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ABSTRACT

This study investigates the implementation and effectiveness of Supplier Quality Management
(SQM) practices in organizations, focusing on these practices influence on supply chain reliability,
regulatory compliance, cost efficiency and technological integration. The core objective was to
identify which factors significantly affect SQM effectiveness and how organizations respond to
challenges and opportunities in supplier management.

In this research, a positivism philosophy with deductive approach is adopted to examine the impact
of SQM on supply chain performance. A quantitative, cross-sectional research methodology was
used, with data collected through structured questionnaires and non-probability purposive
sampling was applied to target industry professionals. Data analysed by SPSS including
descriptive statistics to determine variable relationships and the capabilities of selected variables.
In the process all ethical procedures are duly abided and followed.

The findings of this study indicated a moderate level of SQM adoption across the sample, with
variability in how frequently audits are conducted and how advanced technologies are integrated
into quality systems. Notably, a significant positive correlation between SQM practices and
regulatory compliance strengthens the industry standards and technology use is positively linked
to cost efficiency, indicating the reduction in operational costs. Conversely, a significant negative
correlation between the effectiveness of quality agreements and supply chain reliability, suggests
a mismatch in expectations or execution. Regression results demonstrated that the model explained
approximately 14.9% of the variance in SQM practices indicating a moderate relationship between
the predictors and dependent variable. The ANOVA test supported the model’s statistical
significance (F =3.037, p =.009), confirming that the selected independent variables collectively
have a meaningful impact on SQM outcomes.

In conclusion, SQM practices significantly improves supply chain performance by the use of
advanced technologies, enhancing regulatory compliance and operational efficiency but
challenges remain in aligning with supplier non-compliance and reliability. Furthermore, future
research should consider these insights for continuous improvement, strategic investment in digital
tools and stronger supplier collaboration frameworks to support long-term quality objectives.

Keywords: Supplier Quality Management (SQM), Supply chain reliability, Regulatory
compliance, Audits, continuous improvements, Quality agreements, collaboration
frameworks, descriptive statistics.
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Chapter 1: Introduction

1.1 Research Background

Product quality, safety and efficacy are absolute in the pharmaceutical industry, where it operates
in a highly regulated environment. The varying quality standards for raw materials, active
pharmaceutical ingredients (API) and packaging components demanded towards pharmaceutical
supply chains make Supplier Quality Management (SQM) practices the key contributor in ensuring
its pharmaceutical supply chains are unchanged in purity and potency. For a pharmaceutical
quality management system (QMS) to be effective, Supplier Quality Management practices must
be in place to avoid substandard products, regulatory non-compliance, recalls and reputational

damage caused by poor supplier management (Teuchler, 2025).

With the increasing regulatory scrutiny, Supplier Quality Management practices are critical in
pharmaceutical supply chains. There are strict guidelines drawn by regulatory agencies such as the
U.S. Food and Drug Administration (FDA), European Medicines Agency (EMA) & World Health
Organization (WHO) regarding Good Manufacturing Practices (GMP) & supplier qualification
processes. Major challenges in the pharmaceutical industry have been supply chain disruptions
and quality failures. Vulnerabilities in the global pharmaceutical supply chain deepened during the
COVID-19 pandemic, and it exacerbated the shortages of critical drugs and medical supplies. In
addition to these shortages, supplier quality failures also played a role because manufacturing sites
did not comply with regulatory standards, stopping the production. The example of valsartan, a
widely used antihypertensive drug, is one of the risks of poor supplier quality management. In
2018, multiple batches of valsartan were recalled worldwide due to the presence of nitrosamine
impurities, a known carcinogen. Investigations traced the contamination to raw materials supplied
by a third-party manufacturer in China, demonstrating the far-reaching consequences of

inadequate SQM (Patil, 2024).

Supplier selection and evaluation are important building blocks within supplier quality
management practices in the pharmaceutical industry. According to a Deloitte (2021) study, 68%
of pharmaceutical companies use multi-tier supplier assessment frameworks to evaluate quality,
reliability, and regulatory compliance. Often, these criteria are manufacturing capabilities,

financial stability, historical performance and GMP compliance. Despite this, many companies
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find it difficult to maintain real-time visibility of supplier performance. For pharmaceutical quality
management systems, risk management in supplier quality has received more attention. Al-driven
quality management systems can analyse the historical performance of the supplier, spot
anomalies, and give early warnings of possible deviations in quality. While these advancements
were made, the challenges of data integration, cybersecurity risks, and technology adoption

resistance persist, which hinders the purposes of digital SQM solutions.

Supplier quality management practices are necessary for sustaining high-quality pharmaceutical
production. Total Quality Management (TQM) and Lean Six Sigma have been implemented to
drive the supply chain supplier performance enhancement. Supplier development programs,
including supplier training and initiatives, have also worked well in building suppliers' capacities.
Regulatory compliance remains as a cornerstone of SQM in pharmaceutical supply chains. The
International Council for Harmonisation (ICH) Q10 guideline on Pharmaceutical Quality Systems
emphasizes the need for robust supplier qualification and monitoring. However, compliance
challenges persist due to varying regulatory requirements across different markets. Non-
compliance with regulatory requirements can result in severe financial and operational
consequences. The FDA’s Import Alert database recorded a 28% increase in import bans on
pharmaceutical products between 2018 and 2022, primarily due to supplier quality violations

(Najmi et al., 2021).

Supplier Quality Management (SQM) is vital to the effectiveness of Pharmaceutical Quality
Management Systems (PQMS) as it has a direct influence on product safety, regulatory
compliance, and supply chain performance. SQM practices include supplier selection,
qualification, performance monitoring, audit processes, and continuous improvement activities.
These processes ensure that raw materials and components conform to high industry standards,
minimizing risks of defective products, regulatory fines, and supply chain breakdowns. As per the
views of Schellekens and Smith (2023), efficient SQM practices involve risk-based supplier
assessment, conformity audits, Corrective and Preventive Actions (CAPA), and supplier
development programs. These factors ensure quality consistency, improve collaboration with
suppliers, and maximize supply chain efficiency. Assessing the efficacy of SQM in Pharmaceutical
Quality Management Systems involves measuring its effect on operational efficiency, cost savings,

and regulatory compliance. Organizations adopting sophisticated SQM systems tend to have




reduced recalls, better supplier reliability, and optimized production processes. This study seeks
to evaluate how SQM practices support supply chain performance improvement, solve problems,

and recommend best practices for ongoing quality improvement in the pharmaceutical sector.

1.2 Problem Statement

The pharmaceutical industry relies on complex and highly regulated supply chains to ensure
product quality and safety. Despite that, supplier-related quality failures persist as both product
recall, regulatory noncompliance and financial losses. Supplier-related deficiencies were
responsible for 20 percent of drug recalls in the last decade, the U.S. Food and Drug Administration
(FDA) reports. Poor supply chain management affects not only supply chain operations but also
patient safety because defective or contaminated drugs get to market (Agyabeng-Mensah ef al.,
2021). Good Manufacturing Practices (GMP) and rigorous supplier qualification programmes are
well implemented by most pharmaceutical companies, but the plethora of monitoring, risk
assessment, and regulatory compliance challenges have been a plague to many pharmaceutical
firms. As the pharmaceutical supply chain has become more dependent upon global suppliers,
there is a demand for studies concerning the ability of supplier quality management practices to
enhance performance. This research focuses on the identification of some gaps in supplier
management practices and suggestions to align with better supplier oversight, risk mitigation and

supply chain efficiency.

1.3 Research Rationale

Supplier quality management, despite being one of the critical components of pharmaceutical
quality management systems (QMS), has a significant influence on the performance of the
pharmaceutical supply chain. As the global supply chain becomes more complex and gets
regulated, it becomes important to understand how SQM practices can mitigate risks associated
with supply chains. A report by Agyabeng-Mensah et al. (2021) on pharmaceutical supplier risk
assessment indicates that 57% of pharmaceutical companies lack a comprehensive mechanism to
assess their suppliers, which puts them at risk of compliance failure. The COVID-19 pandemic
also reveals some weaknesses in pharmaceutical supply chains, therefore providing evidence of
the importance of resilient and highly quality network suppliers. Previous research has been

conducted on general supply chain management of pharmaceuticals, but no research has been




conducted on SQM effectiveness (Sim et al., 2024) and this gap will be bridged by this research
through evaluation of how SQM practices improve supply chain resiliency, regulatory compliance
improves product quality and ultimately improve patient outcomes and operational sustainability

in the pharmaceutical sector.

1.4 Research Aim and Objectives
Aim:

This study aims to evaluate the effectiveness of supplier quality management practices in

enhancing supply chain performance within pharmaceutical quality management systems.
Objectives:

To explore the effect of supplier quality management practices on the overall performance of
pharmaceutical supply chains, focusing on key quality indicators such as cost efficiency, product
integrity, lead times and supply chain reliability.

To assess the main challenges and barriers in implementing effective supplier quality management
practices by pharmaceutical companies.

To investigate the role of technology and digitalisation in enhancing supplier quality management
practices like real-time monitoring tools, Al-driven analytics and use of blockchain.

To determine the influence of quality agreements between pharmaceutical companies and
suppliers on regulatory compliance and product safety.

To identify how pharmaceutical companies manage quality risks by integrating supplier quality

management practises when dealing with multiple suppliers across various global standards.
1.5 Research Questions

What are the key supplier quality management practices implemented in the pharmaceutical
industry?

How does supplier quality management impact supply chain performance in pharmaceutical
quality management systems?

What challenges do pharmaceutical firms face in implementing and maintaining effective SQM

practices?




4. How do regulatory compliance requirements influence supplier quality management and supply

chain performance?

1.6 Research Significance

This research will provide useful insights into whether supplier quality management practices in
the pharmaceutical industry can be effective, not only to the industries and academics, but which
also be an integral part of industry best practices. Through an examination of how SQM affects
supply chain performance, this study will allow pharmaceutical companies to strengthen the
overhead on suppliers, cut quality-related stumbling blocks, and maintain regulatory compliance
(Najmi et al., 2021). Supplier quality management remains a top area that is emphasized by
regulatory agencies such as the FDA, European Medicines Agency (EMA), World Health
Organization (WHO), and others, as it’s a way to ensure that drugs are safe and deliver results. It
will provide practical recommendations that would enable pharmaceutical firms to forge ahead in
SQM strategies that are in accord with the evolving state of play in the regulatory realms, thereby
thinning down the odds of violation and consequent product recall (Agyabeng-Mensah ef al.,
2021). Moreover, pharmaceutical companies are also embracing digital technologies like artificial
intelligence (AI) and blockchain to enhance supplier quality monitoring. This study will examine
how pharmaceutical firms can leverage emerging technologies to strengthen supplier quality

management effectiveness in sense of building a more resilient, transparent supply chain.




Chapter 2: Literature Review

2.1 Introduction

This literature review focuses on evaluating the key information regarding the effectiveness of
supplier quality management practices in increasing supply chain performance and addresses the
key challenges that arrive in implementing supplier quality management practice within the

pharmaceutical sector.

The effectiveness of supplier quality management (SQM) practices directly impacts the overall
performance of the pharmaceutical supply chain, influencing product quality, regulatory
adherence, operational efficiency, and risk mitigation Soares et al. (2017). Supplier quality
management involves a systematic approach to selecting, evaluating and monitoring suppliers to
ensure they meet predefined quality and regulatory requirements as stated by Parmata (2016).
Pharmaceutical firms assess potential suppliers based on their compliance with industry standards,
manufacturing capabilities and performance. By carefully selecting and qualifying suppliers,
companies can reduce the likelihood of quality issues and ensure a more stable supply chain
Dehshiri et al. (2022). Supplier qualification typically involves on-site audits, documentation
reviews and quality risk assessments to verify that suppliers meet the necessary regulatory and
quality requirements demonstrated by Lee ef al. (2021). Continuous performance monitoring and
regular supplier audits help identify potential risks, deviations from quality standards and areas for
improvement to ensure ongoing compliance and quality assurance. The integration of advanced
technologies such as artificial intelligence (Al), blockchain, and the Internet of Things (IoT) has
further revolutionized supplier quality management in the pharmaceutical industry enhanced
traceability across the supply chain (Malviya et al. (2025). Furthermore, strong supplier quality
management practices contribute to supply chain resilience by reducing dependency on a limited

number of suppliers and diversifying sourcing strategies.

Despite its benefits, implementing a robust supplier quality management system poses several
challenges. The complexity of global supply chains makes it difficult to ensure consistent quality
standards across multiple suppliers (khan et al., 2023) and regulatory variability across different
countries complicates supplier compliance, as pharmaceutical firms must navigate diverse quality

requirements and approval processes. However, the long-term benefits of supplier quality
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management practices lead to improved product quality, regulatory compliance, and supply chain
efficiency (Shahid et al., 2024). Understanding the relationship between supplier quality
management and supply chain performance is essential for pharmaceutical companies seeking to
improve operational effectiveness and maintain a competitive advantage in the market. As
regulatory requirements continue to evolve and global supply chains become more interconnected,

pharmaceutical firms must adopt proactive supplier quality management strategies.

This literature review will contribute to a deeper understanding of how supplier quality
management practices influence supply chain performance for improving supplier management
strategies within the pharmaceutical industry. By synthesizing findings from previous studies, the
research will provide insights into best practices for supplier quality management, highlight
common challenges faced by pharmaceutical firms and explore emerging trends in the field.
Additionally, the study will identify areas where further research is needed to enhance supplier

quality management strategies and optimize supply chain performance.
2.2 Role of Supplier Quality Management Practices in Pharmaceutical Industry

As per the knowledge of Patil (2024), the pharmaceutical industry applies Supplier Quality
Management (SQM) as the method that establishes systematic measures to verify suppliers who
provide raw materials and active pharmaceutical ingredients (APIs) and other material components
to maintain the pharmaceutical industry. The fundamental role of SQM exists in preserving both
product safety together with efficacy and regulatory compliance standards. However, Soares et al.
(2017) has claimed that quality issues within supplier-managed pharmaceutical products, which
creates substantial health risks that result in product recalls and regulatory actions together with
severe reputational damage. Pharmaceutical organisations rely on thorough supplier quality
management practices as a way to guarantee consistency and reduce supply chain-associated risks.
The core elements of SQM begin with selecting suppliers followed by evaluations and maintaining
ongoing assessment processes. As stated by Parmata (2016), pharmaceutical firms apply a formal
supplier qualification system that requires complete assessments of manufacturing locations and
quality management methods and regulatory compliance records of suppliers. Pharmaceutical
firms monitor all suppliers through a combination of periodic audits together with performance

reviews and quality inspection procedures. Sarangi and Ghosh (2024) have claimed that the




systematic approach serves to minimise possible quality issues, while guaranteeing an

uninterrupted supply chain operation.

Supplier quality management depends on compliance with Good Manufacturing Practices (GMP)
and Good Distribution Practices (GDP). The pharmaceutical industry relies on GMP to create
consistent products under quality standards and GDP serves to ensure correct distribution practices
that protect product integrity. According to the views of Tayyab et al. (2022), considering these
regulations ensures that contamination and mix-ups together with production errors remain
prevented throughout the manufacturing and distribution operations. Quality risk management
along with supplier audits stands as a fundamental element of supplier quality management
practices. Lee et al. (2021) has also supported the above statement and claimed that pharmaceutical
organisations carry out standard supplier inspection activities to detect quality problems that need
correction prior to manufacturing delays. The firm uses Failure Mode and Effects Analysis
(FMEA) and risk-based supplier categorisation to identify suppliers with high risks so they receive
intensified oversight. Supply chain endurance and expensive product recalls prevention become
possible through these operational practices. The pharmaceutical industry depends on SQM as its
foundational quality management system which enables the selection of top-quality materials

before production to meet regulatory requirements.

SQM is a crucial system in the pharmaceutical sector that guarantees raw materials, active
pharmaceutical ingredients (APIs), and packaging materials adhere to very high quality and
regulatory standards. The success of pharmaceutical products primarily relies on their suppliers'
consistency and compliance, hence SQM is a very important component in the operations of the
industry. Sawale (2022) claimed that a properly structured SQM framework has a number of
prominent practices that include selecting and qualifying suppliers, monitoring their performance,
and risk-based quality management. Supplier selection entails assessing prospective partners
against manufacturing capabilities, compliance history, and conformity with international
regulations like Good Manufacturing Practices (GMP) and Good Distribution Practices (GDP).
Supplier qualification, as emphasized by Dehshiri ef al. (2022), entails thorough examination of
manufacturing facilities, quality control procedures, and regulatory certifications to ensure that

suppliers conform to industry standards.




In addition, pharmaceutical companies implemented continuous monitoring systems including
regular audits, real-time monitoring of performance, and quality checks. According to Mishra et
al. (2022), such practices ensure early identification of deviations in quality, avoiding expensive
recalls and production hold-ups. Risk-based methods like Failure Mode and Effects Analysis
(FMEA) also enable organizations to classify suppliers into risk categories, with heightened
scrutiny for high-risk suppliers (Haputhanthrige, 2024). In addition, SQM makes supply chains
resilient by providing guaranteed material quality and preventing risks from contamination, mis-
mixing, and production defects. Next-generation digital technologies like blockchain-based
traceability, predictive analytics for quality prediction, and automated inspection systems make
supplier management more efficient. Ultimately, sound SQM practices do not only serve to ensure
that pharmaceutical companies abide by regulatory regulations but also preserve product integrity
and patient safety. By investing in stringent supplier management practices, pharmaceutical
organizations can shore up their supply chains, eliminate operational risks, and retain faith in the

worldwide healthcare market.
2.3 Impact of Supplier Quality Management on Supply Chain Performance

According to the knowledge of Khan et al. (2023), supplier Quality Management (SQM) functions
as the key determinant for pharmaceutical supply chain efficiency alongside reliability and
responsiveness. Resolution of operations depends on high-quality suppliers who send defect-free
raw materials alongside active pharmaceutical ingredients (APIs) on time. Pharmaceutical
companies face reduced disruptions and decreased production delays and stock shortages through
strict quality standards adopted by their suppliers. As per the knowledge of Shahid et al. (2024),
the management of supplier quality performance leads to better supply chain responsiveness due

to the ability of allowing quick demand adjustments that support regulatory standards.

Supplier quality issues result in major operational problems that create manufacturing slowdowns
and raise expenses associated with product withdrawal and harm the business brand reputation.
Supplier quality creates substantial effects on the safety of products and regulatory adherence as
well as patient health well-being. Agyabeng-Mensah et al. (2021) has claimed that the robust
quality standards of the pharmaceutical compounds need to pass to ensure patient protection so

any deterioration in supplier performance creates the risk of defective medication getting to




customers. The adherence to Good Manufacturing Practices (GMP) together with Good
Distribution Practices (GDP) functions as an essential method to minimize such dangers. Gera et
al. (2022) stated pharmaceutical firms that handle supplier quality effectively maintain proper
compliance with regulatory bodies including FDA, EMA, and WHO to provide safe and effective
products. It has been noticed that the 2008 heparin contamination scandal critically interrupted
pharmaceutical supply chain performance, illustrating the dangers of inadequate Supplier Quality
Management practices (Al-Hakim, 2021). Contaminated raw materials from an unregulated
supplier resulted in product recalls, worldwide shortages, and enhanced regulatory attention
(Christie, 2023). Supply chain inefficiencies arose as businesses struggled to locate alternate
suppliers, resulting in delays and production shutdowns. Financial losses accumulated as a result
of litigation, regulatory penalties, and tarnished reputations. In addition, increased quality control
demands compelled businesses to adopt stricter supplier audits and monitoring, adding costs to
operations. This crisis highlighted the importance of strong SQM to secure supply chain resiliency,
product integrity, and patient safety. As stated by Zaid and Sleimi (2023), the use of contaminated
materials from a Chinese supplier caused major adverse outcomes including deaths which forced

regulatory authorities to implement stricter supplier control measures.

A well-implemented SQM system simultaneously optimizes inventory control as well as shortens
delivery times while reducing costs. According to the understanding Patil (2024), high-quality
scheduled deliveries from suppliers help pharmaceutical companies eliminate both inventory
expenditures and quality assessment needs as well as product rework requirements. As evidence,
the supplier quality program at Johnson & Johnson contains predictive analytics and risk-based
supplier segmentation features as part of its comprehensive system. Soares et al. (2017) supported
the above statement and claimed that the enhanced operational capabilities enable businesses to
distribute their resources optimally while securing continuous supply of products for customers.
Supplier quality management receives enhanced visibility through Al analytics because
maintenance prediction occurs beforehand whereas blockchain documentation creates permanent

supplier transaction details that increase both compliance and trust levels.

As demonstrated by Sarangi and Ghosh (2024), the Internet of Things (IoT) enables environmental
condition monitoring through sensors which protect temperature-sensitive pharmaceuticals by

keeping them within specified safety ranges. The implementation of blockchain technology by
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Pfizer enables supply chain tracking through which pharmaceutical companies monitor their
vaccine networks to reduce authentication issues and maintain quality standards during worldwide
distribution (Akter, 2024). Supplier quality management establishes direct effects on supply chain
performance by optimizing operations while maintaining regulatory standards and protecting
patient medical welfare. According to the understanding of Tayyab et al. (2022), advanced
technology implementation allows enhanced control of suppliers while simultaneously creating

pharmaceutical supply chains that are both robust and visible and disadvantageously priced.

A strong Supplier Quality Management (SQM) system within the pharmaceutical sector goes
beyond compliance to actively building supply chain resilience, efficiency, and strategic agility.
By combining sophisticated supplier evaluation frameworks, companies can identify risks
proactively, reduce disruptions, and optimize resource utilization. Supplier collaboration
programs, including collaborative quality improvement initiatives and shared compliance audits,
further promote operational consistency while minimizing the burden of individual monitoring.
Jain et al. (2024) claimed that pharma firms are increasingly using real-time monitoring systems
for suppliers based on machine learning algorithms that inspect patterns of defects, raise red flags
on deviations, and forecast future failures before they become serious issues. Not only does this
predictive ability reduce risk, but also enables companies to negotiate more favourable contracts
with their suppliers using performance metrics that are data-driven. Additionally, diversification
of suppliers through strategies like multi-sourcing key APIs and raw materials from various

regions helps reduce geopolitical risk and improve supply chain responsiveness.

Yet another developing trend in SQM is the assessment of supplier sustainability, in which drug
companies not only measure quality compliance but also ecological and ethical manufacturing
practices. Ahmad et al. (2024) stated that integrating sustainability indicators in supplier appraisals
assists companies in keeping up with corporate social responsibility goals while maintaining
sustainable long-term supply chain viability. Moreover, strategic collaborations with regional
suppliers in emerging economies can improve supply chain localization, minimizing reliance on
far-away sources and transport-related risks. Andersson et al. (2024) also added that regulatory
harmonization activities, including cross-border GMP convergence and mutual recognition
agreements, further support supplier quality control by simplifying compliance procedures across

worldwide markets. These activities minimize duplication of regulatory audits while ensuring
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robust quality standards, enabling pharmaceutical companies to manage global supply chains more
effectively. Overall, the inclusion of these advanced SQM practices guarantees that pharmaceutical
companies not only comply with regulations but also attain a competitive edge through improved
supplier relationships, operational resilience, and long-term cost savings in the face of an

increasingly complex global supply chain environment.

2.4 Challenges in Implementing Supplier Quality Management in the Pharmaceutical

Sector

As per the views of Lee et al (2021), the pharmaceutical industry encounters multiple hurdles
during the implementation of Supplier Quality Management (SQM) due to the combination of high
costs and non-standard procedures and supplier non-cooperation. The pharmaceutical industry
advises substantial financial costs to companies when they execute supplier audits and conduct
quality control while following strict regulatory needs. Khan et al. (2023) has also supported and
claimed that small and mid-sized organisations find it difficult to handle the expenses required for
implementing thorough quality assurance systems. The industry absence of standard supplier
quality procedures causes businesses to experience unpredictable quality expectations. Supplier
companies that serve multiple markets commonly reject unique compliance requirements which
results in difficulties for maintaining consistent product quality standards. According to the
knowledge of Agyabeng-Mensah ef al. (2021), the complexity of controlling worldwide supplier
networks becomes a major problem because regulatory standards between regions create

additional challenges in quality management processes.

The pharmaceutical industry procures products from suppliers located throughout different nations
while these entities answer to respective regulatory bodies which include the European Medicines
Agency (EMA), and China’s National Medical Products Administration (NMPA). In addition to
the EMA and NMPA, some of the most important regulators are the U.S. Food and Drug
Administration (FDA), the World Health Organization (WHO), Japan's Pharmaceuticals and
Medical Devices Agency (PMDA), and India's Central Drugs Standard Control Organization
(CDSCO) (Yadav et al., 2021). Each agency imposes separate quality and compliance standards,
causing difficulties in the harmonization of supplier requirements from one region to another.

Transcending such differing rules and regulations requires immense documentation, constant
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audits, and strict supplier qualification procedures, enhancing the difficulty and expense of using

effective Supplier Quality Management (SQM) for pharmaceutical supply chains.

Gera et al. (2022) has also found that the differences between compliance requirements and
enforcement standards create obstacles for pharmaceutical companies to verify that their suppliers
maintain uniform quality levels. Quality failures become more likely when cultural and language
differences between suppliers operating internationally block effective communication and
coordination success in their relationships. The ongoing challenge includes maintaining supplier
compliance alongside tracking their performance levels constantly. The periodic auditing method
that numerous pharmaceutical companies use enables inspections which demonstrate supplier

quality levels at one point in time.

Further, this specific issue becomes worse due to the absence of real-time monitoring tools coupled
with the absence of predictive analytics because quality issues typically arise after defective
materials enter the production stage. As stated by Zaid and Sleimi (2023), some suppliers reduce
costs through unapproved practices that damage pharmaceutical product quality. A number of
well-known incidents demonstrate how inadequate supplier quality management practices lead to
damaging results. According to the understanding of Shahid et al. (2024), widespread drug
shortages combined with regulatory oversight and substantial financial losses mainly affected
pharmaceutical companies throughout the world because of this failure. Lee et al. (2021) has also
demonstrated that the industry requires pharmaceutical businesses to develop comprehensive
supplier monitoring systems which combine digital technology with intensified compliance

enforcement to maintain uninterrupted supplier quality.

The adoption of Supplier Quality Management (SQM) in the pharmaceutical industry is confronted
with more challenges than regulatory intricacies, exorbitant costs, and supplier non-cooperation.
Among the most important challenges is the vulnerability of the supply chain to geopolitical risks
and trade restrictions. Political unrest, economic sanctions and trade tensions can jeopardize
supplier relationships, slow down regulatory approvals, and cause sourcing challenges, which
complicate companies' ability to uphold consistent quality standards. Sarkis et al. (2021) further
added another challenge as the growing dependence on contract manufacturing organizations

(CMOs), making quality control more difficult. Most pharmaceutical companies outsource
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manufacturing to third parties, resulting in quality discrepancies stemming from differences in
compliance with Good Manufacturing Practices (GMP) between countries. Without strict
supervision, variations in quality can be unmonitored, making recalls and administrative fines

more likely.

Additionally, cybersecurity threats and technological gaps impede efficient supplier quality
management. Malviya et al. (2025) also supported the fact while claiming that although digital
technologies such as blockchain and analytics powered by Al would improve transparency,
numerous suppliers, particularly in the emerging markets, lack infrastructure to adopt such
technologies. Data breaches and cybersecurity threats also risk confidential supplier audits and
compliance reports. Finally, sustainability compliance is another challenge, with regulators and
consumers calling for environmentally friendly pharmaceutical sourcing. Verifying that supplier

meet sustainability and ethical sourcing requirements adds complexity to SQM implementation.

2.5 Regulatory Compliance and its Influence on Supplier Quality Management and

Supply Chain Performance

Supplier Quality Management (SQM) in the pharmaceutical sector is heavily influenced by
regulatory compliance guidelines that guarantee product safety, effectiveness, and supply chain
integrity. The U.S. Food and Drug Administration (FDA) together with European Medicines
Agency (EMA), World Health Organization (WHO) and ISO 9001 set strict quality standards to
preserve product quality and patient safety and supply chain purity. The standards require supplier
audits, risk evaluations, and corrective measures to ensure quality and minimize supply chain
weaknesses. According to the views of Soares et al. (2017), the set of regulations directs
pharmaceutical companies through their selection of suppliers as well as manufacturing techniques
and quality control protocols and distribution requirements. Companies in the pharmaceutical
industry need to follow Good Manufacturing Practices (GMP) and Good Distribution Practices
(GDP) standards to stay compliant while confirming that their suppliers maintain proper quality

requirements.

The regulatory oversight framework verifies that pharmaceutical products fulfil all safety as well
as efficacy standards and consistent quality performance. Tayyab et al. (2022) has also opened that

the organisations need regulatory audits together with inspections to enforce requirements for
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supplier quality standards. Official entities such as FDA and EMA inspect pharmaceutical
businesses together with their supply networks to verify that organizations follow official
regulatory standards. Audits consist of examining manufacturing operations and documenting
assessment of quality control procedures in addition to process documentation. Non-compliance
during the inspections generates warning letters, import bans and production stops that damage the

pharmaceutical supply chain.

As stated by Khan et al. (2023), pharmaceutical companies need to conduct regular supplier audits
to uphold their compliance while recognising potential risks which could grow into major
problems. Audits are an indispensable part of Supplier Quality Management (SQM) in the
pharmaceutical sector, validating that the suppliers comply with quality, regulatory, and
contractual requirements. These audits offer objective assessments and added quality control,
minimizing supply chain threats and improving the quality of pharmaceutical products as well as

patient safety.
There are numerous types of audits conducted in SQM practices, all with a different purpose.

Supplier audits are performed prior to doing business with a supplier to determine their capacity
to comply with pharmaceutical quality and compliance requirements. Supplier audits review
manufacturing capabilities, quality control systems, and regulatory compliance (Charoo et al.,
2023).

Regulatory audits are conducted by regulatory agencies like the FDA, EMA, and WHO to verify
compliance with Good Manufacturing Practices (GMP) and other applicable guidelines. Non-
compliance can lead to penalties, recalls, or shutdown of production.

Internal audits are conducted by pharmaceutical firms to evaluate their suppliers' continued
adherence to internal quality requirements. Internal audits identify gaps, drive continuous
improvement, and prepare for external regulatory audits. Whereas, Walvekar et al. (2024) claimed
that For-Cause audits are conducted due to quality issues, supplier non-conformance, or product
defects to assist in the investigation of specific issues and corrective action.

Third-Party audits are independent testing conducted by outside auditors to confirm compliance

by suppliers with industry standards and good practices.
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The failure to meet regulatory demands produces multiple severe outcomes which include halted
supply chains and product recalls as well as financial penalties. As demonstrated by Patil (2024),
widespread drug shortage together with worldwide regulatory investigation and pharmaceutical
industry financial losses became the consequences of this production failure incident.
Pharmaceutical firms must develop ahead-of-time compliance strategies for supplier quality
practices to meet regulatory requirements. According to the views of Parmata (2016),
pharmaceutical companies required a combined system of real-time monitoring capabilities with
blockchain traceability features to supplement automated quality control mechanisms for detecting
and blocking compliance violations. Pharmaceutical companies can overcome the regulatory
challenges through regular training of suppliers alongside the transparent documentation while
using predictive analytics. Constant supplier training and transparent documentation supports
more effective compliance process. Stronger regulatory compliance management boosts the
reliability of suppliers, avoids supply interruptions and ultimately improves pharma supply chain
performance and overall patient safety in addition to averting expensive supply disruptions and

regulatory penalties.
2.6 Literature Gap

Research on Supply Chain Quality Management has gained significance but studies need
additional focus on understanding direct effects of supplier quality management (SQM) practices
on pharmaceutical supply chain performance (Khan et al., 2023). Current studies only emphasize
Good Manufacturing Practices (GMP) and regulatory compliance but do not reflect on how
emerging technologies such as Al and blockchain improve monitoring suppliers. There is also
limited study on cost-benefit analysis and real-time monitoring through these technologies and
barriers to technology adoption in small and medium-sized pharmaceutical companies in
establishing SQM over large-scale organizations. Supplier quality practices vary significantly
across regions due to cultural, regulatory and economic differences; limited research exists on how
cultural factors influence supplier compliance and transparency particularly in global supply
chains. Although supplier monitoring and compliance are well-studied, there is limited research
on long-term supplier relationships and collaborative risk management strategic partnerships in
enhancing compliance and quality performance. Present studies mainly explore supply chain key

performance indicators yet they analyse insufficient empirical data focused on the pharmaceutical
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industry specific regulatory aspects and operational requirements. The existing literature about
supply chain quality management focuses mainly on theoretical examinations without sufficient
industry-based case research (Agyabeng-Mensah et al., 2021). A standardised evaluation
framework for assessing SQM effectiveness remains absent when dealing with different regulatory
conditions because pharmaceutical supply chains operate across international borders. Study
regarding how Artificial Intelligence as well as blockchain and predictive analytics improves
pharmaceutical-supplier compliance and quality assurance during digital supply chain

transformations is still needed to investigate (Lee ef al., 2021).
2.7 Conceptual Framework

The conceptual framework integrates supplier quality management theories with supply chain
performance measurement models, providing a structured approach in understanding how supplier
quality management influences pharmaceutical supply chains. By incorporating regulatory,
technological, and operational challenges, it offers a comprehensive analysis on how firms can
improve supplier collaboration, compliance, and supply chain visibility to enhance overall
performance. This framework ensures that pharmaceutical companies can develop strategic
approaches to supplier management, ultimately enhancing compliance, reducing risks, and

improving operational efficiency.

2.7.1 Theoretical basis of the conceptual framework

Resource-based View Theory

Firms develop competitive advantages because of their exclusive resources which incorporate
supplier relationships together with quality management capabilities and regulatory compliance
expertise according to the Resource-Based View (RBV) Theory. Supplier quality management
(SQM) in pharmaceuticals uses the Resource-Based View Theory by transforming high-quality
suppliers along with their stringent compliance frameworks and sophisticated quality assurance
processes into strategic assets that boost supply chain performance (Huang et al., 2023). The
research objective of this study complies with RBV principles based on its examination of supplier
quality management practices as valuable rare inimitable non-substitutable (VRIN) resources that

strengthen pharmaceutical supply chains. Studying crucial SQM practices enables organizations
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to discover unique business abilities which boost drug safety levels and lower recall events and

increase operational efficiency (Khanra et al., 2022).

Resource-based view
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Figure 1 : Resource-based View Theory

(Source: Huang et al., 2023)

The above presented image displays the RBV model, where competitive advantage is seen as
originating from a company's internal resources. It classifies resources as tangible or intangible
and marks their features—heterogeneous and immobile—prior to analysing them using VRIO

attributes to verify their input towards competitive advantage.

Tangible Resources— These are physical and quantifiable assets like machines, plants, raw
materials, and capital. In SQM, tangible resources are supplier plants, inspection equipment, and
quality control systems.

Intangible Resources— These are non-physical assets like patents, reputation, knowledge, and
organizational culture. In supply chain performance, intangible resources are supplier
relationships, skill in managing risk, and proprietary quality assurance techniques.
Heterogeneous— Resources are not the same between firms, that is, no two companies share the
same resources. In SQM, there are different quality control mechanisms among some suppliers,

resulting in varying supply chain efficiencies (Agrawal ef al., 2024).

18




Immobile— Resources are hard to move from one firm to another. For example, an organization's
rich supplier relationships and quality management expert knowledge cannot be easily imitated by

competitors.
The resources of VRIO attributes are as follows:

Valuable (create efficiency or cost benefits)
Rare (not widely available)
Inimitable (difficult to copy)

Organized (properly managed to extract value)

For SCP and SQM, VRIO resources are crucial. A company with strong supplier evaluation
systems (VRIO-compliant) guarantees quality consistency, cutting down on defects and recalls,
thus improving supply chain efficiency. Companies using VRIO attributes in managing suppliers
attain long-term cost efficiency, reduce operational risks, and ensure regulatory compliance, hence
a sustainable competitive advantage in the market. The evaluation of SQM's performance impact
on supply chains uses RBV to showcase how quality-focused supplier relationships create more
efficient production with cost savings and maintain continuous supply. The examination of SQM
implementation barriers evaluates the issues companies encounter when they seek to acquire then
sustain strategic resources. Firm capability in regulatory compliance serves as a vital component
of RBV which deduces market accessibility and minimizes risk duration. According to the
knowledge of Khanra et al. (2022), using RBV the study demonstrates how supplier quality
functions as a vital strategic resource that advances pharmaceutical supply chains and produces

better competitive outcomes.

Supply Chain Resilience Theory

A resilient supply chain should possess capabilities to both see and respond to disruptions before
successfully recovering operations at high efficiency levels according to the Supply Chain
Resilience Theory. Supplier quality management (SQM) emerges as a critical component in
pharmaceutical operations because it enables enhancement of supply chain resilience together with
product availability consistency along with regulatory compliance and patient safety assurance
(Ivanov, 2021). The research objective matches supply chain resilience goals because it examines

how SQM practices strengthen pharmaceutical supply chains through improved adaptability and
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robustness. The evaluation of SQM practices reveals potential risk assessment strategies and
continuing monitoring processes and contingency plans that decrease disruptions. Supplier Quality
Management solutions produce tangible benefits to supply chain operational performance by
strengthening relationships between resilient suppliers which enhance delivery times and stock

management and regulatory compliance ability (Zhao et al., 2023).
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Figure 2 : Framework of Supply Chain Resilience Theory
(Source: Mecalux, 2021)

The analysis of SQM implementation challenges identifies hurdles which include supplier
disregarding quality standards as well as geopolitical dangers and disruptions that reduce supply
chain stability. Supply chain continuity receives benefits from Good Manufacturing Practices
(GMP) and quality audits as studied under resilience theory (Adewusi et al., 2024). This research
applies Supply Chain Resilience Theory to prove how effective supplier quality management
ensures pharmaceutical supply chains survive risks as they continue delivering efficiency and

regulatory compliance.

20




2.7.2 key concepts of conceptual framework

The framework consists of three primary components:

Independent variables (SQM practices), Mediating factors (regulatory compliance, technology,
and challenges) and dependent variables (supply chain performance measured through key

performance indicators).

Independent variables: Key SQM practices such a supplier qualification and audits, performance
monitoring, quality agreements and risk-based supplier management directly influence the ability
of pharmaceutical firms to ensure product quality and safety of supply chains by improving
supplier reliability and efficiency through performance monitoring, reducing compliance risks and

product recalls by enforcing quality agreements (richard, 2025).

Dependent variables: Supply Chain Performance (SCP) in measuring the effectiveness of
supplier quality management is evaluated by using Key Performance Indicators (KPIs) that assess
various aspects of supplier quality and supply chain efficiency to improve regulatory compliance
by reducing legal risks and enhancing market reputation with better supplier performance leads,
cost savings, operational efficiency and increased customer satisfaction which enhances

pharmaceutical firms’ credibility.

Mediating factors: The relationship between SQM practices and supply chain performance is
influenced by several mediating factors such as regulatory compliance, technology integration
with challenges and barriers including high costs, resistance to change and lack of supply chain
visibility in implementing SQM practices for achieving optimal supply chain efficiency.
Regulatory compliance mediates the effectiveness of SQM by ensuring that supplier quality
standards align with legal and safety requirements. Emerging technologies such as Blockchain,
Artificial Intelligence and Internet of Things (IOT) play a crucial role in enhancing supplier
monitoring, risk management, and compliance tracking by improving transparency and traceability
in supplier transactions there by predicts potential quality risks and enhances decision-making in
supplier selection and enables real-time monitoring of supplier facilities and environmental
conditions (galina, 2024). Companies that adopt digital solutions gain a competitive advantage in

ensuring supplier compliance and risk mitigation.
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Figure 3 : key components of conceptual framework
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Chapter 3: Research Methodology

3.1 Introduction

Research methodologies are a set of defined procedures or techniques used to identify, select,

process, and analyse information on a topic of research, presenting readers opportunity to

understand and assess the credibility of study done based in the process. This chapter outlines the

methodological framework to collect relevant data and analyse them in an accurate manner for

evaluating the effectiveness of supplier quality management practices in enhancing supply chain

performance of pharmaceutical quality management systems. The research will also explore the

key challenges faced by pharmaceutical companies in integrating supplier quality management

practices due to regulatory complexity, cost constraints, supplier resistance and auditing burdens.

By leveraging a structured and theoretically informed methodology, this research aims to provide

robust insights in enhancing the supply chain performance (SCP) and creates empirical validity in

evaluating supplier quality management optimization methods specifically for pharmaceutical

supply chain.
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Research onion proposed by Saunders assists to select methodology for this study on supplier
quality management in pharmaceutical supply chains. The research adopts positivism at its outer
layer to establish objective and measurable conduct. Researchers use a deductive method to create
valuable knowledge on research questions and objectives through existing theories before
analysing the data (Verma et al., 2024). The descriptive research design was chosen as the optimal
approach to develop a methodical description of supplier quality management practice effects.
However, application of quantitative approach matches the study’s objective by incorporating both

graphics; and statistical data analysis methods (Kumari et al., 2023).

Therefore, it assists to acquire direct information from industry professionals, while gaining
relevant primary data using structured surveys and questionnaires. At the core of the research onion
statistical techniques perform analysis to determine the relationships between supplier quality
practices and supply chain performance. Thus, the method mentioned in the above Onion
framework guarantees scientific evaluation of pharmaceutical supplier quality management by

performing empirical research.
3.2 Research Philosophy

The application of research philosophy provides a fundamental knowledge and understanding on
the research process, which guides the researchers to interpret the outcome of this research. Also,
research philosophy is mainly used to ensure research legitimacy, and gives scientifically sound
research findings. As per the views of Dubey and Kothari (2022), application of a suitable research
philosophy provides a detailed guideline that makes the research process smoother, manageable,
and effective. In this study, Positivism Philosophy is used to examine the connection between
supplier quality management (SQM) practices and supply chain performance within
pharmaceutical quality management systems. Positivism adheres to the principle that findings
should be replicable which means that other researchers should be able to conduct similar studies
and obtain similar results. This enhances the reliability and credibility of the research. According
to (Park ef al., 2020) positivism emphasizes the importance of objective measurement and
quantification, allowing for precise data collection and analysis. The research topic involves
evaluating the effectiveness of supplier quality management practices, which lends itself to
objective measurement allows for a rigorous assessment of whether specific practices lead to

improvements in supply chain performance metrics.
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According to Nayak and Singh (2021), the tested variable consists of SQM practices that include
supplier audits along with certification requirements and risk assessment along with Al analytics
and blockchain monitoring technologies. Thus, the study evaluates supply chain performance by
assessing its cost efficiency together with product integrity and lead times and supply chain
reliability. The regulatory compliance standards operate as a controlling element that shapes how
SQM practices affect performance through mandatory quality and safety limitations. Moreover,
Islam et al. (2022) has claimed that, positivism philosophy assists to apply primary data collection
with statistical methods to prove hypotheses and show cause-effect relationships. Thus, positivism
philosophy helps to evaluate detailed knowledge regarding how to increase supply chain

performance within the pharmaceutical quality management approach.
3.3 Research Approach

As per the views of Singh (2022), the concept of research approach is essential for ensuring the
success of research by applying suitable data collection, analysis method, while ensuring validity,
and credibility. However, by choosing an appropriate research approach, it is possible to develop
a specific plan for the investigation, while considering the research objectives, and questions. In
this study, the researcher has used the deductive research approach, to establish theories together
with supplier quality management (SQM) studies and supply chain performance literatures form
the basis for creating research hypotheses. As inspired by Gupta and Gupta (2022), quality
management, supply chain efficiency and regulatory compliance theoretical structures serve as

starting points for the research before data collection and analysis.

The independent variable in this study comprises five elements of SQM practices that include
supplier selection and qualification, supplier audits, risk assessments as well as digital monitoring
and quality agreements. Cost efficiency together with product integrity, lead times and reliability
make up the dependent variables for supply chain performance measurement. Therefore, Aityan
(2022) has claimed that business compliance requirements act as a controlling factor that
determines how supply chain results respond to SQM implementation strategies. The research
design uses structured methodology to move between general theories and specific observational
data through quantitative information collection and statistical research methods. According to
Mishra and Alok (2022), the research implements the deductive approach to maintain objective

results and allow testable hypothesis development and causal relationship detection. Therefore, by
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using this method researchers ensure they evaluate SQM's pharmaceutical supply chain

contribution through systematic evidence-based assessment.
3.4 Research Design

The integration of suitable research design is considered as the blue-print of study, which assists
the researcher to keep the research on a proper track. Therefore, in this study, the researcher has
decided to use descriptive design that enables the opportunities to analyse the impacts of SQM or
supplier quality management practices on supply chain performance within the quality
management system. However, Newman and Gough (2020) have claimed that the descriptive
approach proves suitable, due to the ability for analysing the existing SQM practices together with
their implementation obstacles as well as their influence on supply chain performance

improvement.

According to the knowledge of Ma et al. (2020), the assessment of supply chain performance
consists of two elements: cost efficiency alongside product integrity and lead times and reliability.
The level of regulatory compliance functions as a controlling factor to manage the impact of SQM
practices on performance through proper adherence to industrial requirements and safety
legislation. Moreover, Cooksey ef al. (2019) has claimed that the descriptive research design
enables analysts to gather quantitative survey data through standardized questionnaires which
produce objective results about current practices and industry trends. Further, the research enables
the detection of shared obstacles along with excellent methods employed by pharmaceutical
organizations throughout the industry. The study presents a detailed factual summary of SQM’s

supply chain optimization function through its descriptive design which ensures reliable results.
3.5 Research Strategy

This study adopts a quantitative, cross-sectional research strategy with theory-based hypotheses
about how specific supplier quality management practices affect supply chain performance. The
cross-sectional design will capture current supplier quality management practices and performance
levels useful for assessing perceptions, attitudes, and knowledge related to pharmaceutical
practices. As inspired by Mishra and Alok (2022), supplier quality management (SQM) practices
combine supplier audits with quality control mechanisms, digital monitoring and risk assessment

tools which make up the independent variable. Supply chain performance is measured using four
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variables that include cost efficiency and product integrity alongside lead times and supply
reliability. Newman and Gough (2020) has suggested that the impact of Supply Quality
Management (SQM) practices on whole supply chain efficiency receives regulatory compliance
as a governing element. Organisations use quantitative methods to build structured data collection
systems that rely on surveys and structured questionnaires as well as statistical metrics for data
acquisition.

Moreover, Dzwigol and Dzwigot-Barosz (2018) has claimed that through this method researchers
can perform numerical data analysis and test hypotheses while establishing relationships between
supply quality management practices and supply chain results. Zangirolami-Raimundo et al.
(2018) has also opined that the results attain greater validity through statistical tools including
regression analysis, descriptive statistics and correlation analysis. Further, utilising quantitative
methods enables the study to establish objectivity while allowing generalisation and replication,

which produces empirical data about SQM optimization for pharmaceutical supply chains.
3.6 Data Collection Method

According to the knowledge of Bhattacharyya and Jha (2018), the most important part within the
research process is considered as a data collection method that allows the researcher to gain
necessary knowledge and data based on the research topic. In this study, primary data collection
method is used for a structured survey method. Niraula (2019) has claimed that the chosen data
collection methods allow the researcher to explore first-hand evidence about how supplier quality
management (SQM) practices boost supply chain performance in pharmaceutical quality
management systems. Structured questions with closed-ended questions are used to compose the
survey design to obtain quantitative data from respondents. Moreover, Baran (2022) has assisted
that suppliers audits and quality monitoring joins digital tracking systems and risk management

strategies make up the primary independent variable in the study.

Supply chain performance measured using cost efficiency together with product integrity and lead
times and supply reliability. The study will evaluate how regulatory compliance functions as a
moderating element which determines SQM practice effectiveness in supply chain enhancement.
Mohajan (2018) has also claimed that the data collection method provides both reliability and

consistency and statistical validity through its systematic approach.
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3.7 Sampling Strategy

The study employs non-probability purposive sampling to select participants, ensuring that
individuals included in the research possess relevant expertise and experience aligned with the
research focus. Purposive sampling involves intentionally selecting the accessible participants
based on knowledge and experiences pertinent to the study's objectives there by improving the

validity of findings.

As the research does not aim to generalise findings statistically to a wider population, the sample
size is not determined by using traditional probability-based formulas, instead a target population
size of approximately 200 has been set with sample size of 132 participants and direct
responsibility or must be employed in Quality Assurance/Control, procurement compliance and
supply chain management related to pharmaceutical quality management systems whose insights
contributes in understanding the effectiveness of supplier quality management (SQM) practices
(Harrison, 2019). Participants will be recruited from small, medium and big pharmaceutical
companies to get a diverse representation. This multi-modal method optimizes response rates with

ethical research approaches.
The criteria used in selecting these study participants were based on:

Industry Experts (E.g., Regulatory compliance specialists, QA/QC associates/managers,

Manufacturing Technicians, Procurement officers, Finance team, Supply chain professionals)

The quality managers ensure GMP compliance and supplier audits while the procurement officers
ensure supplier selection, quality agreements and contract management. On the other hand, the
supply chain professionals and risk management team ensure supplier performance, risk
mitigation, and regulatory compliance. A structured questionnaire was prepared using Microsoft
Forms consisting of 15 closed-ended infographic-based questions that improve participant
engagement and data clarity through its visual appeal and easy interpretation. The survey
assessments guarantee the study captures credible, industry-specific information on the challenges,

obstacles and technological developments impacting supplier chain performance.
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3.8 Data Analysis Strategy

As stated by Bairagi and Munot (2019), the evaluation of supplier quality management (SQM)
practices on pharmaceutical supply chain performance employed statistically along with graphical
analysis techniques during this investigation. Statistical analysis performed with IBM SPSS
software, an individual statistical package containing tools and methods most effective for survey
data, such as descriptive and inferential statistics and regression examination. This is because it
changes the user's mode of operation in data processing by offering a platform that deals with data
manipulation, visualisation and analysis. Thus, the study analysed the link between SQM practices
and essential supply chain metrics by using regression analysis to evaluate cost efficiency together
with product integrity and lead times and reliability. The survey results underwent descriptive
analysis for identifying main patterns together with correlation analysis which evaluated the
strength of SQM factor relationships. Mishra and Alok (2022) has claimed that a combination of
Microsoft Forms serves to design surveys and collect responses and then export the data to create
visualizations in Excel. Different visual charts including bar graphs and histograms were used to
present survey response distributions to explain variable relationships and new patterns emerging
from the data. Singh (2022) has also opined that the visual data analysis together with statistical
results gave a better view into the challenges while showing how regulations affect SQM practices
and technological developments. This study undertook an extensive data-based evaluation of
supplier quality management through statistical methods with graphical depiction to understand

pharmaceutical supply chain operations better.
3.9 Ethical Consideration

The research involves collecting and analysing supply chain data which may involve sensitive
information about manufacturing processes, supplier performance and compliance levels.
Ensuring proper data protection and confidentiality is crucial to protect companies from
competitive risks and reputational damage. The research process adhered to ethical guidelines at
every stage, ensuring the protection of participants. Explicit consent measures will be obtained
from each participant before any data is collected. The participants were not required to give any
personal identifying information such as emails or names which could expose them to risk on the

questionnaire which helps to attain the anonymity of results.
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However, to ensure the study ethics, Data Security and Confidentiality procedures to monitor data
and ensure security were reviewed and maintained strictly under the project guidelines. All
concerns around research data management and storage followed GDPR Guidelines with
everything being my sole responsibility till submission. Access to results is limited to the authors
personal password protected device (laptop) and google drive under the data protection services
provided with Microsoft forms. All data recorded will later be handed over to the Griffith College

as part of a thesis submission.

Furthermore, there was a normative aspect regarding the storage of data for the right amount of
time. Data shall be kept for a duration of two years after submission or longer if deemed useful for
validation of the study results in the future without necessarily identifying the participants with
control on its disposal at the authority and discretion by Griffiths college after handover. Finally,
the study respected the strictly set laws and regulations on data protection, including the GDPR
for the European region, among others. This way the study ensures relevant ethical clearances or
permission from the concerned institutional review boards or ethical committees prior to starting

the research.
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Chapter 4: Findings and Discussion

4.1 Introduction

“The effectiveness of supplier quality management practices in enhancing supply chain
performance within pharmaceutical quality management systems” is the main objective of this
research. Statistical data analysis and its respective discussion section are covered within the
findings and discussion chapter. The statistical data analysis section consists of various statistical
methods that have been used to evaluate the collected information, extracted from the survey in
terms of responses. In this chapter, “descriptive statistics, correlation and regression” has been
performed in terms of analysing the data, collected as responses from the survey. Against the study
aim, findings are discussed in the discussion section while addressing the research questions.

4.2 Graphical Analysis

What is your current job role?

@ CQuality Manager 28
@ Procurement Officer 14
. Supply chain prefessional 23
@ Cther 46

Figure 5 : Current job role

The target sample size for this study was initially set as 136 responses. However, due to time
constraints, the study ultimately collected 111 responses, among them

28 participants were quality managers

14 participants were procurement officers

23 participants were supply chain professionals

46 participants came from other job roles
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How frequently does your company conduct supplier audits?

@ Annually 12
@ Bi-annually 58
@ Quarterly 39
@ Rarely/Never 2

Figure 6 : Frequency of supplier audits

Audit activities conducted by 58 companies take place twice yearly whereas 39 companies perform
them four times each year. The annual audit frequency is maintained by 12 companies while 2

businesses audit suppliers either infrequently or not at all.

What supplier quality management practices are implemented in your company?

. Supplier gualification and sele.. 24
@ Supplier audits and performa... 46 ‘
. Digital tracking systems (e.g., ... 13

. Quality agreements with suppl... 16

Risk-based supplier managem... 10
(= g

Figure 7 : What SQM practices are implemented

The survey shows that around 46 participants claimed that supplier audits combined with
performance evaluations stand as the top adopted quality management practice. The least adopted
quality management systems include digital tracking systems, quality agreements, and risk-based
management. On the other hand, 24 participants claimed supplier qualification and selection

follows as the second most common practice.
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How effective are your company’s supplier quality management practices in ensuring

regulatory compliance?

@ Very effective 51

.- Somewhat effective 46 ‘
@ Neutral 12

. Somewhat ineffective 2

@ Very ineffective 0

Figure 8 : How effective are your company’s SQMP in ensuring regulatory compliance

From the above graphical representation, it has found that 46 participants address the company's
supply chain as somewhat effective, where 51 participants consider it very effective. On the other

hand, 12 participants have provided neutral opinions.

To what extent does your company use technology (Al, blockchain, real-time monitoring) to

enhance supplier quality management?

. Fully integrated in operations 39

@ Fartially integrated 54
. Limited use 17
. Mot used at all 0

Figure 9 : To what extent does your company use technology (Al, blockchain, real-time
monitoring)

According to 54 survey participants, most organisations embrace partial technology integration of
Al and blockchain for supplier quality management yet 39 organisations fully implement these
technologies. The survey shows that seventeen organizations utilize these technologies to a small

extent but all companies reject the notion that they do not utilize them at all.
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How would you rate the impact of supplier quality management on cost efficiency in your

company?
@ Significant positive impact 52
@ Somewhat positive impact 41
. MNeutral 16
@ Somewhat negative impact 1
. Significant negative impact 0

Figure 10 : impact of supplier quality management on cost efficiency

As per 52 participants, the survey demonstrates that supplier quality management practices directly

influence cost efficiency at a high level, where 41 individuals acknowledge its moderate positive

effects. Among the surveyed group 16 participants have shown neutrality toward the impact and

only 1 person views it as slightly negative while the rest hold mixed or positive opinions.

To what extent do supplier quality management practices affect supply chain reliability in your

organization?
. Highly improwves reliability 57 \
. Somewhat improves reliability 43 _
@ MNoimpact 2

@ Somewhat reduces reliability 3

@ Significantly reduces reliability 0

Figure 11 : To what extent do SQMP affect supply chain reliability

Participants indicated that supplier quality management practices create a high degree of supply

chain reliability, due to the reason that 57 people endorsed this view while 48 people indicated it

has a moderate impact. The survey found that 2 participants did not notice any impact of supplier
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quality management, but 3 others participants noticed a slight decrease in reliability while no

participant noticed a significant decrease.

How does your company handle supplier non-compliance issues?

@ mmediate termination of con... 14
@ Issuance of corrective actions 30
@ Increased monitoring and sup... 55

. Mo formal procedures in place 1

Figure 12 : supplier non-compliance issues

The above figure claimed that around 55 participants claimed that their company increased
monitoring, and support systems to handle supplier non-compliances issues. On the other hand, 39
participants indicated the approaches of issuance of corrective actions, and 14 participants

mentioned the initiatives of immediate termination of contact for handling non-compliance issues.

How effective are quality agreements in maintaining supplier accountability?

. Very effective 47
. Somewhat effective 51

. Meutral 10
. Somewhat ineffective 3
@ Very ineffective 0

Figure 13 : How effective are quality agreements in maintaining supplier accountability

Most survey participants evaluated quality agreements positively regarding supplier
accountability, due to the reason that 51 people rated them somewhat effective and 47 people rated

them very effective.
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What are the biggest challenges in implementing supplier quality management practices in your

company?

@ High costs of implementation 23
@ Regulatory compliance compl... 55

. Resistance from suppliers 24

(5]

. Lack of technological infrastru...

Other 0
]

Figure 14 : biggest challenges in implementing SQM practices

A total of 55 respondents defined regulatory compliance complexities as the primary challenge
while supplier resistance emerged second with 24 responses and implementation costs placed third

with 23 responses.

In your opinion, what improvements would enhance supplier quality management

effectiveness?

@ Stronger regulatory enforcem... 65
@ Increased use of digital trackin... 61
. Meore frequent supplier audits 37

@ Better supplier training progra... 48

. Enhanced risk management st.. 35

Figure 15 : what improvements would enhance SQM effectiveness

The above survey figure indicates that 65 participants believed in stronger regulatory enforcement,
and 61 participants believed in increased use of digital tracking tools. On the other hand, other 48
participants claimed that better supplier training, and 37 participants claimed that approaches of

more frequent supplier audits, help to increase supplier quality management.
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Would you be interested in adopting Al-driven analytics or blockchain solutions to enhance

supplier quality management in the future?

@ Ves. definitely. 87
@ Maybe 22
@ Mo 2

Figure 16 : interested in adopting Al-driven analytics or blockchain solutions to enhance
SQM in the future

Around 87 participants showed their strong interest to adopt Al-driven analytics or blockchain
solutions for supplier quality management but 22 were undecided and only 2 participants did not

show interest.

4.3 Quantitative Analysis: SPSS

4.3.1 Descriptive Statistics Analysis

Descriptive statistics provides a fundamental view into how respondents perceive and engage with
supplier quality management practices. To summarize data and provide insights into the mean,
standard variation and variance and range of responses to understand the overall pattern of the data
which is essential for identifying trends and preparing for further statistical analysis such as

correlation, regression and ANOVA.
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Descriptive Statistics

N Range |Minimum | Maximum Mean Std. Variance
Deviation
Statistic| Statistic | Statistic Statistic | Statistic | Std. Error | Statistic Statistic
frequency of supplier 111 3 1 4 2.28 .064 677 458
audits
Implementation of SQM | 111 4 1 5 3.43 127 1.339 1.793
practices
Effectiveness in ensuring | 111 3 1 4 2.83 .108 1.135 1.289
regulatory compliance
Use of technology (Al 111 3 1 4 3.12 .088 932 .868
blockchain, real-time
monitoring)
Impact on cost efficiency | 111 4 1 5 3.59 110 1.156 1.336
Impact on supply chain 111 4 1 5 2.95 .099 1.048 1.098
reliability
Handling of suppliernon- | 111 4 1 5 3.21 .070 740 548
compliance issues?
Effectiveness of quality 111 3 1 4 2.78 104 1.099 1.207
agreements
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challenges in implementing

SQM practices

111

3.70

.100

1.058

1.120

Suggestions for

improvements

111

45

46

23.97

1.263

13.303

176.972

Interest in future adoption

of Al-driven analytics/

111

2.59

.076

.803

.645

blockchain

Valid N (listwise) 111

Table 4. 1 Descriptive Statistics

Analysis:

Frequency of Supplier Audits (Mean = 2.28; SD = 0.677)

The relatively low mean indicates that supplier audits are conducted occasionally but not regularly.
With a standard deviation of 0.677, there’s moderate variation among companies, suggesting
differing audit practices.

Implementation of Supplier Quality Management Practices (Mean = 3.43; SD = 1.339)

With a high mean and large standard deviation, the data reveals that while many companies
implement several SQM practices, with significant variability in how companies implement these
practices.

Effectiveness in Ensuring Regulatory Compliance (Mean = 2.83; SD = 1.135)

Respondents perceive their SQM practices as only moderately effective in achieving regulatory
compliance. The high variability also suggests that effectiveness differs based on company size,
industry, or the robustness of their systems.

Use of Technology (Al, Blockchain, Real-Time Monitoring) (Mean = 3.12; SD = 0.932)

This result shows a moderately high level of technological adoption. The standard deviation
reflects varying levels of technology integration among firms.

Impact on Cost Efficiency (Mean = 3.59; SD = 1.156)

A relatively high mean suggests that most companies recognize a strong impact of supplier quality

management on cost efficiency which reflects on the cost-saving potential of reduced defects,

39




fewer compliance issues, and better supplier relationships. The high standard deviation is possibly
due to differences in implementation.

Impact on Supply Chain Reliability (Mean = 2.95; SD = 1.048)

While SQM practices are seen as somewhat effective in enhancing supply chain reliability, the
relatively neutral mean and high variability imply that other factors (like logistics, inventory
control, or supplier location) also play critical roles.

Handling of Supplier Non-Compliance (Mean = 3.21; SD = 0.740)

This suggests a moderate consistency in effectively managing non-compliance and most
companies have some procedures in place, but perhaps not formalized or enforced to the same
degree.

Effectiveness of Quality Agreements (Mean = 2.78; SD = 1.099)

This score indicates mixed views about the effectiveness of quality agreements in ensuring supplier
accountability. This could reflect some inconsistency within written agreements, lack of
enforcement or low supplier commitment across organizations.

Challenges in Implementation (Mean = 3.70; SD = 1.058)

A high mean indicates that most respondents face significant challenges in implementing supplier
quality management practices. The standard deviation supports the presence of variation, possibly
depending on organizational size or industry.

Interest in Future Adoption of Al/Blockchain (Mean = 2.59; SD = 0.803)

The relatively high score suggests outlook toward adopting advanced technology. Organizations
are increasingly aware of the benefits of predictive analytics, traceability and automation in

improving supplier quality outcomes.

4.3.2 Correlation Analysis

The correlation analysis aimed to explore the relationships between various dimensions of supplier
quality management (SQM) practices and organizational performance factors such as regulatory

compliance, cost efficiency, and supply chain reliability.
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Correlations

Supplier audits | SQM practices | Regulatory | Technology (AL, | Cost efficiency
frequency compliance |blockchain, real-
time monitoring)
use
Supplier audits Pearson 1 -.135 .027 -.096 -.153
frequency Correlation
Sig. (2-tailed) 159 176 318 .109
N 111 111 111 111 111
SQM practices Pearson -.135 1 .199" 178 -.007
Correlation
Sig. (2-tailed) 159 .037 .062 .946
N 111 111 111 111 111
Regulatory Pearson 027 .199" 1 -325™ -.082
compliance Correlation
Sig. (2-tailed) 176 .037 .001 391
N 111 111 111 111 111
Technology (Al Pearson -.096 178 -325™ 1 206
blockchain, real-time| Correlation
monitoring) use
Sig. (2-tailed) 318 .062 .001 .030
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Cost efficiency Pearson -.153 -.007 -.082 206" 1
Correlation

Sig. (2-tailed) 109 946 391 030

N 111 111 111 111 111

*. Correlation is significant at the 0.05 level (2-tailed).

**, Correlation is significant at the 0.01 level (2-tailed).

Table 4. 2 Correlations first five questions

Analysis:

e Supplier Quality Management Practices & Regulatory Compliance
A positive correlation (r = 0.199, p < 0.05) was found between the implementation of supplier
quality management practices and their effectiveness in ensuring regulatory compliance. This
suggests that firms that actively implement quality management protocols are more likely to
comply with industry regulations.

e Use of Technology & Cost Efficiency
Significant positive correlation (r = 0.206, p < 0.05) between the use of emerging technologies
(e.g., AL, blockchain) and improvements in cost efficiency. Technology adoption can optimize
operational costs in quality management.

e Regulatory Compliance & Technology Use
Negative correlations (r =-0.325, p = 0.001) with integration of new technologies might introduce
complexity and temporarily disrupt established regulatory processes.

e The frequency of supplier audits did not significantly correlate with cost efficiency or
technology use, suggesting that audit practices alone may not be a strong determinant of

performance outcomes.
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Supply chain [Non-compliance| Quality | SQM challenges Interest in
reliability handling agreements Technology adaption
Supply chain Pearson 1 -.082 -.490™ .004 -.303™
reliability Correlation
Sig. (2-tailed) 394 .000 .965 .001
N 111 111 111 111 111
Non- Pearson -.082 1 -112 .195" -.053
compliance Correlation
handling
Sig. (2-tailed) 394 241 .040 .580
N 111 111 111 111 111
Quality Pearson -.490™ -112 1 -.048 134
agreements Correlation
Sig. (2-tailed) .000 241 617 159
N 111 111 111 111 111
SQM Pearson .004 .195" -.048 1 -.029
challenges Correlation
Sig. (2-tailed) 965 .040 617 766
N 111 111 111 111 111
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Interest in Pearson -.303™ -.053 134 -.029 1
Technology Correlation
adoption
Sig. (2-tailed) 001 580 159 766
N 111 111 111 111 111
Table 4. 3 Correlations second five questions
Analysis:

A positive correlation was found between how organizations handle supplier non-compliance and

the challenges they face in SQM implementation (r = 0.195, p < 0.05). This suggests that

companies with non-compliance issues tends to face more challenges in implementing supplier

quality management (SQM) practices, suggesting a possible link between regulatory enforcement

and operational complexity.

Similarly, negative relationship between supply chain reliability and interest in adopting advanced

technologies (r=-0.303, p <0.01) quality agreements (r =-0.490, p <0.01) implies that companies

satisfied with current SQM outcomes may lack motivation to explore innovative digital solutions

and decreased operational resilience due to more formalized contractual

suppliers.

4.3.3 Regression Analysis

agreements with

Model Summary
Model R R Adjusted R | Std. Error of Change Statistics
Square Square the Estimate
R Square |F Change| dfl df2 |Sig. F Change
Change
1 386% | .149 .100 1.270 149 3.037 6 104 .009
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Dependent Variable: What supplier quality management practices are implemented in your company?
Predictors: (Constant)

Would you be interested in adopting Al-driven analytics or blockchain solutions to enhance supplier quality
management in the future?

‘What are the biggest challenges in implementing supplier quality management practices in your company?
How effective are your company’s supplier quality management practices in ensuring regulatory
compliance?

How does your company handle supplier non-compliance issues?

To what extent does your company use technology (Al blockchain, real-time monitoring) to enhance
supplier quality management?

To what extent do supplier quality management practices affect supply chain reliability in your|

organization?

Table 4. 4 Regression analysis

Analysis:

As per the “ Regression model Summary (Table 4.3) it has been emphasized that a multiple linear
regression analysis yielded R value of 0.386, indicating a moderate positive correlation between
the selected independent variables such as the extent of technology use (e.g., Al, blockchain),
regulatory compliance practices, non-compliance handling, perceived challenges and adopt to
digital solutions—and the dependent variable measuring the effectiveness or outcomes of supplier
quality management. R-squared value was 0.149, meaning that approximately 14.9% of the
variance in SQM effectiveness can be explained by the set of predictors and the model is
statistically significant, with a p-value of 0.009 suggesting these predictors contribute to SQM
effectiveness. The standard error of estimate which provides a measure of accuracy of predictors

is 1.270 and is acceptable as lower values suggest better fit (Michael Carmichael, 2013).
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4.3.4 ANOVA

ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 29.409 6 4.901 3.037 .009°
Residual 167.835 104 1.614
Total 197.243 110
Table 4. 5 ANOVA

To evaluate the effect and overall significance of multiple independent variables on the
implementation of supplier quality management practices an ANOVA (Analysis of Variance) is

performed.

Null hypothesis (Ho): There is no statistically significant relationship between the independent

variables/predictors and the implementation of supplier quality management practices.

From the ANOVA output the F > 1 (F = 3.037) indicates some variance between the groups and
p-value is 0.009 and the regression model is statistically significant at the 0.05 level. This indicates
that the null hypothesis is rejected and combination of predictors including regulatory compliance
effectiveness, technology adoption (Al, blockchain, real-time monitoring), handling of non-
compliance, supply chain reliability and adopt to future Al/blockchain integration meaningfully
contributes to explaining variations in the implementation of supplier quality management
practices. This finding supports the integration of these six independent variables in further
regression analysis have the strongest influence on supplier quality management practices and also
justifies which individual variable has the strongest predictive power, as identified in coefficients

table.
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4.3.5 Coefficient model

Coefficients
Model Unstandardized | Standardized t Sig. Correlations
Coefficients Coefficients
B  [Std. Error| Beta Zero-order| Partial | Part
1 |(Constant) 1.534 | 1.139 1.347|.181
SQM practices in 338 118 286 2.8511.005 199 269 258
ensuring regulatory
compliance
Use of technology (AL, | .385 .143 268 2.698 |.008 178 256 244
blockchain, real-time
monitoring)
Supply chain reliability | .114 132 .089 .858 1.393 .059 .084 078
Supplier non-compliance | -.310 170 -.171 -1.8221.071 | -.192 -176 | -.165
issues
Challenges in .005 118 .004 046 | 963 | -.043 .005 .004
implementing SQM
practices
Interest in adopting AI- | .148 159 .089 926 |.357 .075 .090 .084
driven analytics for future
use

a. Dependent Variable: What supplier quality management practices are implemented in your company?

Table 4. 6 Coefficients
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Analysis:

The regression model examined six independent variables to determine their influence on the
dependent variable. Coefficient table in regression analysis helps to understand the individual
contribution and significance of each independent variable (predictor) to the dependent variable.
Two predictors were found to be statistically significant at the 0.01 level:

1. Effectiveness of Regulatory Compliance Practices with significance level (p-value) of 0.005
indicating a positive effect on the dependent variable. Companies that report higher effectiveness
in ensuring regulatory compliance are significantly more likely to implement robust supplier
quality management practices.

2. Use of Advanced Technology (Al, Blockchain, Real-Time Monitoring) a p-value of 0.008. So
increased adoption of technology is positively associated with the implementation of supplier
quality management practices, reinforcing the role of digital transformation in supply chain
performance.

The other predictors such as the impact of supplier quality management on supply chain reliability,
handling of supplier non-compliance, perceived challenges and interest in future technologies were
not statistically significant (p > 0.05). This suggests that while they may conceptually relate to
quality management, they do not independently predict the level of SQM implementation within
the model.

Based on the responses gathered in this thesis research on supplier quality management practices,
several critical insights emerged through detailed statistical analyses including descriptive
statistics, correlation, ANOVA, and regression. The data obtained from 111 respondents enabled
a comprehensive understanding of how different factors interact in the context of supplier quality

performance, compliance, technological adoption, and overall supply chain effectiveness.

4.4 Discussion:

The research aimed to explore how organizations implement supplier quality management
practices (SQMP), handle supplier non-compliance, adopt to technological solutions and their
perception of challenges and improvements in the supply chain. Quality agreements, audits, and
compliance initiatives are important, but they need to be part of a broader strategy that includes

relationship management, continuous improvement, and digital transformation. The moderate
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correlation and regression values suggest that supplier quality is not driven by any single factor,

but rather by interrelated elements that must be aligned for optimal results.

Role of SQM practices in supplier evaluation

The literature strongly emphasizes the strategic role of SQM practices in evaluating and selecting
suppliers. As patil (2024) highlights evaluating supplier’s compliance with GMPs standards,
operational performance and capacity for innovation is critical to operational success. While
quality agreements are foundational but their impact may vary based on implementation or mutual
understanding between parties. The negative correlation between supply chain reliability and
quality agreements (r =-0.490, p <0.01), explain why strong contractual frameworks don’t always
translate directly to higher supply chain reliability unless supported by continuous monitoring
mechanisms and there might be underlying inefficiencies or gaps in implementation. This could
mean that while agreements are in place, they may not be sufficient or effective on their own to

drive actual performance improvements.

For variable “how frequently does your company conduct supplier audits?” the descriptive
statistics provided a foundational understanding of the frequency and extent to which these
practices are being used. Most participants indicated that their organizations conducted supplier
audits with 2.28 mean suggested that while supplier audits were not conducted excessively without
regular patterns, they were not ignored either. This balance may indicate that audits are carried out
based on certain triggers or risk levels rather than on a rigid schedule. Additionally, the average
rating of implemented SQMP indicated a moderately high level of commitment towards managing
supplier quality, suggesting that a fair number of companies had structured mechanisms to ensure

supplier performance and compliance.
Regulatory compliance as key driver of SQM practices

In the findings, respondents consistently rated compliance-related variables as key elements
influencing supplier performance. The variable “How effective are your company’s supplier
quality management practices in ensuring regulatory compliance?” showed a mean value 2.82,
suggesting that organizations prioritize compliance as part of their SQM strategy. This directly
reflects Khan et al. (2023) and Soares et al. (2017) who argue that regulatory audits and supplier

assessments are integral tools for maintaining quality and mitigating risks.
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Furthermore, from coefficients table it is identified regulatory compliance as a significant predictor
of effective SQM practices with significance level (p-value) of 0.005, validating the assertions
made by Tayyab et al. (2022) and Charoo et al. (2023) that regulatory oversight enforces
accountability and improves operational consistency. Companies that report higher effectiveness
in ensuring regulatory compliance are significantly more likely to implement robust supplier
quality management practices and frameworks. This is aligned with the literature’s emphasis on

GMP and GDP as baseline quality indicators across the supply chain.

The positive correlation found between regulatory compliance and SQM practices (r =0.199, p <
0.05) confirms Walvekar et al. (2024), who states that various types of audits such as regulatory,

internal, and third-party are critical in ensuring adherence to regulatory compliance risks.
Technology usage and integration in SQM:

The findings from the study reveal that technology adaptation plays a pivotal role in enhancing
Supplier Quality Management (SQM) within the pharmaceutical supply chain. Sarangi and Ghosh
(2024) emphasized the role of IoT which enhances quality assurance throughout the supply chain.
Similarly, Akter (2024) noted that Pfizer’s implementation of blockchain illustrates how digital
tracking strengthens both authentication and regulatory compliance. The statistical analysis
demonstrated a significant and positive relationship between technology adaptation as reflected in
the regression coefficient (p < 0.01). This suggests that firms that actively integrate digital
technologies into their supplier management processes tend to experience better quality control,
higher compliance, and improved operational performance. A similar negative correlation was
found between the use of Al or blockchain technology and the reliability of the supply chain (r =
-0.303, p < 0.01) indicates advanced technologies are often associated with efficiency and
accuracy. That is, organizations struggling with supplier issues may be more inclined to adopt Al
or blockchain to rectify those problems, rather than already having a reliable system and then

adding technology on top and this could explain the negative correlation.

Furthermore, Tayyab et al. (2022) argued that the integration of Al and blockchain significantly
improves supplier visibility and control, which aligns with study’s finding that technology adaptive
firms show higher SQM performance. In addition, Malviya et al. (2025) note that digital

technology integration leads to operational efficiency and costs benefits where strong positive
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correlation noted between the use of emerging technologies (e.g., Al, blockchain) and
improvements in cost efficiency (r = 0.206, p < 0.05) indicates companies that leverage digital

technologies can reduce rework costs and optimize supplier performance monitoring.

In conclusion, the statistical analyses conducted provide understanding of how supplier quality
management practices are implemented and perceived. The data reveals both strengths and gaps
in current approaches, offering valuable insights for practitioners and academics. Organizations
must continue to invest in not only the structural components of SQMP such as audits and
agreements but also in other elements like supplier relationships, training, and change
management. Additionally, the effective integration of technologies like Al and blockchain holds
promise but must be done with a clear strategy and readiness assessment. By interpreting the data
holistically, this research contributes to the growing body of knowledge on supply chain
management and underscores the importance of a comprehensive, data-informed approach to

supplier quality assurance.
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Chapter 5: Conclusion and Recommendations

5.1 Conclusion

The research examined how effective Supplier Quality Management (SQM) practices plays a vital
role in enhancing supply chain performance in pharmaceutical quality management systems.
Implementation of robust supplier quality management practices such as supplier audits, risk
assessments, digital Al, and blockchain tools increases performance indicators of supply chain
efficiency, product safety, and delivery reliability. The research discovered that SQM
implementation occurs frequently in companies yet regulatory obstacles together with supplier
non-compliance issues and high implementation expenses continue to exist (Agyabeng-Mensah et
al., 2021). The implementation of digital technologies leads the organisations to achieve
operational efficiency while maintaining higher regulatory compliance. The study also concluded

that formal contracts effectively increase supplier accountability while reducing operational risk.

It also helped assess the impact of formal contracts on safety compliance and product quality.
Through this research supplier development and selection practices demonstrated their capability
to make supply chains more reliable (Soares et al., 2017). The research proved the theoretical
models by validating Resource-Based View and Supply Chain Resilience frameworks that
demonstrate that SQM operates as a strategic business resource for competitive advantage. This
study provides essential knowledge that highlights the need for pharmaceutical companies to
improve their SQM frameworks by implementing technological advancements to maintain

sustainable, resilient, and compliant supply chain operations (Zaid and Sleimi, 2023).

Objective 1: To explore the effect of supplier quality management practices on the overall

performance of pharmaceutical supply chains

The research demonstrated the extent to which supplier quality management (SQM) practices
influence the overall performance of the pharmaceutical supply chain. The analysis revealed strong
positive relationships between variables such as supplier audits, supplier compliance management
and regulatory alignment, indicated that organizations with robust SQM frameworks tends to
experience more stable and predictable supply chain operations (Lee et al., 2021). Statistical data

confirms that SQM practices were statistically significant predictors of improved supply chain
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outcomes, highlighting their influence on performance variability and a direct relationship between
supply chain reliability and the use of SQM practices confirms that variation in supply chain

performance can be significantly explained by the degree of SQM practice implementation.

Objective 2: To assess the main challenges and barriers in implementing effective supplier

quality management practices by pharmaceutical companies.

The second objective revealed that while SQM is essential, its implementation is obstructed by a
complex interplay of internal limitations, supplier-side constraints and regulatory fragmentation.
However, literature review focussed on barriers such as high implementation costs, technological
disparities among global suppliers, geopolitical risks and inconsistent enforcement of Good
Manufacturing Practices and Good Distribution Practices (Khan et al., 2023). Smaller
pharmaceutical firms, in particular, were found to lack the resources needed for regular supplier
audits, real-time quality tracking, or advanced analytics adoption, leading to reactive rather than
preventive quality management. The research highlighted a positive correlation between how
organizations manage supplier non-compliance and the challenges they face in SQM
implementation. This implies that firms experiencing greater challenges such as lack of standard
procedures, supplier resistance, or high regulatory burdens are often those that also struggle with
frequent cases of supplier non-compliance. These findings revealed the need for harmonized global
regulations, improved supplier partnerships, and scalable digital solutions to streamline and

enforce SQM practices.

Objective 3: To investigate the role of technology and digitalisation in enhancing supplier

quality management practices

The literature review further elaborated on how digitalization enables real-time performance
monitoring, predictive risk analysis and automated quality audits, helping firms detect deviations
early and reduce recall risks. Researchers such as Malviya et al. (2025) and Mishra et al. (2022)
emphasized that technology is not merely supportive but transformative converting quality
management into proactive and predictive quality assurance systems. Based on the statistical
analysis, the use of technology in SQM practices and improved cost efficiency, suggesting that
firms leveraging digital tools not only enhance the processes but also reduce the costs associated

with manual inspections, delayed quality reporting and non-compliance penalties. Furthermore,
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digitalization helps standardize supplier assessments, overcome geographical barriers and
synchronize data across various stakeholders, aligning with Good Manufacturing Practices (GMP).
The study also identified a negative correlation between supply chain reliability and the adoption
of digital technologies, indicates that despite the potential benefits of technologies the digital
divide remains a barrier. Thus, while digital tools offer substantial enhancements to SQM, their

successful deployment depends on organization readiness, training and supplier collaboration.

Objective 4: To determine the influence of quality agreements between pharmaceutical

companies and suppliers

This objective focused on assessing how formal supplier agreements contribute to maintaining
quality assurance and meeting the stringent regulatory standards of the pharmaceutical industry.
The literature and data analysis reveal that regulatory compliance is strengthened when quality
agreements are complemented by active SQM practices—such as routine audits, real-time
monitoring, and risk-based evaluations According to Sarangi and Ghosh (2024), quality
agreements serve as a critical tool for audit responsibilities, documentation standards and change
control procedures. Patil (2024) and Dehshiri et al. (2022) also emphasized that robust agreements
significantly reduce ambiguity in regulatory audits, helping organizations demonstrate supplier
oversight and adherence to protocols.

Based on the statistical findings, the study observed a negative correlation between the existence
of supplier agreements and supply chain reliability. While this may initially appear contradictory,
it suggests having agreements in place does not automatically guarantee a reliable supply chain
unless those agreements are effectively enforced and supported by continuous collaboration and
communication. Pharmaceutical companies must ensure that agreements are not just legal
formalities, but dynamic management tools that are regularly reviewed, updated, and enforced to

maintain product integrity and meet evolving regulatory standards.

5.2 Recommendations

Based on the comprehensive analysis of the research findings, a series of key recommendations
can be drawn to guide organizations toward strengthening their supplier quality management

(SQM) practices. These recommendations are aimed at addressing the challenges identified
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through the data while aligning with the objectives of enhancing supply chain reliability,

regulatory compliance, and operational efficiency.

The data indicated a strong correlation between the effectiveness of SQM practices and the
reliability of the supply chain. This underscores the need for companies to adopt a more structured
and strategic approach to quality management across their supplier base. Therefore, one broad
recommendation is for organizations to develop a standardized SQM framework that encompasses

regular audits, performance evaluations and continuous improvement mechanisms.

A further recommendation is the integration of advanced technologies, such as artificial
intelligence (Al), blockchain, and real-time monitoring tools, into supplier quality management
process. The study showed a moderate but significant interest among respondents in using such
technologies to enhance SQM outcomes. This points to a need for organizational investment in
digital transformation, particularly in systems that provide transparency, traceability and predictive

insights into supplier performance.

Another area of focus should be the refinement of quality agreements and enforcement
mechanisms. The results suggested mixed effectiveness of existing quality agreements in
maintaining supplier accountability. Organizations are encouraged to revisit the structure and
content of their quality agreements to ensure clarity, enforceability and alignment with both
regulatory standards and business goals. Agreements should also include provisions for penalties,

performance-based incentives and escalation procedures to address non-compliance swiftly.

The analysis further revealed that challenges such as lack of technological infrastructure,
insufficient supplier training and regulatory complexity continue to impede SQM implementation.
To address these issues, companies should work towards building internal capacity and fostering
a culture of quality across the supply chain. This includes implementing risk-based supplier
assessment models combined with enhanced audit frequencies, offering training programs for
suppliers, engaging in joint quality improvement initiatives, and simplifying compliance

procedures where possible (Ivanov, 2021).
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5.3 Limitations and Future Scope

One of the primary limitations of this study lies in its sample size. Although a sufficient number
of responses were collected to conduct meaningful statistical analyses (including correlation,
regression, and ANOVA), the study was limited to a particular group of respondents. This may
limit the generalizability of the findings to broader industrial contexts. Future research should
consider a larger and more diverse sample to enhance external validity and to better understand

cross-sectoral differences in SQM implementation.

Additionally, this study focused on a defined set of variables related to SQM such as supplier
audits, regulatory compliance, technological integration, and the impact on cost efficiency and
supply chain reliability. However, other potentially influential factors such as organizational
culture, leadership commitment, supplier development strategies or geopolitical risks were not
explored. Future researchers could expand the scope to include these variables and examine their

interactive or moderating effects on SQM outcomes.

While respondents expressed interest or noted their company’s use of such technologies, the study
did not assess the actual extent of implementation, technical maturity or return on investment.
Future research could explore how specific digital tools are integrated into SQM frameworks, what
barriers exist to their adoption, and how their usage correlates with tangible improvements in

quality performance and compliance metrics.

Another limitation is related to time-bound data. The survey captured responses at a single point
in time, offering a cross-sectional view of SQM practices. However, quality management is
dynamic, and its effectiveness evolves as systems mature and as suppliers develop. Longitudinal
studies tracking changes over time would provide a more comprehensive understanding of how
organizations adapt their SQM strategies in response to external pressures, regulatory changes, or

internal performance outcomes.

Furthermore, while the regression model in the study showed a statistically significant relationship
between certain predictor variables and the implementation of SQM practices, the R-square value
indicated that only a portion of the variance was explained by the model. This suggests that there

are other influential factors not accounted for in the current research. Future studies should aim to
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build more robust predictive models using additional variables and possibly exploring advanced

analytical techniques to understand the causal relationships within SQM frameworks.

In conclusion, although the study provides valuable insights into the correlation and influence of
key factors on supplier quality management, the limitations around sample size, data type, variable

scope and methodological constraints suggest the need for future research to build upon and refine

these findings.

57




References

Abdallah, A.B., Alfar, N.A. and Alhyari, S., 2021. The effect of supply chain quality management
on supply chain performance: the indirect roles of supply chain agility and innovation.

International Journal of Physical Distribution & Logistics Management, 51(7), pp.785-812.

Abdallah, A.B., Alhyari, S. and Alfar, N.A., 2023. Exploring the impact of supply chain quality
management on market performance: the mediating roles of supply chain integration and

operational performance. Business Process Management Journal, 29(4), pp.1159-1183.

Adewusi, A.O., Komolafe, A.M., Ejairu, E., Aderotoye, [.A., Abiona, O.0. and Oyeniran, O.C.,
2024. The role of predictive analytics in optimizing supply chain resilience: a review of techniques
and case studies. International Journal of Management & Entrepreneurship Research, 6(3),

pp.815-837.

Agrawal, R., Samadhiya, A., Banaitis, A. and Kumar, A., 2024. Entrepreneurial barriers in
achieving sustainable business and cultivation of innovation: a resource-based view theory

perspective. Management Decision, (ahead-of-print).

Agyabeng-Mensah, Y., Afum, E., Agnikpe, C., Cai, J., Ahenkorah, E. and Dacosta, E., 2021.
Exploring the mediating influences of total quality management and just in time between green
supply chain practices and performance. Journal of Manufacturing Technology Management,

32(1), pp.156-175.

Ahmad, F., Alnowibet, K.A., Alrasheedi, A.F. and Adhami, A.Y., 2022. A multi-objective model
for optimizing the socio-economic performance of a pharmaceutical supply chain. Socio-economic

planning sciences, 79, p.101126.

Aityan, S.K., 2022. Business research methodology: Research process and methods. Springer

Nature.

Akter, S., 2024. Implementing Blockchain for Improved Pharmaceutical Transparency and

Efficiency in Supply Chain Management.

58




Al-Hakim, A., 2021. General considerations for diversifying heparin drug products by improving
the current heparin manufacturing process and reintroducing bovine sourced heparin to the US

market. Clinical and Applied Thrombosis/Hemostasis, 27, p.10760296211052293.

Andersson, J., Plummer, P., Lennerfors, T.T. and Hedberg, C., 2024. Socio-techno-ecological
transition dynamics in the re-territorialization of food production: the case of wild berries in

Sweden. Sustainability Science, pp.1-16.

Bairagi, V. and Munot, M.V. eds., 2019. Research methodology: A practical and scientific
approach. CRC Press.

Baran, M.L., 2022. Mixed methods research design. In Research Anthology on Innovative
Research Methodologies and Utilization Across Multiple Disciplines (pp. 312-333). IGI Global.

Bhattacharyya, S.S. and Jha, S., 2018. Research methodology. In Strategic Leadership Models and

Theories: Indian Perspectives. Emerald Publishing Limited.

Charoo, N.A., Khan, M.A. and Rahman, Z., 2023. Data integrity issues in pharmaceutical industry:
Common observations, challenges and mitigations strategies. [Infernational journal of

pharmaceutics, 631, p.122503.

Christie, S.M., 2023. An Exploratory Study Of The Impact Of Quality Management Practices On
Data Integrity FDA-483 Observations Received By Pharmaceutical Manufacturers In Florida.

Cooksey, R., McDonald, G., Cooksey, R. and McDonald, G., 2019. How Should I Approach Data
Analysis and Display of Results?. Surviving and Thriving in Postgraduate Research, pp.921-1002.

Dehshiri, S.J.H., Emamat, M.S.M.M. and Amiri, M., 2022. A novel group BWM approach to
evaluate the implementation criteria of blockchain technology in the automotive industry supply

chain. Expert Systems with Applications, 198, p.116826.

Gera, R., Yadav, R., Khera, G.S., Saxena, A., Chadha, P., Dixit, S. and Sergeevna, L.Y., 2022. A
systematic literature review of supply chain management practices and performance. Materials

Today: Proceedings, 69, pp.624-632.

59




Dubey, U.K.B. and Kothari, D.P., 2022. Research methodology: Techniques and trends. Chapman
and Hall/CRC.

Dzwigot, H. and Dzwigot-Barosz, M., 2018. Scientific research methodology in management

sciences. Financial and credit activity problems of theory and practice, 2(25), pp.424-437.

galina. (2024) ‘Emerging Technologies for Data-Driven Pharmaceutical Supply Chain
Management’. In Proceedings of the 36th European Modeling & Simulation Symposium. the 36th
European Modeling & Simulation Symposium. CAL-TEK Srl. DOI
10.46354/13m.2024.emss.033.

Gera, R., Yadav, R., Khera, G.S., Saxena, A., Chadha, P., Dixit, S. and Sergeevna, L.Y., 2022. A
systematic literature review of supply chain management practices and performance. Materials

Today: Proceedings, 69, pp.624-632.
Gupta, A. and Gupta, N., 2022. Research methodology. SBPD publications.

Haputhanthrige, N., 2024. Product risk identification in product design: thesis work conducted for
The Switch Engineering Oy.

Huang, K., Wang, K., Lee, P.K. and Yeung, A.C., 2023. The impact of industry 4.0 on supply
chain capability and supply chain resilience: A dynamic resource-based view. Infernational

Journal of Production Economics, 262, p.108913.

Islam, M.R., Khan, N.A. and Baikady, R. eds., 2022. Principles of social research methodology.
Springer Nature.

Ivanov, D., 2021. Introduction to supply chain resilience: Management, modelling, technology.

Springer Nature.

Jain, P., Behl, R., Saxena, A. and Bathla, R., 2024. Challenges and Opportunities for the
Healthcare. Prediction in Medicine: The Impact of Machine Learning on Healthcare, p.159.

Khan, S.A., Gupta, H., Gunasekaran, A., Mubarik, M.S. and Lawal, J., 2023. A hybrid multi-

criteria decision-making approach to evaluate interrelationships and impacts of supply chain

60




performance factors on pharmaceutical industry. Journal of Multi-Criteria Decision Analysis,

30(1-2), pp.62-90.

Khanra, S., Kaur, P., Joseph, R.P., Malik, A. and Dhir, A., 2022. A resource-based view of green
innovation as a strategic firm resource: Present status and future directions. Business Strategy and

the Environment, 31(4), pp.1395-1413.

Kumari, S.K.V., Lavanya, K., Vidhya, V., Premila, G.A.D.J.S. and Lawrence, B., 2023. Research
methodology (Vol. 1). Darshan Publishers.

Lee, V.H., Foo, P.Y., Tan, G.W.H., Ooi, K.B. and Sohal, A., 2021. Supply chain quality
management for product innovation performance: insights from small and medium-sized

manufacturing enterprises. Industrial Management & Data Systems, 121(10), pp.2118-2142.

Luo, L., Liu, X., Zhao, X. and Flynn, B.B., 2023. The impact of supply chain quality leadership
on supply chain quality integration and quality performance. Supply Chain Management: An
International Journal, 28(3), pp.508-521.

Ma, L.L., Wang, Y.Y., Yang, Z.H., Huang, D., Weng, H. and Zeng, X.T., 2020. Methodological
quality (risk of bias) assessment tools for primary and secondary medical studies: what are they

and which is better?. Military Medical Research, 7, pp.1-11.

Malviya, R., Verma, S., Sundram, S. and Shah, H., 2025. Digital Blockchain: Big Data, Artificial
Intelligence, and Virtual Reality in Healthcare Ecosystem (Vol. 20). Walter de Gruyter GmbH &
Co KG.

Mecalux, (2021). Supply chain resilience: how to achieve it. Available at:
https://www.mecalux.com/blog/supply-chain-resilience [Accessed on 15th Mar, 2025]

Michael Carmichael. (2013) ‘Discoverig Statistics Using Ibm Spss’.

Mishra, D.P., Kukreja, R.K. and Mishra, A.S., 2022. Blockchain as a governance mechanism for
tackling dark side effects in interorganizational relationships. [International Journal of

Organizational Analysis, 30(2), pp.340-364.

61




Najmi, A., Ahmed, W., Uddin, S. and Zailani, S., 2021. Enhancing performance through total
quality management in the pharmaceutical manufacturing industry of Pakistan. International

Journal of Productivity and Quality Management, 33(1), pp.21-45.

Nayak, J.K. and Singh, P., 2021. Fundamentals of research methodology problems and prospects.
SSDN Publishers & Distributors.

Newman, M. and Gough, D., 2020. Systematic reviews in educational research: Methodology,

perspectives and application. Systematic reviews in educational research, pp.3-22.

Niraula, S.R., 2019. A review of research process, data collection and analysis. Insights in Biology

and Medicine, 3(1), pp.001-006.
Pandey, P. and Pandey, M.M., 2021. Research methodology tools and techniques. Bridge Center.

Park, Y.S., Konge, L. and Artino, A.R. (2020) ‘The Positivism Paradigm of Research’. Academic
Medicine, 95(5), pp. 690—694. DOI: 10.1097/ACM.0000000000003093.

Parmata, U.M.D. and Chetla, S.P., 2021. Effect of service quality on doctor’s satisfaction and
prescribing behavior in pharmaceutical supply chain—a study with reference to a major Indian

pharmaceutical company. International Journal of Pharmaceutical and Healthcare Marketing,

15(2), pp.173-211.

Parmata, U.M.D., 2016. Measuring service quality in pharmaceutical supply chain—distributor’s
perspective. International Journal of Pharmaceutical and Healthcare Marketing, 10(3), pp.258-
284.

Patil, D. (2024). Enhancing Supply Chain Performance: A Comprehensive Review of Supplier
Quality Management Strategies. Research Journal of Pharmacology and Pharmacodynamics,

[online] pp.239-242. doi:https://doi.org/10.52711/2321-5836.2024.00040.

Patil, D., 2024. Enhancing Supply Chain Performance: A Comprehensive Review of Supplier
Quality Management Strategies. Research journal of Pharmacology and Pharmacodynamics,

16(3), pp.239-242.

62




Qualityze (2024). [online] Qualityze.com. Available at:

https://www.qualityze.com/blogs/effective-supplier-quality-management-system [Accessed 26

Feb. 2025].

richard. (2025) The Fundamentals of Supplier Quality Management (SQM). Available at:
https://www.kodiakhub.com/blog/supplier-quality-management (Accessed: 4 April 2025).

Saha, E., Rathore, P., Parida, R. and Rana, N.P., 2022. The interplay of emerging technologies in
pharmaceutical supply chain performance: An empirical investigation for the rise of Pharma 4.0.

Technological Forecasting and Social Change, 181, p.121768.

Sarangi, S. and Ghosh, D., 2024. The impact of industry 4.0 technologies enable supply chain

performance and quality management practice in the healthcare sector. The TOM Journal.

Sarkis, M., Bernardi, A., Shah, N. and Papathanasiou, M.M., 2021. Emerging challenges and

opportunities in pharmaceutical manufacturing and distribution. Processes, 9(3), p.457.
Sawale, S., 2022. Supplier pre-selection framework: A criteria to evaluate suppliers in early stage.

Schellekens, R. and Smith, J., 2023. Pharmaceutical Quality System. In Practical Pharmaceutics:
An International Guideline for the Preparation, Care and Use of Medicinal Products (pp. 839-
858). Cham: Springer International Publishing.

Shahid, M.I., Hashim, M., Baig, S.A., Manzoor, U., Rehman, H.U. and Fatima, F., 2024, January.
Managing supply chain risk through supply chain integration and quality management culture. In

Supply Chain Forum: An International Journal (Vol. 25, No. 1, pp. 62-74). Taylor & Francis.

Sim, C.L., Chuah, F., Sin, K.Y. and Lim, Y.J., 2024. The moderating role of Lean Six Sigma
practices on quality management practices and quality performance in medical device

manufacturing industry. The TQM Journal, 36(5), pp.1273-1299.

Soares, A., Soltani, E. and Liao, Y.Y., 2017. The influence of supply chain quality management
practices on quality performance: an empirical investigation. Supply Chain Management: An

International Journal, 22(2), pp.122-144.

63




Statista, 2022. Supply chain management market size worldwide 2020-2026. Available at:
https://www.statista.com/statistics/1181996/supply-chain-management-market-size-worldwide/

[Accessed on 15th March, 2025]

Tayyab, M., Awan, M.U., Bukhari, N.I. and Sabet, E., 2022. Key determinants of quality in the
pharmaceutical supply chain. International Journal of Quality & Reliability Management, 39(2),
pp.345-366.

Teuchler, R. (2025). The Fundamentals of Supplier Quality Management (SQM). [online]
Kodiakhub.com. Available at: https://www .kodiakhub.com/blog/supplier-quality-
management#:~:text=Effective%20SQM%20practices%20help%20ensure,t0%20quality%20and
%?20safety%?20regulations. [Accessed 26 Feb. 2025].

Verma, R., Verma, S. and Abhishek, K., 2024. Research methodology. Booksclinic Publishing.

Walvekar, A., Bankar, R., Patil, S., Kalghuge, P. and Sawant, V., 2024. Deviation, Change,
Control, and CAPA. In Modern Aspects of Pharmaceutical Quality Assurance: Developing &
Proposing Application models, SOPs, practical audit systems for Pharma Industry (pp. 445-523).
Singapore: Springer Nature Singapore.

Yadav, P., Bahmani, K., Pawar, N. and Sharma, A.A., 2021. Review on: Indian Pharma Regulatory
System and List of New Drugs Approved by Central Drugs Standard Control Organization in the
Year 2021 Till Date. Int. J. Pharm. Sci. Res, 12, pp.5642-5651.

Zaid, A., Sleimi, M., Saleh, M.W. and Othman, M., 2023. The mediating roles of knowledge
transfer and supply chain quality management capabilities on organisational performance. VINE

Journal of Information and Knowledge Management Systems, 53(6), pp.1041-1064.

Zaid, A.A. and Sleimi, M., 2023. Effect of total quality management on business sustainability:
the mediating role of green supply chain management practices. Journal of Environmental

Planning and Management, 66(3), pp.524-548.

Zangirolami-Raimundo, J., Echeimberg, J.D.O. and Leone, C., 2018. Research methodology
topics: Cross-sectional studies. Journal of Human Growth and Development, 28(3), pp.356-360.

64



https://www.statista.com/statistics/1181996/supply-chain-management-market-size-worldwide/

Zhao, N., Hong, J. and Lau, K.H., 2023. Impact of supply chain digitalization on supply chain
resilience and performance: A multi-mediation model. International Journal of Production

Economics, 259, p.108817.

Zighan, S., Dwaikat, N.Y., Alkalha, Z. and Abualqumboz, M., 2024. Knowledge management for
supply chain resilience in pharmaceutical industry: evidence from the Middle East region. The

International Journal of Logistics Management, 35(4), pp.1142-1167.

65




APPENDICES

Appendix A: Ethics Application & Declaration Form

Innopharma

education

Ethics Application & Declaration Form

DISSERTATION TITLE: Evaluating the Effectiveness of Supplier Quality Management
Practices in Enhancing Supply Chain Performance of Pharmaceutical Quality Management
Systems.

RESEARCHER’'S NAME: Anusha Thula
PROGRAMME OF STUDY: Master of Science in Pharmaceutical Business and technology.
SUPERVISOR'S NAME: Chiamaka Chiedozie

DECLARATION:

The information in this application form is accurate to the best of my knowledge. | undertake to abide
by the principles outlined by Innopharma/Giriffith College ethics policy in my research dissertation. |
confirm that | have completed a full ethics assessment for my research dissertation as per the college
guidelines. | will not begin my primary research until such approval from my supervisor and/or ethics

Committee has been obtained.

| pledge to carry out my research according to the Innopharma/Griffith College academic integrity
standards. Any results presented in my dissertation will be from my own, original research, | will
reference and/or acknowledge any material or sources used in its preparation and | will not plagiarise

the work of anyone else.

For Student:
STUDENT SIGNATURE:

N Do

DATE: 12/03/2025

The research contained within this research dissertation proposal has been approved.

65




For Supervisor:
Ethics Committee Approval Required: Yes No V

SUPERVISOR SIGNATURE:

DATE: 18/3/2025

For Ethics Committee (if required):

Ethics Committee Approval Given: Yes No

ETHICS COMMITTEE MEMBER SIGNATURE:

DATE:

NOTE: Supervisors are responsible for ensuring their students fill in this form correctly and that all ethical areas

have been considered.

SECTION 1: DESCRIPTION OF RESEARCH STUDY

Purpose and objectives of research

Pharmaceutical Quality Management Systems (QMS) are designed to ensure that products consistently meet quality
standards within pharmaceutical operations. However, supplier performance has a significant impact on these systems
making Supplier Quality Management (SQM) practices integral part of quality systems. Despite the critical role of supplier
quality management in the pharmaceutical industry, there is need for more research to evaluate how supplier quality
management practices enhance supply chain performance (SCP) and the research topic intends to focus on understanding
the relationship and effectiveness of supplier quality management practices and their influence on supply chain performance
within pharmaceutical quality management Systems. For maintaining product integrity together with the reduction of supply
chain disruptions and regulatory compliance such as Good Manufacturing Practices (GMP) and guidelines from FDA, EMA,

and ICH requires effective Supplier Quality Management (SQM) practices in pharmaceutical operations.

Objectives of the research:

67
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and distribution or supply of pharmaceutical products and possess significant insight into pharmaceutical supply chain
management. The quality managers ensure GMP compliance and supplier audits while the procurement officers ensure
supplier selection, quality agreements, and contract management. On the other hand, the supply chain professionals and
risk management team ensure supplier performance, risk mitigation, and regulatory compliance.

These respondents are selected because they have hands-on experience in applying and overseeing supplier quality
management (SQM) practices, thus being the best sources to assess the efficacy of SQM in improving supply chain
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modal method optimizes response rates with ethical research approaches.
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How will you store the research data and for how long? How will you manage data protection issues?

Data collected from the research will be stored electronically in a secure password protected laptop and encrypted
cloud storage server (Google Drive, OneDrive) that has access limitations for the researcher and supervisor only. Data will
be stored up to 2 years from dissertation submission, and then deleted permanently.

For GDPR and data protection law compliance, the following measures will be taken. Participant responses will be
anonymized and no personally identifiable information will be captured. Participants will be asked to read and sign a
consent form prior to taking part. The data will not be disclosed to third parties, and survey answers will be keptin a
password-protected area. The participants can ask for the data deletion at any time prior to the final analysis stage.
All these steps ensure  that participant  privacy is guarded without losing data  integrity  and abiding by ethical
research guidelines.

SECTION 7: NON-DISCLOSURE AGREEMENT & STUDENT CONSENT
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Non-Disclosure Agreement (NDA)
Will the final dissertation contain any information pertaining to any source what would warrant the use of a Non-Disclosure
Agreement (NDA) e.g. industry-based research?
No

Student consent
If a Non-Disclosure Agreement (NDA) is not required, does the Student consent to allow their completed dissertation to be
held/published by Innopharma/Griffith College?

Yes

SECTION 8: RECORDING AND RETENTION OF DISSERTATION VIVA

Viva Recording
The Dissertation viva will be recorded. This recording may be used to facilitate assessment by Innopharma staff, a third
reader if necessary and/or if requested by the external examiner for the Programme. The recording will be held in line with

current GDPR guidelines and will not be made publicly available.

SECTION 9: DOCUMENT CHECKLIST

NOTE: Applicants must attach the following documents in electronic format to the appendix.

Which documents are added to the appendix? Please tick N/A if not applicable:

Participant Information Letter (PIL) for participant N/A
Informed Consent Form (ICF) for participant N/A
Questions/survey for interviewees/focus groups etc (can be in draft form) Yes
Any other documents e.g., Non-Disclosure Agreement N/A

| confirm that this application is complete and all required documents are included in the appendix.

For Student:
STUDENT SIGNATURE:

T DA’

DATE: 12/03/2025
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Appendix B: Survey questionnaire

Research survey

Dear Respondent,

| am Anusha Thula, a post graduate student, carrying out a research study to evaluate the effectiveness of
supplier quality management practices in enhancing supply chain performance of pharmaceutical quality
management systems as part of completing my Master's degree in pharmaceutical business and technology
through Giriffith College/Innopharma, Dublin, Ireland and involves a comprehensive survey that aims to explore
the effect of supplier quality management practices on the overall performance of pharmaceutical supply
chains.

Your participation is valuable and will contribute significantly to the success of the study. The survey should
take approximately 10 minutes, and all responses will be anonymous, confidential and handled in compliance
with the current General Data protection Regulations (GDPR).

If you have any queries regarding the survey, please do not hesitate to contact me at
anusha.thula@student.griffith.ie

Have you understood the purpose of the study?

e Yes
e No

Do you give consent to participate in this survey?

e Yes
e No

1. What is your current job role?

Quality Manager
Procurement Officer
Supply Chain Professional
e Other
2. How many years of experience do you have in the pharmaceutical industry?

Less than 2 years
2-5 years

6—10 years

More than 10 years

3. What is the size of your company?

¢ Small (Less than 50 employees)
e Medium (50-500 employees)
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e Large (More than 500 employees)
4. In which region does your company primarily operate?

e North America
e FEurope

¢ Asia-Pacific

e Other

5. How frequently does your company conduct supplier audits?

e Annually
e Bi-annually
e Quarterly
e Rarely/Never
6. What supplier quality management practices are implemented in your company?

Supplier qualification and selection criteria
Supplier audits and performance evaluations
Digital tracking systems (e.g., blockchain, Al analytics)
Quality agreements with suppliers
¢ Risk-based supplier management
7. How effective are your company’s supplier quality management practices in ensuring regulatory

compliance?

Very effective

Somewhat effective

Neutral

Somewhat ineffective

Very ineffective

8. To what extent does your company use technology (Al, blockchain, real-time monitoring) to

enhance supplier quality management?

e Fully integrated in operations
o Partially integrated
e Limited use
e Not used at all
9. How would you rate the impact of supplier quality management on cost efficiency in your

company?

Significant positive impact
Somewhat positive impact
Neutral

Somewhat negative impact
Significant negative impact
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10. To what extent do supplier quality management practices affect supply chain reliability in your

organization?

o Highly improves reliability

o Somewhat improves reliability
e No impact

¢ Somewhat reduces reliability
e Significantly reduces reliability
H

11. How does your company handle supplier non-compliance issues?

¢ Immediate termination of contract
e Issuance of corrective actions

e Increased monitoring and supplier training
o No formal procedures in place
H

12. How effective are quality agreements in maintaining supplier accountability?

Very effective
Somewhat effective
Neutral
Somewhat ineffective
o Very ineffective
13. What are the biggest challenges in implementing supplier quality management practices in your

company?

High costs of implementation

Regulatory compliance complexities

Resistance from suppliers

Lack of technological infrastructure

Other (please specify)

14. In your opinion, what improvements would enhance supplier quality management

effectiveness? (Select all that apply)

Stronger regulatory enforcement
Increased use of digital tracking tools
More frequent supplier audits
Better supplier training programs
o Enhanced risk management strategies
15. Would you be interested in adopting Al-driven analytics or blockchain solutions to enhance

supplier quality management in the future?

e Yes, definitely
e Maybe
e No
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