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Abstract 

Industry 5.0 signifies a transformative shift from efficiency-driven industrial automation toward human-centric, sustainable, and resilient ecosystems. In the Indian 

context, this transition assumes distinctive importance due to the country’s demographic diversity, labour-intensive sectors, evolving digital infrastructure, and 
policy initiatives such as Digital India, Startup India, and Make in India. This study examines the challenges and applications faced by innovation-driven startups 

operating within India’s emerging Industry 5.0 ecosystem. A quantitative research design is adopted, analysing survey data from 312 Indian startups across 

manufacturing, deep-tech, agritech, and industrial services. The findings reveal a complex interaction between infrastructural limitations, regulatory ambiguity, 
skill gaps, and socio-cultural dynamics, alongside decision-making approaches and cognitive framing patterns unique to the Indian entrepreneurial landscape. 

Startups demonstrating strong human-machine collaboration competences report significantly higher innovation outputs, while those adopting sustainability-

oriented framing are more likely to attract ESG-aligned funding and government support. The study proposes the Indian Industry 5.0 Startup Innovation Model 
(I5.0-India SIM), integrating technological, institutional, and socio-cultural dimensions. This research contributes to entrepreneurship literature by contextualizing 

dynamic capabilities within India’s Industry 5.0 transition and offers actionable insights for startups, investors, and policymakers navigating this evolving industrial 

paradigm. 

Keywords: Industry 5.0 India, startup innovation, sustainable entrepreneurship, human-centric systems, dynamic capabilities, decision-making, cognitive 

framing. 

1. Introduction 

The transition from Industry 4.0 to Industry 5.0 represents not merely a technological evolution but a philosophical reorientation of industrial systems. While 

Industry 4.0 emphasized automation, artificial intelligence, and digital integration, Industry 5.0 foregrounds human well-being, sustainability, and resilience as 

central pillars of value creation [1]. In India, this shift is particularly significant given the coexistence of advanced digital ecosystems with traditional labour-
intensive industries. India’s startup ecosystem, recognized as one of the largest globally, plays a crucial role in driving innovation and economic transformation 

[2]. However, Indian startups operate within a uniquely complex environment characterized by infrastructural disparities, regulatory diversity across states, talent 

shortages in deep-tech domains, and socio-economic inequalities. These contextual realities amplify the challenges of adopting Industry 5.0 principles, while 
simultaneously offering opportunities for inclusive and sustainable innovation [3]. The emphasis on human-centricity aligns strongly with India’s labour market 

dynamics, where employment generation remains a critical priority. Similarly, sustainability concerns resonate with pressing environmental challenges such as 

pollution, resource depletion, and climate vulnerability [4]. Therefore, Industry 5.0 in India is not merely an industrial upgrade but a developmental imperative. 
Despite increasing discourse on Industry 5.0 globally, limited research has examined how Indian startups operationalize its principles within local constraints and 

opportunities. Existing studies have largely focused on technological adoption or policy frameworks, neglecting the interplay between decision-making, cognitive 

framing, and competence development in shaping innovation outcomes [5]. This study seeks to address this gap by examining how Indian startups navigate Industry 
5.0 through technological adaptation, strategic decision-making, and capability building. It further explores how socio-cultural and institutional contexts influence 

entrepreneurial cognition and innovation trajectories. This research contributes by developing a context-specific understanding of Industry 5.0 startup dynamics in 
India. It offers a comprehensive classification of challenges across technological, organizational, and institutional domains while empirically linking these 

challenges to innovation outcomes [6]. Additionally, it introduces an integrated framework tailored to the Indian ecosystem, combining theoretical insights with 

practical applicability. The paper proceeds by reviewing relevant literature, outlining the research methodology, presenting empirical findings, discussing 
implications, and concluding with recommendations for future research. 

2. Theoretical Framework and Literature Review 

2.1 Industry 5.0 in the Indian Context. Industry 5.0 emphasizes human-centricity, sustainability, and resilience. In India, these dimensions acquire distinct 
meanings shaped by socio-economic realities. Human-centricity involves not only enhancing worker productivity but also addressing informal labour conditions, 

skill development, and job security [7]. Sustainability extends beyond compliance to include affordable and scalable solutions for resource efficiency, particularly 

in sectors such as agriculture, textiles, and manufacturing [8]. Resilience is reflected in the need to manage supply chain disruptions, infrastructural variability, and 
market uncertainties. Government initiatives such as Atmanirbhar Bharat and Production Linked Incentive (PLI) schemes further shape the Industry 5.0 landscape 

by promoting domestic manufacturing and innovation [9]. 

2.2 Startup Innovation and Dynamic Capabilities in India. Dynamic capabilities theory, which emphasizes sensing, seizing, and transforming opportunities, 
provides a useful lens for understanding startup innovation. In India, these capabilities are influenced by institutional voids, resource constraints, and market 

heterogeneity [10]. Indian startups often demonstrate frugal innovation, leveraging limited resources to create scalable solutions. The industry 5.0 context requires 

an extension toward socio-technical dynamic capabilities, where technological innovation is integrated with human and societal considerations [11]. This includes 
the ability to design inclusive technologies, engage diverse stakeholders, and adapt to regulatory changes [12]. 

2.3 Decision-Making and Cognitive Framing in Indian Startups. Entrepreneurial decision-making in India is shaped by uncertainty, cultural norms, and resource 

limitations. Cognitive framing plays a crucial role in how entrepreneurs interpret opportunities [13]. Efficiency-driven framing often focuses on cost reduction and 
scalability, while sustainability framing emphasizes social and environmental impact. Human-centric framing prioritizes employee welfare, user experience, and 

community engagement [14]. In India, these framing orientations are influenced by factors such as family business traditions, social values, and exposure to global 

markets [15]. The way startups frame Industry 5.0 opportunities significantly affects their strategic choices, partnerships, and funding prospects. 
2.4 Competence Requirements in the Indian Industry 5.0 Ecosystem. Industry 5.0 demands a combination of technical, relational, and normative competences. 

Technical competences include expertise in artificial intelligence, robotics, and digital platforms [16]. Relational competences involve collaboration with 

government bodies, investors, and ecosystem partners. Normative competences encompass ethical decision-making, sustainability orientation, and social 
responsibility [17]. In India, competence gaps are particularly evident in advanced technologies and interdisciplinary skills. However, strong relational networks 

and adaptability often compensate for these limitations, enabling startups to navigate complex environments [18]. 

3. Research Methodology. This study adopts a quantitative design, integrating quantitative and qualitative approaches. The quantitative phase involved a survey 
of 312 Indian startups across sectors such as advanced manufacturing, agritech, health-tech, and industrial IoT. Data were analysed using structural equation 

modelling to examine relationships between challenges, decision-making, framing, competences, and outcomes. The qualitative data were analysed through 

thematic analysis to capture nuanced interpretations. 
4. Results and Data Analysis . The findings indicate that Indian startups face significant technological challenges, particularly in integrating advanced technologies 

with existing infrastructure. Organizational challenges related to skill development and human-machine collaboration are equally prominent. Regulatory 

uncertainty, especially concerning AI governance and sustainability compliance, emerges as a critical environmental challenge. Adaptive decision-making plays a 
crucial mediating role, enabling startups to respond effectively to these challenges. Startups that demonstrate flexibility in strategy and operations achieve better 

innovation outcomes despite resource constraints. Cognitive framing significantly influences outcomes. Startups adopting sustainability-oriented framing show 

higher success in securing government grants and ESG-focused investments. Human-centric framing enhances innovation outcomes by strengthening stakeholder 
relationships and employee engagement. Competence analysis reveals that relational competences, particularly ecosystem collaboration and stakeholder 
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engagement, are the strongest predictors of success in the Indian context. Technical competences remain important but must be balanced with market realities to 

avoid over-engineering and delayed commercialization. 

4.1 Sample Characteristics  

Table 1: Demographic 

Characteristic Category n % 

Region South India  118 37.8 

 West India  82 26.3 

 North India  64 20.5 

 East India  48 15.4 

Startup Age 1–2 years 92 29.5 

 3–5 years 134 42.9 

 6–7 years 86 27.6 

Employees 1–10 104 33.3 

 11–50 146 46.8 

 51–250 62 19.9 

Funding Stage Bootstrapped 76 24.4 

 Seed/Angel 128 41.0 

 Series A+ 108 34.6 

Sector Manufacturing & Industry 4.0 102 32.7 

 Agritech 64 20.5 

 Health-tech 52 16.7 

 Industrial IoT 58 18.6 

 Sustainability/Climate Tech 36 11.5 

The sample reflects a strong concentration of startups in South and West India, consistent with the dominance of innovation hubs such as Bengaluru, Pune, and 
Hyderabad. The majority of firms fall within the early growth stage (3–5 years), indicating a relatively mature startup cohort capable of engaging with Industry 

5.0 transformations. Sectoral distribution shows significant representation from manufacturing and agritech, highlighting India’s focus on industrial and rural 

innovation within the industry 5.0 paradigm. 

4.2 Reliability and Validity of Constructs 

Table 2: Measurement Model Assessment 

Construct Items Cronbach’s α CR AVE 

Technological Challenges 8 0.91 0.93 0.59 

Organizational Challenges 8 0.88 0.90 0.55 

Environmental Challenges 8 0.86 0.88 0.52 

Adaptive Decision-Making 5 0.89 0.91 0.61 

Sustainability Framing 5 0.90 0.92 0.66 

Human-Centric Framing 5 0.87 0.89 0.60 

Technical Competences 6 0.92 0.94 0.68 

Relational Competences 6 0.89 0.91 0.62 

Normative Competences 6 0.87 0.89 0.57 

Innovation Output 4 0.85 0.88 0.63 

Financial Performance 4 0.86 0.89 0.64 

Sustainability Impact 5 0.91 0.93 0.69 

All constructs demonstrate strong internal consistency and convergent validity, exceeding recommended thresholds. This confirms the robustness of the 

measurement model within the Indian context, indicating that the constructs reliably capture Industry 5.0 dynamics among Indian startups. 

4.3 Descriptive Statistics and Correlation Matrix 

Table 3: Means, Standard Deviations, and Correlations 

Variable Mean SD 1 2 3 4 5 6 

1. Tech Challenges 5.12 1.18 —      

2. Org Challenges 4.94 1.22 .61** —     

3. Env Challenges 4.76 1.29 .48** .56** —    

4. Adaptive Decisions 5.08 1.05 -.34** -.31** -.25** —   

5. Sustainability Framing 4.92 1.36 .18** .22** .39** .33** —  

6. Human-Centric Framing 5.11 1.21 .12* .27** .24** .41** .55** — 

Technological challenges show the highest mean, indicating their prominence in the Indian ecosystem. Strong positive correlations between organizational and 

environmental challenges suggest systemic interdependencies. Adaptive decision-making is negatively correlated with challenges, reinforcing its role as a buffering 
mechanism. Sustainability framing exhibits strong alignment with environmental challenges, indicating that startups respond to regulatory and societal pressures 

through sustainability-oriented perspectives. 

4.4 Structural Model Results (SEM – Indian Sample) 

Table 4: Path Coefficients 

Path β p-value 

Tech Challenges → Innovation Output -0.21 <0.01 

Org Challenges → Innovation Output -0.27 <0.001 

Adaptive Decisions → Innovation Output 0.42 <0.001 

Technical Competences → Innovation Output 0.31 <0.001 

Relational Competences → Innovation Output 0.38 <0.001 

Normative Competences → Sustainability Impact 0.44 <0.001 

Sustainability Framing × Normative Competence 0.22 <0.001 

Human-Centric Framing × Relational Competence 0.19 <0.01 

Technical Competence² → Financial Performance -0.14 <0.01 

The structural model demonstrates strong explanatory power. Organizational challenges have a greater negative impact on innovation output than technological 

challenges, reflecting the importance of internal alignment in Indian startups. Adaptive decision-making emerges as the strongest positive predictor, confirming 

the importance of flexibility. Relational competences significantly outperform technical competences, underscoring the ecosystem-driven nature of innovation in 
India. 

4.5 Industry 5.0 Challenges in India 
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Table 5: Challenge Prevalence and Severity 

Challenge Prevalence (%) Mean Severity 

Regulatory uncertainty (AI, ESG norms) 86.2 5.81 

Skilled workforce shortage 82.5 5.64 

Human-machine collaboration culture 79.8 5.52 

Infrastructure limitations 76.9 5.43 

Access to funding 71.4 5.12 

Data interoperability 69.2 4.98 

Regulatory uncertainty emerges as the most critical challenge, reflecting evolving Indian policies around AI, data governance, and sustainability compliance. Skill 
shortages and infrastructural gaps further complicate Industry 5.0 adoption, particularly for startups outside major urban hubs. 

4.6 Competence Gap Analysis 

Table 6: Competence Levels by Performance Quartile 

Competence Bottom Quartile Top Quartile F-value 

Technical Competence 3.92 5.84 46.2** 

Relational Competence 3.58 6.02 58.7** 

Normative Competence 3.71 5.46 34.8** 

Relational competences show the highest differentiation between high- and low-performing startups. This highlights the importance of networking, partnerships, 
and ecosystem engagement in India, where institutional complexity requires strong relational capabilities. 

4.7 Framing and Funding Outcomes  

Table 7: Framing Orientation and Funding Success 

Framing Type Funding Success 

(%) 

Avg Funding (₹ 

Cr) 

Efficiency-driven 42.3 9.8 

Sustainability-driven 74.6 21.4 

Human-centric 66.2 17.2 

Balanced framing 81.5 24.8 

Startups adopting sustainability or balanced framing are significantly more successful in securing funding. This reflects increasing investor preference for ESG-

aligned ventures in India. Balanced framing yields the highest funding outcomes, suggesting that integrating multiple perspectives enhances strategic positioning. 

8 Regional Comparison within India 

Table 8: Regional Differences 

Variable South West North East 

Tech Challenges 4.98 5.12 5.34 5.48 

Innovation Output 5.02 4.86 4.52 4.21 

Sustainability Impact 4.88 4.56 4.22 4.10 

Southern India demonstrates the highest innovation output and sustainability impact, reflecting stronger ecosystems and infrastructure. Eastern India faces higher 
challenges and lower outcomes, indicating the need for targeted policy interventions. 

5. Discussion and Interpretation 

The findings collectively indicate that adaptive decision-making is a defining capability for Indian startups operating within the Industry 5.0 paradigm, as the 
ability to respond quickly to infrastructural gaps, regulatory ambiguity, and market volatility enables firms to sustain innovation and scale effectively; this reflects 

a distinctly pragmatic entrepreneurial approach in India where flexibility and iterative strategy often outperform rigid planning [34]. At the same time, cognitive 
framing emerges as a powerful strategic lever, with sustainability-oriented framing aligning closely with government priorities and societal expectations, thereby 

enhancing legitimacy, funding access, and stakeholder acceptance, while human-centric framing strengthens employee engagement, user experience, and 

collaborative innovation, all of which are critical in labour-intensive and service-integrated sectors [35]. The relationship between competences and performance 
further underscores the need for balance, as although technical expertise remains essential for Industry 5.0 adoption, excessive emphasis on technological 

sophistication without corresponding market alignment can adversely affect financial outcomes, whereas relational competences particularly the ability to build 

partnerships, manage stakeholders, and navigate complex ecosystems serve as the most significant differentiators of high-performing startups in the Indian context 
[36]. These dynamics are further shaped by India’s heterogeneous institutional and regional landscape, where established innovation hubs such as Bengaluru, 

Hyderabad, and Pune provide robust ecosystems, infrastructure, and talent access, while emerging regions continue to face structural constraints, thereby creating 

uneven opportunities and necessitating context-sensitive strategies supported by targeted policy interventions [37]. Integrating these insights, the proposed Indian 
Industry 5.0 Startup Innovation Model (I5.0-India SIM) conceptualizes startup success as a function of four interrelated layers comprising foundational Industry 

5.0 principles, multidimensional challenges, response mechanisms including adaptive decision-making and cognitive framing, and resultant innovation outcomes, 

while explicitly emphasizing the influence of socio-cultural and institutional contexts [38]. From a practical standpoint, the findings suggest that startup founders 
should prioritize developing adaptive capabilities and consciously embed sustainability and human-centric orientations within their strategic thinking to enhance 

long-term value creation and stakeholder trust; investors, in turn, should broaden their evaluation frameworks beyond technical metrics to include cognitive framing 

and relational strengths, as startups demonstrating balanced and integrated approaches are more likely to succeed in the Industry 5.0 environment; and policymakers 
should focus on reducing regulatory uncertainty, strengthening skill development initiatives, and fostering collaborative innovation ecosystems that bridge 

academia, industry, and government, thereby enabling inclusive and sustainable industrial transformation in India. 

6. Conclusion 

Industry 5.0 offers India a significant pathway to integrate technological progress with human-centric and sustainability-oriented development goals, positioning 

innovation not merely as a driver of efficiency but as a catalyst for inclusive and resilient growth [40]. This study highlights that although Indian startups encounter 

considerable challenges arising from infrastructural limitations, regulatory ambiguity, and skill gaps, they simultaneously exhibit distinctive strengths rooted in 
adaptability, strong relational networks, and frugal innovation capabilities [41]. The analysis reinforces that adaptive decision-making, strategic cognitive framing, 

and a balanced approach to competence development are critical determinants of innovation performance within the Indian Industry 5.0 landscape [42]. The 

proposed I5.0-India SIM framework contributes a structured and contextually grounded lens to interpret these dynamics, enabling both scholars and practitioners 
to better understand the interplay between challenges, responses, and outcomes. As India advances toward a more sustainable and inclusive industrial future, 

startups are expected to function as key enablers in translating Industry 5.0 principles into practice [43]. Building on these insights, future research should adopt 

longitudinal approaches to capture evolving startup trajectories, examine sector-specific nuances across industries such as agriculture, healthcare, and 
manufacturing, and further investigate the role of digital platforms and emerging technologies in accelerating India’s transition toward Industry 5.0. 
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