 to 100 years. The mode is 11 years (at 28 SMEs) and the average is 17.32 years. Based on the age in Table 1, the largest group is 97 SMEs (48.74%) in the 11 to 20 years category, followed by 65 SMEs (32.66%) in the 1 to 10 years category. There are 7 SMEs with an age of more than equal to 51 years, specifically 5 SMEs, 1 SME, and 1 SME with an age of 60 years, 70 years, and 100 years, respectively.



Most SMEs sell their products in the domestic market, but there are 6 SMEs that have entered the global market. However, demand from the global market still tends to be low. This condition happens because SMEs do not yet have a structured mechanism to market their products abroad. Demand from abroad is usually obtained through exhibition activities abroad or acquaintances from customers.




4.2. Measurement Model


The measurement model is a model that represents the relationship between indicators and constructs. In the measurement model, there are 18 constructs with 112 indicators. The measurement model is tested by evaluating the internal consistency, indicator reliability, convergent validity, and discriminant validity.



Internal consistency is evaluated based on Cronbach’s Alpha and Composite Reliability (CR) value. Internal consistency is considered good if the Cronbach’s Alpha value is more than 0.6 and the CR value is more than 0.7 [28]. Cronbach’s Alpha value for the eighteen constructs is higher than 0.6. The lowest Cronbach’s Alpha value is 0.774, for the transformative capacity (Tran). The CR value for all eighteen constructs is higher than 0.7. The smallest CR value is 0.847, which is for the transformative capacity (Tran). Evaluation of Cronbach’s Alpha and CR values shows that the internal consistency for the measurement model in this study is good.



Indicator reliability is evaluated based on the outer loading value. Based on the rule of thumbs, the outer loading value must be equal to or higher than 0.7. Indicators with an outer loading value less than 0.4 need to be removed from the measuring instrument. Indicators with an outer loading value between 0.4 and 0.7 can be considered to be removed from the measuring instrument if they can increase the CR or the Average Variance Extracted (AVE) value [28]. The evaluation results show no indicators have an outer loading value of less than 0.4. Thirty-one indicators have an outer loading value between 0.4 and 0.7. These indicators are the indicators for the construct of absorptive capacity (Abso), appropriation of knowledge output (Appr), desorptive capacity (Deso), inbound open innovation (Inbo), innovativeness (Inno), relational capability (Rela), sustainability performance (Sust), and transformative capacity (Tran).



Convergent validity is evaluated by first checking the AVE value. The acceptable average variance extracted is 0.5 or more [28]. Therefore, constructs with an AVE value of less than 0.5 will further examine the outer loading value of these construct indicators. Based on the AVE values for the eighteen constructs in the measurement model, the sustainability performance (Sust) and innovativeness (Inno) constructs were identified as having an AVE value of less than 0.5. Therefore, the indicators for these constructs with an outer loading value between 0.4 and 0.7 are considered to be removed from the measuring instrument.



Discriminant validity was evaluated using the cross-loading value and the Fornell-Larcker criterion. Evaluation using the cross-loading value is done by checking the outer loading value of an indicator. The outer loading value of an indicator on the measured construct must be higher than the value of cross-loading. Evaluation of discriminant validity using the Fornell-Larcker criterion is done by comparing the value of the square root of the AVE of a construct with the correlation value between that construct and all other constructs. The AVE root value of each construct must be higher than the highest correlation value of the construct with other constructs [28]. The Fornell-Larcker criterion indicates that three constructs do not meet the criteria, namely inbound open innovation (Inbo), innovativeness (Inno), and sustainability performance (Sust). On the other hand, the cross-loading value shows no indicator has a lower outer loading value than the cross-loading value.



Based on the evaluation of the measurement model, several indicators of the constructs of inbound open innovation (Inbo), innovativeness (Inno), and sustainability performance (Sust), which have outer loading values between 0.4 to 0.7, need to be removed to improve the AVE value and Fornell-Larcker criterion. As a result, thirteen indicators are omitted from the measurement model, namely Inno1, Inno2, Inno3, Inno6, Inbo7, Inbo8, Inbo9, Sust6, Sust7, Sust8, Sust9, Sust11, and Sust12. Thus, 99 of the 112 indicators will be used in testing the structural model. The evaluation results of the measurement model after thirteen indicators were removed are shown in Table 2. It can be seen that all the criteria for internal consistency, indicator reliability, convergent validity, and discriminant validity are met.




4.3. Structural Model


The structural model is tested by evaluating the collinearity, the significance of the structural model relationship, the value of the coefficient of determination (R2), the effect sizes f2, and the predictive relevance Q2 [28]. Collinearity examination is done through Variance Inflation Factor (VIF) value. A VIF value above 5.00 in the predictor construct indicates collinearity [28]. However, the examination of the VIF value shows no collinearity because all VIF values are below 5.00. The highest VIF value is 3.637, for the innovative capacity (ICap) construct.



The significance of the structural model relationship is evaluated by examining the path coefficient and T statistic value. The path coefficient value close to +1 indicates a strong positive relationship, while the path coefficient value close to −1 indicates a strong negative relationship. The empirical T statistic value, higher than the critical T statistic value, indicates a significant relationship at a certain significance level. The critical value commonly used is the critical value for the two-tailed test of 1.96 (significance level = 5%) [28]. The significance of the path coefficients was obtained through bootstrapping. Bootstrapping on structural model testing involves 5000 subsamples. The results of the evaluation of the significance of the structural model relationship are presented in Table 3. The significance level used is 0.05. In the structural model, there are seventeen hypotheses. The results of the evaluation of the significance of the structural model showed that the significant relationships were H1, H2, H3, H7, H12, H15, H16, and H17. Among the eight relationships, the relationship with the largest path coefficient is between inbound open innovation (Inbo) and innovativeness (Inno), with a path coefficient value of 0.736. The relationship that has the smallest path coefficient is the relationship between the network position (NPos) and the inbound open innovation (Inbo), with a path coefficient value of 0.170. The structural relationship in the research model is represented in Figure 1.



Evaluation of the predictive accuracy of the structural model is done by examining the value of the coefficient of determination (R2). The range of R2 values is from 0 to 1; the higher the value, the higher the predictive accuracy of the exogenous construct on the endogenous construct. The acceptable value of R2 depends on the complexity of the model and the research area [28]. The R2 values for the structural model are presented in Table 4. The R2 values for the sustainability performance (Sust) and innovativeness (Inno) constructs indicate that the predictive accuracy level of the exogenous constructs on the two endogenous constructs is moderate. On the other hand, the R2 value for the inbound open innovation (Inbo) construct indicates that the predictive accuracy level of the exogenous constructs on the two endogenous constructs is substantial.



The value of effect sizes f2 shows the change in the value of R2 when an exogenous construct is excluded from the model. The substantive impact of exogenous constructs on endogenous constructs can be evaluated in this way. The f2 values of 0.02, 0.15, and 0.35 represent small, medium, and large levels of influence, respectively, from an exogenous construct [28]. Exogenous constructs with a large influence are inbound open innovation (Inbo) and innovativeness (Inno). Exogenous constructs that have a small effect are the appropriation of knowledge output (Appr), competence mapping (Comp), connective capacity (Conn), innovative capacity (ICap), inventive capacity (Inve), and network position (NPos).



The value of Q2 is an indicator of the predictive relevance of the model. Q2 value greater than 0 indicates that the model has predictive relevance for an endogenous construct. A Q2 value less than equal to 0 indicates that the model has no predictive relevance for an endogenous construct. This measurement indicator is applied to endogenous constructs with reflective indicators [28]. The Q2 value of the structural model is presented in Table 5. The three endogenous constructs in the structural model have a Q2 value greater than 0. Thus, the model has predictive relevance for the constructs of inbound open innovation (Inbo), innovativeness (Inno), and sustainability performance (Sust).





5. Discussion


5.1. Sustainability-Oriented Open Innovation


This study discusses sustainability-oriented open innovation uses an organization as the unit analysis. According to Behnam et al. [7], the main characteristic differentiating sustainability-oriented open innovation from general open innovation is the goal and the stakeholders. The purpose of the general open innovation is to enlarge market reach. On the other hand, sustainability-oriented open innovation aims to gain profit while preserving the environment and improving the welfare of the employees and local communities. The stakeholders involved in sustainability-oriented open innovation have knowledge and resources related to creating new products, processes, or management systems with sustainability goals.



There is knowledge and resource exchange in sustainability-oriented open innovation between an organization and its stakeholders. To make the exchange effective, the organization needs to have good competence mapping, desorptive capability, networking capability, relational capability [7], and absorptive capacity [8]. Figure 2 summarizes the interaction among goal, output, process, stakeholders, and supporting factors in sustainability-oriented open innovation in an organization.



Sustainability is a global goal, so achieving sustainability at the organizational level is not enough [39]. It must lead to a larger scale, such as the industrial sector, regional, national, and global levels [40,41]. Therefore, in sustainability-oriented open innovation, the variety of stakeholders and the dynamic among them must be considered [42,43]. Nurturing open innovation ecosystems is vital for the acceleration of global sustainability [44]. Understanding the dynamics of sustainability-oriented open innovation is challenging because of its complexity. For example, the dynamics in the same industry sector in different regions can be different [45]. In recent years, open innovation dynamics, especially related to sustainability, have been an emerging field of study [39]. It concerns the micro and macro dynamics, its culture, and the connection [46,47]. The connection among various stakeholders is often represented as the triple-helix, quadruple-helix, and quintuple-helix [48].




5.2. SMEs Sustainability with Open Innovation


The results of the structural model test in this study show that innovativeness and sustainability performance has a statistically significant relationship. This result follows Ramirez-Portilla et al. [11]. The significant relationship between innovativeness and sustainability performance shows that the achievement of SMEs in the integrated economic, environmental, and social dimensions is closely related to the ability of SMEs to develop new products and processes. New products and processes that can improve sustainability performance are products and processes that provide financial benefits, are environmentally friendly, and improve the welfare of employees and the surrounding community.



The new products and processes aim to reduce the negative impact on the environment and workers from the products and processes currently available in SMEs. For example, in Batik Tulis products, changes can be made by changing the use of synthetic fabric dyes to natural dyes as an attempt to implement a cleaner production concept [49]. This substitution has consequences for the production process and, of course, on the final product. In the production process, it is necessary to change the composition of the dye and fixation substance and adjust the treatment at the wax removal and drying stages of the cloth. In the final product, the use of natural dyes affects the sharpness of the color of the cloth, and the changes in product specifications are unavoidable as compensation for efforts to make products more environmentally friendly. Customers often perceive the changes in product specifications as a decrease in product quality [50]. This is a challenge for SMEs to make good quality and environmentally friendly products. In addition, SMEs need to educate customers that product quality remains good despite changes in product specifications. For certain products, the good quality of the product can be proven by certain certifications. Outreach to customers is important, considering that the economic sustainability of SMEs depends on the willingness of customers to buy products.



The results of the structural model test show that inbound open innovation and innovativeness have a statistically significant relationship. This finding is consistent with Ramirez-Portilla et al. [11]. The significant relationship between inbound open innovation and innovativeness shows that the ability of SMEs to develop new products and processes is closely related to the innovation process in SMEs based on the flow of incoming knowledge from external parties. External parties can provide ideas, technology, or cooperation in the innovation process so that SMEs can design new products and processes.



SMEs must innovate to create environmentally friendly products and processes that are not harmful to employees’ health. However, SMEs have limited resources to make this happen. Therefore, inbound open innovation will increase the innovativeness of SMEs. The existence of access to knowledge and resources from external parties plays a major role in the success of innovation in SMEs, especially sustainability-oriented innovations. For example, for Batik Tulis products, the change in the use of synthetic fabric dyes to natural dyes brings some consequences. First, the SMEs must have the right composition between the dye and fixation substance. Natural dyes can be obtained from the extracts of certain parts of plants such as bark, fruit, wood, leaves, and stems. Second, to make the color absorb well on the cloth, a mixture of other substances is still needed. Therefore, additional treatment is needed for the waste from the coloring process [51]. Determining the right composition of natural dyes, the production process, and the waste treatment requires research. The research process requires resources, such as human resources, materials, and equipment, which is certainly difficult for SMEs to do alone. Therefore, external parties such as government-owned research institutions or universities can play a role in accelerating the innovation process in SMEs [52,53,54]. This collaboration can also be supported by other stakeholders, such as local government and various industry sectors [55,56,57].



Successful implementation of open innovation requires specific internal capabilities [14,58]. Evaluation of the structural model shows that significant organizational relationship factors for inbound open innovation are competence mapping (Comp) and network position (NPos). This result is consistent with a part of Behnam et al. [7] and Fisher and Qualls [14]. The significant relationship between competence mapping and inbound open innovation shows that SMEs need to have the ability to identify the competencies of external parties who can be partners in innovation. For example, for SMEs that produce Batik Tulis, innovation is needed to make products and processes environmentally friendly and safe for employees. Thus, various innovations are required, such as the use of natural materials, treatment for liquid waste, and work aids to ensure the health and safety of employees. These various innovations certainly require the support of different competencies. Therefore, SMEs need to know which parties have competence related to the innovation to be carried out.



The significant relationship between network position and inbound open innovation shows that SMEs need to have an innovation network, and play an active role in that network. SMEs strongly influence the network by playing an active role, making finding external partners in internal innovation easier. For example, SMEs can join industry associations, local government fostered groups, university mentored groups, and other innovation networks. The industry association has an intermediary role that can connect an organization with a larger group of stakeholders [59]. Interaction between SMEs and large organizations can provide mutual benefit [60]. The active roles that SMEs can play include initiating joint research, sharing the latest knowledge they have, and providing access to partners in the innovation network to use their facilities or technology. The more involvement of SMEs in open innovation projects, the higher their capabilities will be [61]. In addition, the active role of SMEs in the innovation network will increase social proximity. Social proximity will improve the quality of relationships between organizations [62], thus facilitating communication when coordinating an innovation project.



Evaluation of the structural model shows that significant knowledge factors for inbound open innovation are the appropriation of knowledge output (Appr), connective capacity (Conn), inventive capacity (Inve), and innovative capacity (ICap). This result follows a part of Fisher and Qualls [14] framework and Shin et al. [20] findings. This shows that SMEs need to have the ability to explore external knowledge and utilize this knowledge to create new knowledge. Suppose the organization has a good understanding of the value of knowledge. In that case, the organization can sort out the knowledge conveyed to external parties to get a commensurate return. If the organization can maintain an external knowledge base, then that knowledge can be reaccessed when needed in innovation. Various innovation ideas will emerge if organizations create new knowledge based on their internal knowledge and exploit their existing knowledge.



There is also knowledge and resource exchange in SMEs context in sustainability-oriented open innovation between SMEs and their stakeholders. This study confirms that to make the exchange effective, the organization needs to have good competence mapping, network position, appropriation of knowledge output, connective capacity, inventive capacity, and innovative capacity. Figure 3 summarizes the interaction among goal, output, process, stakeholders, and supporting factors in sustainability-oriented open innovation in SMEs.





6. Conclusions


6.1. Implications


This study aims to develop a model of sustainability-oriented open innovation from the SMEs’ perspective. The model explores the supporting factors for sustainability-oriented open innovation in SMEs. The model consists of eighteen constructs: sustainability performance, innovativeness, inbound open innovation, competence mapping, desorptive capability, networking capability, relational capability, network position, network diversity, absorptive capacity, control of knowledge input, distribution of knowledge input, appropriation of knowledge output, desorptive capacity, transformative capacity, connective capacity, inventive capacity, and innovative capacity.



The result shows that innovativeness has a positive relationship with sustainability performance and inbound open innovation positively relates to innovativeness. Competence mapping and network position are the organizational factors that positively relate to inbound open innovation. The knowledge factors that have a positive relationship with inbound open innovation are the appropriation of knowledge output, connective capacity, inventive capacity, and innovative capacity. Identifying these six supporting factors for sustainability-oriented open innovation in SMEs based on empirical evidence is the main theoretical contribution of this study.



The main capabilities that SMEs must possess to implement sustainability-oriented open innovation successfully are the ability to identify the competencies of external parties who can be partners in innovation, play an active role in the innovation network, explore external knowledge, and utilize this knowledge to create new one’s knowledge. With these capabilities, SMEs can maximize external resources to support internal innovation in creating products and processes that are environmentally friendly and safe for employees.



As the practical implication of this study, SMEs should improve their capabilities in managing knowledge and organizational relationships. SMEs can make a gradual improvement. The suggested first step is to join at least one industrial association so that SMEs gain access to various external organizations and knowledge sources. The second step is to join the association’s training, meetings, and other activities. These activities can sharpen the SMEs’ ability to explore and utilize external knowledge. By acting as active members, SMEs can identify the competence of external organizations. The third step is to contribute to the association’s or other members’ needs. Therefore, SMEs will get a good network position that makes it easier to access external resources.




6.2. Limitations and Future Research


This research has some limitations. First, each organizational relationship factor and knowledge factor are considered independent. Certain factors might be dependent on other factors, such as the relationship among knowledge factors [20] Future research can explore the interrelationships among these factors. Thus, the insight regarding the supporting factors for sustainability-oriented open innovation in SMEs will be more comprehensive.



Second, outbound open innovation has not been considered because of its indirect impact on organizational performance. Future research can explore the impact of outbound open innovation on sustainability performance and its feedback on increasing organizational capability. A brief observation of several SMEs that have achieved high sustainability performance through inbound open innovation shows that these SMEs also have outbound innovation activities. They act as the sources of knowledge in open innovation projects with other SMEs. This role then enhances their capabilities in managing knowledge and organizational relationship. This phenomenon needs further investigation.



Third, this study has not considered certain control variables that might provide more specific characteristics regarding sustainability-oriented open innovation. Future research can explore the impact of certain control variables, such as an organization’s age and size, on the research model. The organization’s age and size are control variables on the sustainability performance construct [63,64] and the open innovation construct [3]. Thus, further research with more respondents can explore the role of age and organizational size in sustainability-oriented open innovation in SMEs.



Fourth, this study explores the supporting factors for sustainability-oriented open innovation by using SMEs as the unit of analysis. Future research can consider various actors in the open innovation network to identify the interaction pattern and its critical success factors. Thus, open innovation impacts the sustainability of the organizations in the entire network.
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Appendix A


The measurement indicators for the eighteen constructs are shown as follows. The term ‘organization’ refers to the SME (respondent of the study).



Sustainability performance (Sust)



The achievement of SMEs in the economic, environmental, and social dimensions in an integrated manner, taking into account the stakeholders’ interests.



	Sust1
	Organizational profit from product sales in the last one-year period reached the target.



	Sust2
	Production costs in the last one-year period did not exceed the budget.



	Sust3
	Materials are used efficiently throughout the production process (e.g., fabrics, dyes, waxes).



	Sust4
	The materials used in the entire production process do not harm the environment (e.g., fabrics, dyes, waxes).



	Sust5
	Energy is used efficiently in the entire production process (e.g., the use of electric canting which is more efficient than kerosene stoves).



	Sust6
	Water is used efficiently throughout the production process (e.g., reuse of re-filtered wastewater).



	Sust7
	Production waste does not harm the environment (e.g., liquid waste from the wax removal or coloring process).



	Sust8
	The safety of employees in working for the organization is guaranteed.



	Sust9
	The level of employee satisfaction while working for the organization is high.



	Sust10
	Employees receive regular training opportunities from the organization.



	Sust11
	The organization contributes financially to support the activities of the local community.



	Sust12
	The organization contributes non-financially in supporting the activities of the local community.








Innovativeness (Inno)



The achievement of SMEs in the development, use, and introduction of new products and processes to meet organizational needs in economic, environmental, and social dimensions.



	Inno1
	The organization can develop new products at a low cost.



	Inno2
	The organization can develop new processes at a low cost.



	Inno3
	The organization has a new environmentally friendly product.



	Inno4
	The organization is a pioneer in introducing new products to the market.



	Inno5
	The organization adopts new production methods that are more environmentally friendly.



	Inno6
	The organization implements new production methods that reduce the impact on employee health.



	Inno7
	The organization is a pioneer in implementing new production methods.



	Inno8
	The organization adopts new management approaches that empower the local community.



	Inno9
	The organization adopts new management approaches that improve employee well-being.



	Inno10
	The organization is a pioneer in implementing new management approaches.








Inbound open innovation (Inbo)



An innovation process in SMEs is based on the flow of incoming knowledge from external parties to meet organizational needs in economic, environmental, and social dimensions.



	Inbo1
	External partners provide ideas for resource efficiency innovation in the production process.



	Inbo2
	External partners provide ideas for waste treatment innovation in the production process.



	Inbo3
	External partners provide ideas for innovation in employee welfare improvement programs.



	Inbo4
	External partners provide ideas for innovation in local community welfare improvement programs.



	Inbo5
	External partners and the organization design the innovation of resource efficiency in the production process.



	Inbo6
	External partners and the organization design the innovation of waste treatment in the production process.



	Inbo7
	External partners and the organization design the innovation of employee welfare improvement programs.



	Inbo8
	External partners and the organization design the innovation of local community welfare improvement programs.



	Inbo9
	The organization leverages external partners’ new technologies for resource efficiency innovation in production processes.



	Inbo10
	The organization leverages external partners’ new technologies for waste treatment innovation in production processes.



	Inbo11
	The organization leverages external partners’ new technologies for innovation in employee welfare improvement programs.



	Inbo12
	The organization leverages external partners’ new technologies for innovation in local community welfare improvement programs.



	Inbo13
	Employees often attend training outside the organization, regarding resource efficiency in the production process.



	Inbo14
	Employees often attend training outside the organization, regarding waste treatment in the production process.



	Inbo15
	Employees often attend training outside the organization, regarding employee welfare improvement programs.



	Inbo16
	Employees often attend training outside the organization, regarding local community welfare improvement programs.








Competence mapping (Comp)



The ability of SMEs to produce an explicit overview of the competencies of external parties.



	Comp1
	The organization can identify the types of competencies that external partners have.



	Comp2
	The organization can identify external partners who have certain competencies.



	Comp3
	The organization can compile a written list showing the competencies of the external partners.



	Comp4
	The organization can regularly update the external partner competency list.








Desorptive capability (DCab)



The ability of SMEs to select, involve, empower, and align relevant internal parties with external parties in innovation activities.



	DCab1
	The organization can identify employees who can coordinate with external partners on the innovation process.



	DCab2
	The organization can involve employees to coordinate with external partners in the innovation process.



	DCab3
	The organization can leverage the capabilities of employees in innovation activities with external partners.



	DCab4
	The organization can adjust its internal capabilities to innovate with external partners.








Networking capability (Netw)



The ability of SMEs to build and manage innovation networks that involve various external stakeholders.



	Netw1
	The organization can identify potential stakeholders to become partners in innovation.



	Netw2
	The organization can identify the potential of external partner candidates.



	Netw3
	The organization can build an image as a reliable partner.



	Netw4
	The organization can socialize with external partners through informal meetings.



	Netw5
	The organization can communicate consistently about innovation with external partners.








Relational capability (Rela)



The ability of SMEs to manage positive relationships with various external parties.



	Rela1
	The organization can negotiate with external parties.



	Rela2
	The organization can cooperate with external parties.



	Rela3
	The organization can adapt to external parties.



	Rela4
	The organization can resolve disagreements with external parties.



	Rela5
	The organization can communicate clearly with external parties.








Network position (NPos)



The connectedness of SMEs to external parties and the degree of influence of SMEs in gaining access to resources from the innovation network.



	NPos1
	The organization is often a source of information for external partners.



	NPos2
	The organization has very stable relationships with external partners.



	NPos3
	The organization is easily contacted by external partners.



	NPos4
	The organization is widely known among local organizations.



	NPos5
	The organization can easily access resources owned by external partners.








Network diversity (NDiv)



The various stakeholders connected with SMEs in innovating.



	NDiv1
	The organization collaborates with universities in the innovation process.



	NDiv2
	The organization collaborates with customers in the innovation process.



	NDiv3
	The organization collaborates with suppliers in the innovation process.



	NDiv4
	The organization collaborates with industry associations in the innovation process.



	NDiv5
	The organization collaborates with the government in the innovation process.



	NDiv6
	The organization collaborates with similar SMEs in the innovation process.



	NDiv7
	The organization collaborates with different types of SMEs in the innovation process.








Absorptive capacity (Abso)



The ability of SMEs to acquire, assimilate, transform, and increase knowledge that comes from outside the SMEs.



	Abso1
	The organization can acquire new knowledge from external to the organization.



	Abso2
	The organization actively attends meetings with external partners to acquire new knowledge.



	Abso3
	The organization can understand new knowledge that comes from external to the organization.



	Abso4
	The organization can connect new knowledge that comes from external to the organization with existing knowledge in the organization.



	Abso5
	The organization can identify the benefits of new knowledge that comes from external to the organization.



	Abso6
	The organization can adapt new knowledge that comes from external to the organization so that it fits the organization’s needs.








Control of knowledge input (Cont)



The ability of SMEs to filter external knowledge that enters the organization.



	Cont1
	The organization can identify reliable external sources of knowledge.



	Cont2
	The organization can sort out external knowledge relevant to the organizational situation.



	Cont3
	The organization can sort out the external knowledge that the organization needs to adopt.



	Cont4
	The organization can inhibit the entry of knowledge that is not relevant to the organizational situation.








Distribution of knowledge output (Dist)



The range of knowledge distribution among external stakeholders SMEs require to innovate.



	Dist1
	Customers have knowledge that is important to the organization.



	Dist2
	Suppliers have knowledge that is important to the organization.



	Dist3
	Industry associations have knowledge that is important to the organization.



	Dist4
	Government has knowledge that is important to the organization.



	Dist5
	Universities have knowledge that is important to the organization.



	Dist6
	Similar SMEs have knowledge that is important to the organization.








Appropriation of knowledge output (Appr)



The ability of SMEs to understand the value of their knowledge and prevent the leakage of that knowledge to competitors.



	Appr1
	The organization can understand the value of the knowledge they have.



	Appr2
	The organization can identify internal knowledge that is the key to competitive advantage.



	Appr3
	The organization can prevent leakage of internal knowledge to competitors.



	Appr4
	The organization protects all key knowledge by registering intellectual property rights.








Desorptive capacity (Deso)



The ability of SMEs to transfer internally created knowledge to appropriate organizations so that knowledge can be utilized externally.



	Deso1
	The organization can transfer knowledge that external partners can utilize.



	Deso2
	The organization can transfer knowledge to external partners in a structured manner.



	Deso3
	The organization can transfer knowledge to external partners through written documents.



	Deso4
	The organization can transfer knowledge to external partners through formal meetings.



	Deso5
	The organization can transfer knowledge to external partners through informal meetings.








Transformative capacity (Tran)



The ability of SMEs to maintain the internal knowledge base.



	Tran1
	The organization can classify its knowledge.



	Tran2
	The organization can document its knowledge in written form.



	Tran3
	The organization can document its knowledge in visual form (e.g., photos, videos).



	Tran4
	The organization can integrate new knowledge with existing knowledge.



	Tran5
	The organization can update its knowledge documentation.








Connective capacity (Conn)



The ability of SMEs to maintain the external knowledge base.



	Conn1
	The organization can access the knowledge of external partners when it is needed.



	Conn2
	The organization can identify new knowledge possessed by external partners.



	Conn3
	The organization can access the knowledge of external partners through various collaborations.



	Conn4
	The organization can document sources of knowledge outside the organization.








Inventive capacity (Inve)



The ability of SMEs to improve and replace the internal knowledge base and create new knowledge.



	Inve1
	The organization can improve its knowledge if something is not right.



	Inve2
	The organization can improve its knowledge.



	Inve3
	The organization can identify internal knowledge that is no longer relevant.



	Inve4
	The organization can create new knowledge through internal research processes.



	Inve5
	The organization can create new knowledge based on experience.








Innovative capacity (ICap)



The SMEs’ ability to exploit the knowledge that has been explored and maintained inside or outside the organization.



	ICap1
	The organization can use its knowledge to develop products.



	ICap2
	The organization can use its knowledge to improve managerial processes.



	ICap3
	The organization can use its knowledge to improve production processes.



	ICap4
	The organization can use its knowledge to improve relations with external partners.



	ICap5
	The organization can use its knowledge to solve problems.
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Figure 1. Structural model relationship. 
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Figure 2. Sustainability-oriented open innovation. 
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Figure 3. SMEs sustainability with open innovation. 
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Table 1. Profile of Respondents.
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	Profile
	Category
	Frequency
	Percentage





	Number of employees
	1–10 employees
	83
	41.71%



	
	11–20 employees
	55
	27.64%



	
	21–30 employees
	36
	18.09%



	
	31–40 employees
	7
	3.52%



	
	41–50 employees
	9
	4.52%



	
	≥51 employees
	9
	4.52%



	Age
	1–10 years
	65
	32.66%



	
	11–20 years
	97
	48.74%



	
	21–30 years
	16
	8.04%



	
	31–40 years
	9
	4.52%



	
	41–50 years
	5
	2.51%



	
	≥51 years
	7
	3.52%



	Market
	domestic
	193
	96.98%



	
	domestic and global
	6
	3.02%
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Table 2. Evaluation of the Measurement Model.






Table 2. Evaluation of the Measurement Model.





	
Construct

	
Indicator

	
Outer Loading

	
Cronbach’s Alpha

	
CR

	
AVE






	
Sustainability Performance (Sust)

	
Sust1

	
0.857

	
0.854

	
0.893

	
0.587




	
Sust10

	
0.600




	
Sust2

	
0.826




	
Sust3

	
0.777




	
Sust4

	
0.831




	
Sust5

	
0.670




	
Innovativeness (Inno)

	
Inno10

	
0.753

	
0.860

	
0.896

	
0.591




	
Inno4

	
0.702




	
Inno5

	
0.731




	
Inno7

	
0.733




	
Inno8

	
0.831




	
Inno9

	
0.850




	
Inbound Open Innovation (Inbo)

	
Inbo1

	
0.744

	
0.929

	
0.939

	
0.545




	
Inbo10

	
0.680




	
Inbo11

	
0.748




	
Inbo12

	
0.743




	
Inbo13

	
0.661




	
Inbo14

	
0.863




	
Inbo15

	
0.711




	
Inbo16

	
0.708




	
Inbo2

	
0.743




	
Inbo3

	
0.816




	
Inbo4

	
0.796




	
Inbo5

	
0.697




	
Inbo6

	
0.655




	
Competence Mapping (Comp)

	
Comp1

	
0.801

	
0.836

	
0.891

	
0.673




	
Comp2

	
0.863




	
Comp3

	
0.877




	
Comp4

	
0.733




	
Desorptive Capability (DCab)

	
DCab1

	
0.706

	
0.807

	
0.874

	
0.635




	
DCab2

	
0.849




	
DCab3

	
0.833




	
DCab4

	
0.791




	
Networking Capability (Netw)

	
Netw1

	
0.753

	
0.856

	
0.896

	
0.634




	
Netw2

	
0.778




	
Netw3

	
0.805




	
Netw4

	
0.845




	
Netw5

	
0.798




	
Relational Capability (Rela)

	
Rela1

	
0.814

	
0.880

	
0.914

	
0.681




	
Rela2

	
0.910




	
Rela3

	
0.851




	
Rela4

	
0.835




	
Rela5

	
0.701




	
Network Position (NPos)

	
NPos1

	
0.808

	
0.837

	
0.882

	
0.599




	
NPos2

	
0.732




	
NPos3

	
0.732




	
NPos4

	
0.779




	
NPos5

	
0.815




	
Network Diversity (NDiv)

	
NDiv1

	
0.780

	
0.882

	
0.907

	
0.584




	
NDiv2

	
0.719




	
NDiv3

	
0.697




	
NDiv4

	
0.783




	
NDiv5

	
0.758




	
NDiv6

	
0.794




	
NDiv7

	
0.811




	
Absorptive Capacity (Abso)

	
Abso1

	
0.710

	
0.820

	
0.868

	
0.523




	
Abso2

	
0.767




	
Abso3

	
0.722




	
Abso4

	
0.670




	
Abso5

	
0.788




	
Abso6

	
0.676




	
Control of Knowledge Input (Cont)

	
Cont1

	
0.772

	
0.801

	
0.870

	
0.627




	
Cont2

	
0.794




	
Cont3

	
0.861




	
Cont4

	
0.734




	
Distribution of Knowledge Input (Dist)

	
Dist1

	
0.800

	
0.897

	
0.921

	
0.660




	
Dist2

	
0.765




	
Dist3

	
0.858




	
Dist4

	
0.839




	
Dist5

	
0.804




	
Dist6

	
0.806




	
Appropriation of Knowledge Output (Appr)

	
Appr1

	
0.792

	
0.775

	
0.857

	
0.603




	
Appr2

	
0.813




	
Appr3

	
0.842




	
Appr4

	
0.644




	
Desorptive Capacity (Deso)

	
Deso1

	
0.664

	
0.797

	
0.860

	
0.554




	
Deso2

	
0.738




	
Deso3

	
0.787




	
Deso4

	
0.828




	
Deso5

	
0.692




	
Transformative Capacity (Tran)

	
Tran1

	
0.748

	
0.774

	
0.847

	
0.528




	
Tran2

	
0.835




	
Tran3

	
0.698




	
Tran4

	
0.623




	
Tran5

	
0.710




	
Connective Capacity (Conn)

	
Conn1

	
0.801

	
0.860

	
0.905

	
0.703




	
Conn2

	
0.854




	
Conn3

	
0.861




	
Conn4

	
0.838




	
Inventive Capacity (Inve)

	
Inve1

	
0.880

	
0.873

	
0.908

	
0.665




	
Inve2

	
0.817




	
Inve3

	
0.839




	
Inve4

	
0.820




	
Inve5

	
0.711




	
Innovative Capacity (ICap)

	
ICap1

	
0.785

	
0.864

	
0.902

	
0.647




	
ICap2

	
0.743




	
ICap3

	
0.842




	
ICap4

	
0.812




	
ICap5

	
0.837
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Table 3. Significance of the Structural Model Relationship.
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	Hypothesis
	Path Coefficient
	t Statistic
	p Value
	Conclusion





	H1: Inno → Sust
	0.715
	18.938
	0.000
	Accept



	H2: Inbo → Inno
	0.736
	18.368
	0.000
	Accept



	H3: Comp → Inbo
	0.198
	3.006
	0.003
	Accept



	H4: DCab → Inbo
	0.114
	1.524
	0.129
	Reject



	H5: Netw → Inbo
	−0.014
	0.173
	0.863
	Reject



	H6: Rela → Inbo
	0.044
	0.561
	0.575
	Reject



	H7: NPos → Inbo
	0.170
	2.256
	0.025
	Accept



	H8: NDiv → Inbo
	0.039
	0.458
	0.647
	Reject



	H9: Abso → Inbo
	0.120
	1.656
	0.099
	Reject



	H10: Cont → Inbo
	−0.057
	0.791
	0.430
	Reject



	H11: Dist → Inbo
	−0.071
	0.969
	0.333
	Reject



	H12: Appr → Inbo
	0.176
	2.297
	0.022
	Accept



	H13: Deso → Inbo
	−0.015
	0.196
	0.845
	Reject



	H14: Tran → Inbo
	0.099
	1.471
	0.142
	Reject



	H15: Conn → Inbo
	0.197
	2.153
	0.032
	Accept



	H16: Inve → Inbo
	0.184
	2.185
	0.030
	Accept



	H17: ICap → Inbo
	0.175
	2.068
	0.039
	Accept
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Table 4. R2 Value.






Table 4. R2 Value.





	Construct
	R Square
	R Square Adjusted





	Inbound (Inbo)
	0.688
	0.662



	Innovativeness (Inno)
	0.542
	0.540



	Sustainability performance (Sust)
	0.512
	0.509
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Table 5. Q2 Value.






Table 5. Q2 Value.





	Construct
	Q Square





	Inbound (Inbo)
	0.361



	Innovativeness (Inno)
	0.312



	Sustainability performance (Sust)
	0.293
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