


Bridging Theory and Practice: The Role of the STS Framework in Rethinking Entrepreneurial Education

Abstract
This review paper has explored how the Science, Technology and Society (STS) framework helps bridge the gap between the theoretical foundations and innovation practice within the realm of entrepreneurial education. This review has drawn upon a total of 22 scholarly literature, published between 2016 to 2023, to identify four key themes, via thematic analysis, that cover, STS-oriented pedagogy for real-world problem solving, integration of sociotechnical systems, human-centric innovation and skill development and implementation barriers. Overall, the analysis suggests that the STS framework effectively supports the interdisciplinary, action-oriented and ethical approaches that are vital for the preparation of learners for the navigation of complicated innovation pedagogical ecosystems. Overall, the review is concluded with meaningful recommendations for integrating STS into the entrepreneurship curriculum to improve the societal relevance and impact of educational outcomes. 
Keywords: STS Framework, Entrepreneurial Innovation, Ethical and Sustainable Business Education, Critical Thinking in Business, Interdisciplinary Learning in Entrepreneurship


1. Background 
The realm of entrepreneurship education heavily demands the development of innovative thinking among learners to fit into a highly competitive market that is in consistent pursuit of novel ideas, adaptability and real-world problem-solving skills. However, a large number of entrepreneurship programs currently are not specifically devised to prepare the learners to face this reality. Conventional entrepreneurship courses are focused on teaching business and innovation as fixed process components, neglecting the uncertainties of reality. Consequently, graduating learners despite possessing a nuanced theoretical understanding face challenges in terms of efficiently applying the acquired insights to cope with dynamic business markets. In this regard, the Science, Technology and Society or the (STS) framework, proves to be an instrumental tool that focuses on the close link between science, technology and the needs of the society. The STS framework aids in the visualization and understanding of innovation as a social process and not as an economic or technical activity. Further, STS inspires students to not view Entrepreneurship as a simple formula and rather critically engage in analyzing the wider impact of innovation, identify associated ethical challenges and implement varied disciplines for the creation of meaningful and sustainable solutions (Feenberg, 1991). Hence, with the application of the STS perspective the entrepreneurship education can prepare the students in a better way to work across varied disciplines, develop innovations that are socially responsible and also driven by the market demands. Nevertheless, the area of practical integration of STS within the realm of entrepreneurship education is underexplored and demands attention for further investigation. Therefore, this review aims to address the research question as to how the STS framework can improve innovation by addressing the existing gap between theory and practice within the entrepreneurial education programs.
2. Methodology
A narrative review approach was used in this study for synthesizing insights from the 22 reviewed pieces of scholarly literature that were published between the years 2016 to 2023. The reviewed pieces of literature were selected based on their relevance to the central concepts of STS framework, innovation, sociotechnical systems and entrepreneurship education. Post the retrieval of the literature, a thematic analysis was conducted to analyze the patterns across the considered literatures. Each of the sources was examined for the following:
a) Theoretical contributions to innovation in Education
b) Their practical applications of the STS principles 
c) They implemented pedagogical strategies and encountered institutional challenges.
Initial codes were generated through open reading and grouped based on conceptual similarity. These clusters were then refined into four overarching themes that captured the recurring patterns in both theoretical focus and educational application. Overall, the analysis helped to identify four emerging themes that are discussed in the subsequent section. 

3. Thematic Analysis and Findings

Theme 1: STS-oriented pedagogy for real-world problem solving
Four out of twenty pieces of literature highlighted the critical role of STS-oriented pedagogy in promoting the development of critical thinking and real-world engagement, both of which are essential components steering entrepreneurial innovation. The studies by Autieri et al. (2016) and Hodson (2020) collectively emphasize the need for facilitating an inquiry and participatory-based learning, wherein students can actively engage in open-ended and debatable issues related to the domain of sociological and scientific issues. The inquiry and participatory-based pedagogical strategies move beyond abstract reasoning and theorization and assist in immersing the learners within the complexities of innovation as an ethical and social challenge, thereby strengthening their entrepreneurial mindset. When analyzed through a critical lens, the adoption of these approaches helps to move students from being passive knowledge recipients to active producers of knowledge, fostering a shift in pedagogy that is vital for the development of entrepreneurial innovation. In addition, within the context of entrepreneurial education, innovation is iterative, emerging and is engrained within the dynamics of the society. The STS-oriented methods help in supporting these factors, which enable the students to include insights from varied disciplines, challenge conventional narratives and look for solutions in local contexts. The study by Martinez-Cerda et al. (2020) illustrated the benefits of gamified and STS-based project learning in stirring creative imagination, leading to the development of an entrepreneurial mindset. However, while the implementation of this approach helps to increase engagement, its impact is heavily dependent on the extent to which the socio-technical contexts are investigated within the context. In the absence of intentional facilitation, this approach is associated with the risk of gamification being superficial as opposed to becoming transformative. Another study by Alami and Dalpiaz (2017), suggested with the help of their ‘STS-Tooltorial’ established that technology mediated learning could successfully help to instill the ethical and technical components of innovation within the domain of cybersecurity education. While the approach is effective in enhancing technical expertise, the pedagogical design is overfocused on the usability component rather than introspecting upon the societal implications associated with the innovation of security. This aligns with Selin and Sadowski’s (2020) call for anticipatory educational frameworks that encourage students to explore ethical and uncertain futures through participatory learning. Therefore, the findings from the reviewed literatures help to establish that the STS-oriented pedagogies can emerge to be powerful for the facilitation of innovation, with the integration of the reflexive, critical and interdisciplinary exploration components. This can assist learners with the successful implementation of innovation for entrepreneurial problem-solving. Overall, the integration of STS-oriented pedagogy increases the relevance of the content followed by challenging learners to visualize innovation beyond just a technical obstacle and rather treat it as a socio-political item. This reinforces the study’s goal of enhancing entrepreneurial innovation by encouraging learners to critically engage with complex, real-world issues through interdisciplinary thinking.

Theme 2: Integration of sociotechnical systems and systems thinking
In entrepreneurship education, the component of innovation is strongly embedded within the sociotechnical systems that require the complicated interdependence with the variables of institutions, people and technologies. The implementation of the STS framework enables students to navigate through the complexities by developing systems thinking and understanding the non-linear perspective of innovation. Five of the twenty reviewed studies aided in the development of the second theme by highlighting the significance of the integration of socio-technical systems and systems thinking for the fostering of innovation. The study by Miao et al. (2021) demonstrated an exemplary model suggesting the continuation of business during unprecedented emergencies such as the Covid crisis dependent on a triad of factors such as business analytics, virtual operations and knowledge absorptive capacities. The strength of this study relied on representing these factors as sociotechnical elements compared to treating them as individual business competencies. These findings can be successfully applied to the entrepreneurial education realm, where the purpose is to foster sustainable innovation by making sure that learners are empowered to evaluate the systemic vulnerabilities by leveraging data and engaging in the creation of knowledge by aligning with the changing needs of society. Although the researchers, in their study offer a compelling model, the implications of the model to entrepreneurial education remain unclear. The critical emphasis of the authors on specifically large firms demonstrates a knowledge gap to understand how students or novice entrepreneurs can replicate and apply the systemic insights shared by them within more resource constrained settings. The need for socio-technical integration within the field of digital innovation has been critically reinforced by Reis et al. (2021) with the help of smart campuses as their empirical context. Their findings have highlighted how cultural alignment and inclusive governance serve as critical elements for fostering innovation synonymous with the technological tools. This critically informs the curriculum for entrepreneurial education wherein educators must prioritize teaching learners the concept of co-creating solutions with involved stakeholders while keeping in mind policy constraints applicable to socially assess the impacts of their innovation. Additionally, Kopp et al. (2019) examined the roles of digital platforms in fostering the sociotechnical exchange of knowledge and reported that digital learning spaces empower the entrepreneurs to co-create knowledge alongside testing business models, exchange expertise across varied industries. In this regard, Chuang (2022) also added a dimension of human development with the identification of vital skills such as critical decision-making, emotional intelligence and collaboration that assist individuals in sustaining themselves within the ever-evolving sociotechnical systems. While the findings of this study are grounded within the underpinnings of the Human Resource Development, it informs the significance of human capital in fostering systemic innovation within a business setting. Furthermore, Dooly et al. (2021) stressed the role of collaborative learning in entrepreneurship education by reporting that students working within interdisciplinary teams proficiently develop stronger problem-solving skills that help them better tackle real-world problems determining their entrepreneurial success. However, the researchers also noted that conventional business education often discourages peer or collaborative learning to emphasize individual competition that can limit the creative knowledge sharing. It is therefore vital for the entrepreneurial programs to not overlook the development of these soft skills as that would result in the development of technically proficient and competent but socially disconnected innovators as entrepreneurs. Thus, the sociotechnological lens of the STS framework equips the learners in seeing beyond the immediate business events to develop a nuanced understanding of how innovation interacts with infrastructure, labor, governance and public values, thereby transforming them from isolated creators to high order systemic thinkers and analysts. These insights reflect the broader purpose of this review which lies in supporting the development of integrated, adaptive mindsets that can bridge educational theory and entrepreneurial practice.

Theme 3: Human-centric innovation and skill development 
Four of the twenty reviewed studies shed light on the importance of human-centric approaches to innovation serving as a cornerstone in STS, highlighting the elements of ethics, inclusivity and empathy. The listed human-centric factors are identified to be crucial within the realm of entrepreneurial education, wherein innovation in the absence of social relevance is deemed non-sustainable. In this regard, Painter et al. (2016) explained how the subject of entrepreneurship education is closely tied to the Freirean pedagogy that helps in building the critical consciousness and reflective capability of the learners. The strength of this research, therefore depends on its close relevance with entrepreneurial learning with the values of humility, listening and solidarity that serve as traits often overlooked within conventional startup cultures where the holistic focus is predominantly over market competition and speed. Therefore, this model uniquely positions innovation not as disruption but rather as a transformation with and for the communities. However, Verdujin and Berglund (2020), in this regard, offered a feminist critique to entrepreneurship education, thereby challenging the dominating logic that risk-taking, individualism and control. The analysis taken by the researchers offered insight into how the STS-based curriculum can help in validating alternative narratives, specifically from the vulnerable or marginalized groups with the integration of context, emotion and relationality within the process of entrepreneurial education. Adapting a critical lens, it can be stated that this helps in reshaping what accounts for innovation and which concerned party gets the opportunity to innovate while expanding on the epistemological and practical boundaries in the field of education. Similarly, the study by Ali et al. (2022) and Asiimwe (2022), illustrate how the values of equity, purpose and wellbeing can be inculcated within the realm of entrepreneurship learning. This research, within a limited resource context, depicts students’ deeper engagement with innovation rather than exploiting communities when education is linked with emotional literacy and local relevance. The insights, therefore offer an insightful critique on the current entrepreneurship education paradigms that associate value with disruption irrespective of considering the relevant social impact. Therefore, STS offers a counterargument that innovation is human-centered which is locally grounded and is ethically aware. In this connection, Stilgoe (2021) argued that rethinking who drives innovation helps reposition entrepreneurship as a socially embedded process, reinforcing the importance of inclusive, human-centered approaches in entrepreneurial education. Hence, the entrepreneurial educators must focus on not just teaching ideation and prototyping but also offering creative spaces for retrospection, social accountability and dialogue exchange. Overall, this theme strongly supports the central aim of this review by reframing innovation as a reflective, relational process rooted in social awareness and ethical responsibility forming the key attributes in STS-informed entrepreneurship education.

Theme 4: STS implementation barriers within entrepreneurial education

STS has multiple theoretical strengths but despite the same, it has several significant barriers that limit its integration to the field of entrepreneurial education. Seven of the twenty reviewed literatures suggested, the systemic tensions between the educational realities and the innovation ideals emerge as the barriers limiting the implementation of the STS framework. According to Miranda et al. (2020), a solid ethical basis for entrepreneurship education does not exist and it is challenging to include STS-based critical thinking into the curriculum since many business schools place a higher priority on profitability than on moral problem-solving. The researchers contend that rather than being taken for granted as a natural ability, ethical thinking needs to be specifically taught to facilitate the proper integration of the STS-oriented framework.
York (2018) argued that the neoliberal university environments resist the interdisciplinary and the STS-inspired initiative as they fail to align with the performance metrics and the funding models. Innovation as a concept in education is assessed based on commercial outcomes and not on systems thinking or ethical reflection. This misalignment results in institutional disincentives for the adaptation of the STS frameworks, specifically within the entrepreneurship programs wherein scalability and employability are prioritized. Additionally, Ghaffari et al. (2019) reported how the Iranian science curriculum is disconnected from the practical scenario problem-solving, solving irrespective of the existing policy reforms. The findings collectively indicate a wider concern that reforms at the curriculum level often falter if parallel, and there is no investment in pedagogy, teacher training or assessment redesign. This holds in case of entrepreneurial education wherein innovation as a concept is taught with the help of simulations and case studies that lack ethical and cultural depth. At the same time, scholars such as Erdil et al. (2017) and Mitki et al. (2019) recognized the existence of resistance from faculties lacking institutional support and confidence for the implementation of value-driven or participatory innovation models. This explains why when innovation is considered as a fixed outcome instead of an interactive and collaborative process, the approaches informed by STS might turn out to be compatible with the conventional norms of teaching. It is also interesting to note that even if there is willingness, practical constraints continue to exist. In this regard, El Halwany et al. (2021) reported that innovation labs commonly struggle to achieve a balance between flexibility and institutional accountability. Therefore, in the absence of clear and defined evaluation metrices, the STS-based approaches are at the risk of being categorized as peripheral or ‘soft’. Additionally, the findings by Van Poeck et al. (2020) contend that the reason for institutional resistance to sustainability-focused entrepreneurship pertains to the lack of funds and faculty training resources for supporting interdisciplinary and STS-oriented learning. This results in preferring conventional business models that emphasize market successes rather than models focused on sustainable and long-term innovation. Moreover, Soete (2019) argued that the economic priorities within higher education lead to the creation of a structural barrier for the implementation of STS-oriented innovation training. Consistent with their finding, most universities are focused on getting the learners placed at a fast pace to maintain market competition, thereby prioritizing commercial outcomes and fulfilment of short-term employability matrices, which results in the negligence of investment on building ethical leadership, interdisciplinary learning and critical thinking. Therefore, it can correctly be inferred that while STS can offer a holistic framework for building an innovation perspective in learners, universities favor the market-driven curriculum that is focused on maximizing their business profits and efficiency over the development of long-term problem-solving skills in the learners. Thus, the identified barriers indicate the need for undertaking a cultural and structural change. For meaningfully adapting the STS framework, entrepreneurial education must revisit and reconceptualize innovation as a process of investigation and co-creation rather than a process being focused on production and profit. Hence, the implementation challenges discussed here further demonstrate the need for shifting institutional priorities to better support interdisciplinary, ethically grounded learning experiences in entrepreneurship. This simultaneously requires the reimagination of the institutional priorities, followed by increasing investments within the development of faculty while integrating ethics, equity as well and collaboration placed at the heart of learning design. 

4. Conclusion and Future Directions
The review has critically depicted how the STS framework serves as a cornerstone for the fostering and facilitation of critical, innovative as well and entrepreneurial thinking. It also, however, indicated that the number of barriers to implementation exist in terms of faculty training, assessment structures and institutional policies. Therefore, the successful integration of STS within the curriculums of entrepreneurial education is dependent on the prioritization of curriculum design, providing opportunities for faculty training and developing opportunities for experimental learning. Moreover, pedagogical policies should be focused on incentivizing the development of long-term innovation thinking as compared to being focused on short terms commercial outcomes for ensuring that developing learners acquire systemic problem solving and ethical skills and not just gain business acumen. Future research can focus on investigating student outcomes over the long term within STS-based entrepreneurship programs for the development of strategies for the integration of STS without the disruption of the existing curricular frameworks. With the adaption of STS, the realm of entrepreneurship education can heavily benefit and assist with the better preparation of students for the complex and unpredictable world where innovation is beyond technology focused on the creation of solutions that practically matter. 
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