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Abstract

:

Rapid technological advances give rise to the development of New Technology-Based Firms (NTBFs) which are focused on technology-based business models. One of the concerns is the changing pace of technology adoption and its impact on shortening the life cycle of goods and services based on technology. Technology tends to create more integration among communities, businesses, goods, and services. This integration can be seen in the substantial increase of firms, especially NTBFs, striving to improve international relations. In this regard, addressing the sustainability dimensions in light of technological change is of universal interest. Some studies highlight the role of technology in terms of its environmental impacts, whereas others describe technology as the main driving force of businesses towards innovation, which can lead to sustainability. This paper aims to examine international NTBFs to determine the factors, key drivers, and uncertainties impacting sustainability-oriented innovations concerning their encounter with technology and ultimately plan future scenarios for international NTBFs based on sustainability-oriented innovations. The description of the scenarios shows the importance of innovation development in digital technologies and the expansion of international relations, which is realized by using digital platforms. In addition to accelerating knowledge and innovation development to gain more key partners, we would observe target market expansion, cost reduction, and sustainability growth for international NTBFs. Identifying drivers and uncertainties and the future-oriented approach of this research provide insight to International NTBFs owners into realizing sustainability-oriented innovation by increasing their awareness of the opportunities and interventions to build capacity at the conceptualization and project management levels.
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1. Introduction


Sustainable development has become a prerequisite for any organization that embeds sustainability in its processes [1]. Sustainable development is defined as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.” [2]. Besides, innovation is critical for securing sustainable growth through improved productivity [3]. Meanwhile, based on previous research, sustainability-oriented innovation (SOI) requires different conditions in different contexts [4]. In research and development, sustainability and innovation, which are key elements of the European Union’s research and innovation framework programs, are interrelated, and when it comes to technology, they become of even greater importance [5]. It is noteworthy that technological innovations take precedence over non-technological innovations [3]. Technological innovation is considered a mechanism to exploit the transformative potential of various technological tools and advanced information and communication technology [6]. On the one hand, SOI exists at different levels but is often understood through technology development and inventions, where the focus is on products, processes, and system infrastructure [7]. On the other hand, this field is highly dynamic, driving businesses to identify emerging technologies of vital importance so as to evaluate opportunities and set strategic priorities [8]. Thus, technological innovation, which enables firms to realize high profits, is imperative for emerging markets [9].



Generally, NTBFs attempt to exploit and commercialize promising emerging technologies. Offering innovative products and services, NTBFs can create value for their customers, target investors and gain sustainable growth [10,11]. They are spreading globally at an increasing rate, and some of the world’s leading companies are actively investing in them or even integrating them into their structure [12]. Simultaneously, emerging technologies rapidly expand and evolve, and NTBFs have the potential to respond quickly to such technological changes [13] so far as the commercialization of specialized knowledge and technologies created by NTBFs has attracted the attention of international entrepreneurs. These companies will be more successful in benefiting from international opportunities considering their entrepreneurial orientation and technological capabilities [14,15,16]. Though the world is becoming smaller and more connected, the supply chains have become longer and more complex. Businesses worldwide, via technology development, aspire to connect to these supply chains and embrace the opportunities in the global market [17]. Notably, NTBFs produce new technologies and apply them operationally to the sectors in which innovative approaches appear to have slowed, contributing to the innovative development of products and services, which is an integral precondition for long-term growth and sustainability [3,18]. Additionally, innovation is a competency conducive to the international development of these businesses and acts as an effective driver for internal changes and resource adaptation as a means to achieve sustainable growth in international markets [19]. It plays a vital role in the internationalization process of new international ventures [INVs] [20].



Previous studies have mostly focused on understanding the dimensions of sustainable innovations and drawing meaningful relationships in consolidating this issue (see Table 1). Nevertheless, the following gaps have been identified in the literature, which will be covered partially in this study. First, research on innovative green production models and strategies, with an emphasis on the role of technology, has been carried out. Nevertheless, such studies have overlooked the international NTBFs (e.g., the new concept of sustainable innovation within recycling to improve waste management, without paying attention to SOI in international NTBFs). Secondly, several studies have examined the sustainable supply chain with an emphasis on environmentally friendly approaches generally focused on supply chain management under green investment [21]. However, investigating the effects of international relations among sustainable business owners as a strategy has rarely received attention. Thirdly, a few studies have focused on production management system analysis in terms of environmental sustainability and participation in activities involving the social responsibility of firms [22]. Therefore, examining SOI and its focus on international NTBFs is the contribution of this paper. Furthermore, this paper systematically analyzes a wide range of social, technological, environmental, economic and political developments to identify and investigate the drivers and uncertainties using the STEEP model. The literature review examines how to operationalize sustainability-oriented innovation in the internationalization of NTBFs and offers scenario-based strategies. Finally, one of the challenges that INTBFs face is the rapid introduction of new technologies. In this process, old products quickly become obsolete, and as a result, their demand in the market decreases sharply, which leads to a reduction in the life cycles of products and an increase in the uncertainty of the environment due to higher waste generation levels. This problem is greater for innovative green products than for non-green primary products, which are initially characterized by rapid technological development and low adoption rates among consumers [23]. Thus, a focal point of this research is to identify factors affecting the realization of sustainability-oriented innovation in INTBFs and the effective application of these factors to plan development scenarios.



It is noteworthy that venturing into foreign markets is associated with considerable uncertainty and enormous investment [24]. Therefore, foresight is an essential tool for analyzing potential changes. Additionally, it is argued that to gain a deep understanding of the unseen future problems, companies must identify trends, audit their external environment, and facilitate dialogue and interaction among the key players with different perspectives [25,26]. Foresight helps to rethink policy essential for the transition to sustainability [27]. It is a core function of science and technology governance [28]. The European Commission’s recent proposal for Horizon Europe [29] was the first proposal based on foresight to design an EU framework program for research and innovation: the BOHEMIA project. The BOHEMIA project played a major role in including Sustainable Development Goals in the program.



Employing a foresight approach, this study examines sustainability-oriented innovation in terms of international development in technology-based firms. The scenarios resulting from this research approach in the field of sustainability and environmental issues, technology application, international development and green investment and strategic planning can be adopted by technology-based firms. These strategies can increase the provision of market services for the benefit of sustainable management and increase the possibility of international interactions at the level of technology business owners. In addition, the foresight approach in the formation of sustainability and technology use can be applied by modifying the approach to product production and providing services that comply with the requirements of green sustainability so they are both accepted by customers and effective in reducing waste.



Below is a brief overview of the key concepts and the main research question. The research methodology is then explained. The final section is dedicated to the discussion, conclusion, limitations, and implications of the study.




2. Literature Review


2.1. Sustainability-Oriented Innovation


The accelerating pace of life and globalization necessitates cooperation between countries on common environmental issues and sustainable development [36]. The term sustainable development was first introduced at the United Nations Conference on the Human Environment in 1972 [37]. The concept of sustainability was defined by the Brundtland Report in 1987 as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.” [38]. The report also widely discussed opportunities for sustainability-oriented innovation, noting the importance of companies creating, redesigning, adapting, and diffusing environmentally friendly technologies [39]. Sustainability-oriented innovation [SOI] “involves making deliberate changes in an organization’s philosophy and values, as well as in its products, processes, or practices, to serve the specific purpose of creating and utilizing social and environmental value in addition to economic returns.” [40]. Increasingly, NTBFs follow corporate sustainability principles, generally described as integrating economic, environmental, and social dimensions. As to innovation management, this emphasizes the role of sustainability-oriented innovations [SOI]. SOI is can be considered a tool for addressing sustainability issues and tapping into new markets [41,42].



In 2015, the United Nations General Assembly approved the 2030 Agenda for Sustainable Development including 17 Sustainable Development Goals [SDGs]. Based on the principle of “leaving no one behind”, the new program emphasizes a comprehensive approach to attain sustainable development for all. These goals include economic, social, and environmental development. In SDG-9 and SDG-10, innovation and interaction among countries are emphasized; each country needs to create economies with inclusive and sustainable industries where innovation is facilitated and flexible, and sustainable infrastructure exists [43]. The development of research and innovation creates new forms of social organization and functioning in economies [44,45], as well as new or improved products and business processes [46,47].




2.2. Globalization of Innovation on Technology Platforms


SOI initiatives push companies to introduce changes to their core business, often requiring them to use external partners’ expertise [48]. Most businesses tend to pursue and establish global strategic partnerships to increase their technological capabilities [49]. A prerequisite for a successful SOI partnership is that companies acquire specific capabilities and strengthen and expand partnerships [50,51]. The decision to undertake innovative activities internationally is mainly driven by organizational capabilities such as firm’s absorptive capacities, international experience, and existing technological competencies. Innovative companies in developing countries need more international experience that can be obtained through international research and development cooperation. To this end, internationally integrated activities and knowledge-based processes are needed, particularly in the following areas: (i) international exploitation of innovations at the national level, (ii) global generation of innovation by MNEs; and (iii) global technical-scientific collaborations [52].



The SOI literature acknowledges three different types of innovation: technological, organizational, and institutional/social innovations [4,6,7,53]. Technological innovation focuses on organizational-level activities that reduce vulnerabilities and improve technological efficiency through making changes to products, processes, or infrastructure. Organizational innovation includes integrating sustainability into the organization’s culture, practices, and strategy. Institutional innovation, sometimes referred to as social innovation, extends beyond the individual organization to a wider spectrum of stakeholders, ultimately creating social changes. Institutional innovation requires a fundamental change in attitudes towards the role of business in society [40].



Compared with non-technological innovation, Technological Innovation (TI) has a more significant impact on firm performance and success [54]. Following the expansion of digital technologies, the digital revolution increasingly calls for businesses to seek technological innovations such as artificial intelligence (AI) and conformity to environmental sustainability goals [55]. Technology has always been a great meeting platform for different societies. If technology absorption and transfer were a long-term process in the past, today, it is swift and intense [56]. Technological innovation is at the center of innovation studies and is described as product enhancement or a new technology-driven production process [57]. As mentioned by Ettlie and Reza [58], technological innovation is a key process in sustainable social and technical change [59]. Technological innovation refers to “the implementation of an idea for a new product/service or the introduction of new elements in the production process or service operations of an organization” [60]. In the modern business world, TI has become the main focus of senior management in various organizations. It is argued that in turbulent markets, companies that use modern technology for products and services succeed [61]. In businesses, NTBFs follow the process of internationalization and new global and international investment by developing technological innovations [62].



In an unstable market, NTBFs with high IT capabilities become market leaders by benefiting from technological innovation, which is two-step process of technology development and technology diffusion, and these NTBFs create business stability and obtain high profitability [63,64,65]. Given the globalization and digitization of value chains, the readiness of businesses to implement digital processes to connect digitized value chains and globally integrated business networks is of paramount importance [66,67,68]. Therefore, it is highly important for businesses to pursue technological innovations since TI is a vital driver that significantly contributes to company performance [69]. TI helps companies to produce various new products and services, which are essential for high performance and profit [70]. TI is not only possible in a specific industry [71], but its adoption can also improve performance in different sectors such as manufacturing and services [72]. Businesses that prioritize the development of technological innovation will experience growth in the future. Economists agree that innovation in technological change is beneficial to producers, consumers, and employees in the long term [73].




2.3. Digital Accelerator Technologies in the Internationalization of NTBFs


The emergence of new and powerful digital technologies, platforms, and infrastructures has significantly transformed innovation and entrepreneurship. Beyond opening up new opportunities for innovators and entrepreneurs, digital technologies have broader implications for value creation and capture, such as the widespread use of international markets [74,75]. By relying on digital technologies and their applications, NTBFs can reduce related costs, develop responsiveness to local markets, inform comprehensive decisions, and more importantly, promote product innovations, increase information availability, and connect to the international world [76,77]. Digital technologies sometimes disrupt existing processes and create new business models by introducing new product innovations to the world [78]. In order to fully exploit the potential of digitalization and ultimately achieve successful transformation, NTBFs must direct their core business ideas toward digital innovation [79,80,81].



Digital innovation deals with creating and applying new products and services. Digital transformation refers to the combined effects of several digital innovations that create new players (a constellation of players), structures, practices, values, and beliefs that alter, threaten, replace, or complete the existing rules of the game in organizations [82]. In the digital transformation era, technological changes disproportionately increase with the technological capabilities of applications such as the Internet of Things (IoT), big data, cloud computing, and artificial intelligence [83]. The top digital transformative technologies include artificial intelligence, cloud computing, big data analysis, social networks, blockchain, and the Internet of Things. Compared with other businesses [84,85,86], NTBFs are at the forefront of using digital technologies and attracting international investments to sell their products and services through the global network. These capabilities can diminish the negative impact of institutional gaps and poor infrastructure in the country of origin [87,88].




2.4. Factors and Trends Affecting Sustainability-Oriented Innovation in the International Arena


Previous research has not presented a comprehensive model concerning sustainability-oriented innovation foresight. The factors affecting this have been specifically considered but have not received much attention. The current research uses the STEEP knowledge management model to systematically analyze a wide range of social, technological, environmental, economic and political developments worldwide to identify and examine the drivers and uncertainties of sustainability-oriented innovation in INTBFs. By considering this conceptual model and identifying the drivers and uncertainties, the rapid institutionalization of emerging environmental concerns in environmental norms and structures will be dealt with by observing other macro dimensions of the policy structure.



The STEEP knowledge management model was originally developed to assess global change issues that support long-term business planning. However, it has also been used to analyze the interconnectedness of different areas of human activity and their interaction with regard to sustainability goals. A STEEP-based analysis is effective for understanding systematic relationships between constituent parameters in ecosystem service flow analysis and green development issues.



Therefore, this research is characterized by five axes derived from the STEEP model, including politics, economy, society, technology. The present research, which is based on studies in the field of sustainability, focuses on the design of a conceptual model utilizing scientific sources and previous research with a new layout designed to study and analyze the drivers and uncertainties of sustainability-oriented innovation in INTBFs.



NTBFs are usually created by a team of founders with meager resources but specialized knowledge and a promising idea. These companies must develop their organizational capabilities to have a chance to succeed. Capabilities are the basic building blocks of companies and the key to organizational performance. However, we have little understanding of how capabilities emerge in new organizations, including international NTBFs [18]. NTBFs are an interesting area of study for five reasons:



1—NTBFs include a highly educated young generation with the potential to work internationally. 2—They are integral sources of knowledge-based employment and promoters of technological change and innovation in many countries. 3—Some NTBFs succeed in international markets, especially when they provide innovative products with high technological content. 4—They significantly contribute to the economy in terms of exports, employment, taxes, research and development, and innovation. 5—The founders of these new businesses tend to have substantial entrepreneurial capital, a relatively research-oriented background, and seek progress and success [89,90]. By examining the factors and trends affecting sustainability-oriented innovation in NTBFs in the form of standard models such as STEEP, it is possible to identify issues that affect sustainability-oriented innovation in international NTBFs. These factors and trends are summarized in Table 2.





3. Research Methodology


This exploratory applied research can be categorized under the critical paradigm, a combination of positivist and interpretive paradigms, and uses the scenario planning method. From among the scenario development approaches, including intuitive, trend effect analysis, and effect analysis, this research applies an intuitive approach, which uses Schwartz’s critical uncertainty approach in scenario planning [101]. Scenario planning provides a framework for developing more flexible conservation policies when confronted with unavoidable and irreducible uncertainty. A scenario in this context is a narrative of an acceptable future. Scenario planning involves using several contrasting scenarios to explore the uncertainty surrounding the future consequences of a decision. Ideally, scenarios should be developed by a diverse group of people for a specific purpose. Scenario planning can include various quantitative and qualitative information in the decision-making process. Often, considering this diverse information systematically leads to better decision-making. In addition, the participation of a diverse group of people in the systematic process of collecting, discussing, and analyzing scenarios ensures a common understanding [102].



The Delphi study is applied to collect the data for the scenario planning stage. The structured group techniques, such as the Delphi study, elicit and synthesize expert judgments. In the Delphi technique, the exchange of information among anonymous panel members is controlled in several rounds (iterations). The averages of the final round of responses are considered as the group judgment [103]. The Delphi method is applicable when a research method requires creating a communication process with a group to investigate a problem from the perspective of its members. In the Delphi method, experts’ opinions are collected several times by consecutive questionnaires. This method is used to show the convergence and divergence of opinions. The most important stage in a Delphi study is the selection of suitable participants with sufficient expertise in the study area [104].



3.1. The Structure of the Article in Scenario Planning


The first step is to gain an understanding of the subject matter through reviewing the existing literature in the following areas: 1—the nature of the scenario in future research, 2—innovation-based sustainability, 3—factors affecting the development and sustainability of NTBFs, and 4—new digital technologies and their impact on sustainability.



The second stage is identifying factors from the perspective of experts. This stage is similar to the second and third steps of Schwartz’s method. These factors, identified via the Delphi method, encompass various social, political-legal, economic, and technological dimensions at micro, medium, and macro levels due to the closeness and interweaving nature of the research factors at all levels. Conducting the Delphi study in two rounds using interviews and questionnaires allows for identifying a relatively comprehensive set of factors and drivers affecting sustainability-oriented innovation in NTBFs. The data collected from the Delphi study is treated similar to the qualitative content analysis method. We adopted the approach proposed by Etemad et al. [105].



The third step consists of categorizing and ranking the factors. The factors are ranked based on the impact importance and the uncertainty of occurrence, similar to the fourth step of Schwartz’s method. Therefore, the third round of the Delphi technique quantitatively deals with determining and prioritizing key factors and the main drivers affecting sustainability-oriented innovation in NTBFs.



The fourth step concerns framing the scenarios according to the principal topics of the future scenarios of the STEEP model. For this purpose, similar to the fifth step of Schwartz’s method, the status of key factors and main drivers is examined in terms of the degree of the impact importance and the uncertainty of the occurrence. According to the present research results, three axes are used instead of two to frame the scenarios to avoid the difficulty of examining and analyzing the scenarios; thereby, the logic of the scenario planning is the main result of this stage.



The fifth step involves developing scenarios to depict the impact of the factors and the consequences of their occurrence in the form of an integrated story. This stage is affected by various factors, including the researcher’s viewpoint on planning scenarios and the accessibility to experts.




3.2. Selection Process of Experts


The panel of experts was selected based on the criteria recommended in the literature and the research team’s experience. This began with identifying the uncertainty states and developing probable future scenarios. The scenario formulation was carried out by calculating the impact of the certainty states on the risk and target drivers [35]. Experts, including university professors from Shahid Beheshti and Imam Khomeini International Universities, Executive Directors of NTBFs, and futurists active in the field of sustainability-oriented innovation in Iran were invited to participate in the qualitative phase of the research. The research was conducted through interviews and open, semi-open, and closed questionnaires in three stages. Purposive and snowball sampling methods were applied to single out experts to participate in the research with a method similar to Schwartz’s critical uncertainty scenario planning until theoretical saturation was reached [101]. We have also considered the snowball sampling-related issues as a limitation for consideration in this research [106]. The selection of the experts was based on several criteria, including their in-depth and up-to-date knowledge of technology-based innovation and sustainability of NTBFs, exemplary research background, and true professionalism. Out of 50 experts invited, 43 cooperated with the research team (Table 3). During the selection process of academic experts, it was considered essential to invite professors who are familiar with foresight research methods to help the research team identify drivers and uncertainties. In addition to having expertise in foresight research, it was important for us that the professors invited to our expert panel had conducted research in the field of sustainability and its innovative methods. Executive directors of NTBFs were also invited to the expert panel for two reasons. Firstly, the subject of our research is related to NTBFs, and secondly, the executive directors of these companies are experts in the complex executive issues related to sustainability and the international development of companies. Therefore, they can complement our discussion in the expert panel with an executive point of view. The method of data analysis is based on the matrix of experts and scenario planning. The interview protocol’s face and content validity scores were equal to 78%. According to Chin (1998), this value is desirable [107]. Therefore, the validity of the interview protocol is accepted. Cronbach’s alpha was used to measure reliability. The results of the validity and reliability tests in the qualitative phase are as follows (Table 4):





4. Results


4.1. Factors and Drivers


Analyzing interview texts and open questionnaires are common methods in Delphi studies and theory-based research [34]. Given the researcher’s experience in open coding, i.e., specifying the key terms, the qualitative research data were categorized and coded in Excel 2016.



For instance, the stages of coding for factor (concept) No. 19 titled “possibility of research and development in understanding customer behavior” from the comments of expert No. 41 are presented in Table 5.




4.2. Ranking of the Key Factors and Main Drivers


After identifying and finalizing factors and drivers in the second round of the survey, they were categorized by the research team into 19 main factors affecting Iran’s STEEP in the future. The third round of the survey determined the importance and uncertainty of their occurrence from the perspective of experts. For example, in Table 6, the method of identification of the key factor (category) “Cooperation between industry and scientific-medical centers” is specified with indicator 11.



The identified drivers were presented to the expert panel. Confirmation of the factors in two Delphi rounds is shown in Table 7. A total of 19 identified drivers had a threshold of higher than 3 and were confirmed. By conducting the third round of Delphi, the experts ranked the factors based on the level of importance and uncertainty of occurrence. This was conducted using a 5-point Likert scale on a continuum (1 = very little, 5 = very much). The final ranking of the key factors is determined based on the average level of importance and the uncertainty of occurrence, along with the ranking of importance and uncertainty of the factors (see Table 8).



The research team intuitively concluded that factors are relatively interdependent (see Table 7). This indicates that increasing adoption of foresight (KF1), advent and convergence of new technologies (KF11), and the go-international attitude (KF19) are the core factors in our framework for developing future scenarios of sustainability-oriented innovation for international NTBFs. Finally, after merging similar scenarios, four scenarios were proposed.




4.3. Future Scenarios


4.3.1. Cross-Border Development Scenario


Adoption of e-commerce in developing countries, which are home to more than 80 percent of the world’s population, is growing [108]. NTBFs based in developed economies such as Europe and the United States go international to respond to the stagnation of their domestic markets and seek new customers. Additionally, NTBFs, unable to compete in the developed markets due to the strong presence of leading technology companies, expand their activities to developing countries as a stepping stone to their later rapid growth in the international technological and innovative arenas. Furthermore, further expansion of economic, social, and global technological relations can generate considerable benefits for companies in developing countries. Innovation strategies are necessary for the outstanding performance of companies in international markets. The fundamental change in the global business landscape and the dynamic nature of customer needs lead NTBFs to develop new strategies and modify existing ones to remain relevant and competitive in domestic and international markets. Technology and innovation strategies allow companies to expand and compete in international markets. Strategies and the adoption of key technologies, such as digital technologies, are required to boost productivity and make countries more efficient and knowledge-intensive. That is why innovation is crucial for companies’ and countries’ competitiveness and survival. The literature shows that technological innovation and future research can impact the international performance of NTBFs in developing countries, enabling these companies to penetrate deeper into the domestic markets and expand internationally. Technological innovations and their integration with digital technologies can positively affect the development goals of international NTBFs.




4.3.2. Success Foresight Scenario


Though foresight processes for SMEs and large companies have been widely addressed in theory and practice, the foresight of NTBFs has received scant attention [109]. NTBFs, as businesses, are faced with rapidly changing environments that stress the necessity of undertaking foresight research. This is determined by the need to formulate innovative development strategies and optimize future technology production plans. Foresight is closely related to strategic planning. NTBFs adopting a foresight approach can outperform their competitors in terms of business strategy, decision-making, and innovation process management. The NTBFs foresight is a communication process creating a medium to long-term vision about future markets, customer needs, and social challenges. It supports NTBFs with capabilities to 1—enhance business intelligence, 2—heed early warning regarding changes, 3—set a strategic agenda and priorities, 4—catalyze innovation, and 5—support decision-making.



One of the complications with applying foresight in NTBFs is that these companies avoid open innovation and follow a more explicit innovation strategy. Their innovation process is also limited due to financial limitations and development risks to the extent that the innovation process is often non-existent or partially described and implemented since operational activities are often time-consuming, and it is difficult to develop a strategic vision for the future. Other complications include 1—allocating more time for operational activities, 2—a lack of motivation and non-serious attitude of owners to use future information, and 3—limited market share and competition. Foresight can help NTBFs in accomplishing their goals: 1—devising a clear strategy to find prospective investors and partners, 2—designing innovation strategies, 3—adapting to changing environmental conditions, 4—identifying potential risks, 5—spotting market needs and introducing new products accordingly, and 6—developing new regional and international markets.




4.3.3. Digital Technologies Flourishing Scenario


The rapid growth of digital technologies has caused radical changes to the strategies and operational procedures of various industries and organizations worldwide. Digital transformation has been described as a modern effort to survive against the inherent threats of digital disruption. The challenge is not designing new strategies, business models, or organizational plans using digital technologies, but the successful management of the transition from the current to a favorable situation through frequent evaluation, recalibration, and emerging intelligence [110]. Simply put, digital transformation is the novel use of digital technology to address old problems. Digital transformation can lead to various innovations, including the creation of new markets and value networks. In this process, to improve their competitiveness and adapt to the current transforming technological and social scenarios, NTBFs are driven to pursue complex growth paths in integrating new technologies and operationalizing them for solving customer problems and needs. The traditional model of NTBFs characterized by a relatively limited geographical scope (often a domestic market), lower levels of technological development, and low awareness of sustainability is no longer viable. In the digital world, even the most remote countries with the lowest level of logistical benefit from technology are connected with the developed world like a hidden chain bonding the people of the world. At the social level, the digital revolution has fueled the homogenization of our needs, and at the business level, NTBFs are increasingly following technological innovations such as artificial intelligence, cloud computing, big data, social networks, blockchain, and the Internet of Things to contribute to environmental sustainability goals. As value chains become global and digitalized, NTBFs readiness to implement digital processes for connecting digitalized global value chains and integrated business networks is of great importance.




4.3.4. Destruction Scenario


Due to the expansion of global communication and the international development of businesses, the pace of changes in technology has significantly increased. In this scenario, an NTBF cannot keep up with the speed of technology change. For example, it spends all its capital, time, and energy introducing a specific technology and providing the required products and services. However, it acquires this capability when competitors have already met the market needs, or new types of technology have created new needs. This situation mainly occurs when an NTBF operates as a closed system limiting its development to private laboratories, lacks a clear view of the future technology development process and market needs, and remains unaware of the changes in other global markets. Accordingly, it cannot expect a return on investment, and the development cycle remains inefficient. Therefore, it declares bankruptcy over time or, if fortunate, merges with successful companies to survive as a team and to control expenses. In this situation, planning for the future is no longer the issue, but the company’s survival is. As a result, the NTBF cannot be innovative or maintain its stability, and it no longer has a place in the related industry. This results in the complete collapse of the NTBF.




4.3.5. Management Insight


The main insights for managers are suggested as follows:




	-

	
Consolidation of the future-oriented approach empowers INTBF owners to realize sustainability-oriented innovation by increasing their awareness of the opportunities and interventions to build capacity at the conceptualization and project management levels.




	-

	
New technology-based firms (NTBFs) minimize the costs and risks of failure by adopting a rapid internationalization strategy. During the internationalization process, attention is focused on entering markets in countries that provide the possibility to develop the use of new digital technologies and benefits from support platforms for innovation while providing regulatory protection for intellectual property.




	-

	
Integration between the green economy and new technologies such as ITC leads to new paradigms and creates opportunities for sustainable development as well as economic recovery in the context of recent crises. In this regard, paying attention to technologies such as artificial intelligence, digital platforms, blockchain, the Internet of Things, data mining, etc. is given more attention and importance by NTBFs.




	-

	
NTBFs should consider that customers are obsessed with their daily lives, and online platforms are the best option for retail, whereas traditional customers still prefer to visit retail stores. A few customers choose products online but buy them offline. Due to the concept of online and offline sales, a sustainable supply chain receives attention. Implementing an O2O strategy reduces the maintenance costs for the manufacturer and leads to stability in supply chains. The ordering cost of the supply chain system can be reduced by continuous investment. Some investments also improve the process quality and significantly impact the total expected profit of the joint O2O supply [111,112,113].












5. Discussion


This research provides a big picture perspective on the future sustainability-oriented innovation in international NTBFs, which has already been raised as a critical issue in previous studies [114]. These scenarios are formed from the interaction of factors affecting the future sustainability of international NTBFs. A significant part of this research was carried out qualitatively, a requirement in exploratory research. This is a platform for conducting confirmatory scientific research. The research presents a strategy in the form of a scenario and identifies the effective driving forces while examining the states of certainty. The realization of sustainability-oriented innovation can be achieved more effectively through reducing risks and environmental hazards, as shown in this review of the STEEP knowledge management model which systematically analyzes a wide range of social, technological, environmental, economic and political developments. The insights gained from the STEEP model help to correctly analyze the dimensions of the subject and address the most important problem of the present research, i.e., the speed of technology development causing old products to become obsolete. Product obsolescence is a major challenge for sustainability and increases the volume of e-waste. The policies and regulations of waste management, as well as business initiatives required by NTBFs, can be obtained by referring to and applying research scenarios, and the efficiency of executive mechanisms in using new technologies, especially digital technologies, with regard to the upcoming trends and future changes, can be seen in creating new goods and services innovation to increase sustainability. When the STEEP comprehensive model is analyzed in setting policies, the necessity of the global range of technology and the global dependence of societies are also examined as categories to correctly analyze the development process of NTBFs by taking into account the effective global axes. This issue will also be relevant to the implementation of global laws and promote a more responsible approach of NTBFs owners regarding the lifespan of the products and the technology used. This relies on their ability to be convertible and recyclable or the availability of affordable replacement parts, product repair facilities and technological enhancement. In addition, the innovation resulting from technological advances increases consumer acceptance and prevents the shortening of the life cycle of products and services. The current research is in contrast with the conclusions of Osibanjo and Nnorom [115] who argue that the development of technology decreases the life cycle of products and increases the rate of waste production. They conclude that technology is mainly in conflict with sustainability. This research is consistent with Franceschini et al. [116] and Vinuesa et al. [117] because its focus is on the fact that technology creates value, and the innovation resulting from it can bring sustainability. Our conclusions also align with those of Hilty et al. [118] and Dana et al. [35] regarding technology foresight.



The identification of a set of industry drivers and key factors, as presented in Table 7 and Table 8, with present and future perspectives in mind, is the contribution of this research. These factors, in the form of a three-dimensional framework, set the path for developing future sustainability-oriented innovation scenarios for international NTBFs. The selection of three key axes is an outstanding feature of this research. In particular, contemporary economics emphasizes the development of technological innovation as the main driver for the sustainability of businesses, especially for NTBFs. Internationalization, technology development with the priority of digital technologies and future research are the three axes and the key sustainability paths for NTBFs.



The most important limitation of this research was the focus on technology-based firms and examining innovation from a technology perspective. Future research, therefore, should expand this in several ways: 1—by removing the limitation on INTBFs and examining multinational firms, SMEs or startups; 2—adding the value component in the discussed axes and in accordance with the STEEP model, by considering more environmental factors to develop sustainability; or 3—identifying the relationships between the existing factors by focusing more on quantitative methods in the form of causal models. Therefore, future studies should propose related structures and measure their reliability by conducting mixed-method research and surveys from relevant statistical databases. Finally, it is noteworthy that there might be some issues related to the data collection and analysis methods in terms of potential bias. Future researchers might use various triangulation techniques to clarify the issue.
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	Mathematical model
	Firms that produce innovative products must sell their products quickly for two reasons. (1) Brand substitution is common, and many firms can come up with similar ideas. (2) Innovative products are highly perishable and will become obsolete with the introduction of a product with improved design.
	Examining three production strategies



	[31]
	A service ecosystem perspective on the diffusion of sustainability-oriented user innovations
	Trischler, Jakob, Mikael Johnson, and Per Kristensson
	2020
	Investigating the (non)diffusion of user innovations from a service ecosystem perspective.

Two sustainability-oriented user innovations examples of diffusion integration, innovation ecosystem, and user innovation research.
	Literature review
	The ecosystem perspective contributes three assumptions that help to better understand the (non)diffusion of sustainability-oriented user innovations: (1) innovation diffusion is a multi-level and -actor phenomenon; (2) an actor-to-actor orientation integrates user innovators into the ecosystem; (3) the service perspective defines innovation diffusion as an evolving co-created process.
	Review of the service ecosystem



	[32]
	Network cooperation and economic performance of SMEs: Direct and mediating impacts of innovation and internationalization
	Singh, Rashmeet, Deepak Chandrashekar, Bala Subrahmanya Mungila Hillemane, Arun Sukumar, and Vahid Jafari-Sadeghi
	2022
	The individual influence of network cooperation, innovation and internationalization on firm performance
	Quantitative method (structural equation modeling)
	Indirect effects produced by customers and research and development (R&D) organizations through innovation performance explain their effect on the economic performance of SMEs. The relationship between three network stakeholders, viz. customers, government agencies and R&D organizations, and economic performance are mediated by the internationalization performance of SMEs.
	SMEs



	[7]
	Sustainability-oriented innovation of SMEs: a systematic review
	Klewitz, Johanna, and Erik G. Hansen
	2014
	Examining how SMEs successfully compete in changing markets and environments while contributing to sustainable development
	A systematic review for the period between 1987 and 2010
	Development of an integrated framework on SOIs of SMEs. It is outlined how different strategic sustainability behaviors can explain contingencies in types of innovation practices. For the more proactive SME behaviors, it is argued that they possess higher capabilities for more radical SOIs with the innovation process itself changing. The interaction with external actors (e.g., customers, authorities, research institutes) can enhance the innovative capacity of SMEs for SOIs.
	SMEs



	[33]
	The Role of Innovation Capability in Enhancing Sustainability in SMEs: An Emerging Economy Perspective
	Heenkenda, H. M. J. C. B., Fengju Xu, K. M. M. C. B. Kulathunga, and W. A. R. Senevirathne.
	2022
	Addressing the prevailing performance gaps in SMEs’ sustainability in view of its importance, given the existing lack in innovation capability.
	Quantitative method (structural equation modeling)
	Discovered positive effects of innovation capability, disruptive technology and knowledge creation on sustainability. Innovation capability emerged as a predictor of disruptive technology and knowledge creation. Disruptive technology and knowledge creation were found to be partial mediators of the association between innovation capability and SMEs’ sustainability.
	SME



	[34]
	Investigating the Impact of International Markets and New Digital Technologies on Business Innovation in Emerging Markets
	Dana, Léo-Paul, Aidin Salamzadeh, Samira Mortazavi, and Morteza Hadizadeh
	2022
	Benefiting from international influences and digital technologies
	Quantitative method (structural equation modeling)
	International markets and digital technologies are positively associated with innovation. When a company’s entrepreneurial orientation increases, digital technologies and international markets are more involved in mutual relationships.
	International markets and emerging markets



	[3]
	The role of innovation in sustainable growth: A dynamic panel study on micro and macro levels 1990–2019
	Skare, Marinko, and Małgorzata Porada-Rochon
	2022
	Showing how technology-related innovations at the micro level are more important for ’green’ growth than non-technology innovations.
	Pooled OLS, fixed effect, common correlated effects pooled
	Innovation is a necessary prerequisite for long-term sustainability. Innovation has become a critical factor in achieving sustainable growth through energy efficiency improvement. Technological progress at the micro and macro level also enhances the growth of sustainability.
	company



	[13]
	Technology Opportunity Discovery using Deep Learning-based Text Mining and a Knowledge Graph
	Lee, MyoungHoon, Suhyeon Kim, Hangyeol Kim, and Junghye Lee
	2022
	Presenting the framework as a useful alternative to provide new insights into emerging technologies in the industry and market
	A technology-classification model was developed using technical text data acquired using Doc2vec and logistic regression
	A new framework for a technology opportunity discovery (TOD) index to discover emerging technologies is proposed. The TOD framework represents information about the ecosystem of new technology-based firms.
	NTBFs



	[35]
	Strategic Futures Studies and Entrepreneurial Resiliency: A Focus on Digital Technology Trends and Emerging Markets
	Dana, Léo-Paul, Aidin Salamzadeh, Samira Mortazavi, Morteza Hadizadeh, and Mahnaz Zolfaghari
	2022
	Dealing with innovation, the rapid changes in technology and the shortening of product life cycle by identifying the driving factors of the future
	Foresight
	To improve the resilience and sustainability of businesses in emerging markets, four areas, including strategic future research, entrepreneurial resilience, digital technology development and emerging markets, are examined, and business strategies are explained based on 1—artificial intelligence, 2—data mining, 3—environmental scanning, and 4—prediction of business conditions.
	Emerging markets
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Table 2. Subjects affecting STEEP in literature.






Table 2. Subjects affecting STEEP in literature.





	Researcher, Year
	Research Title
	Subject





	Zhang et al., 2022 [91]
	Research on Successful Factors and Influencing Mechanism of the Digital Transformation in SMEs
	Technological (influencing factors: IT infrastructure, IT management capabilities). Social (influencing factors: digital strategy, top management and employee skills), political and legal (influencing factors: government support, partnerships).



	Ma et al., 2021 [92]
	The Fit between Technology Management and Technological Capability and Its Impact on New Product Development Performance
	Technological (the fit between technology management and technological capability and its impact on new product development performance, resource acquisition, creating a favorable organizational culture, establishing a comprehensive quality management system, hiring more research and development employees, building information networks, upgrading company equipment and optimizing the organizational structure).



	Naghizadeh et al., 2021 [42]
	A model for NTBF creation in less developed regions based on the Smart Specialization concept: the case of regions in Iran
	Political and legal, financial (financial and legal support for companies based on new technology, considering the level of entrepreneurs, the level of companies and the regional entrepreneurial environment).



	Hwangbo et al., 2020 [93]
	The Effectiveness of Kano-QFD Approach to Enhance Competitiveness of Technology-based SMEs through Transfer Intention Model
	Technological, social and environmental (The importance of launching QFD (Quality Function Deployment), planning to enter the market by meeting the needs of customers better than the competitors, and also satisfying customers by providing products or services).



	Zhang et al., 2019 [94]
	The Influence of Management Innovation and Technological Innovation on Organization Performance. A Mediating Role of Sustainability
	Economic (competitiveness, high profit and long-term survival). Technology (increasing the performance of the company’s internal structure and process and creating sustainability with technological innovation).



	Friedman & Ormiston, 2019 [53]
	Blockchain as a sustainability-oriented innovation? Opportunities for and resistance to Blockchain technology as a driver of sustainability in global food supply chains
	Technoverse (New digital technologies such as blockchain can help in fair, sustainable and traceable supply chains. They can be used as a tool to guide technological innovation for environmental sustainability.)



	Ramaciotti et al., 2017 [95]
	The impact of hard and soft policy measures on new technology-based firms
	Political and legal (hard measures including financial support such as loans, grants and soft measures including business consulting).



	Bueno et al., 2016 [96]
	Intellectual Capital as a Strategic Model to Create Innovation in New Technology Based Firms
	Social (focuses on the strategic role of intellectual capital, through leveraging creative and innovative capabilities, to strengthen and develop companies).



	Cahen et al., 2016 [90]
	Managerial perceptions of barriers to internationalization: An examination of Brazil s new technology-based firms
	Technological (Most emerging market companies tend to go abroad to acquire technological assets, among other things, but NTBFs rely on their existing technology base to internationalize.)



	O’Regan & Ghobadian, 2006 [97]
	Innovation in international NTBFs: Does leadership really matter?
	Social (Leadership style and innovation in NTBF production are related. The level of emphasis on the development of different types of innovative capacity is influenced by the company’s leadership style. The uniqueness of each organization, their products, processes, stakeholders and markets are also an important driver of innovation.)



	Colombo & Grilli, 2005 [98]
	Founders’ human capital and the growth of new technology-based firms: A competence-based view
	Social (Economic-managerial and scientific-technical education. Paying attention to the human capital of the founders of new technology-based firms).



	Oakey, 2003 [99]
	Funding innovation and growth in UK new technology-based firms: Some observations on contributions from the public and private sectors
	Economic (Better integration of public and private sector budgets benefits the whole industry and the wider economy in which all stakeholders live together. Improved collaboration creates synergy that works through close engagement between the public and private sectors).



	Rickne & Jacobsson, 1999 [100]
	New Technology-based Firms in Sweden—A Study of Their Direct Impact on Industrial Renewal
	Technological (help to modernize the industry by increasing the knowledge and scientific base of the target country’s industry and services related to the industry, changing the direction of the knowledge base in favor of skills that are in the process of innovation in growing sectors, especially computer science skills).
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Table 3. Demographic characteristics of experts.






Table 3. Demographic characteristics of experts.





	
Education

	
Masters

	
PhD




	
6 (14 percent)

	
37 (86 percent)




	
Occupation

	
Academic staff

The field of innovation and technology

	
Scientific faculty of future studies

	
Executive directors of NTBFs

	
Executive managers

Digital NTBFs




	
12 (28 %)

	
10 (23 %)

	
9 (21 %)

	
12 (28 %)




	
Experience

	
Less than 5 years

	
5 to 10 years

	
10 to 15 years

	
More than 15 years




	
5 (12 %)

	
17 (39 %)

	
16 (37 %)

	
5 (12 %)
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Table 4. Assessment of convergent validity and reliability in the qualitative protocol.






Table 4. Assessment of convergent validity and reliability in the qualitative protocol.





	

	
The Degree of Compliance of the Questions with the Preliminary Model of the Research

	

	
In All the Questions Discussed






	
Validity

	
Average Likert scale scores

	
3.9

	
Reliability

	
The number of respondents

	
43




	
Average Likert scale scores

	
78.00

	
Cronbach’s alpha

	
0.927
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Table 5. Example of coding and extraction of factor No. 28 from the comments of expert No. 49.






Table 5. Example of coding and extraction of factor No. 28 from the comments of expert No. 49.





	
Factor

	
Code

	
Comment






	
TE (Technology Emergence) and new TO (Technology Opportunities) with the advent of AI

	
Expansion of new opportunities

	
“Extending knowledge in artificial intelligence, an increasing number of scientific subjects face many opportunities, including transformation and application in many fields. Artificial intelligence has become a complex interdisciplinary field, and increasingly different categories are involved in it. Therefore, identifying TE or TO related to artificial intelligence has become a value”.




	
The emergence of AI supporting and developing technologies




	
Expanding knowledge in AI




	
Expansion of interdisciplinary activities
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Table 6. Extracting the 9th factor from the constructive factors.






Table 6. Extracting the 9th factor from the constructive factors.





	
N.

	
Factors and Drivers

	
Key Factors /Main Drivers

	
Indicator






	
8

	
Access to distinguished domestic scientific centers

	
Emergence and integration of new technologies

	
11




	
12

	
Providing new products and services, empowering personal abilities and human social achievements and changing social relations with the development of technology




	
37

	
Science based on integrated concepts provides a new foundation for knowledge creation, innovation and technological integration.




	
19

	
TE (Technology Emergence) and new TO (Technology Opportunities) with the advent of AI




	
26

	
The formation of integrated technology platforms for sharing economy and the multipurpose development of services and products
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Table 7. Validation of key drivers and factors (KFs) based on Delphi study.
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The first Delphi round.

	
Driver

	
Average Opinion of Experts

	
Consensus Percentage

	
Weight

	
Rank

	
The second Delphi round

	
Average Opinion of Experts

	
Consensus Percentage

	
Weight

	
Rank




	
KF1

	
4/790697674

	
88/37209302

	
0/05665567

	
3

	
4/906976744

	
93/02325581

	
0/05659268

	
3




	
KF2

	
4/534883721

	
69/76744186

	
0/05363036

	
6

	
4/714285714

	
78/57142857

	
0/05437036

	
5




	
KF3

	
4/372093023

	
72/09302326

	
0/05170517

	
12

	
4/604651163

	
79/06976744

	
0/05310593

	
7




	
KF4

	
4/441860465

	
67/44186047

	
0/05253025

	
11

	
4/558139535

	
67/44186047

	
0/05256951

	
9




	
KF5

	
4/372093023

	
79/06976744

	
0/05170517

	
12

	
4/488372093

	
79/06976744

	
0/05176487

	
13




	
KF6

	
4/11627907

	
60/46511628

	
0/04867987

	
18

	
4/348837209

	
60/46511628

	
0/0501556

	
17




	
KF7

	
4/302325581

	
67/44186047

	
0/05088009

	
14

	
4/395348837

	
67/44186047

	
0/05069202

	
16




	
KF8

	
3/790697674

	
46/51162791

	
0/04482948

	
19

	
3/930232558

	
46/51162791

	
0/04532779

	
19




	
KF9

	
4/488372093

	
72/09302326

	
0/05308031

	
9

	
4/534883721

	
72/09302326

	
0/05230129

	
11




	
KF10

	
4/697674419

	
79/06976744

	
0/05555556

	
4

	
4/744186047

	
79/06976744

	
0/0547152

	
4




	
KF11

	
4/906976744

	
90/69767442

	
0/0580308

	
1

	
4/953488372

	
95/34883721

	
0/05712911

	
1




	
KF12

	
4/465116279

	
76/74418605

	
0/05280528

	
10

	
4/604651163

	
76/74418605

	
0/05310593

	
7




	
KF13

	
4/302325581

	
65/11627907

	
0/05088009

	
14

	
4/465116279

	
65/11627907

	
0/05149666

	
14




	
KF14

	
4/511627907

	
74/41860465

	
0/05335534

	
7

	
4/558139535

	
74/41860465

	
0/05256951

	
9




	
KF15

	
4/604651163

	
79/06976744

	
0/05445545

	
5

	
4/651162791

	
79/06976744

	
0/05364235

	
6




	
KF16

	
4/302325581

	
62/79069767

	
0/05088009

	
14

	
4/441860465

	
62/79069767

	
0/05122845

	
15




	
KF17

	
4/162790698

	
67/44186047

	
0/04922992

	
17

	
4/341463415

	
70/73170732

	
0/05007056

	
18




	
KF18

	
4/511627907

	
69/76744186

	
0/05335534

	
7

	
4/534883721

	
69/76744186

	
0/05230129

	
11




	
KF19

	
4/88372093

	
88/37209302

	
0/05775578

	
2

	
4/930232558

	
93/02325581

	
0/05686089

	
2
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Table 8. Ranking of drivers and main factors (KFs) and dependence of factors.






Table 8. Ranking of drivers and main factors (KFs) and dependence of factors.





	Indicators
	Drivers and the Main Factors (KF)
	Uncertainty
	Importance
	Rank
	Dependency Indicators





	1
	Increasing adoption of foresight in company management
	2
	3
	3
	-



	2
	The growth of research and development in companies
	7
	7
	5
	1, 11, 12,13, 16, 17



	3
	Improving production and service delivery processes and reducing bureaucracy
	10
	11
	7
	7, 8, 15, 19



	4
	Increase market share
	18
	8
	9
	1, 5, 18



	5
	Improve quality
	8
	10
	13
	2,11



	6
	Profitability increase /cost reduction
	3
	6
	17
	2, 12, 19



	7
	Reduce product/service delivery time
	12
	14
	16
	3, 16



	8
	Faster achievement of organizational goals
	5
	9
	19
	1, 16, 17



	9
	Deregulation
	17
	19
	11
	3, 13, 17, 19



	10
	Empowering customers and increasing their awareness
	19
	18
	4
	17



	11
	Advent and convergence of new technologies
	1
	2
	1
	-



	12
	Improve economic stability
	16
	12
	7
	13, 18



	13
	Globalization of the economy
	15
	13
	14
	18, 19



	14
	Macroeconomic uncertainties
	14
	17
	9
	15



	15
	Shortening of the life cycle of products and services
	11
	16
	6
	2, 6, 11



	16
	Improving the culture of teamwork in the industry
	9
	15
	15
	8



	17
	Increasing compliance with global requirements and standards
	6
	5
	18
	4, 5, 6, 7, 11



	18
	The growth of competition in the domestic market
	13
	4
	11
	3, 14, 15



	19
	Development of a go-international attitude in the cooperation of companies and industries
	4
	1
	2
	-
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