World Journal of Advanced Engineering Technology and Sciences W,

World Journal of

eISSN: 2582-8266 En;i‘;ae':::‘;
Cross Ref DOI: 10.30574/wjaets Tecolosy,
4 and Sciences
WJAETS Journal homepage: https://wjaets.com/
(REVIEW ARTICLE) W) Check for updates

Transforming pharmaceutical manufacturing: Enhancing employee well-being
through Manufacturing Execution Systems (MES)

Sarita Santosh Dhage *

University of Pune, India.

World Journal of Advanced Engineering Technology and Sciences, 2025, 15(01), 2240-2246
Publication history: Received on 14 March 2025; revised on 20 April 2025; accepted on 22 April 2025

Article DOI: https://doi.org/10.30574 /wjaets.2025.15.1.0423

Abstract

Manufacturing Execution Systems (MES) have fundamentally transformed pharmaceutical manufacturing
environments by addressing critical operational challenges and enhancing employee well-being. This article delves into
the profound impact of digital technologies on workplace dynamics, illustrating how MES implementation eliminates
traditional documentation burdens, reduces workplace stress, and creates more engaging professional experiences. By
integrating advanced technological capabilities with human-centered strategies, pharmaceutical organizations can
revolutionize manufacturing processes, improve regulatory compliance, and cultivate a more satisfied, empowered
workforce.
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1. Introduction

The pharmaceutical industry has undergone a significant transformation through the adoption of Manufacturing
Execution Systems (MES), creating unprecedented opportunities to enhance both operational excellence and employee
work experience. As MES technology becomes central to pharmaceutical manufacturing, organizations are experiencing
substantial performance improvements while simultaneously addressing long-standing challenges that previously
created workplace stress and inefficiency. Recent industry analysis indicates that pharmaceutical manufacturers
implementing digital technologies such as MES have experienced a 35% increase in manufacturing efficiency and a 25%
reduction in quality deviations, demonstrating the substantial operational benefits these systems provide [1].

The integration of MES into pharmaceutical manufacturing environments has fundamentally transformed traditional
workflows, with 73% of surveyed facilities reporting significant changes to established processes following
implementation. This transformation has led to measurable improvements in compliance metrics, with automated data
capture reducing documentation errors by approximately 65% and decreasing batch review times by 30-40%
compared to paper-based systems. These advancements have liberated employees from burdensome administrative
tasks, allowing them to focus on more meaningful and value-adding activities [1].

Prior to MES implementation, pharmaceutical workers faced considerable challenges, including excessive
documentation requirements, limited operational visibility, and complex compliance burdens. Manufacturing personnel
typically spent 30-40% of their workday on manual documentation tasks, while quality assurance staff devoted over
60% of their time to paper record reviews. These inefficiencies not only impacted productivity but also contributed to
workplace dissatisfaction and stress. The transition to MES-based operations has dramatically improved these
conditions, with studies showing that 75% of manufacturing personnel report higher job satisfaction following
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implementation, primarily citing reduced administrative burden, improved information access, and more engaging
work activities [2].

The profound impact of MES extends beyond operational metrics to measurable improvements in employee well-being.
The automation of routine tasks has enabled employees to engage in more rewarding aspects of their roles, with
manufacturing operators reporting approximately 40% more time available for process improvement activities and
skills development. Enhanced system visibility and streamlined compliance functions have reduced workplace stress,
with 65% of employees reporting lower stress levels related to operational uncertainties after MES implementation [2].

This article examines how MES implementation has revolutionized pharmaceutical manufacturing by addressing pre-
existing operational challenges while enhancing the employee work experience. By exploring the transformation from
paper-based, labor-intensive processes to streamlined digital workflows, we provide a comprehensive framework for
understanding the dual benefits of MES technology. The following sections detail how MES has eliminated historical
pain points in pharmaceutical manufacturing while creating more engaging, less stressful, and more rewarding work
environments for personnel across all organizational levels.

2. Pre-MES Challenges in Pharmaceutical Manufacturing

2.1. Documentation and Paper-Based Process Burdens

Prior to MES implementation, pharmaceutical manufacturing relied heavily on paper-based documentation systems
that created substantial operational inefficiencies and employee frustration. Operators typically spent 30-40% of their
workday manually recording process data, batch information, and quality parameters across numerous paper forms
and logbooks [3]. This documentation burden not only reduced productive manufacturing time but also created
significant stress as employees struggled to maintain compliance while managing production responsibilities. Quality
assurance personnel often devoted more than 60% of their time to manual review of paper records, searching for errors,
missing information, or compliance issues across thousands of pages for each batch release [3]. This overwhelming
documentation workload created processing bottlenecks, delayed batch releases, and contributed to workplace
dissatisfaction.

The paper-based documentation system also presented significant challenges for data accessibility and knowledge
management. Historical manufacturing data was typically stored in physical archives, making trend analysis and
process optimization exceedingly difficult and time-consuming. When process deviations occurred, engineers and
quality personnel would often spend days manually retrieving relevant historical records from storage facilities, with
complex investigations requiring review of documentation spanning multiple batches and potentially years of
production history [3]. Additionally, the physical nature of these records created vulnerability to damage, loss, or
deterioration, with approximately 15% of facilities reporting critical document loss incidents annually. Knowledge
transfer between shifts and departments suffered significantly under these conditions, with handwritten notes and
verbal communications serving as primary information exchange methods, leading to approximately 25% of batch-
related issues being attributed to miscommunication or information gaps between operational teams [3].

2.2. Limited Real-Time Visibility and Decision Support

Before MES, pharmaceutical operations lacked comprehensive real-time visibility into manufacturing processes,
creating substantial challenges for employees across all operational roles. Manufacturing supervisors reported
spending approximately 25% of their day simply gathering information about production status, equipment conditions,
and resource availability from disparate sources [3]. This information-gathering burden significantly reduced time
available for value-added activities such as process improvement, team development, and strategic planning.
Production operators often worked with limited process visibility, receiving delayed information about process
parameters or quality issues that hampered their ability to make timely interventions. This reactive approach to
manufacturing created stressful work conditions where personnel frequently needed to address problems after they
had escalated rather than preventing them proactively.

The lack of integrated manufacturing information systems further complicated resource planning and scheduling
activities, with production management teams reporting that approximately 40% of scheduling decisions were made
with incomplete or outdated information [3]. This visibility limitation extended to equipment performance monitoring,
where maintenance needs were often identified reactively after failures occurred rather than through predictive
approaches. Equipment downtime averaged 15-20% higher in paper-based environments compared to facilities with
integrated monitoring systems. Material management similarly suffered from visibility constraints, with inventory
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discrepancies occurring at a rate approximately 35% higher than in facilities with real-time tracking capabilities.
Perhaps most critically, the disconnected nature of pharmaceutical manufacturing information created significant
challenges for product quality assurance, with an estimated 65% of quality issues being detected during final product
testing rather than earlier in the manufacturing process when interventions would be less costly and disruptive to
operations [3].

2.3. Compliance and Regulatory Documentation Strain

The highly regulated nature of pharmaceutical manufacturing created exceptional compliance burdens in pre-MES
environments. Regulatory professionals reported spending approximately 70% of their time managing documentation
for compliance activities rather than focusing on strategic regulatory improvements [4]. Quality investigations for
deviations typically required 30-45 days to complete due to the challenges of gathering, analyzing, and documenting
information from diverse paper-based sources [4]. These extended timelines created substantial workplace stress as
personnel worked under the pressure of regulatory timelines while struggling with insufficient information systems.
The risk of compliance gaps or documentation errors remained a constant source of workplace anxiety, with employees
often performing duplicate reviews and checks to manage these concerns, creating inefficient workflows and additional
workload.

The manual nature of compliance documentation also introduced significant challenges during regulatory inspections
and audits. Pharmaceutical facilities reported dedicating an average of 250-300 personnel hours to preparing for each
major regulatory inspection, primarily spent organizing and verifying documentation accuracy and completeness [4].
During inspections, information requests from regulators often triggered frantic searches through paper archives, with
typical response times averaging 4-8 hours for document retrieval compared to minutes in electronically-enabled
environments. This reactive documentation scramble created additional stress during already high-pressure inspection
periods. The absence of automated compliance checks in pre-MES environments also resulted in higher rates of
regulatory observations, with approximately 40% of regulatory findings relating to documentation inconsistencies,
missing signatures, or procedural documentation gaps [4]. Additionally, implementing post-approval manufacturing
changes presented extraordinary documentation challenges, with change control processes averaging 90-120 days in
paper-based systems due to the extensive documentation reviews and approvals required. These prolonged timelines
significantly hampered operational agility and continuous improvement efforts, as even minor process enhancements
required extensive compliance documentation that delayed implementation and discouraged innovation initiatives [4].

Time and Resource Waste in Paper-Based Pharmaceutical Operations

40%

Regulatory Findings Related to Documentation Issues

Quality Issues Detected Only During Final Testing 65%

Scheduling Decisions Made with Incomplete Information _ 40%
QA Personnel Time Spent on Paper Record Reviews _ 60%
Operator Time Spent on Manual Documentation _ 35%
0% 10% 20% 30% 40% 50% 60% 70%

Figure 1 Key Operational Inefficiencies in Pre-MES Pharmaceutical Manufacturing [3,4]

3. Transformative Benefits of MES Implementation

3.1. Liberation from Documentation Burden

The implementation of MES has dramatically reduced the documentation burden on pharmaceutical manufacturing
personnel, creating more meaningful and engaging work experiences. Automated data capture through MES has
reduced manual recording activities by 75-85%, allowing operators to redirect approximately 25-30% of their workday
from documentation to value-added activities including process optimization, skills development, and quality
improvement initiatives [3]. This shift has transformed the daily experience of manufacturing personnel, moving them
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from clerical documentation roles to knowledge workers focused on manufacturing excellence. Quality assurance
personnel have experienced even greater benefits, with batch review times decreasing by 60-75% through electronic
review capabilities, automated compliance checks, and exception-based review processes [3]. This efficiency gain has
fundamentally changed the quality assurance function from documentation verification to strategic quality oversight,
creating more rewarding career opportunities and reduced workplace stress.

3.2. Enhanced Visibility and Empowered Decision-Making

MES implementation has provided unprecedented visibility into manufacturing operations, empowering employees
with the information needed to make confident, data-driven decisions. Real-time dashboards and visualization tools
provide comprehensive operational awareness, reducing information gathering time by approximately 80% for
supervisory personnel [3]. This improved visibility enables manufacturing leaders to focus on proactive management,
mentoring team members, and driving continuous improvement rather than constantly searching for basic operational
information. Production operators now have immediate access to process parameters, specifications, and quality
information at their workstations, enabling them to identify and address potential issues before they impact product
quality. This proactive capability has transformed the operator role from reactive process monitoring to proactive
process optimization, creating greater job satisfaction and professional growth opportunities.

3.3. Streamlined Compliance and Reduced Regulatory Burden

MES has revolutionized the compliance aspect of pharmaceutical manufacturing, significantly reducing the regulatory
burden on employees. Automated compliance checks and built-in regulatory controls have reduced compliance-related
workload by approximately 65%, allowing regulatory personnel to focus on strategic activities rather than
documentation management [4]. Quality investigations that previously required 30-45 days can now be completed in
5-10 days through improved data access, automated root cause analysis tools, and streamlined documentation
processes [4]. This efficiency has transformed the quality function from a bottleneck to a value-adding business partner
in manufacturing operations. The enhanced compliance capabilities have substantially reduced workplace stress
related to regulatory concerns, with surveys indicating approximately 70% of employees report feeling more confident
and secure in their compliance activities when supported by MES technologies.

Table 1 Key Efficiency Gains from MES Implementation in Pharmaceutical Manufacturing [3,4]

Operational Area Improvement Percentage

Reduction in Manual Recording Activities 80% (avg of 75-85%)

Decrease in Batch Review Times 68% (avg of 60-75%)

Reduction in Information Gathering Time 80%

Reduction in Compliance-Related Workload | 65%

Decrease in Quality Investigation Timeline | 83% (from 37.5 to 7.5 days avg)

4. Human-Centered Benefits of MES Implementation

4.1. Enhanced Job Satisfaction and Reduced Workplace Stress

MES implementation has significantly improved job satisfaction and reduced workplace stress across multiple
pharmaceutical manufacturing roles. Surveys of manufacturing personnel indicate that approximately 75% report
higher job satisfaction after MES implementation, primarily citing reduced administrative burden, better information
access, and more meaningful work activities [7]. The automation of routine tasks has enabled employees to engage in
more rewarding aspects of their roles, with manufacturing operators reporting approximately 40% more time available
for process improvement activities and skills development. The improved information visibility and clarity of
performance expectations have reduced workplace stress, with approximately 65% of employees reporting lower
stress levels related to operational uncertainties following MES implementation [7]. These improvements in workplace
experience translate directly to operational benefits, with facilities reporting approximately 25% lower turnover rates
and 30% better retention of skilled personnel after successful MES deployment.
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4.2. SKills Development and Career Enhancement

The transition to MES-based manufacturing has created valuable opportunities for skills development and career
enhancement. Manufacturing personnel have developed new technical competencies in data analysis, system operation,
and digital manufacturing, with approximately 85% of operators reporting increased technical skills following MES
implementation [8]. These enhanced capabilities have created new career advancement opportunities, with many
organizations establishing advanced technical roles such as MES specialists, manufacturing data analysts, and digital
process experts. The shift from manual record-keeping to technology-enabled manufacturing has elevated the
perception of pharmaceutical manufacturing careers, helping to attract tech-savvy talent to the industry. Organizations
report approximately 30% improved recruitment success for manufacturing positions when emphasizing their digital
manufacturing capabilities, creating a positive cycle of talent acquisition and retention [8].

4.3. Improved Work-Life Balance Through Enhanced Efficiency

MES implementation has contributed significantly to improved work-life balance for pharmaceutical manufacturing
personnel. The enhanced efficiency of MES-driven operations has reduced the need for extended shifts and weekend
work by approximately 35-45% in most implementing organizations [7]. Batch release processes that previously
created unpredictable overtime requirements now follow more predictable timelines, enabling better personal
scheduling and reduced work-life conflicts. Remote access capabilities provided by modern MES platforms enable
certain oversight and review functions to be performed off-site when necessary, providing flexibility for key personnel
during critical manufacturing events. Surveys indicate that approximately 70% of managers and supervisors report
improved ability to balance work and personal responsibilities following MES implementation, contributing
significantly to overall job satisfaction and organizational commitment [7].

Employee Well-being Improvements Following MES Implementation
90% 85%
80% 75%
70%
70% 65%
60%
50%
40%
30%
20%
10%
0%
Employees Reporting Higher Employees Reporting Lower  Operators Reporting Increased Improved Work-Life Balance for
Job Satisfaction Stress Levels Technical Skills Managers

Figure 2 Human-Centered Benefits of MES in Pharmaceutical Manufacturing [7,8]

5. Measuring the Positive Impact of MES on Employee Experience

5.1. Key Performance Indicators for Employee Experience

Organizations have developed comprehensive metrics to evaluate the positive impact of MES on employee experience
in pharmaceutical manufacturing. Employee engagement scores provide a critical indicator, with organizations
reporting an average 25-30% improvement in engagement following successful MES implementation [9]. Voluntary
turnover metrics demonstrate the workforce stability benefits, with an average 25% reduction in voluntary departures
after MES systems mature. Training effectiveness measures show approximately 40% improvement in knowledge
retention and application when delivered through MES platforms compared to traditional methods [9]. Time allocation
analysis reveals fundamental changes in how employees spend their workday, with value-added activities increasing
from approximately 45% to 75% of available work time following MES implementation. These quantifiable measures
demonstrate the substantial improvements in employee experience that accompany well-executed MES deployments
in pharmaceutical manufacturing environments.

Leadership confidence metrics have emerged as another valuable indicator, with surveys showing an average 32%
increase in management confidence regarding compliance and data integrity following MES implementation [9]. This
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increased confidence translates directly to reduced micromanagement behaviors and greater employee autonomy,
creating more positive workplace dynamics. Additionally, innovation contribution measurements track the number and
quality of process improvement suggestions from frontline staff, with MES-enabled facilities reporting a 55% higher
submission rate and 38% higher implementation rate of employee-generated improvements compared to traditional
manufacturing environments. Career progression velocity has also emerged as a valuable employee experience metric,
with personnel in MES-enabled facilities advancing to higher-level positions approximately 15-20% faster than their
counterparts in non-MES operations due to their enhanced technical competencies and broader operational
understanding [9].

5.2. Continuous Improvement of the MES-Employee Experience

Forward-thinking pharmaceutical organizations have established structured approaches to continuously enhance the
positive impact of MES on employee experience. User experience (UX) improvement programs that regularly gather
employee feedback generate approximately 20-30 system enhancements annually that directly improve the operator
experience [10]. Cross-functional improvement teams, including representatives from operations, quality, IT, and
human resource,s have proven particularly effective, implementing approximately 35% more employee-centered
improvements than technology-focused teams alone [10]. Organizations that implement regular employee pulse
surveys specific to MES experience identify approximately 40% more improvement opportunities than those relying on
general engagement surveys. The most successful organizations maintain a dedicated budget for employee-suggested
MES enhancements, implementing at least 50% of viable suggestions annually to maintain engagement and
demonstrate commitment to the employee experience. These structured approaches ensure that MES systems
continuously evolve to better support employee needs and create increasingly positive work environments.

Gamification of MES interactions has emerged as an innovative approach to enhancing employee engagement, with
approximately 35% of leading pharmaceutical manufacturers incorporating achievement-based elements into their
MES interfaces [10]. These gamified elements typically include progress tracking, achievement recognition, and skill
development pathways that enhance the user experience while promoting system mastery. Organizations
implementing such approaches report approximately 28% higher voluntary system interaction rates and 22% greater
proactive use of advanced MES features. Another emerging best practice involves the establishment of MES user
communities that bring together personnel from different departments and sites to share experiences and solutions.
These communities facilitate peer-to-peer learning and support, with participating organizations reporting that
approximately 45% of system usage challenges are resolved through community knowledge sharing rather than formal
support channels, creating a more collaborative and empowered user base [10].

Table 2 Measurable Improvements in Employee Experience Following MES Implementation [9,10]

Metric Improvement Percentage
Increase in Employee Engagement 28% (avg of 25-30%)
Improvement in Knowledge Retention 40%

Increase in Value-Added Activities 67% (from 45% to 75%)
Increase in Management Confidence 32%

Employee-Generated Improvements Implementation | 38%

6. Conclusion

The pharmaceutical industry is navigating a transformative period where technological advancement and employee
well-being must be harmoniously integrated. Successful organizations recognize that human operators are essential
components of the manufacturing ecosystem, not merely technology users. This holistic perspective enables the
creation of manufacturing environments that simultaneously optimize technological capabilities and human potential.
By prioritizing digital transformation that values human experience, pharmaceutical companies can establish new
benchmarks for operational excellence, regulatory compliance, and workforce satisfaction.
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