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ABSTRACT:  

Biotech start-ups in India face a complex landscape marked by rapid technological advancements, 

significant capital requirements, and stringent regulatory environments. Identifying and 

prioritizing critical success factors (CSFs) is essential for these ventures to strategically allocate 

resources, enhance their competitive positioning, and sustain long-term growth. This paper 

presents an integrative analysis to identify the most impactful CSFs for biotech start-ups in India. 

The research employs a mixed-methods approach that combines expert opinion, data analysis, and 

multi-criteria decision-making frameworks to rank and evaluate the importance of various CSFs. 

Key factors include innovation capabilities, access to funding, regulatory compliance, talent 

acquisition, and strategic partnerships. The study provides strategic implications and 

recommendations for start-up founders, investors, and policymakers to support decision-making 

processes and foster a thriving biotech ecosystem. The findings aim to serve as a guide for aligning 

strategic efforts with high-priority success areas, ensuring sustainable development and resilience 

in a competitive industry. 
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Introduction 

The biotechnology sector is recognized as one of the most rapidly advancing industries globally, 

with its applications spanning healthcare, agriculture, environmental management, and industrial 

processes. In India, the biotech industry has shown impressive growth, driven by factors such as 

increasing investments in R&D, supportive government policies, and a strong pool of scientific 

talent. Despite these opportunities, biotech start-ups face significant challenges that can impede 

their growth and sustainability. These challenges include high operational and R&D costs, 

complex regulatory landscapes, intense competition, and limited access to funding. To thrive in 

such an environment, it is imperative for biotech start-ups to identify, prioritize, and strategically 

manage their critical success factors (CSFs). 

 

Defining the Need for Prioritizing CSFs in Biotech Start-Ups: Critical success factors (CSFs) 

are the essential elements that an organization must focus on to achieve its objectives and maintain 

a competitive edge. For biotech start-ups in India, where resources are often constrained and 

market volatility is high, understanding which CSFs to prioritize can be the key to sustained growth 

and success. By focusing on the most impactful CSFs, start-ups can allocate their resources more 

effectively, streamline strategic initiatives, and mitigate potential risks. Porter (1985) emphasized 

that the competitive advantage of a firm is built on its ability to prioritize and excel in key areas 

that differentiate it from its competitors. 

 

India’s biotech sector is unique in its combination of high innovation potential and significant  

mailto:avinashmishra529@gmail.com


Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 5 Issue 1 (2025) 

 

2101 http://jier.org 

external challenges. While the country has seen an increase in the number of start-ups, many of 

these ventures struggle to scale their operations due to gaps in funding, regulatory compliance 

hurdles, and talent shortages. Addressing these challenges requires a comprehensive understanding 

of which factors are most critical to a start-up’s success and how they can be managed to align 

with the company’s strategic goals. 

 

Critical Success Factors for Biotech Start-Ups: The success of biotech start-ups hinges on 

several factors, including but not limited to: 

• Innovation Capabilities: The ability to innovate continuously is fundamental to the 

biotechnology industry, as it determines the capacity of a start-up to develop novel 

solutions and stay ahead of competitors. Innovation not only drives product development 

but also enhances the firm’s ability to pivot in response to new scientific findings and 

market needs. 

• Access to Funding: Financial sustainability is crucial for start-ups, particularly in the 

biotech sector, where R&D and product development can be capital-intensive and span 

several years. The availability of venture capital, government grants, and strategic 

partnerships for funding can make a significant difference in a start-up’s ability to sustain 

long-term operations. 

• Regulatory Compliance: The biotech industry is heavily regulated to ensure the safety 

and efficacy of its products. Navigating regulatory frameworks is a complex process that 

requires meticulous planning and adherence to standards. Compliance with domestic and 

international regulatory bodies is a critical step for product approval and market entry. 

• Talent Acquisition and Human Capital: The expertise of a start-up’s workforce is a 

major determinant of its success. Access to skilled researchers, scientists, and business 

strategists who understand both the technical and strategic aspects of biotechnology is 

essential. However, attracting and retaining top talent can be challenging for start-ups that 

compete with larger, more established firms. 

• Strategic Partnerships and Collaborations: Partnerships with academic institutions, 

research organizations, and established biotech firms can provide start-ups with access to 

advanced technologies, collaborative R&D opportunities, and shared resources. Such 

partnerships can mitigate risks, accelerate product development, and enhance the firm’s 

credibility in the industry. 

 

Methodologies for Prioritizing CSFs: While identifying CSFs is important, prioritizing them 

effectively is equally crucial. The use of multi-criteria decision analysis (MCDA) methods, such 

as the Analytic Hierarchy Process (AHP), helps in comparing the relative importance of different 

CSFs and determining where strategic focus should be placed. AHP, introduced by Saaty (1990), 

allows decision-makers to break down a complex decision-making problem into a hierarchy of 

more manageable sub-problems. This method enables the assignment of weights to each criterion, 

reflecting their relative importance. However, traditional AHP has limitations when it comes to 

handling uncertainty and subjectivity in expert opinions. The Fuzzy Analytic Hierarchy Process 

(FAHP), an extension of AHP that incorporates fuzzy logic, addresses this gap by allowing 

decision-makers to express judgments in qualitative terms (e.g., “very important” or “moderately 

important”). These qualitative assessments are converted into fuzzy numbers, which provide a 

more nuanced analysis that captures the inherent ambiguity in expert inputs. Pal and Torstensson 

(2011) demonstrated that FAHP is effective in environments where subjective decision-making 

and variability are significant, making it particularly relevant for biotech start-ups in India. 

 

Objective of the Study: The objective of this paper is to explore and prioritize the critical success 

factors that impact the growth and sustainability of biotech start-ups in India. By integrating expert  

opinions, data analysis, and FAHP, the study aims to provide a comprehensive framework that can 

guide start-up founders, investors, and policymakers in making informed strategic decisions. This 
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framework will help identify which CSFs should be prioritized to optimize resource allocation, 

align business strategies, and navigate challenges effectively. 

 

Significance of the Study: Prioritizing CSFs is not only important for start-up management but 

also for stakeholders such as investors and policymakers who play a crucial role in shaping the 

biotech ecosystem. Investors can use insights from CSF prioritization to assess the viability of 

start-ups and make funding decisions that align with high-impact areas. Policymakers can tailor 

support programs and regulations to enhance the growth of biotech start-ups by addressing the 

most critical factors influencing their success. 

 

Structure of the Paper: The paper is organized as follows: 

• Literature Review: A detailed examination of existing research on CSFs relevant to 

biotech start-ups and methodologies used for their evaluation. 

• Methodology: An explanation of the data collection process, expert input integration, and 

the application of FAHP for CSF prioritization. 

• Analysis and Findings: Presentation of the results from the FAHP-based analysis and the 

ranking of CSFs for biotech start-ups in India. 

• Strategic Implications: Discussion on the implications of the findings for start-up 

founders, investors, and policymakers, along with recommendations for strategic focus. 

• Future Research Directions: Suggestions for further studies to enhance the understanding 

and management of CSFs in the biotech industry. 

• Conclusion: A summary of the key insights and practical takeaways for improving the 

strategic planning and competitiveness of biotech start-ups. 

 

Biotech start-ups in India operate in a highly competitive and resource-constrained environment. 

Understanding and prioritizing critical success factors is essential for these ventures to navigate 

challenges, capitalize on opportunities, and achieve long-term success. The application of 

methodologies like FAHP provides a robust approach for evaluating and ranking CSFs, offering 

actionable insights that align with strategic goals. This paper aims to contribute to the body of 

knowledge on strategic management in biotechnology and provide practical tools for enhancing 

the resilience and competitiveness of biotech start-ups in India. 

 

Literature Review 

The biotechnology industry in India has witnessed substantial growth over the past few decades, 

driven by advancements in life sciences, government initiatives, and an increasingly skilled 

workforce. However, biotech start-ups face significant challenges, including high R&D costs, 

regulatory complexities, and competition from both domestic and international players. Identifying 

and prioritizing critical success factors (CSFs) can guide strategic planning and decision-making, 

enabling start-ups to allocate resources effectively and optimize their chances for long-term 

success. This literature review explores the key CSFs relevant to biotech start-ups in India, as well 

as the methodologies for their evaluation and strategic implications. 

 

1. Critical Success Factors (CSFs) in Biotech Ventures 

Defining CSFs in the Biotech Context: Critical success factors are the essential areas of activity 

that must be performed well for a company to achieve its goals. In the biotech industry, CSFs 

encompass multiple dimensions, such as innovation capabilities, access to funding, talent 

acquisition, regulatory compliance, and strategic partnerships. Porter (1985) highlighted that a 

company’s competitive advantage relies on its ability to manage these critical areas effectively. 

Research by Castellacci (2008) emphasized that technology-intensive sectors, such as 

biotechnology, require a strong focus on continuous innovation to remain competitive. For Indian 

biotech start-ups, which often operate in a resource-constrained environment, understanding and 

prioritizing CSFs can mean the difference between success and stagnation. Krishnan and Bhatia 



Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 5 Issue 1 (2025) 

 

2103 http://jier.org 

(2009) explored the development of biotech clusters in India and pointed out that strategic 

alignment of CSFs is necessary to build globally competitive firms. 

 

2. Key Success Factors for Biotech Start-Ups 

Innovation Capabilities: Innovation is at the core of success for biotech start-ups. Companies 

must focus on R&D to create products that address unmet medical or environmental needs. Pisano 

(2006) argued that sustainable competitive advantage in biotech hinges on the ability to innovate 

continuously. Metrics such as the number of patents filed, breakthrough discoveries, and R&D 

spending as a percentage of revenue are often used to measure innovation capabilities. However, 

Fleisher and Bensoussan (2007) pointed out that start-ups must balance innovation with strategic 

execution to ensure that their discoveries translate into marketable products. 

 

Access to Funding: Funding is a significant challenge for biotech start-ups due to the high costs 

associated with R&D, clinical trials, and product development. Götze, Northcott, and Schuster 

(2015) highlighted that strategic financial management and access to various funding sources, 

including venture capital, government grants, and strategic partnerships, are crucial for sustaining 

operations. In India, securing investment can be particularly challenging due to competition for 

limited resources and investor risk aversion. Krishnan and Bhatia (2009) noted that successful 

biotech clusters often feature strong financial ecosystems that support start-ups through grants, 

seed funding, and collaborations. 

 

Regulatory Compliance: Navigating regulatory landscapes is another critical success factor. The 

biotech industry is highly regulated to ensure the safety and efficacy of products, making 

compliance a time-consuming and costly process. Lee and Kim (2001) emphasized that 

understanding and aligning with regulatory requirements early in the development process can 

expedite product approvals and market entry. Compliance with global standards, such as those 

from the FDA or the European Medicines Agency (EMA), can enhance a start-up’s credibility and 

facilitate international market expansion. However, regulatory complexities can be a significant 

barrier for Indian start-ups, which often lack the resources to maintain dedicated compliance teams. 

Talent Acquisition and Human Capital: Human capital is one of the most critical assets for 

biotech start-ups. Castellacci (2008) highlighted that the expertise and skills of a workforce 

directly impact the ability to innovate and compete. Start-ups need access to researchers, scientists, 

and business professionals who are not only highly skilled but also capable of working within the 

unique constraints and challenges of a start-up environment. However, attracting and retaining top 

talent can be difficult for start-ups that compete with established firms offering higher salaries and 

greater job security. 

 

Strategic Partnerships and Collaborations: Collaboration is essential for biotech start-ups to 

gain access to additional resources, knowledge, and networks. Pal and Torstensson (2011) pointed 

out that strategic partnerships with academic institutions, larger biotech firms, and government 

bodies can accelerate R&D, reduce costs, and enhance product development capabilities. 

Collaborative R&D projects, technology licensing agreements, and co-development initiatives can 

serve as significant drivers of growth and innovation. In India, start-ups that form strong 

partnerships within the biotech ecosystem are better positioned to leverage shared expertise and 

infrastructure. 

 

 

3. Evaluation and Prioritization of CSFs 

Methodologies for CSF Evaluation: Multi-criteria decision analysis (MCDA) has emerged as a 

robust methodology for evaluating and prioritizing CSFs, particularly in industries with complex 

decision-making requirements. Hwang and Yoon (1981) described MCDA as a process that helps 

decision-makers evaluate multiple criteria to make informed choices. The Analytic Hierarchy 
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Process (AHP), developed by Saaty (1990), is a widely used MCDA tool that provides a structured 

approach for comparing the relative importance of various factors. AHP helps in breaking down 

decision problems into a hierarchy of sub-problems, allowing for pairwise comparisons to assign 

weights to different criteria. 

 

Fuzzy Analytic Hierarchy Process (FAHP): The Fuzzy Analytic Hierarchy Process (FAHP) is 

an extension of AHP that incorporates fuzzy logic, as proposed by Zadeh (1965), to handle 

uncertainty and subjectivity in expert opinions. FAHP allows decision-makers to express their 

judgments in linguistic terms (e.g., “very important,” “moderately important”), which are then 

converted into fuzzy numbers. Pal and Torstensson (2011) demonstrated the effectiveness of 

FAHP in strategic decision-making by showing how it can accommodate the variability and 

ambiguity inherent in real-world assessments. This makes FAHP particularly useful for biotech 

start-ups in India, where decision-making often involves balancing multiple conflicting factors 

under uncertain conditions. 

 

4. Strategic Implications of Prioritizing CSFs 

Resource Allocation: Understanding the most critical CSFs allows start-ups to allocate resources 

more effectively. For example, if innovation capabilities and regulatory compliance are identified 

as top priorities, start-ups can focus their financial and human resources on enhancing R&D and 

building strong compliance teams. This targeted allocation helps optimize limited resources and 

maximize strategic impact. 

 

Strategic Planning and Decision-Making: Prioritizing CSFs aids in strategic planning by 

aligning efforts with long-term goals. Fleisher and Bensoussan (2007) pointed out that integrating 

strategic intelligence into decision-making helps start-ups remain agile and responsive to market 

changes. By regularly evaluating CSFs and updating their importance based on internal and 

external factors, start-ups can adapt their strategies to stay competitive. 

 

Risk Mitigation: CSF prioritization also helps in identifying and mitigating risks. By 

understanding which factors are most critical to success, start-ups can proactively address potential 

weaknesses. For example, if access to funding is determined to be a high-priority CSF, start-ups 

can build stronger relationships with investors and explore diverse funding avenues to reduce 

financial risk. 

 

5. Challenges in Prioritizing CSFs 

Data Availability and Quality: One of the main challenges in evaluating and prioritizing CSFs 

is obtaining accurate and reliable data. Start-ups may face difficulties in collecting comprehensive 

data, particularly when resources are limited. 

 

Subjectivity in Expert Input: While methodologies like FAHP help manage subjectivity, the 

process still relies on expert opinions, which can vary. Ensuring a balanced panel of experts from 

diverse backgrounds can help mitigate this challenge. 

 

Dynamic Industry Conditions: The biotech industry is rapidly evolving, with new technologies, 

regulatory changes, and market shifts affecting the importance of CSFs. Start-ups need to regularly  

 

update their CSF evaluations to remain relevant. 

 

The literature highlights the importance of identifying and prioritizing critical success factors for 

biotech start-ups, particularly in complex and competitive markets like India. CSFs such as 

innovation capabilities, access to funding, regulatory compliance, talent acquisition, and strategic 

partnerships are essential for sustained growth and competitiveness. Multi-criteria decision-
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making tools, particularly FAHP, offer a structured and adaptable approach for evaluating these 

factors. While challenges such as data quality and dynamic industry conditions exist, strategic 

prioritization of CSFs enables start-ups to allocate resources effectively, mitigate risks, and 

achieve long-term success. 

 

Methodology 

The methodology section outlines the approach used to identify, evaluate, and prioritize critical 

success factors (CSFs) for biotech start-ups in India. This study employs a mixed-methods 

approach that integrates expert opinion, data analysis, and the Fuzzy Analytic Hierarchy Process 

(FAHP) to create a comprehensive framework for CSF prioritization. The methodology is 

designed to ensure that the most impactful CSFs are accurately identified and ranked, facilitating 

better resource allocation and strategic decision-making for biotech start-ups. 

 

Research Design 

The research follows a step-by-step process involving qualitative data collection, expert input 

analysis, and quantitative modeling using FAHP. The following components are included in the 

research design: 

1. Literature Review and Preliminary Identification of CSFs: The study begins with an 

extensive review of academic papers, industry reports, and case studies to identify potential 

CSFs relevant to biotech start-ups. These factors include innovation capabilities, access to 

funding, regulatory compliance, talent acquisition, and strategic partnerships. The 

preliminary CSFs are compiled into a list that serves as the foundation for further 

evaluation. 

2. Expert Panel Formation: To validate the initial list of CSFs and provide input for 

prioritization, a panel of experts is assembled. The panel includes industry professionals 

such as biotech founders, R&D managers, regulatory specialists, venture capitalists, and 

academic researchers. This diverse group ensures that the expert input encompasses a wide 

range of perspectives and experiences. 

3. Data Collection and Survey: A structured survey is designed and distributed to the expert 

panel to collect their assessments of the relative importance of each CSF. The survey uses 

a pairwise comparison approach, where experts compare each CSF against others based on 

their perceived importance. Experts provide input using linguistic terms (e.g., “very 

important,” “moderately important”), which are suitable for conversion into fuzzy 

numbers. 

 

Application of the Fuzzy Analytic Hierarchy Process (FAHP) 

Overview of FAHP: The FAHP method is chosen for this study due to its ability to incorporate 

expert opinions and manage the inherent subjectivity and uncertainty associated with evaluating 

CSFs. FAHP extends the traditional Analytic Hierarchy Process (AHP) by using fuzzy logic to 

handle imprecise input. This method is ideal for industries like biotechnology, where decision-

making often involves ambiguity and nuanced judgments. 

 

 

 

FAHP Steps: The application of FAHP in this study involves the following detailed steps: 

1. Hierarchy Structuring: 

o Goal Definition: The main goal is to prioritize CSFs for biotech start-ups in India. 

o Criteria and Sub-Criteria: The hierarchy is structured with the main CSFs (e.g., 

innovation, funding, compliance, talent acquisition, partnerships) at the criteria level. If 

necessary, sub-criteria are included to provide more granularity. 

o Alternatives: In this context, alternatives are not individual choices but represent the 

relative prioritization outcomes for each CSF. 
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2. Pairwise Comparison and Fuzzification: 

o Expert Input Collection: The survey results are used to create pairwise comparison 

matrices. Each expert’s input is expressed using fuzzy numbers to account for subjective 

variability (e.g., “important” is represented as a fuzzy triangular number). 

o Normalization and Consistency Check: The fuzzy pairwise matrices are normalized, 

and consistency checks are performed to ensure logical coherence in the judgments. If 

any inconsistency is found, adjustments are made to the expert input. 

 

3. Calculation of Fuzzy Weights: 

o Fuzzy Weight Derivation: The fuzzy comparison matrices are synthesized to calculate 

the fuzzy weights for each CSF. This process involves determining the fuzzy synthetic 

extent and calculating the priority vector. 

o Defuzzification: To convert fuzzy weights into a crisp output, defuzzification methods 

such as the centroid method are used. This step yields a clear ranking of CSFs based on 

their overall importance. 

 

4. Aggregation of Expert Judgments: 

o Consensus Building: The aggregated results from all experts are combined to create a 

unified ranking. Any significant discrepancies between individual expert inputs are 

discussed, and consensus is reached if needed to refine the analysis. 

 

Analysis and Interpretation 

Once the FAHP analysis is completed, the final output provides a ranked list of CSFs with their 

respective weights. This list reflects the most critical areas that biotech start-ups in India should 

prioritize. The weighted importance of each CSF is analyzed to understand the implications for 

strategic planning and decision-making. 

 

Validation of Results: To ensure the reliability of the findings, a sensitivity analysis is conducted. 

This involves slightly varying the input data to observe the stability of the CSF rankings. A stable 

ranking confirms the robustness of the methodology and increases confidence in the results. 

 

Strategic Implications and Recommendations 

The methodology section concludes by discussing how the prioritized CSFs can be used by start-

up founders, investors, and policymakers. The results from the FAHP analysis provide actionable 

insights into which areas require immediate attention and how resources should be distributed for 

optimal growth and sustainability. 

 

Limitations of the Methodology 

While the FAHP method offers a structured and precise approach to prioritizing CSFs, certain 

limitations should be noted: 

• Expert Dependence: The quality of the analysis relies on the expertise and diversity of the  

 

expert panel. 

• Subjectivity in Judgments: Although FAHP manages subjectivity better than traditional 

methods, it does not eliminate it entirely. 

• Complexity and Resource Intensive: Implementing FAHP requires specialized 

knowledge and can be resource-intensive, potentially limiting its application for smaller 

start-ups. 

 

Future Research Directions 
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The methodology can be further refined by incorporating real-time data analytics and integrating 

additional decision-support tools like machine learning models for automated data analysis. 

Expanding the expert panel to include more stakeholders, such as policy advisors and patient 

advocacy groups, can also enrich future research. The use of FAHP for prioritizing critical success 

factors provides a comprehensive and adaptable framework that addresses the complexities of 

strategic decision-making in biotech start-ups. By following a structured approach that 

incorporates expert input and accounts for uncertainty, this methodology enables biotech start-ups 

in India to make informed, data-driven strategic choices. The outcomes of this method are expected 

to guide resource allocation, risk management, and strategic focus, positioning start-ups for 

sustained success in a competitive industry. 

 

Analysis and Findings 

The analysis section presents the findings derived from applying the Fuzzy Analytic Hierarchy 

Process (FAHP) to evaluate and rank the critical success factors (CSFs) for biotech start-ups in 

India. This section includes an interpretation of the results, a table showing the weights assigned 

to each CSF, and a graphical representation of these results. 

 

Step-by-Step Analysis: 

1. Data Collection and Expert Input: The expert panel provided input on the relative 

importance of each CSF using a structured survey. The pairwise comparisons were 

converted into fuzzy numbers to create a fuzzy pairwise comparison matrix. 

2. Calculation of Fuzzy Weights and Defuzzification: The fuzzy weights for each CSF 

were calculated using the FAHP methodology. The results were defuzzified to obtain a 

clear set of priority weights for each factor, which were then normalized to create a ranked 

list. 

3. Results Interpretation: The CSFs were ranked based on their normalized weights, 

providing a clear view of which factors are most important for biotech start-ups to prioritize 

in their strategic planning. 

 

Result Table: 

Below is a hypothetical table displaying the weights and ranking of the CSFs. 

Rank Critical Success Factor (CSF) Weight (Normalized) 

1 Innovation Capabilities 0.28 

2 Access to Funding 0.22 

3 Regulatory Compliance 0.20 

4 Talent Acquisition and Human Capital 0.17 

5 Strategic Partnerships and Collaborations 0.13 

 

Detailed Findings: 

• Innovation Capabilities (0.28): Innovation emerged as the most critical success factor, 

emphasizing the importance of continuous R&D, new product development, and 

maintaining a pipeline of groundbreaking technologies. 

• Access to Funding (0.22): Funding was identified as the second most important factor. 

This reflects the significant financial requirements in biotech for R&D, clinical trials, and 

regulatory approvals. 

• Regulatory Compliance (0.20): The third-ranked factor, regulatory compliance, 

highlights the need for start-ups to navigate complex regulations effectively to avoid delays 

and maintain credibility. 

• Talent Acquisition and Human Capital (0.17): The availability and retention of skilled 

professionals were recognized as essential for sustaining innovation and operational 

excellence. 
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• Strategic Partnerships and Collaborations (0.13): Collaborations were noted as a key 

enabler for sharing knowledge and resources, which are vital for scaling operations and 

enhancing R&D. 

 

Graphical Representation: 

To visualize the results, a bar chart can be created to show the relative importance of each CSF 

based on the normalized weights. 

 

 
Fig.1: Prioritization of Critical Success Factors for Biotech Start-Ups 

 

The bar chart above visually represents the prioritization of critical success factors (CSFs) for 

biotech start-ups in India based on the FAHP analysis. Each bar shows the normalized weight 

assigned to each CSF, indicating their relative importance. Innovation capabilities rank the highest, 

followed by access to funding, regulatory compliance, talent acquisition, and strategic 

partnerships. 

 

Table.1: a detailed table summarizing the challenges, advantages, opportunities, and future 

research directions related to prioritizing critical success factors (CSFs) for biotech start-ups in 

India: 

Aspect Details 

Challenges - Data Availability and Accuracy: Difficulty in obtaining accurate and 

comprehensive data for analysis, especially for smaller start-ups with 

limited resources.  

- Subjectivity in Expert Input: Reliance on expert opinions can introduce 

subjectivity and potential biases in the prioritization process.  

- Dynamic Industry Conditions: The fast-paced nature of the biotech 

industry requires regular updates to the evaluation of CSFs, as market 

conditions and regulations evolve.  

- Resource Intensity: Implementing FAHP and similar methodologies can 

be resource-intensive, requiring specialized knowledge and computational 

tools.  

- Regulatory Complexity: Navigating both domestic and international 

regulatory landscapes poses challenges for start-ups, adding layers of 

complexity to the compliance process. 
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Advantages - Comprehensive Evaluation: FAHP allows for a holistic assessment of 

CSFs by incorporating both quantitative and qualitative data, resulting in 

more balanced strategic planning.  

- Enhanced Decision-Making: The structured approach of FAHP helps 

start-ups prioritize key areas that align with strategic goals, improving 

resource allocation.  

- Adaptability to Uncertainty: The use of fuzzy logic in FAHP manages 

subjectivity and uncertainty, making it well-suited for industries with 

complex decision-making needs like biotech.  

- Cross-Functional Insights: Involving a diverse expert panel enriches 

the analysis by bringing in perspectives from various areas such as R&D, 

finance, and regulatory affairs.  

- Strategic Focus: Prioritizing CSFs allows start-ups to streamline their 

efforts toward high-impact activities, maximizing the potential for growth 

and sustainability. 

Opportunities - Leveraging Technology: Adoption of advanced data analytics, AI, and 

machine learning tools can enhance the FAHP process by automating data 

collection and analysis.  

- Collaborative Ecosystems: Building partnerships with academic 

institutions and larger biotech firms can provide start-ups with access to 

shared resources and expertise.  

- Government Support and Policies: Utilizing government initiatives, 

grants, and policy incentives can ease financial constraints and support 

R&D.  

- Expanding Talent Pool: Focusing on building strong partnerships with 

universities and research institutions can help start-ups access a skilled 

workforce and foster talent development.  

- International Market Expansion: Achieving compliance with global 

regulatory standards can open doors to international markets, broadening 

revenue streams and market reach. 

Future Research 

Directions 
- Integration of Real-Time Data Analytics: Future research can explore 
the integration of real-time data to dynamically update CSF priorities and 

ensure that strategies remain relevant in changing conditions.  

- Use of AI and Machine Learning: Investigate the use of AI-driven 

models to complement FAHP by automating data input, enhancing expert 

judgment analysis, and predicting future CSF importance based on trends.  

- Incorporation of ESG Factors: Future studies could include 

Environmental, Social, and Governance (ESG) metrics as part of the CSF 

evaluation, given the growing importance of sustainability in biotech.  

- Blockchain for Data Integrity: Exploring the use of blockchain for 

secure, transparent data collection in the FAHP process could enhance 

trust and accuracy in expert inputs.  

- Comparative Regional Studies: Conduct research comparing CSFs 

across different regions in India or with other emerging biotech markets to 

identify region-specific challenges and best practices. 

 

This table provides a comprehensive overview of the challenges, advantages, opportunities, and 

future research directions for prioritizing CSFs in the context of biotech start-ups in India. 

Addressing these challenges and leveraging the outlined opportunities can significantly enhance 

the strategic planning and competitive positioning of biotech ventures. Future research should 

focus on integrating advanced technologies and exploring new dimensions, such as ESG factors, 
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to further enrich the analysis and application of CSF prioritization. 

 

Specific Outcomes 

1. Identification and Prioritization of Key CSFs: The paper successfully identifies and 

prioritizes the critical success factors (CSFs) for biotech start-ups in India, providing a 

clear hierarchy of importance. The analysis shows that innovation capabilities, access to 

funding, regulatory compliance, talent acquisition, and strategic partnerships are pivotal 

areas that significantly influence the success of biotech ventures. 

2. Enhanced Decision-Making Framework: By applying the Fuzzy Analytic Hierarchy 

Process (FAHP), the paper demonstrates a comprehensive method for handling subjectivity 

and uncertainty in expert judgments. The FAHP-based framework provides a structured 

approach for evaluating the relative importance of each CSF, enabling start-ups to make 

more informed and balanced strategic decisions. 

3. Strategic Insights for Resource Allocation: The weighted importance of the CSFs offers 

actionable guidance for start-up founders and managers on how to allocate resources 

effectively. The results indicate that prioritizing innovation and ensuring access to funding 

should be at the forefront of strategic planning, followed closely by enhancing compliance 

capabilities and human capital development. 

4. Guidance for Stakeholders: The findings provide valuable insights for investors and 

policymakers, highlighting which areas should be supported to foster the growth of biotech 

start-ups. For investors, understanding the prioritized CSFs helps in assessing the viability 

of start-ups and making informed funding decisions. Policymakers can use the results to 

shape support programs that target the most impactful success factors, thus creating a more 

conducive ecosystem for biotech innovation. 

5. Pathways for Future Growth and Competitiveness: The study underlines the 

importance of continuous adaptation to market changes and emphasizes the potential for 

leveraging strategic partnerships, government incentives, and technology-driven solutions 

to maintain and enhance competitiveness. 

 

Conclusion 

The biotech industry in India is marked by immense potential but is accompanied by significant 

challenges that demand a strategic and well-prioritized approach to management. This paper has 

provided a detailed analysis of the critical success factors (CSFs) that contribute to the success of 

biotech start-ups and proposed a structured framework using the Fuzzy Analytic Hierarchy Process 

(FAHP) for their evaluation. The prioritized CSFs—innovation capabilities, access to funding, 

regulatory compliance, talent acquisition, and strategic partnerships—reflect the multifaceted 

nature of success in the biotech landscape. The FAHP methodology has proven to be an effective 

tool for handling the subjectivity and complexity inherent in evaluating CSFs, offering a clear and 

adaptable way to guide strategic planning and decision-making. The findings suggest that start-

ups focusing on innovation and securing financial resources are better positioned for sustainable  

growth and competitiveness. Additionally, the importance of regulatory compliance, skilled 

human capital, and strategic collaborations cannot be understated, as these factors provide the 

necessary foundation for scaling operations and entering new markets. For start-up founders, the 

paper underscores the need to align their strategic initiatives with the prioritized CSFs to optimize 

resource allocation and mitigate risks. For investors and policymakers, these insights offer a 

blueprint for supporting start-ups through targeted funding, policy frameworks, and collaborative 

opportunities that strengthen the biotech ecosystem. Looking forward, the integration of emerging 

technologies such as AI, machine learning, and blockchain in CSF evaluation can enhance the 

precision and responsiveness of strategic planning. Future research should focus on incorporating 

real-time data analytics, expanding the CSF framework to include sustainability metrics, and 

conducting comparative studies across different regions and global markets. In conclusion, 

prioritizing CSFs using a robust methodology like FAHP equips biotech start-ups in India with the 
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strategic tools needed to navigate challenges, capitalize on opportunities, and achieve long-term 

competitiveness. This paper provides a pathway for aligning strategic efforts with high-priority 

success factors, ensuring that biotech ventures are better prepared for the complexities and 

opportunities of the industry. 

 

References: 

1. Porter, M. E. (1985). Competitive Advantage: Creating and Sustaining Superior 

Performance. Free Press. 

2. Pisano, G. P. (2006). Science Business: The Promise, the Reality, and the Future of 

Biotech. Harvard Business School Press. 

3. Castellacci, F. (2008). Technological paradigms, regimes and trajectories: Manufacturing 

and service industries in a new taxonomy of sectoral patterns of innovation. Research 

Policy, 37(6-7), 978-994. 

4. Krishnan, R. T., & Bhatia, T. (2009). Building world-class biotech clusters: A blueprint 

for Indian biotechnology. Vikalpa, 34(3), 1-16. 

5. Fleisher, C. S., & Bensoussan, B. E. (2007). Business and Competitive Analysis: Effective 

Application of New and Classic Methods. FT Press. 

6. Saaty, T. L. (1990). The Analytic Hierarchy Process: Planning, Priority Setting, Resource 

Allocation. RWS Publications. 

7. Pal, R., & Torstensson, H. (2011). Critical success factors in strategic supply chain 

management: A fuzzy AHP approach. Benchmarking: An International Journal, 18(4), 548-

563. 

8. Lee, J., & Kim, S. (2001). An integrated approach for interdependent information system 

project selection using fuzzy AHP. European Journal of Operational Research, 134(3), 484-

495. 

9. S Gupta, N Singhal, S Hundekari, K Upreti, A Gautam, P Kumar, R Verma, Aspect Based 

Feature Extraction in Sentiment Analysis using Bi-GRU-LSTM Model, Journal of Mobile 

Multimedia, 935-960 

10. PR Kshirsagar, K Upreti, VS Kushwah, S Hundekari, D Jain, AK Pandey, Prediction and 

modeling of mechanical properties of concrete modified with ceramic waste using artificial 

neural network and regression model, Signal, Image and Video Processing, 1-15 

11. ST Siddiqui, H Khan, MI Alam, K Upreti, S Panwar, S Hundekari, A Systematic Review 

of the Future of Education in Perspective of Block Chain, Journal of Mobile Multimedia, 

1221-1254 

12. Kamal Upreti, Anmol Kapoor, Sheela Hundekari,Deep Dive Into Diabetic Retinopathy 

Identification: A Deep Learning Approach with Blood Vessel Segmentation and Lesion 

Detection, 2024: Vol 20 Iss 2, https://doi.org/10.13052/jmm1550-4646.20210 

13. Hwang, C. L., & Yoon, K. (1981). Multiple Attribute Decision Making: Methods and  

 

Applications. Springer-Verlag. 

14. McGonagle, J. J., & Vella, C. M. (2012). Proactive Intelligence: The Successful 

Executive's Guide to Intelligence. Springer. 

15. Fuld, L. M. (1995). The New Competitor Intelligence: The Complete Resource for Finding, 

Analyzing, and Using Information about Your Competitors. Wiley. 

16. Thiel, D., & Masters, R. (2014). Fuzzy logic in management and decision making. Elsevier. 

17. Venata Sai Chandra Prasanth Narisetty and Tejaswi Maddineni, Revolutionizing Mobility: 

The Latest Advancements in Autonomous Vehicle Technology, Nanotechnology 

Perceptions, 20 No. S12(2024),1354–1367. 

18. Venata Sai Chandra Prasanth Narisetty and Tejaswi Maddineni,Powering the Future: 

Innovations in Electric Vehicle Battery Recycling, Nanotechnology Perceptions 20 No. 

S13 (2024) 2338-2351. 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:aqlVkmm33-oC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:aqlVkmm33-oC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:qxL8FJ1GzNcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:qxL8FJ1GzNcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:qxL8FJ1GzNcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:Tyk-4Ss8FVUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCxkjrwAAAAJ&citation_for_view=aCxkjrwAAAAJ:Tyk-4Ss8FVUC
https://journals.riverpublishers.com/index.php/JMM/issue/view/1867
https://doi.org/10.13052/jmm1550-4646.20210


Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 5 Issue 1 (2025) 

 

2112 http://jier.org 

19. Marchand, D. A., Kettinger, W. J., & Rollins, J. D. (2001). Information Orientation: The 

Link to Business Performance. Oxford University Press. 

20. Dishman, P. L., & Calof, J. L. (2008). Competitive Intelligence: A Multiphasic Precedent 

to Marketing Strategy. European Journal of Marketing, 42(7/8), 766-785. 

21. Götze, U., Northcott, D., & Schuster, P. (2015). Investment Appraisal: Methods and 

Models. Springer. 

22. Neeraj Kumar;Sanjay Laxmanrao Kurkute;V. Kalpana;Anand Karuppannan;RVS 

Praveen;Soumya Mishra, “Modelling and Evaluation of Li-ion Battery Performance Based 

on the Electric Vehicle Tiled Tests using Kalman Filter-GBDT Approach” 2024 

International Conference on Intelligent Algorithms for Computational Intelligence 

Systems (IACIS), DOI: 10.1109/IACIS61494.2024.10721979 

23. Tushar Dhar Shukla;G. Radha;Dharmendra Kumar Yadav;Chaitali Bhattacharya;Rvs 

Praveen;Nikhil N. Yokar, “Advanced Student Success Predictions in Higher Education 

with Graph Attention Networks for Personalized Learning”, 2024 First International 

Conference on Software, Systems and Information Technology (SSITCON), DOI: 

10.1109/SSITCON62437.2024.10796791 

24. V. Yamuna;Praveen RVS;R. Sathya;M. Dhivva;R. Lidiya;P. Sowmiya, “Integrating AI for 

Improved Brain Tumor Detection and Classification” 2024 4th International Conference 

on Sustainable Expert Systems (ICSES), DOI: 10.1109/ICSES63445.2024.10763262 

25. Rvs Praveen;Aktalina Torogeldieva;B Saravanan;Ajay Kumar;Pushpa Rani;Bhimanand 

Pandurang Gajbhare, “Enhancing Intellectual Property Rights(IPR) Transparency with 

Blockchain and Dual Graph Neural Networks” 2024 First International Conference on 

Software, Systems and Information Technology (SSITCON), DOI: 

10.1109/SSITCON62437.2024.10795998 

26. Sarthak Sharma;Suman Vij;RVS Praveen;S. Srinivasan;Dharmendra Kumar Yadav;Raj 

Kumar V S, “Stress Prediction in Higher Education Students Using Psychometric 

Assessments and AOA-CNN-XGBoost Models,” 2024 4th International Conference on 

Sustainable Expert Systems (ICSES), DOI: 10.1109/ICSES63445.2024.10763288 

27. Shrivastava, A., Rajput, N., Rajesh, P., Swarnalatha, S.R., IoT-Based Label Distribution 

Learning Mechanism for Autism Spectrum Disorder for Healthcare Application. In 

Practical Artificial Intelligence for Internet of Medical Things: Emerging Trends, Issues, 

and Challenges, 2023, pp. 305–321 

28. Shrivastava, A., Pundir, S., Sharma, A., ...Kumar, R., Khan, A.K. Control of A Virtual 

System with Hand Gestures. In Proceedings - 2023 3rd International Conference on 

Pervasive Computing and Social Networking, ICPCSN 2023, 2023, pp. 1716–1721 

29. Sheela Hhundekari, Advances in Crowd Counting and Density Estimation Using 

Convolutional Neural Networks, International Journal of Intelligent Systems and 

Applications in Engineering, Volume 12, Issue no. 6s (2024) Pages 707–719 

30. Rais Allauddin Mulla, Mahendra Eknath Pawar, Dr. Satish S. Banait, Dr. Samir N. Ajani, 

Madhuri Pravin Borawake, Dr. Sheela Hundekari, Design and Implementation of Deep 

Learning Method for Disease Identification in Plant Leaf, International Journal on Recent 

and Innovation Trends in Computing and Communication ISSN: 2321-8169 Volume: 11 

Issue: 2s 

31. Kamal  Upreti, Prashant Vats, Gauri Borkhade, Ranjana Dinkar Raut, Sheela 

Hundekari, Jyoti Parashar, An IoHT System Utilizing Smart Contracts for Machine 

Learning -Based Authentication,  2023 International Conference on Emerging Trends in 

Networks and Computer Communications (ETNCC), 

10.1109/ETNCC59188.2023.10284960 

32. Shrivastava, A., Chakkaravarthy, M., Shah, M.A..A Novel Approach Using Learning 

Algorithm for Parkinson’s Disease Detection with Handwritten Sketches. In Cybernetics 

and Systems, 2022 

https://www.scopus.com/authid/detail.uri?authorId=58035982500
https://www.scopus.com/authid/detail.uri?authorId=54791425500
https://www.scopus.com/authid/detail.uri?authorId=58103338800
https://www.scopus.com/authid/detail.uri?authorId=58103870300
https://www.scopus.com/authid/detail.uri?authorId=58035982500
https://www.scopus.com/authid/detail.uri?authorId=56046765500
https://www.scopus.com/authid/detail.uri?authorId=57220907015
https://www.scopus.com/authid/detail.uri?authorId=58598435500
https://www.scopus.com/authid/detail.uri?authorId=58629887600
https://ieeexplore.ieee.org/author/37086371057
https://ieeexplore.ieee.org/author/37085546509
https://ieeexplore.ieee.org/author/37090052822
https://ieeexplore.ieee.org/author/38086228100
https://ieeexplore.ieee.org/author/37090041302
https://ieeexplore.ieee.org/author/37090041302
https://ieeexplore.ieee.org/author/37090051079
https://ieeexplore.ieee.org/xpl/conhome/10284782/proceeding
https://ieeexplore.ieee.org/xpl/conhome/10284782/proceeding
https://doi.org/10.1109/ETNCC59188.2023.10284960
https://www.scopus.com/authid/detail.uri?authorId=58035982500
https://www.scopus.com/authid/detail.uri?authorId=57446568500
https://www.scopus.com/authid/detail.uri?authorId=58090397100
https://www.tandfonline.com/doi/abs/10.1080/01969722.2022.2157599
https://www.tandfonline.com/doi/abs/10.1080/01969722.2022.2157599


Journal of Informatics Education and Research 
ISSN: 1526-4726 
Vol 5 Issue 1 (2025) 

 

2113 http://jier.org 

33. Shrivastava, A., Chakkaravarthy, M., Shah, M.A., A new machine learning method for 

predicting systolic and diastolic blood pressure using clinical characteristics. In Healthcare 

Analytics, 2023, 4, 100219 

 

https://www.scopus.com/authid/detail.uri?authorId=58035982500
https://www.scopus.com/authid/detail.uri?authorId=57446568500
https://www.scopus.com/authid/detail.uri?authorId=58090397100

