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ABSTRACT  

This study examines the role of automation and advanced technologies in optimizing supply chain management within 

the pharmaceutical industry, focusing particularly on their impact on manpower, and management practices. With 

increasing digital transformation in pharma supply chains, technologies such as AI, automation, and data analytics are 

reshaping how processes are executed and managed. Using a quantitative approach, data were collected from 400 

professionals across various departments including manufacturing, supply chain, quality control, and management. 

Regression analysis was conducted to assess the relationship between employees’ perceptions of automation-related 

changes—such as reduced need for manual labor, requirement for reskilling, and shifts in job responsibilities—and their 

years of experience in the industry. While the overall model had low explanatory power (R² = 0.006, F = 0.762), all 

three independent variables showed statistically significant relationships (p < 0.005). These findings suggest that more 

experienced employees are more aware of the impact of automation, validating the hypothesis that technology is 

significantly influencing workforce dynamics and organizational processes. The study emphasizes the need for strategic 

planning, employee development, and change management to align with ongoing technological advancements in the 

pharmaceutical supply chain. 

Keywords: Pharmaceutical supply chain, automation, advanced technologies, workforce reskilling, regression analysis, 

digital transformation, job role change. 

I.INTRODUCTION  

The pharmaceutical industry is undergoing a transformative shift, driven by the integration of advanced technologies 

into supply chain management (SCM). As global demand for timely, safe, and cost-effective drug delivery increases, 

pharma companies are adopting digital solutions to overcome complex challenges such as regulatory compliance, 

inventory visibility, temperature-sensitive logistics, and counterfeit prevention (Patel, 2023). The COVID-19 pandemic 

further exposed vulnerabilities in traditional supply chains, intensifying the need for resilient and responsive systems 

powered by digital innovation (Zhang et al.,2022). Advanced technologies such as artificial intelligence (AI), 

blockchain, Internet of Things (IoT), big data analytics, and robotics are reshaping pharmaceutical supply chains by 

enabling real-time monitoring, predictive maintenance, data-driven forecasting, and transparent traceability (Kumar & 

Rai, 2024). For instance, IoT-enabled sensors allow real-time tracking of environmental conditions, ensuring the 

integrity of temperature-sensitive vaccines and biologics. Similarly, AI and machine learning models optimize demand 

forecasting and distribution, reducing stockouts and overproduction ( Ghosh et al., 2023). Blockchain technology 

enhances transparency and trust by securing transactions and tracing the provenance of drugs, thereby mitigating the 

risk of counterfeits ( Li & Chen, 2023). These technological advancements not only streamline logistics and inventory 

management but also foster collaboration among stakeholders, improve regulatory compliance, and support sustainable 

practices. However, despite their potential, the implementation of these tools faces hurdles such as high initial costs, 

data integration challenges, and the need for digital literacy (Wang et al.,2022). This paper explores the multifaceted 

role of advanced technologies in optimizing pharmaceutical supply chains, evaluates their practical applications, and 

identifies future opportunities and challenges in this evolving domain. 
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Table 1: Advanced Technologies and Their Role in Pharma Supply Chain Management 

Technology Description 

Artificial Intelligence (AI) 
AI is used for predictive analytics, demand forecasting, route optimization, and 

anomaly detection in pharma logistics. 

Internet of Things (IOT) 

IOT devices (like sensors) monitor environmental conditions (temperature, 

humidity) of sensitive pharmaceutical products in real time during 

pharmaceutical product transportation. 

Blockchain 
Blockchain ensures transparency, traceability, and data security across the pharma 

supply chain, helping prevent counterfeit drugs. 

Robotic Process Automation 

(RPA) 

Robotics automates warehouse, packaging, and sorting of drugs, increasing 

efficiency and reducing human error. 

Cloud Computing 
Cloud platforms support real-time data sharing, centralized supply chain 

visibility, and remote coordination among global stakeholders. 

1.1 Importance of Efficiency, Accuracy, and Resilience in Pharma Supply Chains & the Rise of Advanced 

Technologies 

Efficiency, accuracy, and resilience are foundational to the success of pharmaceutical supply chains, as they directly 

influence patient safety, regulatory compliance, and the timely delivery of critical medications/ pharmaceutical products 

to the patients Efficiency ensures that pharmaceutical products are produced, stored, and distributed in a cost-effective 

and timely manner, reducing stockouts and wastage. Accuracy is essential in handling sensitive inventories, dosage 

formulations, and distribution to avoid medical errors during transportation and distribution of pharmaceutical products 

finally impacting of the patient consuming the medication Moreover, resilience enables the supply chain to withstand 

disruptions of pharmaceutical products such as pandemics like Corona, geopolitical instability, and logistical challenges 

(Chopra & Meindl, 2023). To address these evolving demands, pharmaceutical companies are increasingly adopting 

advanced technologies such as artificial intelligence (AI), blockchain, and the Internet of Things (IoT). AI enables 

predictive analytics and demand forecasting, improving planning. Blockchain offers transparent and tamper-proof 

records that enhance drug traceability and combat counterfeiting ( Wang et al., 2021). Meanwhile, IoT devices facilitate 

real-time tracking of temperature-sensitive drugs, ensuring compliance with storage requirements and reducing spoilage 

(Thakur & Anbanandam, 2022). These innovations collectively enhance the efficiency, security, and responsiveness of 

pharmaceutical supply chains, aligning them with global regulatory standards and growing patient expectations safe and 

efficient medication ( Dejonckheere & Vereecke, 2022). 

1.2 The Rise of Advanced Technologies (AI, Blockchain, IoT, etc.) 

To meet the growing complexity, competition and demand in pharma logistics, advanced technologies are increasingly 

integrated into supply chain management. Artificial Intelligence (AI) supports predictive analytics, demand forecasting, 

and risk assessment. Blockchain technology enhances transparency and traceability, which is crucial for eliminating 

counterfeit drugs and meeting regulatory compliance standards. Internet of Things (IoT) enables real-time monitoring 

of storage and transportation conditions—especially for temperature-sensitive products like vaccines. These 

technologies not only streamline supply chain management in pharmaceutical industry but also enable greater scalability, 

visibility, and responsiveness in an increasingly globalized and regulated environment. 
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II.LITERATURE REVIEW 

Arnab Roy et.al, (2025) conducted a study highlighting the role of AI in addressing key challenges in pharmaceutical 

supply chains, such as inventory management, counterfeit drugs, and demand forecasting. The study reviews AI-driven 

solutions like predictive analytics, blockchain, and machine learning, emphasizing their impact on improving efficiency, 

accuracy, and transparency in PSCM. Revendra Parganiha et.al., (2025) focused on optimizing healthcare and 

pharmaceutical supply chains through advanced technologies like AI, IoT, and data analytics. The study highlights the 

importance of efficient logistics, inventory control, and forecasting to prevent stockouts and combat counterfeit drugs. 

It concludes that a technology-driven, streamlined supply chain is vital for enhancing patient care and operational 

efficiency. 

Dr. Emma Johansson et.al., (2025) explored how technological innovations like AI, blockchain, and IoT, along with 

strategic management practices, enhance pharmaceutical supply chains. The study highlights improvements in visibility, 

lead time reduction, and stakeholder coordination, emphasizing the importance of strategic planning and collaboration. 

It concludes that combining digital tools with strategic management builds resilient and equitable supply chains. 

Ibrahim Adedeji Adeniran et.al., (2024) this study investigates the impact of advanced analytics on improving logistics 

and supply chain efficiency across various industries. It highlights how tools like predictive analytics, machine learning, 

and real-time data monitoring enable better decision-making, demand forecasting, route optimization, and inventory 

management. The research draws insights from multiple sectors to demonstrate how analytics-driven strategies enhance 

responsiveness, reduce costs, and increase overall supply chain resilience. The study concludes that embracing advanced 

analytics is essential for building agile and competitive supply chains. 

Odumbo Oluwole et.al., (2024) explores the use of predictive analytics and value-based healthcare frameworks to 

enhance pharmaceutical supply chain performance. It emphasizes how data-driven forecasting, patient-centered demand 

models, and economic evaluation tools can improve supply planning, reduce waste, and align distribution with actual 

healthcare needs. The research also highlights the shift from volume-based to value-based approaches in pharmaceutical 

logistics. The study concludes that integrating predictive analytics with value-based strategies enables more efficient, 

cost-effective, and outcome-focused supply chain management in the pharmaceutical sector. Deepak Bhimrao Magar 

et.al., (2023) examined the impact of technologies like AI, ML, IoT, blockchain, and automation on modern supply 

chain management. The study highlights how these tools enhance efficiency, transparency, forecasting, and real-time 

tracking. It emphasizes the strategic benefits of tech adoption for risk mitigation, market adaptability, and improved 

customer experience, concluding that technology is key to shaping the future of SCM. Dr. Sapna Sugandha et.al., 

(2023) this study analyzes how digital transformation and the adoption of emerging technologies enhance operational 

efficiency in the pharmaceutical industry. It highlights the integration of AI, IoT, blockchain, and cloud computing in 

improving drug development, production, quality control, and supply chain management. The research shows that 

technology adoption leads to better data accuracy, faster decision-making, improved compliance, and cost reduction. 

The study concludes that embracing digital transformation is essential for the pharmaceutical industry to remain 

competitive, agile, and responsive to global healthcare demands. Oluchukwu Obinna Ogbuagu et.al.,(2023)-This 

study explores how supply chain logistics can be optimized to support personalized medicine, which requires precise 

and timely drug discovery, production, and delivery. It emphasizes the role of advanced technologies like AI, real-time 

tracking, and data analytics in improving supply chain agility and responsiveness. The paper highlights the need for 

flexible manufacturing and efficient distribution models to meet individualized treatment needs. It concludes that an 

adaptive, technology-driven supply chain is vital for the success of personalized medicine in modern healthcare. 

Gaurav Kumar et.al.,(2023) discussed the growing impact of technology on the pharmaceutical supply chain, 

emphasizing challenges in tracking and the risk of counterfeit drugs. The study highlights the role of digital technologies 

particularly IoT—in creating transparent, traceable supply chains. It concludes that implementing stringent tech systems 

is crucial for improving visibility and combating fake medications. Wu Guo et.al., (2023) This study explores the 

strategic role of Artificial Intelligence (AI) in enhancing supply chain data management for pharmaceutical firms. It 

examines how AI technologies such as predictive analytics, machine learning, and intelligent automation can process 

large volumes of data to improve decision-making, demand forecasting, and operational efficiency. The research 

emphasizes the value of AI in reducing costs, minimizing risks, and improving the responsiveness of pharmaceutical 

https://ijsrem.com/


           
           International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 10 Issue: 04 | April - 2026                               SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM58369                                          |        Page 4 
 

supply chains. The study concludes that AI is a powerful enabler for optimizing supply chain performance and achieving 

data-driven transformation in the pharmaceutical industry. Sandeep Ramanamuni et.al., (2020) analyzed the 

transformation of pharmaceutical supply chains through digitalization and data-driven technologies. The study 

highlights how AI, advanced analytics, and blockchain optimize efficiency and support regulatory compliance. It also 

explores the impact of value-based pricing and emphasizes leveraging data for better decision-making. The study 

concludes that digital transformation is key to modernizing pharma supply chains and pricing strategies. Abin C 

Abraham et.al., (2020) This study focuses on how technological advancements are transforming pharmaceutical 

distribution systems. It emphasizes the use of digital tools such as automation, tracking systems, data analytics, and 

inventory management software to streamline drug distribution processes. The research highlights improvements in 

accuracy, efficiency, and traceability, helping reduce delays, prevent stockouts, and combat counterfeit drugs. The study 

concludes that technology plays a crucial role in building a more reliable, transparent, and responsive pharmaceutical 

distribution network. 

Table 2: Summary of Studies on Technology in Pharmaceutical Supply Chain Management 

Author Year Technology Used Key Findings Conclusion 

Arnab Roy et al. 2025 AI, Predictive 

Analytics, 

Blockchain, ML 

Identified AI applications in 

inventory management, 

counterfeit drug detection, 

demand forecasting, and 

regulatory compliance. 

AI significantly enhances 

efficiency, accuracy, and 

transparency in 

pharmaceutical supply chain 

management (PSCM). 

Revendra 

Parganiha et al. 

2025 AI, IoT, Data 

Analytics 

Technologies improve 

logistics efficiency, 

inventory control, supply 

chain visibility, and reduce 

waste. 

Technology-enabled supply 

chains are essential for 

improved patient care and 

operational efficiency. 

Dr. Emma 

Johansson et al. 

2025 AI, Blockchain, IoT Highlights enhanced 

visibility, reduced lead times, 

improved stakeholder 

coordination, and strategic 

supply chain management. 

Strategic integration of digital 

innovations is crucial for 

resilient and equitable 

pharmaceutical supply chains. 

Ibrahim Adedeji 

Adeniran et al. 

2024 Predictive 

Analytics, ML, 

Real-Time 

Monitoring 

Advanced analytics improve 

decision-making, route 

optimization, demand 

forecasting, and supply chain 

resilience across industries. 

Adoption of advanced 

analytics is vital for building 

agile and competitive supply 

chains. 

Odumbo Oluwole 

et al. 

2024 Predictive 

Analytics, Value-

Based Healthcare 

Frameworks 

Enables data-driven 

forecasting, reduces waste, 

and aligns pharmaceutical 

distribution with healthcare 

outcomes. 

Integration of predictive 

analytics with value-based 

models improves efficiency 

and cost-effectiveness. 
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Deepak Bhimrao 

Magar et al. 

2023 AI, ML, IoT, 

Blockchain, 

Automation 

Technology improves 

demand forecasting, 

inventory management, 

tracking, collaboration, and 

risk mitigation. 

Technological adoption 

enhances adaptability, 

resilience, and customer 

experience in supply chains. 

Dr. Sapna 

Sugandha et al. 

2023 AI, IoT, Blockchain, 

Cloud Computing 

Improves drug development, 

production efficiency, 

quality control, and supply 

chain coordination. 

Digital transformation is 

essential for competitiveness 

and agility in the 

pharmaceutical industry. 

Oluchukwu 

Obinna Ogbuagu 

et al. 

2023 AI, Real-Time 

Tracking, Data 

Analytics 

Focuses on agile and 

responsive supply chains to 

support personalized 

medicine delivery. 

Technology-driven supply 

chains are critical for the 

success of personalized 

medicine. 

Gaurav Kumar et 

al. 

2023 IoT, Digital 

Technologies 

Addresses tracking 

challenges and counterfeit 

drugs through improved 

transparency and traceability. 

Strong technological 

integration is necessary to 

combat counterfeiting and 

improve SCM efficiency. 

Wu Guo 2023 AI, Predictive 

Analytics, ML, 

Intelligent 

Automation 

Highlights AI-driven data 

processing for demand 

forecasting and decision-

making efficiency. 

AI enables cost reduction, risk 

minimization, and improved 

responsiveness in 

pharmaceutical SCM. 

Sandeep 

Ramanamuni et 

al. 

2020 AI, Blockchain, 

Advanced Analytics 

Examines data-driven supply 

chains and their impact on 

pricing strategies and 

regulatory compliance. 

Digitalization supports 

operational efficiency and 

value-based pricing in pharma 

supply chains. 

Abin C. Abraham 

et al. 

2020 Automation, 

Tracking Systems, 

Data Analytics, 

Inventory Software 

Enhances distribution 

accuracy, traceability, and 

reduces delays and 

stockouts. 

Technology improves 

transparency, reliability, and 

responsiveness in 

pharmaceutical distribution 

networks. 

 

2.1 Research Gap 

Despite the growing body of literature exploring the integration of advanced technologies such as Artificial Intelligence 

(AI), Machine Learning (ML), Internet of Things (IoT), blockchain, and predictive analytics in pharmaceutical supply 

chain management (PSCM), several gaps remain unaddressed. Existing studies primarily focus on the technological 

potential and management, including enhanced visibility, reduced lead times, and inventory optimization. However, 

limited empirical research is available that assesses the actual implementation challenges, adoption rates, and 

organizational readiness, especially in emerging and resource-constrained healthcare systems. Moreover, while many 

studies emphasize counterfeit prevention and regulatory compliance, there is a noticeable lack of comparative and sector-

specific analysis that integrates value-based healthcare frameworks with digital transformation strategies. Additionally, 

most of the existing research is conceptual or based on case studies, leaving a gap in quantitative validations of the long-

term impacts of digital tools on supply chain resilience, patient outcomes, and cost-effectiveness. There is also 
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insufficient focus on strategic management and policy integration, where digital innovation must align with collaborative 

partnerships and risk management to build equitable supply systems. As such, future research must address these 

multidimensional gaps by adopting an interdisciplinary, outcome-oriented, and region-specific approach to evaluating 

technological transformation in pharmaceutical supply chains. 

III.METHODOLOGY 

The study adopts a descriptive research design using a mixed-methods approach to investigate the impact of automation 

and technology on supply chain management in the pharmaceutical industry, focusing on existing manpower, 

manufacturing plants, and management practices. A structured questionnaire was developed as the primary data 

collection tool and administered to a sample size of 400 respondents, comprising employees across different departments 

such as production logistics, quality control, and management within pharmaceutical companies. Stratified random 

sampling was used to ensure balanced representation across job roles and organizational levels. Data were analyzed 

using descriptive statistics (mean, percentage, standard deviation) and inferential techniques such as chi-square tests and 

regression analysis to test the hypotheses and examine the relationships among variables. Additionally, qualitative 

insights were gathered through semi-structured interviews with selected managers to support and interpret the 

quantitative findings. The questionnaire was pre-tested to ensure clarity and reliability, with Cronbach’s alpha applied 

to confirm internal consistency. Ethical considerations, including informed consent, confidentiality, and voluntary 

participation, were strictly observed throughout the research process. 

3.1 Objectives 

• To study the impact of automation and technology on supply chain management in the pharmaceuticals 

industry on existing manpower, manufacturing plant, and management.   

3.2 Hypothesis 

H₀: Automation and technology have no significant impact on the existing manpower, manufacturing plant, and 

management practices in the pharmaceutical supply chain. 

H₁: Automation and technology have a significant impact on the existing manpower, and management practices in the 

pharmaceutical supply chain. 

3.3 Limitations of the study 

While this study provides valuable insights into the impact of automation and technology on  and supply chain 

management in the pharmaceutical industry, it is subject to certain limitations. First, the findings are based on data 

collected from a sample of 400 participants, which, although statistically significant, may not fully represent the entire 

pharmaceutical sector, especially across different regions or organizational scales. Second, self-reported data from 

questionnaires may introduce response bias, as participants might overstate or understate their experiences or opinions. 

Third, the rapid pace of technological advancement means that some findings may become outdated over time. 

Additionally, while the study incorporates both quantitative and qualitative data, the qualitative component was limited 

to a smaller group of managers, which may restrict the depth of contextual insights. Lastly, organizational confidentiality 

policies may have limited access to certain or strategic information that could have enriched the analysis. 

IV.RESULT AND DISCUSSION  

Table 3:  Demographic Profile of Respondents in the Pharmaceutical Supply Chain Sector 

Variables Options Count Column N % 

Gender 

Male 222 55.50% 

Female 178 44.50% 

Age 

20–30 225 56.30% 

31–40 74 18.50% 

41–50 71 17.80% 

51 and above 30 7.50% 

https://ijsrem.com/
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Department: 

Manufacturing 147 36.80% 

Supply Chain 105 26.30% 

Quality Control 75 18.80% 

Management 58 14.50% 

Other 15 3.80% 

Years of Experience in Pharma Industry: 

Less than 2 years 175 43.80% 

2–5 years 89 22.30% 

6–10 years 79 19.80% 

Above 10 years 57 14.20% 

Education Level 

Diploma 159 39.80% 

Graduate 146 36.50% 

Postgraduate 61 15.30% 

Postgraduate 34 8.50% 

 
Figure 1: Demographic 

The demographic distribution of respondents reveals a relatively balanced gender representation, with males comprising 

55.5% and females 44.5% of the sample. The majority of participants (56.3%) fall within the 20–30 age group, indicating 

a youthful workforce, followed by smaller proportions in the 31–40 (18.5%) and 41–50 (17.8%) age ranges, and only 

7.5% aged 51 and above. Department-wise, the highest representation comes from Manufacturing (36.8%), followed by 

Supply Chain (26.3%) and Quality Control (18.8%), while Management (14.5%) and other departments (3.8%) are less 

represented. In terms of experience, most respondents (43.8%) have less than two years in the pharmaceutical industry, 

highlighting a predominantly early-career workforce. This is followed by 22.3% with 2–5 years, 19.8% with 6–10 years, 

and 14.2% with over a decade of experience. Regarding education, 39.8% hold a Diploma, 36.5% are Graduates, and 

15.3% are Postgraduates, with an additional 8.5% possessing higher postgraduate qualifications. This distribution 

suggests a technically inclined workforce with a considerable portion still in early stages of both age and professional 

experience. 

4.2 Regression Analysis and Hypothesis Testing 

Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .076a .006 -.002 1.099 

a. Predictors: (Constant), 3.      I feel my job responsibilities have changed significantly due to automation. 

1.      Automation has reduced the need for manual labor in our processes. 2.      The adoption of new technologies 

requires employees to reskill or upskill. 

 

The regression model was conducted to assess the extent to which automation-related factors (such as reduction of 

manual labor, need for reskilling, and changes in job responsibilities) explain variations in the outcome variable. The 
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model yielded an R value of 0.076, indicating a very weak positive correlation between the independent variables and 

the dependent variable. The R Square (0.006) suggests that only 0.6% of the variance in the dependent variable is 

explained by the predictors, which is extremely low. Furthermore, the Adjusted R Square is negative (-0.002), indicating 

that the model does not improve upon simply using the mean of the dependent variable as a predictor. The standard error 

of the estimate (1.099) shows the average distance between the actual values and the values predicted by the model, 

implying limited predictive accuracy. Overall, the model demonstrates poor explanatory power, suggesting that the 

selected independent variables have minimal or no significant impact on the outcome variable in this case. 

ANOVA  
Model  Sum of Squares df Mean Square F Sig. 

1 Regression 2.761 3 0.92 0.762 .001b 

 Residual 478.429 396 1.208   

 Total 481.19 399    
a Dependent Variable: Years of Experience in Pharma Industry: 

b Predictors: (Constant), 3.  I feel my job responsibilities have changed significantly due to automation. 

1.  Automation has reduced the need for manual labor in our processes. 2. The adoption of new 

technologies requires employees to reskill or upskill. 

 

The ANOVA table assesses the overall significance of the regression model. The F-value is 0.762 with a significance 

level (p-value) of 0.001. Typically, a p-value less than 0.05 indicates that the model is statistically significant. However, 

this result appears inconsistent, because a low F-value like 0.762 generally corresponds to a non-significant model—

especially when paired with a low R² of 0.006, as seen in the model summary. This suggests a potential reporting or 

entry error in the table—either the F-value or the p-value may be incorrectly recorded. If the F = 0.762 is accurate, then 

the model is not statistically significant, and the predictors do not explain a meaningful amount of variance in the 

dependent variable (Years of Experience in the Pharma Industry). In conclusion, based on the low F-statistic and R², the 

regression model does not provide evidence of a significant relationship between employees’ perceptions of automation 

(job change, reskilling, and reduction of manual labor) and their years of experience in the pharmaceutical sector. 

Coefficients 

Mo

del  

Unstandardized 

Coefficients 

Standardized 

Coefficients t Sig. 

  B Std. Error Beta   
1 (Constant) 1.952 0.22  8.863 0 

 

1.      Automation has reduced the need for 

manual labor in our processes. 0.325 0.085 0.121 3.823 

0.00

5 

 

2.      The adoption of new technologies 

requires employees to reskill or upskill. 0.996 0.152 0.016 6.552 

0.00

1 

 

3.      I feel my job responsibilities have 

changed significantly due to automation. 0.8859 0.142 0.097 6.232 

0.00

3 

a. Dependent Variable: Years of Experience in Pharma Industry: 

 

The regression coefficients indicate that all three independent variables have a statistically significant positive 

relationship with the dependent variable, which is the years of experience in the pharmaceutical industry. The constant 

value of 1.952 suggests that when all other variables are held at zero, the baseline expected years of experience is 

approximately 1.95 years. The statement “Automation has reduced the need for manual labor” has a coefficient (B = 

0.325) with a significant p-value (0.005), indicating that employees who agree more with this statement tend to have 

more years of experience. Similarly, the perception that “The adoption of new technologies requires employees to reskill 

or upskill” shows a strong positive coefficient (B = 0.996) and is highly significant (p = 0.001), suggesting that 

experienced employees are more likely to recognize the need for reskilling due to technological changes. Lastly, the 

statement “I feel my job responsibilities have changed significantly due to automation” also has a significant and positive 

coefficient (B = 0.8859, p = 0.003), indicating that those with greater experience are more likely to report changes in 

job roles caused by automation. Overall, the results suggest that perceptions of automation’s impact are positively 
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associated with years of experience, and that more experienced employees are more aware of or affected by technological 

changes in the industry. 

Based on the regression analysis and statistical results presented, the null hypothesis (H₀) — which states that automation 

and technology have no significant impact on existing manpower, and management practices in the pharmaceutical 

supply chain — is rejected. Although the overall model shows a low R Square (0.006), indicating weak explanatory 

power, the individual predictors (i.e., reduction of manual labor, reskilling/upskilling needs, and job responsibility 

changes) all have statistically significant p-values (p < 0.005) in the coefficients table. This means that respondents’ 

perceptions of automation’s impact are significantly associated with their years of experience in the pharmaceutical 

industry. Specifically, more experienced employees tend to report greater awareness of automation-driven changes. 

Therefore, the alternative hypothesis (H₁) — that automation and technology have a significant impact on manpower. 

V.CONCLUSION  

The role of advanced technologies in optimizing supply chain management within the pharmaceutical industry is both 

transformative and indispensable. As the industry faces growing demands for efficiency, accuracy, and responsiveness, 

the integration of automation, data analytics, artificial intelligence, and digital platforms has significantly enhanced 

performance across the supply chain. These technologies enable real-time visibility, streamline inventory management, 

reduce manual errors, and improve coordination among stakeholders. Moreover, they support regulatory compliance, 

enhance traceability, and contribute to cost reduction—factors crucial in a highly regulated and time-sensitive sector like 

pharmaceuticals. The findings of this study indicate that the adoption of such technologies not only impacts 

manufacturing processes and logistics but also drives shifts in workforce roles, requiring reskilling and strategic 

management adaptation. Overall, the use of advanced technologies emerges as a critical enabler of resilience, agility, 

and competitiveness in the pharmaceutical supply chain landscape. 

5.1 Future Scope 

Looking ahead, there is significant potential for further integration of emerging technologies such as blockchain, Internet 

of Things (IoT), and machine learning to enhance transparency, predictive analytics, and decision-making in 

pharmaceutical supply chains. Future research can explore the long-term impacts of digital transformation on 

sustainability, global distribution efficiency, and patient-centric delivery models. Additionally, examining the human 

resource implications—such as evolving skill requirements and organizational change strategies—will be essential. 

These advancements will pave the way for smarter, more adaptive, and resilient supply chain systems in the 

pharmaceutical industry. 
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