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Abstract

:

Transformative Innovation Policy (TIP) is a new paradigm in science, technology, and innovation policy that seeks to produce a transition to sustainable development. In this paradigm, universities are crucial actors in the dynamics of science, technology, and innovation, but their role in the implementation of TIP should be defined. The objective of this article is to contribute to the understanding of the ideal role of Latin American universities in the implementation of TIP. Therefore—to describe and analyze the concepts of university and TIP in Latin America—this case study examines the co-creation of a public policy of science, technology, and innovation by Higher Education Institutions (HEIs) in that region. This article underscores the vital role of universities in promoting transformative innovation that fosters social inclusion and sustainability. To achieve this goal, structural policy changes should be implemented, and different stakeholders (including researchers, students, and civil society) should be actively engaged. This paper also highlights the importance of addressing socio-economic, cultural, political, cognitive, and environmental issues faced by marginalized communities. By embracing the principles of transitions theory and prioritizing transformative innovation, universities can make significant contributions towards achieving Sustainable Development Goals (SDGs).
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1. Introduction


In developing countries, innovation has not brought the benefits that were promised by the paradigm that developed nations had adopted [1]. On the contrary, it has generated inequality, exclusion, unemployment, and environmental imbalances; favored the wealthy; and increasingly segregated low-income communities. As a result, many impoverished countries now have bigger social, economic, and environmental problems. It has been claimed that using innovation to create wealth, development, and well-being does not work in certain areas, and only a different type of innovation can produce the long-expected integral development [2,3,4,5,6,7].



In addition, the current innovation model focuses on competitiveness, which can favor the concentration of economic power in the hands of a few companies. This is particularly concerning in Latin American countries, which already exhibit high levels of economic inequality and wealth concentration. Therefore, a critical reflection and the adoption of appropriate policies are necessary so that developing countries can fully benefit from innovation while minimizing its negative effects in terms of inequality and wealth concentration [8].



This competitive innovation model presents significant limitations for Latin Americans, who face difficulties in access to resources that are necessary to research and develop new technologies. This creates a knowledge and resource gap compared to developed countries, which can limit their ability to compete in global markets. Consequently, Latin American countries should implement different policies and strategies to promote a more equitable transfer of knowledge and resources, as well as encourage collaboration between industry, university, and government [9].



In this region, Science, Technology, and Innovation (STI) policy is important to drive development. However, the STI policies used since World War II have not made significant progress. Although still relevant, these policies do not provide guidelines to address the disadvantages of a socio-technical system defined by modern economic growth [10].



To promote sustainable development, it should be acknowledged that innovation involves not only technological changes but also social and environmental aspects. In education, for example, due to the incredibly growing popularity of social media, it has become necessary to make a transition to flexible and complementary teaching models [11]. The relationship between these factors is a complex issue whose consequences can be potentially positive and negative. The adoption of Information and Communication Technologies (ICTs) and globalization can reduce CO2 emissions and increase resource efficiency, thereby favoring energy conservation. Nevertheless, non-renewable technologies can contribute to pollution and climate change; inadequate electronic waste management can have a negative environmental impact; and excessive dependence on technology can have negative effects on people’s mental health and quality of life. Furthermore, the digital divide can exacerbate social inequalities [12].



This means that innovation policy should focus on activities that promote sustainable solutions by enabling access to more efficient and affordable technologies, creating jobs in new areas, and improving resource efficiency. However, since not all innovations produce these positive outcomes, they should focus on reducing inequalities and protecting the environment [13]. Consequently, Transformative Innovation Policy (TIP) is necessary to overcome these current problems [10,14]. The tasks at hand entail reconciling divergent objectives, establishing clear system limits, identifying achievable routes, devising tactics, destabilizing current systems, mobilizing relevant policy arenas, targeting specific groups, and securing access to intervention points. Tackling these challenges requires a comprehensive and meticulous approach that acknowledges the intricacies of innovation systems and the different viewpoints of stakeholders. Only then can barriers preventing transformative change be effectively addressed [15].



This paper aims to contribute to the understanding of the role of Latin American universities in the implementation of TIP (i.e., the new paradigm) to achieve the Sustainable Development Goals (SDGs). It also makes some recommendations so that the transition between innovation paradigms is led by universities. Additionally, it addresses the shortcomings that the current model of competitive innovation has produced in developing countries, specifically in Latin America, as well as the relationship between TIP and universities as part of National Innovation Systems.



Finally, this paper discusses the results obtained and draws conclusions, focusing on the contribution that universities make to drive innovation in social inclusion and the transformation of socio-technical systems. Universities are key agents in generating collaborations with other actors to experiment with transformative technologies and practices that can have a positive impact on society. Likewise, this article suggests that local and regional organizations should carry out structural transformations, and universities should actively engage in policies that promote those transformations. Furthermore, Latin American universities should incorporate the principles of transition theory and the SDGs into their mission to generate transformative innovation and contribute to sustainable development.




2. Literature Review


First, this section contextualizes the concept of the university as an organization that not only transmits but also generates knowledge, science, technology, and innovation and, in addition, contributes to a National Innovation System. Second, it examines the emergence of a new paradigm—i.e., Transformative Innovation Policy (TIP)—that responds to current social, economic, and environmental challenges that competitive innovation has been unable to solve. Third, it analyzes cases in which Latin American universities have driven innovation for inclusion and sustainability.



This case study adopts an exploratory approach to analyze the creation of a regional public policy on STI, focusing on the role of Higher Education Institutions (HEIs). It explores and describes the National Science and Innovation Policy, which aims to align innovation processes with the achievement of the SDGs. This article contributes to the construction of innovation policies by studying the role that universities play in this type of dynamics. The unit of analysis selected for this study is the Science, Technology, and Innovation for Transformation Public Policy Factory (hereinafter, The Factory). To evaluate the results, the findings are compared with key elements identified in the theory, and the impacts of TIP are examined in four experimentation sessions.



Viewed through the lens of academic knowledge, contemporary universities play a crucial role in cultivating the capabilities required for innovation. This is why they are key institutions in National Innovation Systems (NISs) [16], which are being consolidated in Latin American countries. They also influence the development of technological and industrial capabilities by collaborating with other actors in NISs [17]. For example, in Colombia, the NIS started to be strengthened at the beginning of the 1990s, supported by a policy proposed by the national government. This policy places universities in the field of innovative development, but it privileges organizations that produce goods and services because they are supposed to transform scientific and technological knowledge into economic wealth, social welfare, and human development [18].



Universities play a crucial role in innovation systems. As institutions, they can spearhead transitions between different innovation paradigms. This is particularly significant because, typically, they generate essential knowledge, science, and technology to address humanity’s challenges [19,20,21,22]. Additionally, their involvement in digital transformation has a profound impact on talent management. By embracing and adapting to the digital era, universities can effectively develop and improve the skills and competencies that are required in a rapidly evolving technological landscape [23].



In Latin America, universities have a strong social commitment that has been historically established due to the political problems of the region, where some countries present alarming socioeconomic conditions and concerns. As a result, universities have assumed responsibilities as autonomous entities to conceive and undertake their Third Mission, not leaving aside the needs of the market, but focusing on the development of inclusive and sustainable innovations that contribute to improving the economic, cultural, political, cognitive, and environmental conditions [24].



In Latin America, NIS refers to a set of institutions, policies, and actors that interact to generate, disseminate, and utilize knowledge and technology in the region [25]. Over time, the number of studies on NISs in Latin America has increased, although that growth has been asymmetrical from a global perspective [26]. Many authors have used the NIS approach to analyze the structure of actors and links that drive innovation in Latin American countries, as well as the inputs and outputs of these systems [27]. However, their analysis is still limited to a handful of countries, and more comprehensive studies are needed [28].



Nevertheless, there have been some successful cases, such as the development of the software industry in Brazil and the biotechnology industry in Cuba [29]. In Mexico, universities play an important role in the NIS and can contribute even more through public policies that incorporate an emphasis on the territory, other types of knowledge, collaborative epistemologies, technopoles and field schools, open access to knowledge, and strengthening of the ethical dimension [30].



NISs in Latin America have produced a series of specific success stories and have evolved from their creation in the 1950s. However, they have become weak entities [29]. Currently, this region is significantly lagging in productivity and competitiveness compared to its developed counterparts, and it needs creative innovative policies that foster equitable economic growth [31]. In Ecuador, for example, the economy is heavily dependent on low-value products and exports that are not very knowledge-intensive, which can be a risk for long-term growth and social equity. To improve its competitiveness, this country needs to increase the productivity of its economic sectors [32].



Although processes for generating innovation capabilities have not been fully established in developing countries—which has led to their lagging position—it is also true that systematic efforts are being made to strengthen said processes. These efforts include collaboration between countries to undertake joint knowledge generation actions; the involvement of microenterprises in economic development [33]; acknowledging the importance of innovation capabilities to achieve innovative outcomes and enhance competitiveness [34]; and open innovation [35] through the acquisition of external knowledge or internal generation to provide feedback on, make corrections to, adapt, and improve processes and products [36]. Additionally, social innovation has been encouraged, fostering university–industry linkages that have utilized local capacities to generate knowledge through research, technological development, and innovation—which aims to facilitate knowledge transfer and build a sustainable development model [37].



However, despite the efforts that are being made, innovation has not brought the benefits that were promised by the paradigm adopted by developed nations [1]. Some of the reasons behind this are the absence of an adequate approach for technology transfer systems and the lack of a point of reference to determine accurate selling prices for innovations and patents. This prevents Latin American universities from obtaining economic benefits from products and services that are later developed by public and private enterprises [38]. Another factor is the lack of economic incentives for companies, which limits the role of public policy as a tool to articulate the interests of the public and private sectors [39]. Furthermore, there are difficulties related to economic information, risk, and uncertainty, which hinder the optimal allocation of financial resources for innovation, thus justifying the need for state intervention [40].



Contrary to its promises, the current innovation model has generated inequality, exclusion, unemployment, and environmental imbalances—favoring some sectors, increasingly segregating low-income communities, and leaving many impoverished countries with even greater social, economic, and environmental problems [41]. Furthermore, incremental innovation—which refers to small modifications and improvements that enhance efficiency or customer satisfaction—may not be sufficient to generate a significant impact on society [42]. Therefore, innovation efforts should focus on high-tech-intensive projects, involve a wider range of economic agents, and adopt a regional perspective [43]. Also, developing countries should devote capabilities and resources to identify areas where innovation should be prioritized [44].



In this sense, it has been claimed that using innovation to create wealth, development, and well-being does not work in certain areas and only a different type of innovation can produce the long-expected integral development [2,3,4,5,6,7].



Economic dynamics have revealed the presence of failures that hinder countries’ economic growth and competitiveness [45]. As a response, STI policies have employed three types of approaches or policy framings: (1) the Science, Technology, and Innovation (STI) mode; (2) the Doing, Using, and Interacting (DUI) mode; and (3) a combination of these two.



Framing 1 applies the STI mode and aims to contribute to economic growth by funding R&D—although its results can be unpredictable and long-term [10,19]. Framing 1 is based on the linear model of innovation, which places scientific discovery as an indispensable element to innovate. In addition, it is top-down and designed for political groups or formal actors of STI with some capacity or potential to innovate. When Framing 1 policies were developed, it was argued that they would produce positive externalities in society that would justify their funding. A positive externality of this type of policy was stimulating R&D processes that would generate scientific knowledge, which was considered essential to achieve technological development and, consequently, innovation [10]. At that time, achieving this positive externality was an adequate justification for the public funding of these Framing 1 policies.



Framing 2 applies the DUI mode of innovation. Policies that adopt this approach seek to respond to failures of interaction between the actors involved in the innovation process [19]. The theoretical foundations of this type of policy can be found in [46,47,48,49]. These publications have examined NISs and shown that not all countries have the same ability to generate innovations because the latter not only depend on firms’ capabilities but also relationships between heterogeneous agents. These agents include, in addition to companies, academia, the public sector, middlemen, and other actors that generate, disseminate, and use knowledge and technology—and learn during the process. According to [10], the policies that adopt the innovation system approach (i.e., Framing 2) seek to establish networks and relationships between different actors, which should result in collective learning as well as absorptive capacities to increase innovation.



Global challenges have led to the emergence of a new policy framing of STI, called Transformative Innovation Policy (i.e., Framing 3) or Transformational Change, which aims to guide the transition to sustainable development. The foundations of this framing are Framings 1 and 2—which are governed by unsustainable socio-technical systems associated with innovation models that generate negative externalities in social (inequality and poverty) and environmental aspects (climate change), which should be reconsidered. In [10], the authors claim that Framing 3 policies imply a change of directionality of socio-technical systems and greater participation, experimentation, and inclusion of multiple actors that were traditionally excluded. They also hold that, in the long term, this approach can change the directionality of innovation systems and investment in R&D, but it will be necessary to define new relationships between the state, the market, and civil society to establish more equitable and sustainable systems.



The theoretical foundations of TIP (i.e., Framing 3) are found in the study of socio-technical transitions. In that field, a multilevel perspective is used to explain the adequate management of innovations that aim to change systems of unsustainable consumption and production patterns. This perspective includes three levels: niche, regime (or status quo), and landscape [10]. In another paper [50], the technological niche is defined as a micro-level protected area where networks of actors experience and develop radical innovations and new practices (outside a purely competitive dynamic) and where there are links between “technology, demand and social issues” [50], p.539. The second level (or meso-level) is the socio-technical regime (or status quo), which is defined as the cognitive routines that explain the development of technological trajectories, but also encompasses the rules and roles that guide large-scale systems. Finally, the landscape level (or exogenous macro-level) provides direction to the regime and niche levels.



In the Table 1, we can see six elements that characterize TIP (i.e., Framing 3) policies proposed by The Transformative Innovation Policy Consortium (TIPC) [51]. This elements can be used to demonstrate that there is a socio-technical transition.



In Latin America, alternative innovation processes are being carried out to respond to local dynamics and realities [3,52,53,54]. They encompass inclusive [2,6,7,55]; grassroots [56,57,58]; and frugal or social innovations [59,60]. All of them have something in common: they aim to solve social, economic, and environmental problems that have not been corrected by competitive innovation. That is, they go beyond economic growth as such and try to rethink innovation as a response to social and environmental issues [9,58,61]. The goal of these proposals for alternative innovation is to transform the way we produce, consume, and perform structural and systemic changes—thus, they can be classified as transformative innovations [10,62].



There are several success stories of Latin American universities that have played a role in the generation of initiatives that can potentially become transformative innovations driven by social inclusion. For instance, The University of the Republic in Uruguay was a pioneer in research and innovations for social inclusion. In 2003, this university issued a call for proposals to respond to the deep economic and social crisis that its country suffered in 2002 [63]. In addition, Uruguay has a fund for inclusive innovation, which is managed by the National Agency for Research and Innovation (ANII in Spanish). This fund supports applied research projects aimed at making an impact on and improving social inclusion [64].



Another example is the project carried out by the Development Bank of Latin America (CAF in Spanish) in partnership with the Organization of American States (OAS), Microsoft, Western Union, Seattle International Foundation, and The Trust for the Americas. In 2016, they supported The Technological University of Santa Catarina in Mexico in the creation of The DIA Lab for Inclusive Innovation. The objective of this laboratory is to train young people to develop projects that improve their social environment and provide them with high-technology tools such as 3D printers, microprocessors, and laser cutters. It is funded by public and private organizations [65].



In Colombia, the efforts in social innovation have been discreet but steady. For example, the current National Development Plan (which is entitled “Todos por un Nuevo País”) adopts the guidelines of the Organization for Co-operation and Development (OECD), which establish that public policy should seek to generate social welfare to achieve development and produce wealth [66]. According to the Colombian Administrative Department of Science, Technology, and Innovation, innovation should utilize knowledge to create value in the form of positive economic and social externalities [67]. This position has been reflected in some of its calls for R&D proposals and innovation projects in which universities participate with other actors in the NIS [68].



Latin American universities are also promoting sustainable development initiatives (e.g., sustainable campuses). A study [69] analyzed seven dimensions of university activities proposed in the literature on sustainability: education; research; outreach; campus operations; on-campus experiences; institutional framework; and assessment and reporting. After analyzing three campuses in Brazil, that study found several strengths for sustainability, which included research, outreach, and participation in management.



In Latin America, the implementation of successful academic innovations has been a priority to improve the quality of and access to higher education in the region. One of the most ambitious proposals is the creation of a common academic credit system for the entire region, which is known as CLAR in Spanish [70]. Additionally, new HEIs have adopted innovative approaches to design their academic programs, promoting student participation in learning and solving real-world problems [71].



However, other authors [72] have found that, although some universities—e.g., The National Autonomous University of Mexico (UNAM in Spanish)—are willing to develop projects in this field, existing sustainable initiatives suffer from a lack of articulation. This suggests that universities face institutional challenges to translate political will and initiatives into a systematic and sustained transition toward sustainability.



Finally, this paradigm (Framing 3) emerged to address the prevailing need for a structural change in institutions in developing countries and somehow revert the negative effects that competitive innovation has produced in these nations. These effects include not only poverty but also abandonment, destitution, and deprivation, all combined with waste and environmental pollution produced by (economic) development processes under the paradigm of competitive innovation.




3. Methodology


The purpose of this study is to enhance the understanding of the role of universities in implementing the new TIP for the achievement of the SDGs. To this end, we adopted the exploratory case-study method which facilitates the development of theories based on empirical evidence as well as the comprehensive description of phenomena using different data sources [73,74]. The selected case is Factoría de Política Pública de Ciencia, Tecnología e Innovación para la Transformación (Factory of Public Policy on Science, Technology, and Innovation for Transformation, hereinafter The Factory). This was an experiment to co-create a transformative regional public STI policy by analyzing the role of HEIs in Antioquia (Colombia). To select this case, we used convenience sampling, considering that The Factory was an initiative launched by our university (Instituto Tecnológico Metropolitano ITM) with the aim of identifying public policy components and instruments oriented to HEIs with transformative potential.



The Factory was an experimental event held as part of a call for mentoring in transformative STI policies led by the Science Policy Research Unit (SPRU) at the University of Sussex and Colciencias. The event was organized by an interdisciplinary group of professionals, professors, and researchers, who worked together with Antioquia Council on STI (CODECTI in Spanish). In Colombia, CODECTIs are collective bodies made up of public and private entities and social organizations. Their purpose is to ensure that the departmental STI initiatives are coherent with the regional and national policies and objectives in this matter.



Specifically, the event consisted of four in-person sessions in which the attendees were trained in the main concepts of the new TIP (or Framing 3). The sessions also included games, workshops, and spaces for reflection on aspects related to HEIs and Framing 3, as found in the regional STI policy. The organizing team designed the methodology and academic content of the event in a collaborative space that involved around 40 people from academia, the business sector, government, and civil society. These individuals contributed their knowledge, realities, and experiences to the formulation of proposals and guidelines for a new transformative STI policy [75].



The following are the topics covered in each session:



Session 1. Conceptual introduction: Discussion of the main elements of Framing 3 in the STI policy;



Session 2: Analysis of existing STI policies for HEIs;



Session 3: Identification of elements of Framing 3 in the regional STI policy for HEIs that promote transformative innovation;



Session 4: Workshop for the co-creation of proposals and suggestions for the regional STI policy for HEIs including elements of Framing 3.



Table 2 summarizes the research design of this study [74], p. 5394.



Table 3 summarizes the evaluated aspects of each session of the Factory in terms of their impact and their use of the TIP elements.



To determine the level of satisfaction with each aspect evaluated and, therefore, the impact of each session, an analysis was carried out by the team organizing the event (which was composed of a mentor assigned by the SPRU and other members previously trained in the principles of TIP).




4. Results and Discussion


Seeking to develop a different STI policy and respond to the country’s commitment to achieving the SDGs, Colombia’s STI funding agency, Colciencias, joined the TIPC, coordinated by the SPRU at the University of Sussex in the UK. The TIPC also includes innovation ministries and funding agencies from Finland (National Research Council), Mexico (National Council of Science and Technology, CONACYT), Norway (Research Council of Norway), South Africa (National Research Foundation, NRF), and Sweden (Swedish Governmental Agency for Innovation Systems, VINNOVA). Other related TIP initiatives include projects in China, Panama, and Brazil [51].



The TIPC provides guidelines for a new STI policy framework aimed at responding to the global challenges summarized in the United Nations SDGs [76]. Since 2016, a different methodological approach has been adopted by the STI Policy Unit of Colciencias to propose this new STI policy. To this end, several processes have been carried out: participation in the TIPC, mentoring network, discussion sessions, SDG citizen consultations, interviews, and scientific and technological capacity-building activities [62]. In this article, we present the outcomes of researchers’ participation in the mentoring network known as The Factory, whose objective was to co-create a transformative regional public STI policy considering the role of HEIs in Antioquia (Colombia).



The mentoring network provided advice and support to eight projects in different departments in the country. It promoted a dialogue with government agencies and STI actors at the local level and achieved results that materialized in the guidelines for the formulation of the regional TIP. This initiative resulted in a group of critical scholars who will help to consolidate these processes in the country and its regions, taking into account the specificities of each one but without neglecting their alignment with the SDGs. Likewise, these projects are laying the foundations for a network of Colombian scholars who will be key actors to consolidate this new STI policy in the country [77].



The results of this process are reported in Orientaciones para la formulación de políticas regionales de innovación transformativa en Colombia [77]. It is worth highlighting that the regional public STI policy was analyzed based on Framing 3 of innovation. In addition, proposals and suggestions were co-created during a workshop so that the STI policy incorporated TIP elements. The topic was of interest to the participants because of its novelty and because it focused innovation on building a better society.



The event was open, and there were no restrictions on the type of participants. However, 78% of the attendees were scholars. This suggests that the topic may not be attractive to other actors in the innovation system because the participation of civil society, business, and government representatives was low compared to that of HEIs. This indicates that actors view policies in a fragmented way and only participate in spaces that focus on their area. Unfortunately, this phenomenon may have biased the results of the experiment.



The analysis of the STI policy and the role of HEIs in it focused on development plans, where the functions of HEIs are limited to teaching, research, and extension. Nevertheless, proposals such as the universities’ Third Mission—which states that HEIs should transform their environment—would be more appropriate to formulate a policy with elements from Framing 3. Similarly, it was also argued that innovation depends on the type of human beings that HEIs try to produce (i.e., educate), which is one of their core responsibilities.



Consequently, it was concluded that HEIs at the regional level should:




	
Promote the role of research professors as natural leaders of these processes;



	
Adapt the concept of transformative innovation to each region;



	
Include the concept of transformative innovation in the teaching, extension, and research activities of HEIs;



	
Offer mandatory rural internships of at least six months in all academic programs. These internships should adopt a Framing 3 approach;



	
Create active spaces at the secondary education level to promote the culture of transformative research from an early age;



	
Support studies focused on Framing 3 that favor the understanding of the phenomenon and disseminate the results in the local context;



	
Deliver, through the university–industry–government partnership, products, processes, and services in line with Framing 3.








Furthermore, during the event, participants discussed the importance of creating incentives for scientific, economic, political, and social production focused on transformative innovation. Similarly, they identified the existence of advanced processes related to this type of policy, but they are found at the bottom of the pyramid. Moreover, it was demonstrated that civil society should be involved in these initiatives. Therefore, different strategies and methodologies should be designed using a clearer and more familiar language so that people feel included and can freely express their opinions.



In general, participants agreed on the idea that the regional education policy should be changed. In this regard, a good starting point could be revising educational models, evaluation systems, and curriculum approaches according to the TIP framing. In addition, they also considered the possibility of including transformative policy concepts in national, regional, departmental, municipal, and university development plans. In the case of universities, their recommendation was to incorporate Framing 3 in their three main functions.



All of the above should be supported by a culture of transformative innovation that permeates the production system. In turn, this culture should be fostered at all educational levels. For example, in this study, we proposed the promotion of processes that apply the three framings in order to enhance the understanding of the phenomenon and disseminate the results in the local context. Likewise, we suggested stimulating the creation of spin-offs as organizations capable of aligning competitiveness and sustainable development. In the social field, we highlighted the importance of identifying new spaces where organized civil society actors can actively participate—such as transformative innovation laboratories in which grassroots communities can conduct experiments.



Regarding the elements of TIP, in Latin America, the directionality of the STI policy for HEIs should be training its human talent in STI capabilities. Nevertheless, some social inclusion elements are also important. As for the transformation of socio-technical systems, this is not a function explicitly included in the mission of HEIs. In terms of the societal goal and SDGs, there are some thematic foci in which HEIs are involved. With respect to the relationships among actors, the policy promotes the triple helix; therefore, it is possible to make changes that have an impact at the system level. In addition, the elements of second-order learning—such as reflexivity and conflict vs. consensus—are not obvious in the policy but stood out in the experiment. Initially, participants defended their own positions, regardless of the proposed objective, so the organizing team intervened to reach a consensus. Lastly, inclusiveness should be strengthened because current strategies, such as the university–industry–government committee (with extensive experience in the city), do not involve civil society, which is a key element of the proposed Framing 3.




5. Theoretical and Practical Implications


Regarding the theoretical implications and contributions, we managed to demonstrate, based on the proposed hypothesis, that HEIs have a major role in innovation systems because they are spaces for knowledge generation. Consequently, their participation in the implementation of innovation initiatives, such as TIP, is paramount. The traditional innovation dynamics in which universities are currently involved are not sufficient to respond to the social and environmental challenges that threaten the sustainability of the regional development model. Therefore, HEIs should take action and influence public policies.



From a practical perspective, based on the case studied, a collaborative construction space was created for different actors in the quadruple helix (university–industry–government–society). The purpose of this space was that, together, they could contribute—based on their knowledge, realities, and experiences—to the formulation of proposals and guidelines for a regional public STI policy to address local social and environmental challenges.




6. Limitations and Future Research Lines


One of the main limitations here is that this was a single case study, which—although it is an accepted methodology for making inferences—is insufficient to formulate a general theory. However, as this case took place in a developing Latin American region with a robust regional innovation system, we can draw interesting conclusions about the phenomenon under study. Considering these limitations, similar studies can compare the results of different regions in a country or different developing countries.




7. Conclusion and Recommendations


Latin American universities play a leading role in the promotion and implementation of TIP due to their historical commitment to social welfare. In this sense, the case analyzed here shows that universities have largely encouraged innovations aimed at social inclusion, considering the problems of this nature that persist in the region [15]. However, developing transformative innovations will also require us to consider, in addition to social inclusion issues, the forms of consumption and production that will transform socio-technical systems [10]. Therefore, universities—using knowledge, science, and technology—can draw interest in the big challenges expressed in the SDGs. Likewise, through research and extension projects, they can create niches with other NIS actors to test new technologies and practices that have the potential to impact different socio-technical systems [69]. Furthermore, universities can internally drive new strategies for the transition to sustainability, including sustainable campuses, among other initiatives that are being undertaken in the region [51,69].



The COVID-19 pandemic had a significant impact on innovation by universities. Due to the sudden shift to online learning, universities had to adopt new teaching methods and technologies to ensure the continuity of education [78,79,80]. In addition, in terms of funding and opportunities, many institutions faced budget cuts and reduced funding for research projects [81].



We confirmed the need for transformative changes at the structural level to encourage transformative innovation as well as the importance of involving universities in these transformations. We also found that the territory and the regions are fundamental actors for carrying out the necessary transformations since different perceptions of problems create a suitable environment for reaching consensual and effective solutions. This requires a real articulation between NIS actors and the active participation of researchers, students, civil society representatives, and citizens in general. This transformation at the regional level is essential to lay the foundations for a policy aimed at solving problems at the local level but with a global approach and a well-defined orientation, direction, and intention.



As this study was carried out, we confirmed that universities are fundamental actors in the development of transformative innovation because they integrate education, research, and extension around a transformative approach. In these processes, the principles of transitions theory as well as those of the SDGs are incorporated into the university mission, without neglecting the needs of the market, and focusing on the development of transformative social, inclusive, grassroots, under-the-radar, or frugal innovation. Universities have been identified as key contributors to sustainable development through social innovation [82].



The event managed to put on the table various aspects of HEIs, such as their role in the current STI policy, their participation in inter-institutional alliances, and their mission to train human talent. It was also said that innovation depends on the type of human beings that universities aim to produce (i.e., educate). Therefore, it is necessary to identify the profiles required for transformative innovation, given that universities can play a leading role in the search for and training of such profiles.



Some universities have cooperative extension programs that connect research groups with social problems. However, these institutions should move from programs to missions that incorporate elements of Framing 3. It is under this new paradigm that universities’ Third Mission should be conceived and implemented, without neglecting the needs of the market and the scope of their solutions but focusing on the development of innovations that contribute to the improvement of the socio-economic, cultural, political, cognitive, and environmental conditions that persist in Latin America.



Regarding policy suggestions, we specifically recommend adopting Framing 3 (i.e., TIP) because it deals with social and environmental challenges at the local, regional, national, and international levels and seeks to achieve the SDGs through science, technology, and innovation. Framing 3 requires redirecting and reorienting STI processes, which demands changes in socio-technical systems that, at this historical moment, are not compatible with sustainability.



Additionally, Framing 3 seeks to create spaces for experimentation and the engagement of different actors to produce new socio-technical systems that support the necessary transformations for the emergence of sustainable routines and practices. For this to happen, the processes should adopt a bottom-up approach. This is because it is at the bottom where change takes place, the actors there are outside centers of power, and they are often the ones facing the biggest challenges. This is how innovative and disruptive ideas emerge. As a result, new socio-technical systems can be created by the scientific community, industry, users, social movements, and civil society.



The main limitation of this policy is that, although governments foster these processes, it is not enough to bring about change. Consequently, we should encourage experimentation and inclusion of all nonconventional actors in this process to achieve transformative change.
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Table 1. Six elements of TIP.
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	Element
	Definition





	Directionality
	The policy is clearly supposing the non-neutrality of technology, considers a wide range of options, and addresses the social and environmental issues that it would cause.



	Societal goal
	The initiative focuses on the grand societal challenges expressed in the SDGs.



	System-level impact
	It focuses on high-impact change on the level of socio-technical systems.



	Learning and reflexivity
	The initiative allows for “second-order” learning.



	Conflict vs. consensus
	It acknowledges and encourages differences in opinion between stakeholders.



	Inclusiveness
	It includes civil society actors and/or end users.










 





Table 2. Research design.
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	Component
	Proposal





	Research question
	What is the role of universities in the implementation of a transformative innovation policy?



	Objective
	To make suggestions to ensure that the transition between innovation paradigms is led by universities and examine the role of universities in the implementation of a transformative innovation policy for the achievement of the SDGs.



	Unit of analysis
	Factory of Public Policy on Science, Technology, and Innovation for Transformation (The Factory)



	Evaluation criteria
	Comparison of the findings with key elements identified in the literature.










 





Table 3. Evaluation of the impact of each session.
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Aspects Evaluated

	
Remarks






	
Impact of each session

	
Activity