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Abstract:

This study examines the awareness, implementation, and perceived barriers to adopting
continuous manufacturing processes (CMP) in the Palestinian pharmaceutical industry. Despite
the sector's growing significance for public health and economic development, most factories
continue to use traditional batch manufacturing methods, resulting in inefficiencies, quality
inconsistencies, and slow responsiveness. CMP has emerged as a promising alternative worldwide,
providing benefits such as cost reduction, improved product quality, and increased production
flexibility.

We conducted a cross-sectional survey involving six pharmaceutical companies, gathering data
through questionnaires and interviews. The questionnaire, developed by Dr. Mohammad Abu
Assab, served as our primary research tool. A total of 80 participants from these companies
responded. The results indicated a high level of awareness with overall mean score of (3.68),
equivalent to (73.6%), a moderate of implementation, with overall mean score (3.46), equivalent
to (69.3%) and moderate perceived barriers with overall mean score (3.33) equivalent to (66.7%).
The main challenges identified included limited financial resources, lack of regulatory
understanding, and insufficient workforce training. Additionally, statistical analysis showed that
certain demographic influenced awareness and implementation levels factors (such as company
category, educational qualifications, specialization, job title, total work experience, and type of
production line).

We recommend enhancing infrastructure, improving the regulatory framework, and providing
specialized training programs to support the transition to continuous manufacturing. These steps

will strengthen the competitiveness and sustainability of the pharmaceutical sector in Palestine.

Keywords: Continuous Manufacturing Processes (CMP), Pharmaceutical Industry, Palestine,
Awareness, Implementation, Barriers, Process Optimization.



Table of Contents:

DECLARATION. ...ttt ettt ettt st st sttt saa e e bt e s an e snee s aaeeneesaneeneesaneenn I
ACKNOWLEDGEMENTS. ...cuttttteuteeitestteteeitesteesesetesseestesseesseaasesseesseensesseenseansesseenseensesseensesnsesneensens 1
ABSTRACT: ..ttt ettt et s et s e et e s e et e st a e s e b e s e a e s e 11
TABLE OF CONTENTS! ...ttt ettt ste et ettt ettt eae st sat et eanesaeeae e e sbe e bt eanesaeebeenne e v
LIST OF TABLES. ...ttt ettt s VII
LIST OF FIGURES. ....tiutitietieeitetteieette st etestestteteestesseeseesaesseesseensesseenseessessaenseensessaenseensesssensennsas X
LIST OF ABBREVIATIONS. ....ccutiiuteitieteeeteteetesstenseesesseesseansesssenseessesssesseessesssessesnsesssessesnsesseessessenns X
CHAPTER ONE: INTRODUCTION. c.cccotvvuriecsssrnricssssssessssssssssssssssasssssssssssssssssssssssssssssssssssssssssss 1
1.1 BACKGROUND. ....cutiiitiiteettenite et et et ettt et e st et e sane e b e saseeseesene e st e seneeateesaneenreesaneenneenaneenne 1
1.1.1 Global Pharmaceutical INAUSLIY: .........coiiiiiiiiiiiiiiiieeece e 1
1.1.2 The Pharmaceutical Industry in PaleStine: ...........ccooueeiiiniieiinniieiieeie e 1
1.1.3 Challenges in Manufacturing Due to COVID-19: .......cociiiiiiiiiniiiinieneeeeceeeeee 2
1.1.4 Limitations of Innovation in the Pharmaceutical Industry: .........c.ccoocieiiniiininiiann 3
1.1.5 Transitioning to Continuous Manufacturing: ...........ccecceerieeiieniiiinienieee e 3
1.1.6 Major Challenges in Implementing Continuous Manufacturing: ...........ccccceeeevuervenennnens 3
1.1.7 Pharmaceutical Manufacturing Process and Unit Operations: ..........cccceceeveverneeneenneenne. 3
1.1.8 The Importance of Accurate Measurement in Drug Production: .............cccoeeveeveeneennnnnn. 3
1.1.9 The Integrated Role of Automation in Preventing Drug Defects and Minimizing Recall-
REIAtEA LLOSSES: .ttt ettt ettt et ettt s b et et e s st e bt et e beebe e e 3
1.1.10 Challenges in 21st Century Pharmaceutical Manufacturing: ............cccccceeeevveneeeveennnns 4
1.1.11 Manufacturing Processes and Industry Trends: Batch versus Continuous: .................... 5
1.1.12 Batch Manufacturing ProCess: ........ceecieriieiiienieeiieiie ettt ettt 5
1.1.13 Continuous Manufacturing PrOCESS: .........ceeviiriiieriiieiieiieeie e sre e 6
1.1.14 Regulatory Frameworks and the Adoption of Continuous Manufacturing in the
IAUSEIY ettt ettt e e et e e e e st e eateeeabeesbeeesbeensaeeabeenbeeesbeesaeeabeenseeenaeentaas 8
1.1.15 Scientific Motivation and Technological Advancements in Continuous Manufacturing:
................................................................................................................................................. 10
1.2 PROBLEM STATEMENT. ...ccuttiiteiierttenitesteesieeeteesieesreesieeseneesieesneesieeesneesseesneesaneesneesaneeneens 11
1.3 AIM OF THE STUDY. ..tetttettetterteenttesteesteesteesieesreesieeseneesaeesaneessnessneesseesaneessaeenneenanesneenuneenne 12
1. 4 OBJECTIVES OF THE STUDY. ..eecuttitterttertteniieeteenieesneesteesneesseeseneesneessneesseesaneesseessnesnseessneenne 12
1.5 RESEARCH QUESTIONS AND HYPOTHESES. .....cvttiiiiiiieeesiiieeeeiiieeeesireeeeessneeeesssnseeessssseesenns 12
1.6 SIGNIFICANCE OF THE STUDY. ..eeruttetteniteeteenieeeteenieesneesieesreeseesenesseesaneeseesaneeneesanesnneessnes 14
1.7 SCOPE AND LIMITATIONS. ...ccuttitteniteiieenteettesteeteesireeteesieeeneesineeneeseeesneesaneenneeseneeseenaneens 14
CHAPTER TWO: LITERATURE REVIEW. ....cccouiiiiiinnniicnssssiicssssssssssssssssssssssssssssssass 16
2.1 LIMITATIONS OF CONVENTIONAL MANUFACTURING SYSTEMS. ...ccetiniirieeiienieeieenreeneenenes 16
2.3: CHALLENGES TO IMPLEMENTING CM. ..ccuiiiiiiiiiiiiiiiiececeee et 19
2.4: From Theory to Practice: Implementing Continuous Manufacturing in the Real World.....20
2.5: CASE STUDIES OF SUCCESSFUL IMPLEMENTATION........cccociiiniiiiiniieiieienieenieere s ene s 21
CHAPTER THREE: METHOD AND PROCEDURES. .....cccccceervuiisssnrcssnrcsssersssssssssssssssasssnns 25



3.1 STUDY APPROACH. ...ttt e e e et e e e e e e e e e e e e e e e e ae e e e e e e e eraaeeeenaaeeeenanaaens 25

3.2 STUDY POPULATION. ...ttt e e e e e e e e et e e e e e ee e e e e e e e e e raaeeeeaaaeeeenenans 25
3.3 THE STUDY SAMPLE. ...ttt e e e e e e et ae e e e e e e e ee e e e e eaaeeeeeeaeeeaenaeeeeanaeeenanns 26
3.4 STUDY DESIGN. ..ttt ettt e e e et e e e e et ee e e e e ee e e e e ae e e e e e e e e e e e e eaenaaeeenanaaeeeranaaeeenanns 26
3.5 STUDY TOOL. e et e et e e e et e e e e et e e e e et e e e e e eaaeeeeeaaeeeeeaaaeeennnn 26
3.6 STUDY PROCEDURES AND DATA COLLECTION. ....ettueeeeteee e et e e e eeeeeeeeeeeeeeeeeeaeeeeeenaeeeeeanans 27
3.7 ETHICAL CONSIDERATIONS. .. eetueteeteeeeeeeee e e eeeeeeeeeeaeeeeeeaeseeaenaeseeeenaeeeeenaaeeenenaeeeranaaeeennnns 27
3.8 DATA ANALYSIS AND INTERPRETATION. ....cetuueeeetueeeeeeeeeeeeeeeeeeeeeaeeeeeeaeeeeenaeeeeeeaeseennaeaeees 27
3.0 VA LIDITY - ettt et e e e e e e e et e e e e e e e e e e e e e e e eee e e e e eae e e e e eae e e e ee e aeeeeanaeeeraaaaaaas 28
3. L0 RELIABILITY . tetttuuuieeeeeeeeteeeeeeeeeeeeeeteeea e aeeeeeeeetaeeaaaaeseeeseeanannaaaseeeseeannnnaaasseseseanannaaaseeeeeees 30
3.11 DESCRIPTION OF SAMPLE MEMBER VARIABLES......coovteeeeeeeeeeeeeeee e, 31
3.12 FIGURES ILLUSTRATING THE DISTRIBUTION OF THE SAMPLE VARIABLES. .....ccevvvuueeeeeeeeenns 32
3.13 STATISTICAL ANALYSES. «euuetettttttueeeeeeeeeeteeeeeeeeeeeeeeeaeennaaeeseeseeraennaasseesssreennnaaasssesesensennns 34
CHAPTER FOUR : RESULTS: cooeeeetteeceereereereeseessessscssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssss 36
4.1 INTRODUCTION. «.etttttuueeeeeeeeeete e eeeeeeeeeteaeaaeeseeeeetaanaaaaseeeeeraaannnaasseeeseeannnnaassseeseennannaaaseeeeeees 36
4.2 DESCRIPTIVE ANALYSIS OF THE STUDY RESPONSES. «eetuueeeetttttteeteeeeeeeeeeeeaeeeeeeeeeeeeeeenneeeeseens 36
4.3 STUDY QUESTION RESULTS. ...ciiittiiiiiiiiieeeciiee e e ettt e e ettt e e e eetaeeeeeiaaeeeeeaaaeeeesnasaeeeennsseeeeannaeeeas 36
4.3.1 Results for the First QUESHION: .........covuiiiiiiiiciee ettt et e e e e ereeeeaveeeeareeens 37
4.3.2 Results for the Second QUESHION: .........ccoiuiiiiiiiiieiie ettt evee e s 39
4.3.3 Results for the Third QUESHION: .........eeeiuiiiiiiieciie ettt e 42
4.3.4 Results for the Fourth Research QUEStion: ............ccoouiiieiiiiiiieeciieeciee e 44
4.3.5 Results for the Fifth QUEStION: ........cccviiiiiiiiiii e e 45
CHAPTER FIVE: DISCUSSION. c.ceeeeetteueeceeeeeereesssseessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 68
5.1 INTRODUCTION. ... eetueeeette e e et e e e eee e e e e e e e e e e e e e e e aeeeee e e eeeeaeeeeeeaereeennaeseennaeeernnaaaaes 68

5.2 DISCUSSION OF RESEARCH QUESTION ONE: AWARENESS OF CMP. Q1: WHAT IS THE LEVEL
OF AWARENESS REGARDING CONTINUOUS MANUFACTURING PROCESSES (CMP) AMONG

PHARMACEUTICAL COMPANIES IN PALESTINE?. ...cooiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 68
5.3 DISCUSSION OF RESEARCH QUESTION TWO: IMPLEMENTATION OF CMP. .......cccccccooennnnnee. 69
5.4 DISCUSSION OF RESEARCH QUESTION THREE: BARRIERS TO CMP. .......ovvvviiiiiiiiiiiieenen, 70
5.7 INTEGRATED ANALYSIS: LINKING ALL RESEARCH QUESTIONS. ....eeeeririreeerirreeeeenreeeennneeens 76
5.8 CONCLUSION. ..ottt 77
8.9 RECOMMENDATIONS. ...uvvvriiieeeiieiutrreeeeeeeeeeisturrreeseeeeeessssseeeseseessenssseseesssessmmnsisssesssessesonsrsneens 77
5.10 STUDY OUTCOMES. ...cooiiiiiiiiutiieeeieeeeeeeiiitaereeeeseeeesasssssssssessessmsisssssesssssssmmmsssssssssessessmssssssssees 77

S L LAIMIEALIONS . « o eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaee e e e e e eee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 18

REFERENCES. .....ciiuttiittitte sttt et s e ettt ettt et e st st e sae e et e sae e st e e sat e et e saneeaneesaneenneenaneeaneens 79
APPENDIX. .ttt ettt ettt ettt ettt et ettt et sttt et et a et ea e a et et sb et et sbe e bt e aeenne e 86
Appendix A: QUESTIONNAITE. .....cccvieeriieeiieeeiieeeeteeeetteeeeteeeesteeesreeesseeesseeesssesessseeessseeessseeenns 87
Appendix B: Official Letter for Coordinating Company Visits. ........cccceecueereerieeneenieenieennne. 91
Appendix C: Frequency Tables for Demographic Variables. ..........ccccooeiiniiiiiiniiininniceene 92
Appendix D: Frequency Distribution for Responses to Survey...............o.oooiiiiin. 93



vi



List of Tables.

Table No.
3.1

3.2

33

3.4

3.5
4.1

4.2

43
4.4

4.5
4.6

4.7

4.8

4.9
4.10

4.11
4.12

4.13

Title

The distribution of the study sample across six Palestinian
pharmaceutical companies.

Pearson Correlation results for the level of Awareness to (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

Pearson Correlation results for the level of Implementation to (CMP)
Among Pharmaceutical Manufacturing Companies in Palestine.

Pearson Correlation results for the level of Barriers to (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

Cronbach's Alpha Values Indicating the Reliability of the Study Tool.

Means and Standard Deviations of Awareness Levels (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

Means and standard deviations for the level of Implementation to (CMP)
Among Pharmaceutical Manufacturing Companies in Palestine.

Means and standard deviations for the Management and Employees field.

Means and standard deviations for Facility, Equipment, Devices, and
Materials field.

Means and standard deviations for the Supply Chains field.

Means and standard deviations for the level of Barriers (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

Results of the Mann-Whitney Test for Two Independent Samples on
Awareness of CMP Among Pharmaceutical Manufacturing Companies in
Palestine, Based on Qualification.

Results of the Kruskal-Wallis Test for More Than Two Independent
Samples on the Level of Awareness of (CMP) Among Pharmaceutical

Manufacturing Companies in Palestine Based on the Specialization
Variable.

Mean Ranks of Study Sample Responses by Specialization Variable.

Results of the Kruskal-Wallis Test on Awareness of CMP Based on Job
Category.

Mean Ranks of Study Sample Responses by Job Category.

Results of the Kruskal-Wallis Test on Awareness of CMP Based on Years
of Experience.

Mean Ranks of Study Sample Responses by Years of Experience.

Vii

Page
26

29

29

39

40
41

42

45

46

47
48

49
50

51



Table No.
4.14

4.15
4.16

4.17

4.18
4.19

4.20
4.21

4.22

4.23

4.24-a
4.24-b

Title

Results of the Kruskal-Wallis Test on Awareness of CMP Based on
Company.

Mean Ranks of Study Sample Responses Based on Company Variable.

Results of the Mann-Whitney Test on the Level of Implementation of
CMP Based on Qualification.

Results of the Kruskal-Wallis Test on Implementation of CMP Based on
Specialization.

Mean Ranks of Study Sample Responses by Specialization.

Results of the Kruskal-Wallis Test on Implementation of CMP Based on
Job Category.

Mean Rank Comparison for Implementation Levels by Job Category.

Results of the Kruskal-Wallis Test on Implementation of CMP Based on
Years of Experience.

Mean Rank Results of Respondents’ Answers Based on Years of
Experience.

Results of the Kruskal-Wallis Test on Implementation of CMP Based on
Company Type.

Mean Rank Results of Study Sample Responses by Company Category.
Mean Rank Results of Study Sample Responses by Company Category.

viii

Page
52

53
55

57

58
60

61
62

63

65



List of Figures.

Figure
No

1.1

3.1
3.2
3.3
3.4

3.5
3.6
4.1
42
43
4.4
45
4.6

4.7
4.8

4.9

4.10

Description

Flow diagram showing the procedures and operating times for continuous
and batch manufacturing.

Respondent Distribution by Qualification
Respondent Distribution by Specialization
Respondent Distribution by Job Category.

Respondent Distribution by Years of Experience in the Pharmaceutical
Industry sector.

Respondent Distribution by Company.

Respondent Distribution by Type of Production Line.

Mean Rank of Awareness Levels by Qualification (Bachelor vs. Master).
Mean Rank Comparison of Awareness Levels by Specialization Groups.
Mean Rank Comparison of Awareness Levels by Job Category.
Distribution of Awareness Levels Across Different Experience Groups.
Mean Rank Comparison of Awareness Levels by Company Category.

Comparison of CMP Implementation Levels Based on Qualification
Variables.

Comparison of Mean Ranks for Implementation Levels of Continuous.

Mean Rank Comparison of Continuous Manufacturing Process (CMP)
Implementation Levels by Job Category

Distribution of Mean Ranks for Implementation Levels by Years of
Experience in the Pharmaceutical Industry

Distribution of Mean Ranks for CMP Implementation Levels by Company
Category.

Page

32
32
33
33

33
34
46
48
50
52
54
56

59
62

64

67



List of Abbreviations.

Abbreviation Meaning

CMP: Continuous Manufacturing Processes.
FDA: Food and Drug Administration.

QbD: Quality by Design.

QbT: Quality by Testing.

PAT: Process Analytical Technology.

CM: Continuous Manufacturing.

GMP: Good Manufacturing Practices.

SPSS: Statistical Package for the Social Sciences.
R&D: Research and Development.

QC: Quality Control.

QA: Quality Assurance.

EMA: European Medicines Agency.

ICH: International Council for Harmonization.
APIs: Active pharmaceutical ingredients
CQAs: Critical quality attributes

CMAs: Critical material attributes.

CPPs: Critical process parameters

ACS: American Chemical Society

GCI: Green Chemistry Institute

AAPS: American Association of Pharmaceutical Scientists
NDAs: New drug applications

NPV: Net present value

CPV: Continued Process Verification



Chapter One:

Introduction.

1.1 Background.

1.1.1 Global Pharmaceutical Industry:

The pharmaceutical industry, one of the largest global business sectors, aims to create high-
performance dosage forms that enhance physical and mental well-being or assist in treating,
curing, preventing, or diagnosing diseases (Select USA, 2014). A dosage form is a pharmaceutical
product composed of active and inactive chemical components, prepared in a specific shape and
concentration to deliver the prescribed medical dose to the user (Allen et al., 2014; Kanetkar,
2020; Shah, 2011; Tovey, 2018). Among the various dosage forms, solid dosage forms,
particularly pharmaceutical tablets are the most widely used and in high demand globally (Allen
et al., 2014). Despite the high demand for such dosage forms, the manufacturing process within
the pharmaceutical industry has several shortcomings (Ahmad,2020; Kanetkar, 2020; Phys.org,
2019).

1.1.2 The Pharmaceutical Industry in Palestine:

At the national level, the situation is equally significant. In Palestine, the pharmaceutical sector is
one of the most vital industries, playing a crucial role in supplying essential medications to local
markets. This sector enhances national health security by decreasing reliance on imported
pharmaceutical products and contributes to the Palestinian economy through job creation, local
investment, and support for export activities. Local industry reports indicate that the sector meets
approximately 55% of the local market pharmaceutical needs and employs a highly skilled and
educated workforce, achieving an estimated efficiency rate of around 50% (Abu Rjeila, 2019).

The pharmaceutical industry in Palestine encounters numerous challenges, such as distribution
difficulties, restrictions on importing raw materials and production equipment, and obstacles in
meeting international standards and ensuring product quality. According to the report (The
Pharmaceutical Landscape in Occupied Palestine) by Candice Choo-Kang (2023), these issues


http://significant.in

hinder the sector competitiveness on a global scale, especially amid fluctuating economic
conditions (People's Dispatch, 2023).

1.1.3 Challenges in Manufacturing Due to COVID-19:

The pharmaceutical sector has faced ongoing structural challenges and has been tested by
unexpected global crises. While the COVID-19 pandemic accelerated advancements in vaccine
development and medical innovation, it also severely negatively impacted the pharmaceutical
industry. It disrupted global supply chains, clinical trials, and manufacturing processes, exposing
critical weaknesses in traditional batch manufacturing systems. These challenges underscored the
pressing need for more agile, efficient, and reliable production methods to maintain a continuous
supply of medicines during health crises, both locally and globally (Chaudhary, 2021).

In Palestine, the pharmaceutical industry faced significant challenges due to the COVID-19
pandemic. A joint report from the Ministry of National Economy and the Palestinian Central
Bureau of Statistics (2020) indicated that approximately 63% of industrial businesses faced
difficulties in sourcing raw materials, while around 89% experienced financial difficulties. This
situation resulted in a decline in the financial resources needed to operate these establishments.
These statistics highlight the weaknesses in the current manufacturing systems, particularly in
pharmaceutical production, when faced with such unexpected crises (Ministry of National
Economy (MONE) & Palestinian Central Bureau of Statistics (PCBS) ,2020).

This situation emphasized the urgent need for more flexible and resilient pharmaceutical
manufacturing systems. As a result, the pandemic increased pressure on local pharmaceutical
manufacturers, driving them to seek modern solutions that enhance the capacity of the industry to
manage future disruptions. Consequently, understanding the components of pharmaceutical drugs
and the manufacturing processes is essential for helping manufacturers control costs, gain a
competitive advantage, and improve product availability for consumers (MONE & PCBS, 2020).

1.1.4 Limitations of Innovation in the Pharmaceutical Industry:

The success of the pharmaceutical industry can be attributed to its innovative formulations.
However, this innovation is largely limited to formulation development, with little advancement
in modernizing manufacturing processes (Ahmad, 2020). This limited focus poses a significant
challenge for the industry, as it continues to prioritize the discovery of new drugs while depending
on traditional production techniques, unlike other chemical industries that have adopted
technological advancements (Chatterjee, 2012; Lee, 2017).

In the FDA AAPS Annual meeting, the Acting Commissioner of Food and Drugs, Dr. Janet
Woodcock, claims, “Right now, manufacturing experts from the 1950s would easily recognize the
pharmaceutical manufacturing processes of today. It is predicted that manufacturing will change
in the next 25 years as current manufacturing practices are abandoned in favor of cleaner, flexible,
more efficient continuous manufacturing” (Chatterjee, 2012).

1.1.5 Transitioning to Continuous Manufacturing:

Despite the pharmaceutical industry primarily relying on outdated batch manufacturing
techniques, the shift towards continuous manufacturing represents a significant improvement in
production methods within the sector (Chatterjee,2012; Phys.org, 2019). Continuous production



not only offers substantial financial, operational, and customer benefits but also addresses many
of the existing challenges faced by the industry (Lee, 2017; Phys.org, 2019). Furthermore,
investors and incentives from the Food and Drug Administration are supporting the
pharmaceutical sector in thoroughly evaluating the advantages of this shift (Chatterjee, 2012;
Select USA, 2014).

1.1.6 Major Challenges in Implementing Continuous Manufacturing:

Shifting to continuous manufacturing presents challenges that require a deep understanding of the
manufacturing process and the key characteristics of the materials involved (Lee, 2017; Massey,
2019). It is crucial to consider the various operational characteristics and variables that can
influence the final output of this manufacturing approach. With the right information and
resources, the industry can effectively transition to optimizing all forms of pharmaceutical drugs,
(Lee, 2019; Massey, 2019).

1.1.7 Pharmaceutical Manufacturing Process and Unit Operations:

Once the overall framework for pharmaceutical manufacturing is established, the production
process can be broken down into several unit operations, including weighing, mixing, granulation,
compaction, coating, and packaging. The industrial-scale production of medications by
pharmaceutical companies is referred to as drug manufacturing. This method typically involves
integrating multiple unit operations in a controlled sequence to ensure product quality and
consistency (Thomas Publishing Company, 2021).

1.1.8 The Importance of Accurate Measurement in Drug Production:

Depending on the intended formulation and type of dosage form to be produced, operation lines
may be adjusted to include various unit operations in different sequences to optimize the
manufacturing process (Kane, 2017). Weighing, milling, and mixing are essential unit operations
that remain consistent across all drug production processes, regardless of the order and mode of
operation. However, other unit operations may vary. (Wilson Tool, 2021).

Accurately measuring and dispensing each ingredient per dose is one of the most important
procedures in any medication production process, regardless of the desired final result, this is the
initial step (Thomas, 2021; Wilson Tool, 2021). To guarantee appropriate pharmacological
characteristics, the weight of each chemical employed in this case needs to be carefully calculated
based on the intended dosage (Kane, 2017; Niazi, 2010; Thomas, 2021).

1.1.9 The Integrated Role of Automation in Preventing Drug Defects and Minimizing Recall-
Related Losses:

The manufacturers have switched from manual operation to automated operation with the
necessary mechanical components in order to prevent problems with weight accuracy and quality
control (Rogers et al., 2013).

Identifying potential drug defects and manufacturing issues that could result in financial losses or
health risks for consumers is crucial once the final product of the drug manufacturing process is
produced (Rana & Hari Kumar, 2013). Modern technology enables mechanized feeding,



electronic medication monitoring, and ongoing process improvements (Abdalla, 2021; Lee, 2019).
However, the U.S. government has observed a rise in drug recalls in recent years due to these
drug-related problems (Abdalla, 2021).

Significant revenue losses for the Food and Drug Administration (FDA) can reach billions of
dollars. A study by Catlin Crisis Management Group estimated that Tylenol manufacturers faced
a loss of $900 million due to medicine recalls, resulting in facility closures and job losses. (U.S.
Food and Drug Administration, 2021).

Understanding the potential issues that can lead to a medication recall and how to prevent them is
essential for avoiding significant losses. Major defects in medications can result from improper
formulation, which may cause functional failures, incorrect machine settings, or ineffective
granule moisture, all of which can lead to appearance issues. Various deficiencies, such as weight
fluctuations, double impressions, inadequate tensile strength, and others, can also compromise the
quality of a medication. It is clear that the manufacturing process presents challenges that
pharmaceutical companies must address promptly, necessitating innovation in current drug
production methods (Rana & Hari Kumar, 2013).

1.1.10 Challenges in 21st Century Pharmaceutical Manufacturing:

By the end of the 20th century, most major industrial sectors had adopted assembly-line and
continuous production technologies (Adamo et al., 2016). This shift was particularly noticeable in
the petrochemical, food, automotive, and electronics industries. In contrast, pharmaceutical
manufacturing primarily relies on conventional batch processes. Facilities are designed for large-
scale batch production of blockbuster medications using centralized manufacturing plants (Srai et
al., 2015). This approach divides the production process into distinct procedures that are clearly
separated in both time and space (Badman & Trout, 2015).

Synthesis, which involves the manufacturing of drug substances, and formulation, the
manufacturing of drug products, are the two primary components of drug production found in
various countries (Plumb, 2005). As a result, supply chains become significantly longer, with
materials potentially taking weeks to move between sites (Shah, 2004; Srai et al., 2015; Srai et al.,
2015).

Before transferring the material to the next unit, samples are taken from each batch created during
the manufacturing process and sent to a different laboratory for in-process control measurements
(Yu, 2008). The lengthy supply chains and complex production process of pharmaceutical
products, which can involve 10 to 20 steps, often result in a production time of 12 to 24 month(
Adamo et al., 2016; Shah, 2004; Srai et al., 2015).

Pharmaceuticals are manufactured in a campaign-like manner, where specific intermediates are
created in batches, and a predetermined quantity is collected before moving on to the next step
(Srai et al., 2015; Tezyk et al., 2016]. This manufacturing method necessitates that factories
maintain substantial storage capacity, significantly increasing production costs and, consequently,
the price of the final product (Shah, 2004; Srai et al., 2015). Furthermore, safety concerns are
intensified by the storage of large quantities of hazardous and potentially active pharmaceutical
intermediates (Mascia et al., 2013).



When developing batch technologies, scaling up presents a significant challenge. A process that
has been created and optimized in the lab can change dramatically when implemented at the pilot
or operational scale. However, ensuring an adequate supply for clinical trials takes precedence,
leaving little time for extensive re-optimization during drug development (Suresh & Basu, 2008).
Consequently, the initial operating procedure is often approved for industrial-scale use and
submitted for regulatory approval. Once the product is on the market, any changes aimed at
improving production efficiency must again navigate the costly and time-consuming approval
process (U.S. FDA, 2004).

The prevalent practice of quality assurance is perhaps the biggest disadvantage of the batch-based
structure in pharmaceutical manufacturing. Strict regulatory oversight aims to ensure consistent
quality, which is essential for pharmaceutical products (Plumb, 2005).

Samples from raw materials, intermediates at each phase, and final products are analyzed using
the Quality by Testing (QbT) technique, as outlined in references (Rantanen & Khinast, 2015; Su
et al., 2019). If any measured parameters exceed regulatory specifications, reprocessing or
destroying the entire batch can lead to significant delays and increased costs (Yu, 2008). Rather
than promoting a deeper understanding of the process and identifying the root causes of these
deviations, the tightly controlled process parameters are mainly intended to minimize fluctuations
(Plumb, 2005).

The pharmaceutical sector is currently sluggish and highly rigid due to its existing medication
production structure, which prevents it from responding quickly to changes in consumer demand
(Lee et al.,, 2015). The problems with the industry manufacturing strategy are significant
contributors to many reported medicine shortages, posing a potential public health risk (U.S.FDA,
2019; U.S.FDA,2018). Furthermore, the costs associated with new pharmaceutical research and
development have outpaced market growth, while recent trends in drug development show a
declining number of blockbuster products entering the market (Badman & Trout, 2015; DiMasi et
al., 2016; Mascia et al., 2013; Shah, 2004). To adapt to evolving market demands, lower costs,
and produce medications with greater consistency and quality, a more flexible, robust, and
efficient manufacturing system is increasingly necessary (Lee et al., 2015).

1.1.11 Manufacturing Processes and Industry Trends: Batch versus Continuous:

The pharmaceutical manufacturing sector has remained unchanged for the past 50 years,
continuing to rely on the traditional batch manufacturing process (Chatterjee, 2012; Kanetkar,
2020; Phys.org, 2019). However, the production of pharmaceutical drugs now demands a new
approach that can eliminate the risk of defects and manufacturing issues. This shift is essential not
only for enhancing product quality but also for increasing the capital gain of pharmaceutical
companies, especially in light of recent technological advancements and the need for production
optimization (Lee, 2017).

1.1.12 Batch Manufacturing Process:

A systematic manufacturing approach in which drug products are produced in specified quantities
over predetermined time periods (Lee, 2017; McLaughlin, 2019). Each customized batch



undergoes a series of distinct production phases before achieving the final product (McLaughlin,
2019). Despite ongoing innovations aimed at optimizing drug manufacturing, most facilities
continue to rely on batch processing due to its reliability, low setup costs, and established
procedures (Chauhan & Gupta, 2019; Phys.org, 2019; Massey, 2019; McLaughlin, 2019;).
Furthermore, batch processing allows for manufacturing adjustments in response to the evolving
demands of the industry. However, the processing methods may vary depending on the medicinal
ingredients used and the parameters of the production process (General Kinematics, 2021).

% Disadvantages of Batch Manufacturing.

v Products are produced in smaller quantities (Chauhan & Gupta, 2019; General Kinematics,
2021; McLaughlin, 2019).

v' There is increased variability (Chauhan & Gupta, 2019; General Kinematics, 2021;
McLaughlin, 2019).

v" More room Increased potential for contamination and human errors (Chauhan & Gupta,
2019).

v Implementing efficient process control is more challenging (General Kinematics, 2021).

v' There is a higher risk of contamination and human error due to long intervals between
batches.

v This method is slow and inefficient for drug production, which can delay market distribution.

v" According to U.S. FDA Enforcement Statistics, drug recalls increased by 1,200% from 2004
to 2015 due to manufacturing errors or contamination (Abdalla, 2021).

v The pharmaceutical industry faces annual losses of up to $50 billion as a result of inefficient
manufacturing processes (Abdalla, 2021).

1.1.13 Continuous Manufacturing Process:

In contrast to batch production, continuous manufacturing enables pharmaceutical ingredients to
move seamlessly through various unit operations, non-stop until the final product is completed
(Plumb, 2005).

% The Advantages of Continuous Manufacturing.
1. Improved Product Quality.

v Continuous manufacturing processes reach a steady state following the initial start-up phase,
maintaining consistent process parameters over time (Plumb, 2005).

v' In contrast, managing the fluctuating conditions of batch processes is significantly more
difficult than monitoring and controlling variables at a fixed set point. As a result, consistent
product quality can be achieved through the implementation of appropriate analytical
techniques (Plumb, 2005).



v

v

Quality control tools can be integrated directly into the production line, enabling real-time
error detection.

In the event of an error, only the affected portion of the product needs to be discarded, rather
than the entire batch (Nasr et al., 2017).

This approach leads to better process control and a more stable product.

2. Enhanced Efficiency and Time Savings.

v

v

v

v

Continuous operations, unlike batch manufacturing, involve the constant feeding and
discharging of products and raw materials from the machinery.

This method eliminates holding time between technical phases by allowing materials to flow
continuously (Lee et al., 2015).

As demonstrated in other industries, production can be significantly increased compared to
batch operations (Adamo et al., 2016).

Simply increasing operating hours can enhance productivity and enable a quicker response to
sudden shifts in demand (Allison et al., 2015; Mascia et al., 2013).

After the startup phase, the process reaches a steady state where operational parameters
remain stable over time.

Utilizing parallel production lines accelerates drug development, removing the need for
traditional scale-up strategies (Mascia et al., 2013).

Production can be further increased by extending runtime and increasing process size.

3. Economic Benefits and Cost Reduction.

v

Continuous technologies have significantly lowered operational and investment costs, with
potential savings of up to 40% (Schaber et al., 2011).

Although initial setup costs may be higher, continuous manufacturing ultimately enhances
profitability by minimizing errors and reducing the need for drug recalls (Schaber et al.,
2011).

The elimination of expensive and extensive inventory storage for intermediates allows for a
smaller production footprint (Lee et al., 2015, Schaber et al., 2011).

Pharmaceutical companies benefit from these cost reductions, which in turn increase revenue
and make medications cheaper for consumers (Chatterjee, 2012; Massey, 2019; Phys.org,
2019; Schaber et al., 2011]. Additionally, faster operations can help prevent drug shortages by
reducing operating hours and ensuring better sales revenue through increased production
level (Schaber et al., 2011).

This approach leads to improved yields, cost-effectiveness, and a higher return on invested
capital (Schaber et al., 2011).



4. Enhanced Process Control and Flexibility.

v The entire batch does not need to be discarded in the event of an error, as the faulty portion of
the product can be precisely identified (Nasr et al., 2017).

v Continuous manufacturing systems operate as integrated units, merging multiple production
steps into one efficient process (Byrn et al., 2015).

v This transition provides pharmaceutical companies with greater control over the production
process and allows for better adaptation to changing consumer demands.

5. Simplified Supply Chain and Integration.

v' This approach improves manufacturing strategies by streamlining extended supply chains
through the integration of previously separated segments, such as formulation and synthesis
(Badman & Trout, 2015; Srai et al., 2015).

6. Safety with Reduced Human Intervention.

v High-level automation in continuous manufacturing minimizes human intervention, which in
turn reduces the toxicity and safety concerns associated with traditional batch manufacturing.
This approach eliminates interruptions between technological steps and protects sensitive
active pharmaceutical ingredients (APIs), such as those used in the production of anticancer
drugs and hormones, which require stringent protective equipment (Baxendale et al., 2015).

v' By streamlining the process, continuous manufacturing not only minimizes errors but also
enhances production efficiency. Ultimately, this method accelerates drug production, making
it safer and more reliable.

7. Faster Market Access and Regulatory Facilitation.

v Process improvement is typically quicker and simpler with continuous technologies, leading
to a better-understood and improved procedure for regulatory approval.

v" Drugs made using continuous methods can be produced in as little as one day, according to
the US Food and Drug Administration (FDA), while batch processes can take up to a month
(Chauhan & Gupta, 2019).

8. Risk Reduction.
Elimination of failed batches.

1.1.14 Regulatory Frameworks and the Adoption of Continuous Manufacturing in the
Industry

Inefficiencies and production delays are common challenges in traditional pharmaceutical
manufacturing. (Figure 1.1). [llustrates the differences in procedures and operating times between
batch and continuous manufacturing processes. By reducing operating hours and increasing



production rates, faster and more streamlined operations can help prevent drug shortages and
enhance overall sales revenue (Chauhan & Gupta, 2019).

A conceptual integrated continuous manufacturing process

Synthesis Crystallization Blending Granulation & Sizing Tablet press & Coating
PAT & Active Thblets

Process Control Systems
At one site: (1) small equipment; (2) short supply chain.

Days
A typical batch manufacturing process

sSynthesis Crystallization Blending Granulation & Sizing Tablet press & Coating
Test & Slorag-e i Test & Slo(age Test & Stuaga Test & Slu’a? Test & Tablets
Region 1 Region 2

Mon’ths

Figure 1.1: Flow diagram showing the procedures and operating times for continuous and
batch manufacturing (Chauhan & Gupta, 2019).

As shown in the (Figurel.1). Continuous manufacturing provides significant benefits in efficiency
and process integration. This method has already achieved notable success in industries like
electronics, automotive, and food (Lee, 2017; Massey, 2019). If implemented effectively, the
pharmaceutical industry could significantly benefit from continuous production. The National
Science and Technology Council reports that facilities adopting this approach have experienced a
40-50% reduction in variable costs, directly enhancing operational success (Adamo et al., 2016).

Following the demonstrated efficiency of continuous manufacturing, regulatory efforts have been
made to accelerate its adoption in the pharmaceutical sector. Dr. Peter Marks, Director of the FDA
Center for Biologics Evaluation and Research, discussed the FDA ongoing initiatives to promote
this technology. These efforts include publishing research articles and draft guidelines to assist
companies in modernizing their production processes, as well as offering incentives for facilities
transitioning to continuous manufacturing (Chatterjee, 2012; Lee, 2017; Massey, 2019; Srai et al.,
2015).

These regulatory initiatives are already influencing the pharmaceutical industry, leading several
companies to adopt new practices. The well-known American pharmaceutical corporation Eli
Lilly has announced a €35 million investment to build and operate a continuous production plant
in Ireland (Badman & Trout, 2015). This facility will enable the company to produce goods more
quickly in smaller spaces. Additionally, pharmaceutical companies are currently obtaining FDA
approval to manufacture drugs, such as HIV-1 Prezista tablets, using continuous manufacturing
techniques. To enhance the quality of medications for American consumers, the FDA recently
published a statement indicating its ongoing efforts in process assessment and quality assurance to
facilitate the approval of more continuously produced medications (Tezyk et al., 2016).

Despite growing interest and initial investments, the widespread adoption of continuous
manufacturing faces significant challenges. High start-up costs, the need for new operational



protocols, and underdeveloped regulatory frameworks have initially hindered the implementation
of this technology (Adamo et al., 2016).

As previously mentioned, these challenges are being progressively addressed by regulatory bodies
like the FDA through proactive measures. They have offered incentives, published guidelines, and
provided technical support to manufacturers (Chatterjee, 2012; Lee, 2017; Massey, 2019; Srai et
al., 2015). Additionally, initiatives such as Eli Lilly €35 million investment in a continuous
production facility the industry commitment to overcoming these obstacles and advancing toward
modern production solutions (Badman & Trout, 2015).

1.1.15 Scientific Motivation and Technological Advancements in Continuous Manufacturing:

The transition to continuous pharmaceutical manufacturing was motivated by the need to enhance
efficiency, flexibility, and speed in production processes. Industry stakeholders, academia, and
regulatory bodies initiated this shift toward continuous technologies to address the limitations of
traditional batch-based manufacturing. This significant change in the pharmaceutical sector was
inspired by the idea of a more robust, flexible, cost-effective, and rapid manufacturing method
(Simon et al., 2019; Vanhoorne & Vervaet, 2020).

The ACS GCI Roundtable was established in 2005 by the American Chemical Society (ACS)
Green Chemistry Institute (GCI) in collaboration with several multinational pharmaceutical
companies, including Novartis, Pfizer, Roche, Sanofi, Eli Lilly, and Johnson & Johnson
(American Chemical Society, 2005).

One of the round table key study priorities is continuous processing (Poechlauer et al., 2012;
Poechlauer et al., 2013). In 2004, the U.S. Food and Drug Administration (FDA) introduced the
first framework to promote the use of Process Analytical Technologies (PAT) (U.S. FDA, 2004).
These innovative analytical methods enhance process understanding and improve product quality,
making them suitable for real-time monitoring of processes (Simon et al., 2015).

In the years following the FDA initiatives (U.S. FDA, 2019), the International Council for
Harmonization (ICH) and the European Medicines Agency (EMA) released several additional
guidelines (International Council for Harmonization, 2018; Mihokovic, 2017) focused on
enhancing quality through the Quality by Design (QbD) approach for quality assurance, rather
than relying on Quality by Testing (QbT). Recently, the FDA identified Continuous
Manufacturing (CM) as a key tool for modernizing the pharmaceutical industry (U.S. FDA, 2019).
The guidelines emphasize that quality should be integrated into the product itself, rather than
assessed exclusively via QbT (Yu, 2008; Yu et al., 2014 ).

Pharmaceutical Quality by Design (QbD) is a systematic approach to development that starts by
defining the product critical quality attributes (CQAs), the critical material attributes (CMAs) of
the starting materials, and the critical process parameters (CPPs). By linking (CMAs) and (CPPs)
to (CQAs), it becomes possible to understand how changes in process parameters and material
attributes influence product quality. This understanding allows for the establishment of a defined
operating range of parameters that can consistently produce the desired level of product quality.
Nearly all major pharmaceutical innovators are currently developing advanced technologies (Nasr
etal., 2017).
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Six pharmaceutical products that have been released to the market Vertex's Orkambi® and
Symdeko®, Johnson & Johnson Prezista®, Eli Lilly Verzenio®, Pfizer Daurismo®, and Chinoin
Severin® are all at least partially produced using continuous technologies that have received
regulatory approval (Badman et al., 2019; Tezyk et al., 2016).

While significant effort was required to achieve this progress, there is obviously more space for
improvement. It is clear that the transition to CM is a lengthy and costly process that demands
extensive research (McKenzie et al., 2006).

New continuous processes that are not yet implemented must be developed, and the applicability
of current technologies should be continuously evaluated. Additionally, transforming the training
and mindset of CM professionals requires a significant amount of time (Nasr et al., 2017).

The literature on continuous pharmaceutical manufacturing, including the entire production line is
expanding. Significant research has been conducted in areas such as continuous crystallization,
flow chemistry (Baxendale et al., 2015), and continuous mixing and tableting (Byrn et al., 2015).
However, linking these individual stages into a single streamlined production system is more
complex than studying each process in isolation (Nepveux et al., 2015).

To fully leverage the benefits of continuous manufacturing (CM) as outlined in section 1.1.13
distinct technological processes must be integrated into a single continuous manufacturing line
that includes both raw materials and final dosage forms.

Yet, the current literature reveals that only a limited number of studies address continuous systems
involving two or more connected stages. Even fewer studies cover end-to-end continuous
processes that span from raw material synthesis to final product formulation.

This gap may be due to the fact that many scientists and engineers tend to specialize in either
synthesis or formulation, but rarely both, since these areas have traditionally been handled
separately. Therefore, advancing integrated continuous technologies will require a major shift in
mindset and cross-disciplinary collaboration (Tezyk et al., 2016; Plumb, 2005).

1.2 Problem Statement.

The pharmaceutical industry in Palestine encounters several challenges that hinder its capacity to
satisfy the increasing demand for high-quality, affordable medicines. These challenges consist of
high production costs, inconsistent product quality, and sometimes limited access to essential
medicines.

The industry limited production flexibility, which slows down its ability to adapt to changing
market demands. Furthermore, prolonged storage periods increase the risk of material
deterioration, leading to inconsistencies in content and negatively impacting product quality.

Scaling up production in batch manufacturing systems presents a significant challenge. This
process typically requires investment in larger equipment, which results in increased time
demands, higher financial costs, and the need for additional space burdens that local
manufacturers often find difficult to manage. Batch production increases reliance on material
properties and is closely associated with lengthy supply chains. These long and fragmented supply
chains show limited resilience to sudden changes in regulations or market conditions. This was
clearly illustrated during the COVID-19 pandemic, when pharmaceutical manufacturers in
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Palestine experienced significant disruptions in the availability of raw materials and the continuity
of production.

Given these challenges, continuous manufacturing (CM) presents a promising and innovative
solution. By integrating multiple processing steps into a single, continuous flow, CM significantly
improves efficiency, enhances product quality, and reduces costs. Additionally, CM allows for
quicker adaptation to changing market demands and increases the overall flexibility of
pharmaceutical production systems.

The understanding and identification of these challenges were enhanced through personal
interviews with experienced practitioners from local pharmaceutical manufacturing companies.

1.3 Aim of the Study.

This study aims to assess the level of awareness, implementation, and potential barriers associated
with Continuous Manufacturing (CM) among pharmaceutical manufacturing companies in
Palestine.

1.4 Objectives of the Study.

The specific objectives of this research are as follows:

v To evaluate the knowledge of Continuous Manufacturing Processes (CMP) among Palestinian
pharmaceutical companies.

v' To assess the adoption rate of Continuous Manufacturing Processes (CMP) within the
Palestinian pharmaceutical industry.

v To identify the primary obstacles that prevent Palestinian pharmaceutical producers from
adopting Continuous Manufacturing Processes (CMP).

v" To determine whether there are statistically significant differences in respondents’ awareness
and application of CMP based on their professional and demographic characteristics,
including years of experience, job title, field of expertise, educational background, and
company category.

1.5 Research Questions and Hypotheses .

Q1: What is the level of awareness regarding Continuous Manufacturing Processes (CMP) among
pharmaceutical companies in Palestine?

Q2: What is the level of implementation of Continuous Manufacturing Processes (CMP) among
pharmaceutical companies in Palestine?

Q3: What is the extent of barriers to implementing Continuous Manufacturing Processes (CMP)
among pharmaceutical companies in Palestine?

Q4: Are there statistically significant differences in the awareness levels of CMP among
respondents from pharmaceutical companies in Palestine based on demographic and professional
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variables (educational qualification, field of specialization, job- title, years of experience in the
pharmaceutical sector, and company variable)?.
This question was examined by testing five null hypotheses.

% The Null hypotheses are stated as follows:

Hg1A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the
qualification variable.

Hg2A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the
specialization variable.

Hg3A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the job -
Title variable

Hg4A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on years of
experience in the pharmaceutical industry.

HgsA: There are no statistically significant differences (at p > 0.05) in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the
company variable.

QS5: Are there statistically significant differences in the implementation levels of CMP among
respondents from pharmaceutical companies in Palestine based on demographic and professional
variables (educational qualification, field of specialization, job- title, years of experience in the
pharmaceutical sector, company variable)?.

This question was also examined by testing five null hypotheses.

% The Null hypotheses are stated as follows:

Hg1lI: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the qualification variable.

Hg2I: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the specialization variable.
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Hg3I: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the job -Title variable.

Hgqg4l: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on years of experience in the pharmaceutical industry.

Hgsl: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the company variable.

1.6 Significance of the Study.

The pharmaceutical industry in Palestine is a vital sector that faces significant challenges, which
hinder its ability to meet the increasing demand for high-quality medicines. Key issues include
high production costs, inconsistent product quality, and difficulties in adapting to changing market
demands. Additionally, the industry limited production flexibility further complicates its response
to the rising need for medicines.

This study is significant as it explores the innovative approach of Continuous Manufacturing (CM)
within the Palestinian pharmaceutical industry. CM represents a technological advancement that
enhances efficiency, reduces costs, and addresses the challenges faced by local pharmaceutical
companies. By assessing the awareness and implementation of CM practices in Palestinian
companies, as well as the barriers to adoption, this research provides valuable insights into the
potential transformation of the industry.

Additionally, this study fills a notable gap in the literature concerning the pharmaceutical industry
in Palestine, particularly related to continuous manufacturing, which has been largely neglected.
The findings aim to improve local production practices and bolster the sustainability of the
pharmaceutical sector in Palestine.

1.7 Scope and Limitations.

This study aims to evaluate the awareness, application, and barriers to the adoption of continuous
manufacturing processes (CMP) in pharmaceutical manufacturing companies in Palestine. The
sample consisted of managers, department heads, and supervisors from various departments
within the selected companies, ensuring an unbiased distribution without favoring specific
individuals.

The study examined seven pharmaceutical companies located throughout Palestine. Three of these
companies are based in Ramallah: Al-Quds Pharmaceuticals, Birzeit Pharmaceuticals, and Dar Al-
Shifa Pharmaceuticals. One company is situated in Bethlehem (Beit Jala Pharmaceuticals), two
are in Jericho (Palolia and Allison Pharmaceuticals), and one is located in Nablus (Sama
Pharmaceuticals).
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Although the study originally intended to include all seven companies, only six participated, we
were unable to contact Sama Pharmaceuticals in Nablus due to current circumstances and access
limitations, despite making repeated attempts.

Data was collected through personal interviews and paper questionnaires. A significant challenge
was the low response rate, especially from Jerusalem Pharmaceuticals, which hindered the
collection of a larger number of completed questionnaires. Additionally, logistical and field
constraints limited our ability to reach some companies within the planned timeframe.
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Chapter Two:

Literature Review.

2.1 Limitations of Conventional Manufacturing Systems.

% Article Title: A Comparative Investment Analysis of Batch Versus Continuous
Pharmaceutical Manufacturing Technologies.

Journal: Journal of Pharmaceutical Innovation.
Publisher: Springer Nature.

Year of Publication: 2022.

Author: Cristina V. Rossi.

Traditional batch manufacturing has been the standard in the pharmaceutical industry due to its
historical development and regulatory familiarity. However, recent years have highlighted its
economic limitations. A study by Rossi (2022) conducted a comparative investment analysis of
batch versus continuous pharmaceutical manufacturing technologies. Published in the Journal of
Pharmaceutical Innovation, this research employed investment models and financial simulations
to assess the cost-effectiveness of each approach.

The findings indicated that batch manufacturing to have higher operational costs, energy
consumption, and downtime related to equipment cleaning and product changeovers. In contrast,
continuous manufacturing showed a more favorable net present value (NPV), particularly under
U.S. tax policies that promote capital-intensive technologies. Rossi’s study presents a compelling
financial case for transitioning away from traditional batch production, especially when
considering long-term economic sustainability and scalability within the pharmaceutical sector
(Rossi, 2022).
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s Article Title: Process Modelling and Simulation for Continuous Pharmaceutical
Manufacturing of Ibuprofen

Journal: Chemical Engineering Research and Design.
Publisher: Elsevier.

Year of Publication: 2015.

Authors: Jolliffe, H. G., & Gerogiorgis, D. L.

Traditional batch manufacturing has long been a cornerstone of pharmaceutical production.
However, as Jolliffe and Gerogiorgis (2015) demonstrate in their study, batch-based systems have
several operational and economic limitations. Published in Chemical Engineering Research and
Design, the article employs process modeling and simulation to compare batch and continuous
production methods for manufacturing ibuprofen. The study identifies key drawbacks of batch
production, including limited scalability, increased variability in product quality, inefficiencies
from downtime between batches, and challenges in inventory management. The authors also note
that batch systems incur significantly higher operational costs due to longer processing times,
greater labor demands, and increased energy consumption. These findings underscore that
traditional batch manufacturing is less suited to modern pharmaceutical requirements and note the
benefits of transitioning to continuous manufacturing for enhanced efficiency, quality, and cost
control (Jolliffe & Gerogiorgis, 2015).

/7

¢ 2.2 Transitioning to Continuous Manufacturing.

Article Title: Modernizing Pharmaceutical Manufacturing: From Batch to Continuous Production.
Journal: Journal of Pharmaceutical Innovation.

Publisher: Springer Nature.

Year of Publication: 2015.

Authors: Sau L. Lee, Thomas F. O'Connor, Xiaochuan Yang, Celia N. Cruz, Sharmista Chatterjee, Rapti D.
Madurawe, Christine M. V. Moore, Lawrence X. Yu, Janet Woodcock.

Lee et al. (2015) offer a crucial regulatory perspective on the transition from traditional batch
manufacturing to continuous manufacturing (CM) in pharmaceutical production. Published in the
Journal of Pharmaceutical Innovation, the article outlines a detailed road map that reflects the U.S.
Food and Drug Administration’s (FDA) strategic involvement in modernizing pharmaceutical
processes.

The article aims to highlight the benefits of converting traditional batch manufacturing into
continuous manufacturing systems. The authors report a 50% reduction in production time and a
15% improvement in product quality, demonstrating the clear advantages recognized by
companies that are more aware of these changes.

The authors, all senior officials at the FDA, emphasize how regulatory frameworks have evolved
to proactively support the adoption of continuous manufacturing (CM). This shift is not just a
reaction to industry trends; it is a strategic initiative aimed at enhancing drug quality,
manufacturing reliability, and product availability. The study demonstrates the FDA’s
transformation from a reactive regulator into a promoting agency that fosters innovation in
manufacturing through flexible, science-based, and risk-informed oversight.
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At the heart of the FDA support is the promotion of key enabling technologies. The agency
promotes Quality by Design (QbD), a systematic and knowledge-based approach to
pharmaceutical development, as well as Process Analytical Technology (PAT), which enables real-
time quality assurance during production. These tools help minimize variability and ensure more
consistent product outcomes.

The FDA has supported the implementation of CM by establishing clear regulatory pathways,
creating guidance documents, providing early-stage consultations with manufacturers, and
initiating pilot programs. Additionally, it boosts industry confidence by publishing case studies,
organizing public workshops, and employing transparent communication strategies.

While the study focuses on the U.S., it underscores broader implications. The FDA leadership has
played a significant role globally, indirectly supporting international harmonization efforts like the
ICH Q13 guideline on continuous manufacturing. Lee et al. (2015) present foundational evidence
that regulatory engagement, combined with technological innovation, can greatly expedite the
pharmaceutical industry's shift to more modern and efficient production systems (Lee et al., 2015).

Article Title: Regulatory and Quality Considerations for Continuous Manufacturing.
Journal: International Journal of Pharmaceutics.

Publisher: Elsevier.

Year of Publication: 2017.

Authors: Tushar S. Borkar, Shamsher S. Jadhav, & Kiran D. Patil.

The study by Borkar, Jadhav, and Patil (2017), published in the International Journal of
Pharmaceutics, provides a detailed analysis of the regulatory and quality challenges linked to the
implementation of continuous pharmaceutical manufacturing (CM). The authors explore how
regulatory frameworks are adapting to support the transition from traditional batch manufacturing
to more modern, continuous production systems.

The article emphasizes the growing importance of regulatory bodies, not only in enforcing
compliance but also as essential drivers of innovation. It focuses on key areas such as process
integration, regulatory submission strategies, and adherence to Good Manufacturing Practices
(GMP). Furthermore, the study emphasizes the critical role of Quality by Design (QbD) principles
and the implementation of Process Analytical Technology (PAT) in ensuring real-time quality
assurance.

Borkar et al. identify existing regulatory gaps and offer actionable recommendations to address
them. Their suggestions include developing clearer guidance documents and harmonizing global
regulatory standards. This analysis emphasizes the importance of a supportive regulatory
environment that can accelerate the adoption of continuous manufacturing by reducing
uncertainty and promoting scientific, risk-based approaches to pharmaceutical production (Borkar
etal., 2017).

s Document Title: ICH guideline Q13 on continuous manufacturing of drug substances and
drug products.

Issuing Organization: International Council for Harmonization (ICH).
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Year of Publication: 2023.
Available at: EMA — ICH Q13 Guideline.

In 2023, the International Council for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) published a comprehensive guideline titled ICH Q13:
Continuous Manufacturing of Drug Substances and Drug Products. This document marks a
significant regulatory milestone by providing harmonized scientific and technical principles to
support the implementation and lifecycle management of continuous manufacturing (CM) for
both drug substances and finished products. ICH Q13 serves as a globally endorsed regulatory
reference that greatly impacts industry practices and regulatory expectations.

The guideline defines a batch in continuous manufacturing as being based on time, the quantity of
material processed, or other scientific justifications. This flexible definition enables production to
be responsive to real-time market demands. Furthermore, ICH Q13 emphasizes important
elements of continuous manufacturing, including dynamic process understanding, system
integration, real-time monitoring through Process Analytical Technology (PAT), and robust
control strategies.

Another key aspect of the guideline is its focus on Continued Process Verification (CPV), a
contemporary validation strategy that facilitates real-time monitoring of production parameters.
This approach ensures that the process consistently produces products that meet quality
specifications. By moving away from traditional batch-based quality validation to continuous
assurance of process control, CPV has become a fundamental component of modern
pharmaceutical quality systems.

ICH QI3 outlines the scientific principles and regulatory considerations for continuous
manufacturing (CM), including guidance on regulatory submissions and global harmonization.
This guideline applies to new drug applications (NDAs), generics, and biosimilars, while also
facilitating the transition of legacy products from batch to continuous manufacturing platforms. It
offers operational guidance and strategic regulatory clarity for manufacturers globally,
emphasizing that regulatory agencies are actively innovation in pharmaceutical production
systems (International Council for Harmonisation,2023).

2.3: Challenges to implementing CM.

s Title of study: Continuous manufacturing versus batch manufacturing: benefits,
opportunities and challenges for manufacturers and regulators

Journal: GaBI Journal (Generics and Biosimilars Initiative Journal).
Publisher: Pro Pharma Communications International.
Year of Publication: 2021

Authors: Hock, S. C., Siang, T. K., & Wah, C. L.
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In their 2021 peer-reviewed article published in GaBI Journal, Hock, Siang, and Wah examine the
practical and regulatory challenges that hinder the broader adoption of continuous manufacturing
(CM) in the pharmaceutical industry. Their study reveals that, despite increasing global interest in
CM, several significant obstacles persist. A key issue is the absence of harmonized regulatory
guidelines, which complicates international product approvals and reinforces the preference for
traditional batch manufacturing systems.

Moreover, the substantial initial investment required for CM technologies, particularly in
automation and process analytical technologies (PAT) discourages many manufacturers, especially
in the generics sector. The authors also identify critical technical challenges, such as ensuring
material traceability, developing robust control strategies, and managing new safety risks
associated with automated continuous systems.

Additionally, the industry's skills gap presents a notable obstacle, as implementing CM demands
advanced technical expertise that is not yet widespread among regulatory or manufacturing
personnel. Operational inertia and cultural resistance to change within pharmaceutical
organizations further hinder progress, compounded by uncertainty about how new technologies
will fit into existing clinical and regulatory timelines.

While the authors acknowledge that CM offers long-term economic and quality benefits, they
emphasize the necessity of overcoming these barriers for its successful and widespread
implementation (Hock et al., 2021).

2.4: From Theory to Practice: Implementing Continuous Manufacturing in the
Real World.

K/

¢ Title of Study: Integrated Continuous Pharmaceutical Technologies. A Review.
Journal: Organic Process Research & Development.
Year of Publication: 2021.

Authors: Andras Domokos, Brigitta Nagy, Botond Szildgyi, Gyorgy Marosi, Zsombor Kristof
Nagy.

The 2021 study Integrated Continuous Pharmaceutical Technologies A Review, authored by
Domokos et al. and published in Organic Process Research & Development, offers an in-depth
analysis of the current state and future prospects of continuous manufacturing (CM) in the
pharmaceutical industry. The study emphasizes that traditional batch manufacturing, which has
long been the standard in this sector, has seen little change despite significant technological
advancements in other fields. The authors contend that CM presents considerable advantages,
including faster, more flexible, and cost-effective production, as well as improved quality
assurance.

The paper categorizes and reviews various continuous manufacturing (CM) technologies utilized
throughout the pharmaceutical value chain, from drug substance synthesis to final drug product
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formulation. It covers processes such as continuous flow chemistry, crystallization, filtration,
drying, blending, granulation, and tableting. A primary emphasis is placed on integrating these
processes into seamless end-to-end systems. However, the study highlights significant technical
challenges associated with this integration, which necessitates a deep understanding of each
process, real-time monitoring, and a systems-based approach to development.

The authors highlight the increasing support from regulatory agencies that now encourage for the
adoption of CM practices. Consequently, pharmaceutical companies are investing more in
research to move from theory to practical implementation. The paper advocates for a holistic and
interdisciplinary approach to developing fully integrated pharmaceutical manufacturing systems,
emphasizing both current advancements and ongoing challenges (Domokos et al., 2021).

2.5: Case Studies of Successful Implementation.
% Title of Study: Economic Analysis of Integrated Continuous and Batch Pharmaceutical
Manufacturing: A Case Study.

Journal: Industrial & Engineering Chemistry Research.
Publisher: American Chemical Society (ACS).
Year of Publication: 2011.

Authors: Spencer D. Schaber, Dimitrios I. Gerogiorgis, Rohit Ramachandran, James M. B.
Evans, Paul I. Barton, & Bernhardt L. Trout.

The study titled Economic Analysis of Integrated Continuous and Batch Pharmaceutical
Manufacturing: A Case Study was authored by Spencer D. Schaber, Dimitrios 1. Gerogiorgis,
Rohit Ramachandran, James M. B. Evans, Paul 1. Barton, and Bernhardt L. Trout. Published in
2011 in the Industrial & Engineering Chemistry Research journal by the American Chemical
Society, it provides a case study that compares the economic implications of traditional batch
manufacturing with integrated continuous manufacturing in the pharmaceutical sector. The study
explores the feasibility and benefits of transitioning from batch to continuous manufacturing (CM)
by modeling a full-scale production line capable of producing 2,000 tons of tablets annually. The
researchers assess various process configurations in both upstream synthesis and downstream
drug product formulation, emphasizing capital expenditures (CapEx), operating expenditures
(OpEx), and total project costs over a 15-year period.

The results indicate that integrated continuous manufacturing can significantly lower capital
expenditures (CapEx) by 20% to 76%, depending on factors like the cost of the key intermediate
(KI) and the active pharmaceutical ingredient (API) loading. For instance, when the KI price
reaches $3,000 per kilogram, CapEx savings can peak at 76% by employing a continuous process
that incorporates recycling and direct tablet formation. Additionally, continuous manufacturing
(CM) yields annual operating expenditure savings ranging from 6% to 40%. These savings are
primarily due to reduced labor requirements, decreased material handling and storage needs, and
significantly lower quality assurance/control costs. Notably, QA/QC expenses in CM processes
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were reduced by approximately 50% due to the adoption of real-time monitoring technologies
such as Process Analytical Technology (PAT).

The study pointed not only cost reductions but also the efficiency of CM in managing working
capital and resources. Traditional batch processes require 35% of annual material costs to be tied
up as working capital, whereas CM only needs 3.5%, owing to its continuous flow and reduced
in-process inventory. Additionally, CM optimizes resource usage, consuming 21% less solvent
and 61% less water, which enhances its sustainability advantage. The study also examines the
impact of yield variation, revealing that even with CM yields modeled to be 10% lower than those
of batch processes, the overall project cost remained comparable or favorable. When CM yields
exceeded batch yields by 10%, total present cost savings reached up to 44%, emphasizing the
economic potential of improving process efficiency.

Although the initial investment in development and equipment adaptation for continuous
manufacturing (CM) is higher, the authors emphasize that the long-term benefits of CM far
outweigh the initial challenges. Continuous processes ensure greater consistency in product
quality, align with evolving regulatory expectations that promote a deep understanding of
processes, and enable ongoing verification and optimization. Ultimately, the study presents strong
evidence supporting the adoption of continuous pharmaceutical manufacturing, demonstrating its
potential for superior economic performance while meeting quality and compliance requirements.
This work serves as a valuable economic benchmark and provides strategic guidance for future
investments in large-scale pharmaceutical production (Schaber et al., 2011).

The following studies provide a detailed illustration of how continuous manufacturing has
evolved from theoretical concepts to practical industrial implementation [74,75].

+ Title of Study: Continuous Granulation in the Pharmaceutical Industry.
Journal: Chemical Engineering Science.
Publisher: Elsevier.
Year of Publication: 2005
Authors: Vervaet, C., & Remon, J. P.

% Title of Study:Recent Progress in Continuous Manufacturing of Oral Solid Dosage Forms.
Journal: International Journal of Pharmaceutics.

Publisher: Elsevier.

Year of Publication: 2020.

Authors: Vanhoorne, V., & Vervaet, C.

The development of continuous manufacturing (CM) in the pharmaceutical industry has made
significant strides over the past two decades, with foundational research and practical
advancements building on one another. One of the earliest and most influential studies in this area
was conducted by Vervaet and Remon (2005), who provided a conceptual review of continuous
granulation as an alternative to traditional batch processes. Their article examined the use of twin-
screw extrusion (TSE) as an innovative method for producing oral solid dosage forms. While their
work was primarily theoretical, it aimed to highlight the potential benefits of CM, including
shorter processing times, reduced labor costs, improved control over granule properties, and a

22



lower risk of cross contamination. However, the study also identified significant challenges that
hindered implementation at that time, such as difficulties in controlling critical parameters like
moisture content, torque, and residence time during granulation; a lack of advanced sensors and
real-time monitoring tools; and uncertainties regarding compliance with existing regulatory
frameworks (Vanhoorne & Vervaet, 2020; Vervaet & Remon, 2005).

Fifteen years later, Vanhoorne and Vervaet (2020) revisited the topic, this time emphasizing real-
world applications and technological advancements. Their review highlights how the
pharmaceutical industry has evolved from theory to practical implementation, particularly in the
manufacturing of oral solid dosage forms. Unlike the 2005 review, this study presents fully
operational continuous production lines, including continuous twin-screw granulation and
continuous direct compression processes. Notably, many challenges identified in 2005 have been
effectively addressed. The integration of Process Analytical Technology (PAT) into modern
continuous manufacturing systems such as near-infrared (NIR) spectroscopy and Raman
spectroscopy now allows for real-time measurement and control of critical process parameters
like granule size, moisture, and uniformity. These innovations have overcome previous limitations
related to process stability and quality assurance. Furthermore, the introduction of feedback and
feedforward control systems has ensured consistent product quality, even in dynamic processing
conditions (Vanhoorne & Vervaet, 2020; Vervaet & Remon, 2005).

The regulatory uncertainty present in 2005 has been largely resolved. International guidelines,
including ICH QS8 through Q13, now explicitly support continuous manufacturing approaches,
offering clear pathways for regulatory approval. Pharmaceutical companies like Johnson &
Johnson, Pfizer, and GSK have implemented continuous technologies not only in pilot plants but
also in full-scale commercial operations. Vanhoorne and Vervaet highlight that continuous
manufacturing has evolved from a theoretical concept into a mature industrial standard, merging
the flexibility and efficiency envisioned by early researchers with the stringent process control
and regulatory compliance required in modern drug production (Vanhoorne & Vervaet, 2020;
Vervaet & Remon, 2005).

s Study Title: Regulatory Perspectives on Continuous Pharmaceutical Manufacturing: Moving
from Theory to Practice.
Journal: Journal of Pharmaceutical Sciences.
Publisher: Elsevier.
Year: 2018.
Authors: Yu, L. X., & Lee, S. L.

Yu and Lee (2018) present a regulatory perspective on the shift from batch to continuous
pharmaceutical manufacturing (CPM). They emphasize the role of agencies such as the FDA in
facilitating this transition through flexible regulations and scientific collaboration. The paper
asserts that continuous manufacturing is in line with Quality by Design (QbD) principles,
providing advantages in real-time quality assurance. The authors stress that successful
implementation relies on harmonizing regulatory frameworks with scientific progress to maintain
consistent product quality and safety (Yu & Lee, 2018).
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¢ Study Title: Meeting Supply and Training Challenges.
Journal: Pharmaceutical Technology.
Publisher: MJH Life Sciences.
Year: 2021.
Author: Markarian, J.
Markarian (2021) explores the logistical and human capital challenges of implementing
continuous manufacturing in the pharmaceutical industry. The study notes that success
requires on both technological readiness and the availability of skilled personnel capable
of managing data-intensive automated systems. Additionally, it underscores supply chain
concerns, such as access to raw materials and supplier reliability. The article concludes
that aligning workforce training with supply infrastructure is crucial for the adoption of
continuous pharmaceutical manufacturing (CPM) (Markarian, 2021).

¢ Study Title: USP Workshop on Identifying and Addressing Barriers to Continuous
Manufacturing Adoption.
Publisher: United States Pharmacopeia.
Year: 2023.
Author: United States Pharmacopeia (USP).

The 2023 USP workshop gathered stakeholders from industry, academia, and regulatory bodies to
address the main barriers to adopting continuous manufacturing. The findings emphasized several
challenges, including the absence of standardized regulatory guidelines, a shortage of technical
expertise, and high initial investment costs. The report recommends enhancing collaboration
across sectors, building technical capacity, and harmonizing global regulations to accelerate
implementation, particularly for smaller manufacturers (United States Pharmacopeia, 2023).

24



Chapter Three:

Method and Procedures.

This chapter offers an overview of our methodology for conducting the study. It includes
study method, community under investigation, study sample, and verification of the
questionnaire validity and reliability. Furthermore, it outlines the study procedures and the
statistical methods used to analyze the results. Below is a description of these processes.

3.1 Study Approach.

To achieve the aims of the study, we employed a descriptive analytical method. This approach
allows for the examination of a phenomenon, event, or current issue, facilitating the collection of
information that addresses research questions without our interference. The goal is to describe the
phenomenon under investigation, analyze the data, and clarify the relationships among different
components and opinions, as well as the associated processes and effects. Method also entails a
structured analysis and scientific interpretation, involving careful classification, examination, and
analysis of the phenomenon or problem.

3.2 Study Population.

There are seven pharmaceutical manufacturing companies operating in Palestine, namely:
Jerusalem Company/ Ramallah.

Biet Jala Company / Bethlehem.
Pharmacare Company/Ramallah.
Birzeit Company /Ramallah.
Palolia Company /Jericho.

Alison Company /Jericho.

25



Sama company /Nablus.

However, only six of them agreed to participate in the study. Therefore, the estimated study
population included: managers, supervisors and heads of departments (Head of the production
department, Technical Manager, Head of the (R& D) department, Head of quality control
department (Q.C), Head of quality assurance, Inventory Manager, Maintenance Manager... etc.)
and others responsible for manufacturing operations in Palestinian pharmaceutical companies.
The total number of individuals included in the study population is approximately 120.

3.3 The study Sample.

A random sample of 80 completed forms was collected, representing an 80 % response rate out of
the 100 distributed questionnaires. (Table 3.1) illustrates the distribution of the study sample
across six Palestinian pharmaceutical companies:

Table 3.1: the distribution of the study sample across six Palestinian pharmaceutical

companies.

Company n (%)

1. Jerusalem company (JPC) 5(6.3%)

2. Palolea company 5 (3.6%)

3. Alison company 10 (12.5%)
4. Birzeit Company (BPC) 14 (17.5%)
S. Pharmacare company 19 (23.8%)
6. Beit Jala company (BJP) 27 (33.8%)

n: frequency (%) valid percent

3.4 Study design.

A quantitative cross-sectional survey was conducted at six Palestinian pharmaceutical companies:
Jerusalem Company, Biet Jala Company, Pharmacare Company, Birzeit Company, Palolia
Company, and Alison Company. Data collection took place from September 2024 to November
2024, with data analysis starting in January 2025 after the completion of data collection.

3.5 Study Tool.

We used a detailed questionnaire developed by Dr. Muhammad Abu Assab, with his permission.
This tool is designed to gather data from pharmaceutical manufacturers and serves as the primary
instrument for analyzing awareness, implementation, and barriers to continuous manufacturing
processes (CMP) within Palestinian pharmaceutical companies. The questionnaire includes
closed-ended questions designed to meet the study objectives and research questions, covering a
range of CMP related topics.

The questionnaire is divided into two sections. The first section gathers demographic and general
information to characterize the sample, including details such as the company name, educational
qualifications, specialization, job title, total work experience, and type of production line. The
second section contains 71 questions: 23 focused on measuring awareness of continuous
manufacturing, 29 on evaluating the extent of its implementation, and 19 on identifying barriers to
continuous manufacturing.
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A total of 100 questionnaires were symmetrically distributed among six companies, resulting in
80 completed responses and a response rate of (80 %) . The full questionnaire can be found in (
Appendix A) .

3.6 Study Procedures and Data collection.

Primary data will be collected through questionnaires, personal interviews, and surveys with key
stakeholders in the pharmaceutical industry in Palestine. We coordinated company visits using an
official letter we issued to the targeted companies. A copy of this letter can be found in (Appendix
B).

I supervised the completion of the questionnaires immediately after the interviews, ensuring
transparency and accuracy throughout the process. This hands-on approach helped maintain data
integrity and ensured that all responses were carefully recorded.

We distributed 100 questionnaires to the study sample. After collecting the completed
questionnaires, it was determined that 80 were valid and suitable for statistical analysis, resulting
in zero missing questionnaires and response rate 80%.

3.7 Ethical considerations.

This study and its accompanying questionnaire received approval from the Chemistry Department
at Al-Quds University. The questionnaire, originally developed by Dr. Mohammad Abu Assab,
was used with his formal consent. All data collected from the pharmaceutical companies were
handled and analyzed confidentially to ensure their privacy and were used exclusively by us for
the purposes of this study.

3.8 Data Analysis and Interpretation.

After collecting data through a paper-based questionnaire, SPSS version 22 was used for all data
analysis. This analysis aimed to address the research questions and test the main hypotheses to
address the objectives of the study. The collected data were analyzed in accordance with the
following research questions:

Q1: What is the level of awareness regarding Continuous Manufacturing Processes (CMP)
among pharmaceutical companies in Palestine?

Q2: What is the level of implementation of Continuous Manufacturing Processes (CMP)
among pharmaceutical companies in Palestine?

Q3: What is the extent of barriers to implementing Continuous Manufacturing Processes
(CMP) among pharmaceutical companies in Palestine?

Q4: Are there statistically significant differences in the awareness levels of CMP among
respondents from pharmaceutical companies in Palestine based on demographic and
professional variables (educational qualification, field of specialization, job title, years of
experience in the pharmaceutical sector, and company category)?

This question was examined by testing five null hypotheses.
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QS: Are there statistically significant differences in the implementation levels of CMP
among respondents from pharmaceutical companies in Palestine based on demographic and
professional variables (educational qualification, field of specialization, job title, years of
experience in the pharmaceutical sector, and company category.)?

This question was also examined by testing five null hypotheses.

Descriptive statistics were employed to analyze awareness, implementation, and barriers related
to CMP. Inferential statistics, including hypothesis testing, were used to examine group
differences based on the identified variables.

3.9 Validity.

To ensure the questionnaire validity, it was initially presented to a group of expert arbitrators.
They evaluated its clarity, linguistic integrity, and relevance to the study objectives, ensuring face
validity and content validity, feedback was then used to refine the questionnaire. Construct
validity was assessed using Pearson item-total correlation.

The Pearson correlation coefficient was calculated for each question in relation to the overall
score, which further confirmed the construct validity of the questionnaire. The Pearson correlation
coefficient (r) ranges from -1 to +1, where values closer to +1 indicate a strong positive
relationship, values near 0 suggest no correlation, and values approaching -1 reflect a strong
negative relationship. Pearson correlation is a widely accepted method to assess the relationship
between individual items and their respective total domain scores, thereby supporting construct
validity.

The results presented in Tables (3.2, 3.3, 3.4) demonstrate statistically significant Pearson
correlation values (R) for awareness, implementation, and barriers. Specifically, the values range
from (0.615 to 0.835) for awareness, (0.502 to 0.849) for implementation, and (0.252 to 0.792)
for barriers. The p-values (all = 0.000) are below the significance level of 0.05, confirming the
statistical significance of these correlations.

These correlation values indicate strong internal consistency across the questionnaire, validating
that the tool effectively measures the intended constructs of awareness, implementation, and
barriers related to (CMP) in the pharmaceutical industry in Palestine.
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Table 3.2: Pearson Correlation results for the level of Awareness to (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

N [ Value (R) [ Sig | N | Value (R) | Sig | N | Value (R) | Sig
1] 0.615% [0.000]9 | 0697* [0.000|17| 0.768* | 0.000
2 | 0.625% [0.000] 10| 0.728 | 0.000 | 18| 0.835" | 0.000
3] 0263° [0.019]11] 0.654 |0.000]19] 0.783" | 0.000
410538 [0.000]12] 0720 | 0.000 |20 0.733* [0.000
5
6
7

0.630 | 0.000 | 13 | 0.750™ |0.000 | 21 | 0.421™ | 0.000
0.614™ 1 0.000 | 14 | 0.710™ | 0.000 | 22 | 0.450™ | 0.000
0.745™ 1 0.000 | 15| 0.832"" | 0.000 | 23 | 0.461™ | 0.000
8 | 0.787°" 10.000| 16 | 0.670* | 0.000

N: number of question Sig: significant P value R: value of Pearson Correlation
*. Correlation is significant at the 0.05 level (2-tailed).

Table 3.3: Pearson Correlation results for the level of Implementation to (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

N | Value (R) | Sig N | Value (R) | Sig N | Value (R) | Sig

0.793* 0.000 | 11 | 0.818™ 0.000 | 21 | 0.6617°" 0.000
0.840™ 0.000 | 12 | 0.818™ 0.000 | 22 | 0.659™ 0.000
0.722™ 0.000 | 13 | 0.734™ 0.000 | 23 | 0.692™ 0.000
0.754™ 0.000 | 14 | 0.752™ 0.000 | 24 | 0.738™ 0.000
0.824™ 0.000 | 15 | 0.774™ 0.000 | 25 | 0.743™ 0.000
0.832™ 0.000 | 16 | 0.849™ 0.000 | 26 | 0.502™ 0.000
0.848™ 0.000 | 17 | 0.813™ 0.000 | 27 | 0.690™ 0.000
0.800™ 0.000 | 18 | 0.808™" 0.000 | 28 | 0.651™" 0.000
0.851™ 0.000 | 19 | 0.785™ 0.000 | 29 | 0.626™ 0.000
10 | 0.804™ 0.000 | 20 | 0.724™ 0.000

[a—

O| oo | O | B W N

N: number of question Sig: significant P value R: value of Pearson Correlation

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 3.4: Pearson Correlation results for the level of Barriers to (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

N | Value Sig N Value Sig N Value (R) Sig
R) R)

1 0.566™ | 0.000 8 0.719" 10.000 | 15 0.387" 0.000
2 0.651"" | 0.000 9 0.709™ 1 0.000 | 16 0.457" 0.000
3 0.560"" | 0.000 10 0.700"" | 0.000 | 17 0.589™ 0.000
4 0.715™ | 0.000 11 0.694™ 10.000 |18 0.385™ 0.000
5 0.702"* | 0.000 12 0.792"* 1 0.000 |19 0.252° 0.024
6 0.662™ | 0.000 13 0.466™ | 0.000

7 0.655™" | 0.000 14 0.468™" | 0.000

N: number of question Sig: significant P value R: value of Pearson Correlation

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

We evaluated the tool stability by calculating the total score for the stability factor using
Cronbach’s Alpha. The results revealed a stability score of (0.935) for awareness of Continuous
Manufacturing Processes (CMP), (0.973) for CMP implementation, and (0.891) for barriers to
CMP. These findings indicate that the tool possesses sufficient stability to meet the study
objectives, as the Cronbach Alpha values reflect a high level of internal consistency across all
sections of the questionnaire. These results are displayed in (Table 3.5).

Note: Both Cronbach’s Alpha and Pearson item-total correlation were utilized to evaluate the
internal consistency of the questionnaire. Specifically, Cronbach’s Alpha assessed the overall
reliability of each domain, while the Pearson item-total correlation was used to examine construct
validity by verifying the correlation of each item with its corresponding domain total.

Table 3.5: Cronbach' Alpha Values Indicating the Reliability of the Study Tool.

Scale N of Item Cronbach's Alpha
23 0.935
1. Awareness
29 0.973
2. Implementation
3. Barrier 19 0.891
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3.11 Description of Sample Member Variables.

(Table 3.6) displays the distribution of respondents across various study variables. In terms of
qualifications, (67.5%) hold a Bachelor's degree or lower, while (32.5%) possess a Master's
degree or higher. For specialization, the distribution is as follows: (38.8%) in Pharmacy, (32.5%)
in Chemistry, and (28.7%) in other fields. In the job category, (25%) of respondents are in
management or higher, (22.5%) are department heads, (33.8%) are supervisors, and (18.8%) fall
into other categories.

Regarding years of experience in the pharmaceutical industry, (17.5%) have 5 years or less,
(23.8%) have 6-10 years, (16.3%) have 11-15 years, and (42.5%) have 16 years or more.

For In terms of company name, (6.3%) for Company 1, (6.3%) for Company 2, (12.5%) for
Company 3, (17.5%) for Company 4, (23.8%) for Company 5, and (33.8%) for Company 6.

Finally, the type of production line shows that (27%) of respondents work with solid dosage forms,
(33.6%) with liquid dosage forms, (23.2%) with semi-solid dosage forms, and (16.2%) with
injectable dosage forms. (Appendix C) provides frequency tables displaying the numbers and
percentages of participants responses to demographic variables, including qualification,
specialization, job title, years of experience, company, and production line.

Table 3.6: Distribution of study sample according to the study variables.

Variables Levels N %
Qualification Bachelor degree 54 67.5
Master degree 26 32.5
Specialization Pharmacy 31 38.8
Chemistry 26 32.5
Others 23 28.7
Jop category Management and above 20 25.0
Department heads 18 22.5
Supervisor 27 33.8
Others 15 18.8
Years of experience in the 5 years and less 14 17.5
pharmaceutical industry From 6-10 years 19 23.8
sector From 11-15 years 13 16.3
16 years and more 34 42.5

Company Company 1 5 6.3
Company 2 5 6.3
Company 3 10 12.5
Company 4 14 17.5
Company 5 19 23.8
Company 6 27 33.8
Type of production line Solid dosage form 65 27.0
Liquid dosage form 71 33.6
Semi-solid dosage form 56 23.2
Injectable dosage form 39 16.2

N: Numbers(frequencies). %: Percentage.
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3.12 Figures Illustrating the Distribution of the Sample Variables.

The following figures visually represent the distribution of respondents across key demographic
and job-related variables, offering a clearer interpretation of each variable alongside the tabular
data presented in Table 3.6.

Qualification

80

67.5%

60

32.5%

Bachelors degree Master degree

40

20

Figure 3.1: Respondent Distribution by Qualification

Specialization

45
40
35
30
25
20
15
10

38.8%

Pharmacy Chemistry Others

32.5%

28.7%

%]

Figure 3.2: Respondent Distribution by Specialization.
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Jop category

40
33.8%
35
30 25%
25 22.5%
20 18.8%
15
10
5
0
Management and above Department heads Supervisor Others
Figure 3.3: Respondent Distribution by Job Category.
Years of experience in the pharmaceutical industry sector
50 425%
40
30 23.8%
20 17.5% 16.3%
0
5 years and less From 6-10 years From 11-15 years 16 years and more

Figure 3.4: Respondent Distribution by Years of Experience in the Pharmaceutical Industry
sector.

Company

40
35
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25
20 17.5%

15 12.5%

33.8%

23.8%

10 6.3% 6.3%
1 N
0

factory 1 factory 2 factory 3 factory 4 factory 5 factory 6

Figure 3.5: Respondent Distribution by Company.
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Type of production line

40
35 33.6%
30 27 %
I5 23.2%
20 16.2%
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Solid dosage form Liquid dosage form Semi-solid dosage form Injectable dosage form

Figure 3.6: Respondent Distribution by Type of Production Line.
3.13 Statistical analyses.

This section outlines the statistical methods and tests used to analyze the collected data and
address the study research questions. After collecting and verifying the validity of the
questionnaires, the data were encoded and entered into Microsoft Excel and SPSS version 22
(Statistical Package for Social Sciences) for analysis. For all variables, a 5-point Likert scale was
used to measure responses, where 5 = Strongly Agree and 1 = Strongly Disagree. The midpoint of
this scale is 3 = Neutral, representing the boundary between agreement and disagreement. This
standardized measurement allowed consistent evaluation across all questionnaire items.
(Appendix C, Appendix D ), provides frequency tables that display the distribution of responses
for all questionnaire items.

To interpret the arithmetic mean values derived from Likert-scale responses, a three-point
classification was adopted based on equal distribution around the midpoint (3.00), as follows:

» An arithmetic mean from 1.00 to 2.33 = Low.
» An arithmetic mean from 2.34 to 3.66 = Moderate.
» An arithmetic mean from 3.67 to 5.00 = High.

This interpretation method ensures clarity in understanding respondent tendencies and enables
consistent categorization of perception levels.

To determine the appropriate inferential tests, the Kolmogorov-Smirnov test was conducted to
assess data normality. Due to the non-normal distribution of the data, non-parametric tests,
including the Mann-Whitney test and the Kruskal-Walli’s test, were utilized to explore
differences across groups based on demographic variables. The reliability of the instrument was
evaluated using Cronbach’s Alpha to assess internal consistency, and the Pearson correlation
coefficient was employed to measure the correlation between individual items and the total scale
score. Detailed results can be found in Chapter 4.
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During the data preparation process for statistical analysis, categorical variables were numerically
coded to enhance clarity and ensure consistent interpretation. The following variables were
considered:

v

Specialization: Participants specializations were categorized into three groups: Pharmacy
Code 1, Chemistry Code 2, and a combined group of other specialization: (Chemical
Engineering, Industrial Engineering, Biology, Food Processing, Marketing), designated as
Code 3. This combined group was created due to the small number of participants in each of
these individual specializations.

Job Category: Job categories were similarly grouped. Management and above received Code
1, Department heads were assigned Code 2, Supervisors received Code 3, and a combined
category of Others (including roles such as Director, President, and Consultant) was
designated as Code 4. This grouping was necessary to account for the limited number of
participants in these specific job roles.

Years of Experience in the Pharmaceutical Industry: Respondents were categorized based
on their years of experience: 5 years or less Code 1, 6-10 years Code, 11-15years Code 3,
and 16 years or more Code 4.

Company: Companies were assigned codes from Code 1 to Code 6, corresponding to the
following entities: Jerusalem Company (JPC) was assigned Code 1, Palolea Company was
assigned Code 2, Alison Company was assigned Code 3, Birzeit Company (BPC) was
assigned Code 4, Pharmacare Company (PLC) was assigned Code 5, and Beit Jala Company
(BJP) was assigned Code 6.

Type of Production Line: Production lines were categorized as follows: Solid dosage form
Code 1, Liquid dosage form Code 2, Semi-solid dosage form Code 3, and Injectable dosage
form Code 4.

The grouping of certain categories, especially under the (Others) designation, was implemented to
ensure that all job roles and specializations had a sufficient sample size for meaningful analysis.
This approach also mitigated the risk of unreliable results that could arise from having too few
participants in specific groups.
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Chapter Four:

Results:

4.1 Introduction.

This chapter presents the results of the study, focusing on the research subject Assessment of
Awareness, Implementation, and Barriers to Continuous Manufacturing Processes (CMP)
Among Pharmaceutical Manufacturing Companies in Palestine: A Cross-Sectional Study. It
discusses the effects of each variable based on the responses of the sample members to the study
tool and analyzes the statistical data obtained.

4.2 Descriptive Analysis of the Study Responses.

This section provides a descriptive analysis of the distribution of participants responses to the
questionnaire items. Frequencies and percentages were calculated for the demographic
information, as shown in (Appendix C) and illustrated in the figures referenced in Section 3.12.
(Appendix D) presents the participants responses to the questionnaire items across the three
dimensions. The frequency and percentage of each response were calculated according to the
Likert scale (from Strongly Agree to Strongly Disagree).

4.3 Study Question Results.

This section presents the answers to the research questions. Descriptive statistics were used to
summarize and describe the distribution of participant responses across the various dimensions of
the study using the rating scale defined in Section 3.13 to classify as low, moderate, or high, while
inferential statistics were applied to draw conclusions and test the study hypotheses.

4.3.1 Results for the First Question:

Q1: What is the level of awareness regarding Continuous Manufacturing Processes (CMP)
among pharmaceutical companies in Palestine?

To address this question, we calculated the arithmetic means and standard deviation of the
participants responses to the questionnaire items regarding their knowledge of Continuous
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Manufacturing Processes (CMP), as shown in (Table 4.1). The resulting values were then
interpreted using the rating scale defined in Section 3.13 to classify the level of awareness as low,
moderate, or high.

Table 4.1-a: Means and Standard Deviations of Awareness Levels of (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.
N Sentences Mean SD %

13 | CMP improves product quality more than 4.10 0.722
traditional batch manufacturing processes. 82.0
1 | I recognize the difference between the 4.09 0.814
continuous manufacturing process (CMP) and
traditional batch manufacturing. 81.8
12 | CMP improves production efficiency 4.05 0.810
compared to traditional batch manufacturing
processes. 81.0
15 | Our management is aware of the benefits of 4.04 0.892
CMP. 80.8
18 | CMP reduces the waste of raw materials 3.99 0.934
more than traditional batch manufacturing
processes. 79.8
10 | CMP provides greater control over 3.98 0.856
manufacturing processes than traditional
batch manufacturing processes. 79.6
14 | The company management is aware of 3.96 0.834
CMP's requirements. 79.2
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Table 4.1-b: Means and Standard Deviations of Awareness Levels of (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

9 | CMP reduces the cost of production 3.89 0.811

compared to traditional batch manufacturing

processes. 77.8
11 | CMP reduces the amount of space required 3.88 0.905

compared to traditional batch manufacturing

processes. 77.6
8 | Irealize the benefits of adopting CMP 3.86 0.978

compared to traditional batch manufacturing

processes. 77.2
17 | Our management is aware of the continuous 3.86 0.807

manufacturing principles. 77.2
2 I knew about the CMP through my work. 3.84 0.999 76.8
19 | We are aware of the new technology used in 3.79 0.990

CMP. 75.8
23 | The CMP is more flexible than the 3.75 0.893

traditional batch process. 75.0
21 | CMP is used to develop new formulations 3.71 0.917

more than traditional batch manufacturing

processes. 74.2
20 | We are aware of process analytical 3.62 0.998

techniques (PAT) used in CMP. 72.4
7 | Iam knowledgeable about CMP. 3.61 1.073 72.2
16 | Iknow about CMP through the international 3.53 0.900

guidelines. 70.6
22 | Capital expenditures in CMP are less than 3.47 1.043

those in the batch process. 69.4
4 | Ilearned about the CMP through self- 3.30 1.072

learning. 66.0
5 | I received training in the field of CMP. 2.94 1.205 58.8
6 | Ireceived qualifications in the CMP field. 2.88 1.140 57.6
3 | Ilearned about the CMP through my 2.60 1.086

undergraduate study. 52.0

Average 3.6804 | 0.61523 73.6

N: Number of Question.  SD: Standard Deviations. %: Valid percent.

The previous (table 4.1), displays the arithmetic means and standard deviations of the study
sample responses regarding the level of awareness of (CMP) among pharmaceutical companies in
Palestine. The overall arithmetic mean was (3.68), with a standard deviation of (0.615). Based on
the predefined rating scale, corresponding to (73.6% ), this reflects a high level of awareness.

The statements related to the first Dimension were organized in descending order based on their

arithmetic means, from highest to lowest, to emphasize the items that had the most significant
impact on the measured concept.
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The results in (Table 4.1) indicate that the statement (CMP improves product quality more
than traditional batch manufacturing) the highest arithmetic mean of (4.10). This was closely
followed by the statement (I recognize the difference between the continuous manufacturing
process (CMP) and traditional batch manufacturing) which had a mean of (4.09). In contrast,
the statement (I received qualifications in the CMP) field had the lowest arithmetic mean
of (2.60), and the statement (I learned about the CMP through my undergraduate study) had a
mean of (2.88).

4.3.2 Results for the Second Question:

Q2: What is the level of implementation of Continuous Manufacturing Processes (CMP)
among pharmaceutical companies in Palestine?

To answer this question, the arithmetic means and standard deviations were calculated for the
responses of the study sample regarding the questionnaire items measuring the level of
Implementation of (CMP) among pharmaceutical manufacturing companies in Palestine. The
items within this dimension were distributed across three distinct sub-levels, as shown in (Table
4.2), and the arithmetic means and standard deviations were also calculated separately for each
level to allow for a more detailed and accurate interpretation of the results.

Table 4.2: Means and standard deviations for the level of Implementation (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

N Fields Mean SD o,

1 Management and Employees 3.3552 | 0.82482 67.1

2 Facility, Equipment, Devices, and Materials 3.5339 0.70747 70.7

3 The Supply Chains 3.5750 | 0.66872 71.5
Average 3.4642 | 0.68830 69.3

N: Number of questions.  SD: Standard Deviations. %: Valid percent.

(Table 4.2) presents the arithmetic means and standard deviations of responses from the study
sample regarding the implementation of (CMP) in pharmaceutical companies in Palestine. The
overall arithmetic mean for the total score was (3.46), with a standard deviation of (0.688).
According to the predefined rating scale in Section 3.13. This score corresponds to (69.3%),
which reflects a moderate level of implementation.

The Supply Chains field had the highest mean score of (3.57), followed by the Facility,
Equipment, Devices, and Materials field with a mean of (3.53), and lastly, the Management and
Employees field with a mean of (3.35).

To enhance understanding, the questionnaire items related to the level of implementation were

categorized into three sub-levels. The arithmetic mean for each sub-level was calculated to assess
the degree of implementation in specific areas. Additionally, the items within each sub-level were
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ranked in descending order based on their arithmetic mean values, highlighting the statements that
had the most and least significant influence on each dimension.

Beginning with the Management and Employee level, we calculated the arithmetic means and
standard deviations to assess the level of implementation based on the predefined rating scale. As
shown in (Table 4.3).

Table 4.3: Means and standard deviations for the Management and Employees filed.

N Sentence Mean SD
%
1 | Our management is interested in converting from 3.54 0.885
batch manufacturing to CMP. 70.8
11 | Our workers can handle CMP operations effectively. 3.45 0.870 69.0
2 | Our management is committed to implementing 3.44 0.869
CMP. 68.8
6 | Our management seeks to invest in the CMP. 3.44 0.939 68.8
9 | Our management constantly seeks to apply the CMP. 3.44 1.004 68.8
10 | The company exploits process analytical techniques 3.40 0.936
(PAT) used in CMP. 68.0
7 | Our management is dedicated to a specialized skills 3.38 0.919
development training program in CMP. 67.6
12 | Our workers can solve CMP problems effectively. 3.31 0.866 66.2
3 | Our management attracted qualified employees in 3.30 1.048
CMP. 66.0
5 | Our workers were trained in CMP. 3.22 1.079 64.4
8 | We have a specialized team in the company to study 3.21 0.990
the requirements for CMP implementation. 64.2
4 | Our management recruited experienced employees in 3.14 1.003
CMP. 62.8
Average 3.3552 | 0.82482 | 67.1
N: Number of questions. SD: Standard Deviations. %: Valid percent.

(Table 4.3) shows the arithmetic means and standard deviations of the study sample responses
concerning the Management and Employees dimension. The overall arithmetic mean is (3.35),
with a standard deviation of (0.824). According to the predefined rating scale in Section 3.13.
This suggests that the level of implementation in this dimension is moderate, with a percentage
of (67.1%).

The results presented in (Table 4.3) reveal that the paragraph (Our management is interested in
converting from batch manufacturing to CMP) received the highest arithmetic mean score of
(3.54). This was followed closely by the paragraph (Our workers can handle CMP operations
effectively) which had an arithmetic mean of (3.45). Conversely, the paragraph (Our
management recruited experienced employees in CMP) recorded the lowest mean score at
(3.14), while the paragraph (We have a specialized team in the company to study the
requirements for CMP) had a mean of (3.21).
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Continuing with the second level, Facility, Equipment, Devices, and Materials, we calculated
the arithmetic means and standard deviations for the study sample responses to the relevant
questionnaire items. As shown in (Table 4.4). Similar to the first level (Management and
Employees), these results will be evaluated and compared using the predefined rating scale
outlined in Section 3.13, allowing for the classification of the implementation level as low,
moderate, or high.

Table 4.4: Means and standard deviations for Facility, Equipment, Devices, and Materials

filed.
N Sentence Mean SD
%
11 | We ensure the specifications of materials used in CMP. 3.88 0.718 77.6
10 | We use the necessary manufacturing materials for CMP. 3.83 0.708 76.6
14 | All of our products can be produced through the CMP. 3.78 0.826 75.6
12 | We have qualified warehouses to store materials needed 3.73 0.954
for the CMP. 74.6
13 | We verify the packaging materials used in CMP according 3.71 0.874
to the required guidelines. 74.2
8 | Our machines and equipment can be adjusted to suit the 3.65 0.813
CMP. 73.0
9 | Our machines and equipment can be rearranged 3.64 0.815
sequentially according to CMP. 72.8
2 | Our facility layout can be adjusted to operate the CMP. 3.56 0.824 71.2
6 | Our machines and equipment cleaning times are suitable 3.52 0.941
for CMP. 70.4
7 | We have the required infrastructure for the CMP. 3.38 0.877 67.6
4 | Our machines and equipment are suitable for CMP. 3.30 1.060 66.0
5 | Our machines and equipment are arranged to be used 3.28 1.031
sequentially according to CMP. 65.6
3 | We have all the necessary machines and equipment for 3.15 1.092
CMP. 63.0
1 | Our facility layout is designed for the CMP. 3.09 1.034 61.8
Average 3.5339 | 0.70747 70.7
N: Number of questions.  SD: Standard Deviations. %: Valid percent.

(Table 4.4) shows the arithmetic means and standard deviations of the study sample responses for the
Facility, Equipment, Devices, and Materials dimension. The overall arithmetic mean is (3.53), with a
standard deviation of (0.707). Based on the predefined rating scale in Section (3.13), these results
corresponding to (70.7%.), which reflects a moderate level in Facility, Equipment, Devices, and
Materials filed.

(Table 4.4) shows that the statement (We ensure the specifications of materials used in CMP)
received the highest average score of (3.88). It was closely followed by (We use the necessary
manufacturing materials for CMP), which scored (3.83). In contrast, (Our facility layout is
designed for the CMP) had the lowest average score at (3.09), with (We have all the necessary
machines and equipment for CMP) slightly higher at (3.15).
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In the third and final level, concerning the implementation specifically, the Supply Chains. We
calculated the arithmetic means and standard deviations for the study responses to the relevant
questionnaire items. Following the approach used for the previous levels, these results were
evaluated and interpreted based on the predefined rating scale outlined in Section 3.13. This
classification determined the level of implementation as low, moderate, or high, as illustrated in
(Table 4.5).

Table 4.5: Means and standard deviations for the Supply Chains filed.

N Sentence Mean SD %
1 Our contracts with suppliers are suitable for the CMP. 3.65 0.748 73.0
2 Our suppliers have quality certificates in CMP. 3.54 0.826 70.8
3 Our suppliers' delivery dates are suitable for CMP. 3.54 0.674 70.8

Average 3.5750 0.66872 71.5

N: Number of questions.  SD: Standard Deviations. %: Valid percent.

(Table 4.5) presents the arithmetic means and standard deviations of the study responses regarding
the Supply Chains level. The overall arithmetic mean is (3.57), with a standard deviation of
(0.668). According to the rating scale defined in Section 3.13, this result corresponds to (71.5%),
indicating a moderate level of implementation in the Supply Chains dimension.

The results presented in Table (4.5) show that the statement (Our contracts with suppliers are
suitable for the CMP) achieved the highest average score of (3.65). This was followed by the
statements (Our suppliers have quality certificates in CMP) and (Our suppliers delivery dates
are suitable for CMP) both of which received an average score of (3.54).

4.3.3 Results for the Third Question:

Q3: What is the extent of barriers to implementing Continuous Manufacturing Processes
(CMP) among pharmaceutical companies in Palestine?

To address this question, we calculated the arithmetic averages and standard deviations of the
responses from the study sample regarding the questionnaire items related to the Barriers to (CMP)
in Pharmaceutical Manufacturing Companies in Palestine, as displayed in (Table 4.6). Using the
rating scale detailed in Section 3.13, the results were categorized to identify the degree of the
barriers as low, moderate, or high.
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Table 4.6: Means and standard deviations for the level of Barriers to (CMP) Among
Pharmaceutical Manufacturing Companies in Palestine.

N Sentences Mean SD %
16 | The CMP involves extensive research 4.04 0.665
and development. 80.8
19 | The CMP requires extensive process 4.02 0.746
optimization. 80.4
18 | The CMP requires continuous validation 3.97 0.779
and monitoring. 79.4
15 | The CMP requires more control and 3.76 0.889
evaluation processes. 75.2
1 | Adopting the CMP with its underlying 3.75 0.935
technologies is expensive. 75.0
17 | The CMP encounters complex regulatory 3.66 0.779
approvals. 73.2
13 | The CMP requires more physical space 3.52 0.795
than the batch process. 70.4
14 | Limited availability of the CMP- 3.44 0.777
compatible resources, technologies, and
materials. 68.8
7 | The CMP poses quality management 3.31 1.063
challenges. 66.2
10 | Lack of awareness of the CMP and its 3.26 0.978
benefits. 65.2
2 Lack of top management commitment to 3.15 0.929
CMP. 63.0
9 Our workers are not sufficiently 3.15 1.045
experienced in the CMP. 63.0
12 | The CMP requires complex logistic 3.14 1.016
issues. 62.8
4 Adopting the CMP with its underlying 3.09 1.070
technologies is difficult. 61.8
8 Our workers are not sufficiently qualified 3.05 1.124
to operate the CMP. 61.0
6 The CMP is not flexible. 2.86 1.088 57.2
11 | The CMP system is complex to operate. 2.85 0.995 57.0
5 Adopting the CMP is not worth it. 2.80 1.095 56.0
3 Adopting the CMP is time-consuming. 2.54 0.954 50.8
Average 3.3355 | 0.54756 66.7

N: Number of questions.  SD: Standard Deviations. %: Valid percent.
(Table 4.6) shows the arithmetic means and standard deviations of responses from the study

sample regarding barriers to (CMP) among Pharmaceutical Manufacturing Companies in
Palestine. The overall arithmetic mean is (3.33), with a standard deviation of (0.547). Based on
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the rating scale defined in Section 3.13, this result corresponds to (66.7%), indicating a
moderate level of perceived barriers.

(Table 4.6) shows that the sentence (The CMP involves extensive research and development)
has the highest arithmetic average at (4.04), followed closely by (The CMP requires extensive
process optimization), which has an average of (4.02). In contrast, the sentence (Adopting the
CMP is time-consuming) received the lowest average at (2.54), while (Adopting the CMP is not
worth it) follows with an average of (2.80).

4.3.4 Results for the Fourth Research Question:
This section addresses the fourth research question:

Q4: Are there statistically significant differences in the awareness levels of CMP among
respondents from pharmaceutical companies in Palestine based on demographic and
professional variables (educational qualification, field of specialization, job title, years of
experience in the pharmaceutical sector and company category)?

To investigate this question, we reformulated it into the following hypotheses, which aim to
determine whether awareness levels significantly differ among respondents according to their
demographic and General Information.

The statistical analysis employed non-parametric tests, as detailed in Section 3.13, to ensure
compatibility with the data distribution.

The hypotheses are stated as follows:

Hgq1A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the
qualification variable.

Hg2A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the
specialization variable.

Hg3A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the job
category variable.

Hg4A: There are no statistically significant differences (at p > 0.05) in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on years of
experience in the pharmaceutical industry.
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HgsA: There are no statistically significant differences (at p > 0.05) in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on the
company category.

s Results of the First Hypothesis:

Hg1A: There are no statistically significant differences (p-value > 0.05) in awareness of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the qualification variable.

The first hypothesis was evaluated using the Mann-Whitney U test for two independent samples
to assess whether there are statistically significant differences in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical companies in Palestine, based on

qualifications. The test results, including the mean ranks for each group, are presented in (Table
4.7).

Table 4.7: Results of the Mann-Whitney Test for Two Independent Samples on Awareness of
(CMP) Among Pharmaceutical Manufacturing Companies in Palestine, Based on

Qualification.
Qualification N Mean Rank Value of Sig
Z
Bachelors’ degree 54 41.19 0.380 0.704
Master degree 26 39.08

N = Number of respondents. Mean Rank = Average rank of responses. Z= value for Mann- test
Sig= significant P value.

As shown in (Table 4.7), the Z value for the total score was (0.380), with a significance level of (p
=0.704) which is greater than the threshold of 0.05 (p > 0.05). This result indicates that there are
no statistically significant differences in the level of awareness of (CMP) among pharmaceutical
manufacturing companies in Palestine based on the qualification variable as shown in (Figure4.1).
Consequently, the first hypothesis is accepted.
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Figure 4.1: Mean Rank of Awareness Levels by Qualification (Bachelor vs. Master).
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¢ Results of the Second Hypothesis:

Hg2A: There are no statistically significant differences (at p > 0.05) in awareness of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the specialization variable.

The second hypothesis was tested using the Kruskal-Walli’s test, which is suitable for
comparing more than two independent samples. This test aimed to determine if there are
statistically significant differences in awareness of (CMP) among respondents from
pharmaceutical manufacturing companies in Palestine, categorized by their field of specialization.
The results are presented in (Table 4.8).

Table 4.8: Results of the Kruskal-Walli’s Test for More Than Two Independent Samples on
the Level of Awareness of (CMP) Among Pharmaceutical Manufacturing Companies in
Palestine Based on the Specialization Variable.

Field (Specialization) d.f Kruskal-Walli’s H Sig
Average 2 7.847 0.020
d.f=degree of free. Sig= significant P value.

The results of the Kruskal- Walli’s test presented in (Table 4.8) show a total score of (7.847) and a
significance level of (p = 0.020), which is below the threshold for statistical significance at 0.05 (p
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< 0.05), indicating that there are statistically significant differences in the level of awareness of
Continuous Manufacturing Processes (CMP) among pharmaceutical manufacturing companies in
Palestine, based on the Specialization variable. Therefore, the second hypothesis is rejected.

Since statistically significant differences were detected, a rank order was calculated to pinpoint
where these differences lie. The ranking of awareness levels across the different specializations is

presented in (Table 4.9).

Table 4.9: Mean Ranks of Study Sample Responses by Specialization Variable.

Fields Levels N Mean Rank
Average Pharmacy 31 31.37
Chemistry 26 46.79
Others 23 45.70

N = Number of respondents.

(Table 4.9) presents the results of the mean rank analysis regarding awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical manufacturing companies in Palestine,
categorized by specialization.

The data shows that respondents specializing in Chemistry have the highest mean rank of (46.79),
followed closely by those in the others category with a mean rank of (45.70). In contrast,
respondents with a specialization in Pharmacy have the lowest mean rank at (31.37).

These results suggest that the statistically significant differences in awareness levels, identified

through the Kruskal-Walli’s test, are primarily driven by the higher awareness among respondents
from the Chemistry specialization. As illustrated in (Figure 4.2).
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Figure 4.2: Mean Rank Comparison of Awareness Levels by Specialization Groups.

s Results for the Third Hypothesis:

Hgp3A: There are no statistically significant differences (at p > 0.05) in awareness of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the job category variable.

The third hypothesis was tested using the same method as the second hypothesis, employing the
Kruskal-Walli’s test to assess whether there are statistically significant differences in the level of
awareness of (CMP) among pharmaceutical manufacturing companies in Palestine, based on the
Job Category variable, as shown in (Table 4.10).

Table 4.10: Results of the Kruskal-Walli’s Test for More Than Two Independent Samples on
the Level of Awareness of (CMP) Among Pharmaceutical Manufacturing Companies in
Palestine, Based on Job Category.

Fields d.f Kruskal-Walli’s H Sig
Average 3 15.557 0.001
d.f = degree of free. Sig= significant P value.

The results of the Kruskal-Walli’s test, shown in (Table 4.10), indicate a test statistic of (15.557)
and a significance level of (p = 0.001), which is below the accepted threshold for statistical
significance at 0.05 (p < 0.05). This indicates the presence of statistically significant differences in
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the level of awareness of (CMP) among pharmaceutical manufacturing companies in Palestine,
based on the Job Category variable. Therefore, the third hypothesis is rejected.

To further explore these significant differences, a rank order analysis was performed to pinpoint
the specific job categories contributing to the variation. The findings are presented in (Table 4.11).

Table 4.11: Mean Ranks of Study Sample Responses by Job Category.

Fields Levels N Mean Rank
average Management and above 20 46.20
Department heads 18 42.56
Supervisor 27 46.61
Others 15 19.43

(Table 4.11), presents the mean rank values for the awareness of (CMP) among pharmaceutical
manufacturing companies in Palestine, categorized by Job Category.

The results indicate that the highest awareness levels were reported among respondents in the
Supervisor category (Mean Rank = 46.61) and Management and above category (Mean Rank =
46.20), followed by Department Heads (Mean Rank = 42.56). In contrast, respondents in the
others category recorded the lowest awareness level with a Mean (Rank of 19.43).

These findings confirm that the statistically significant differences identified by the Kruskal-

Walli’s test are mainly attributed to the higher awareness among Supervisors and Management-
level respondents. As shown in (Figure 4.3).
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Figure 4.3: Mean Rank Comparison of Awareness Levels by Job Category.

s for the Fourth Hypothesis:

Hgg4A: There are no statistically significant differences (at p > 0.05) in awareness of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine

based on years of experience in the pharmaceutical industry.

The fourth hypothesis was tested using the Kruskal-Walli’s test, similar to the approach taken
for the second and third hypotheses. This analysis aimed to determine if there are statistically
significant differences in the level of awareness of (CMP) among pharmaceutical manufacturing
companies in Palestine, based on their years of experience in the industry. The results can be
found in (Table 4.12).

Table 4.12: Results of the Kruskal-Walli’s test for multiple independent samples regarding
the Level of Awareness of (CMP) among Pharmaceutical Manufacturing Companies in

Palestine, based on years of experience in the pharmaceutical industry.

Fields

d.f

Kruskal-Walli’s H

Sig

Average

3.012

0.390

d.f=degree of free.

Sig= significant P value.
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It is noted that the value of the Kruskal-Walli’s test for the total score (3.012) and the level of
significance (p = 0.390) is greater than the threshold for statistical significance at 0.05 (p > 0.05).
This indicates that there are no statistically significant differences in the level of awareness of
(CMP) among pharmaceutical manufacturing companies in Palestine based on years of experience
in the pharmaceutical industry. Therefore, the fourth hypothesis is accepted.

Despite this lack of statistical significance, we calculated the ranks to highlight potential
differences. (Table 4.13) presents the results of the ranking of mean differences based on years of
experience in the pharmaceutical sector. Additionally, (Figure 4.4) visually depicts the distribution
of awareness levels across different experience groups, illustrating the observed differences even

though they are not statistically significant.

Table 4.13: Mean Ranks of Study Sample Responses by Years of Experience.

Levels Mean Rank
Fields N

5 years and less 14 33.64
Average

From 6-10 years 19 36.82

From 11-15 years 13 41.42

16 years and more 34 45.03
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Figure 4.4: Distribution of Awareness Levels Across Different Experience Groups.
Iustrating the Observed Differences Despite the Lack of Statistical Significance.

< Results of the fifth hypothesis:

HosA: There are no statistically significant differences (at p > 0.05) in awareness of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the company category.

The fifth hypothesis was tested using the Kruskal-Walli’s test, which is suitable for analyzing
more than two independent samples, as was done for the second, third, and fourth hypotheses.
This test aims to determine whether there are statistically significant differences in the awareness
levels of (CMP) among pharmaceutical manufacturing companies in Palestine, based on the
Company variable. The results of this analysis are presented in (Table 4.14).

Table 4.14: Results of the Kruskal-Walli’s test for more than two independent samples
regarding the Level of Awareness of (CMP) among pharmaceutical manufacturing
companies in Palestine, categorized by company.

Fields d.f Kruskal-Walli’s H Sig
Average 5 7.828 0.166
d.f=degree of free. Sig= significant P value.
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(Table 4.14) shows that the Kruskal-Walli’s test value for the total score was (7.828), with a
significance level of (p = 0.166). This value exceeds the accepted significance threshold of 0.05,
indicating that there are no statistically significant differences in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical manufacturing companies in Palestine,
based on the Company variable. Consequently, the fifth hypothesis is accepted.

Nonetheless, to investigate the direction of the observed differences, the rank order of the groups
was calculated. Although these variations did not achieve statistical significance, they may still
provide meaningful insights, as shown in (Figure 4.5). The results of the rank comparison are

presented in (Table 4.15).

Table 4.15: Mean Ranks of Study Sample Responses Based on Company Variable.

Levels Mean Rank
Fields N
Category 1 5 37.30
Category 2 5 38.50
Average
Category 3 10 42.75
Category 4 14 42.36
Category 5 19 51.18
Category 6 27 32.15

N = Number of respondents.
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Figure 4.5: Mean Rank Comparison of Awareness Levels by Company Category.
4.3.5 Results for the Fifth Question:

QS: Are there statistically significant differences in the implementation levels of CMP
among respondents from pharmaceutical companies in Palestine based on demographic and
professional variables (educational qualification, field of specialization, job title, years of
experience in the pharmaceutical sector, and years of experience in the current company)?

This section, like the fourth research question, aims to explore potential differences. To address
this, we reformulated the question into specific hypotheses to assess whether implementation
levels significantly vary among respondents based on their demographic and general information.

We employed non-parametric tests for the statistical analysis, as outlined in Section 3.13, to
ensure compatibility with the data distribution.

The Null hypotheses are stated as follows:

Hg1l: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the qualification variable.

Hg2!1: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the specialization variable.
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Hg3I: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the job category variable.

Hgq4l: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on years of experience in the pharmaceutical industry.

Hgsl: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based
on the company category.

% Results of the First Hypothesis:

Ho1I: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the qualification variable.

The first hypothesis was examined using the Mann-Whitney U test for two independent samples.
This test aimed to identify any statistically significant differences in the level of implementation
of (CMP) among pharmaceutical companies in Palestine, categorized by qualifications. The
results, including the mean ranks for each group, are presented in (Table 4.16).

Table 4.16: Results of the Mann-Whitney Test for Two Independent Samples on the Level of
Implementation of (CMP) Among Pharmaceutical Manufacturing Companies in Palestine
Based on the Qualification Variable.

Fields Qualification N Mean | Value of Sig
Rank Y4

Management and Bachelor’s degree 54 39.93 0.319 0.750
Employees Master degree 26 41.69

Facility, Equipment, Bachelor’s degree 54 41.38 0.489 0.625
Devices, and Materials Master degree 26 38.67

The Supply Chains Bachelor’s degree 54 41.62 0.642 0.521
Master degree 26 38.17

Average Bachelor’s degree 54 40.43 0.041 0.967
Master degree 26 40.65

N = Number of respondents. = Mean Rank = Average rank of responses. 7= value for test

Sig= significant P value.
The results in the previous table show that the Z value for the total score is (0.041), and the

significance level is (0.967), which exceed the threshold for statistical significance at 0.05 (p >
0.05). This indicates that there are no statistically significant differences in the implementation of
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(CMP) among pharmaceutical manufacturing companies in Palestine, based on the Qualification
variable and across all fields. Therefore, the first hypothesis is accepted. Additional details are
illustrated in (Figure 4.6).

Mean Rank p value=0.750 p value= 0.625 p value=0.521

p value=0.967

41.69 41.62
42 41.38
40.65
4 39.93
40
39 38.17
38
37
36
Bachelors’ Master Bachelors’ Master Bachelors’ Master Bachelors’ Master
degree degree degree degree degree degree degree degree
Management and Facility, Equipment, The Supply Chains Average
Employees Devices, and Materials

Figure 4.6: Comparison of CMP Implementation Levels Based on Qualification Variables.

0,

«» Results of the Second Hypothesis:

Hg2I: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the specialization variable.

To examine the second hypothesis regarding the implementation of (CMP) among pharmaceutical
companies in Palestine based on specialization, the Kruskal-Walli’s test was used. This test
determines if there are significant differences in CMP implementation across different
specializations within the pharmaceutical sector. The results will indicate whether specialization
impacts CMP implementation, as shown in (Table 4.17).
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Table 4.17: Results of the Kruskal-Walli’s test for multiple independent samples regarding
the Level of Implementation of (CMP) among Pharmaceutical Manufacturing Companies in
Palestine, based on the specialization variable.

Fields(specialization) d.f Kruskal-Walli’s H Sig
Management and Employees 2 3.214 0.200
Facility, Equipment, Devices, 2 6.613 0.037

and Materials

The Supply Chains 2 1.013 0.603
Average 2 4.868 0.088
d.f=degree of free. Sig= significant P value.

The analysis was performed on each of the three-implementation level: Management and
Employees, Facility, Equipment, Devices, and Materials, and Supply Chains, as well as the
total score. The Kruskal-Walli’s test yielded a result of (4.868), with a significance level for the
total score of (p = 0.088). This value exceeded the threshold of 0.05, indicating no statistically
significant differences in the overall implementation level across the specialization groups,
therefore, the second hypothesis was accepted.

However, when examining the results for each level individually, it was found that the Facility,
Equipment, Devices, and Materials level had a p-value lower than 0.05 (p=0.037), indicating
statistically significant differences in this area. As a result, a further comparison of the mean ranks
was conducted to determine which groups contributed to these differences. The detailed results of
this comparison are provided in (Table 4.18), and the distribution of these differences is
graphically represented in (Figure 4.7).
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Table 4.18: Mean Ranks of Study Sample Responses by Specialization

Fields Levels N Mean Rank
Management Pharmacy 31 37.45
and Employees

Chemistry 26 47.19

Others 23 37.04

Facility, Pharmacy 31 33.60

Equipment,
Devices, and Chemistry 26 49.42
Materials

Others 23 39.72

The Supply Pharmacy 31 37.77
Chains

Chemistry 26 40.65

Others 23 44.00

Average Pharmacy 31 35.21

Chemistry 26 48.52

Others 23 38.57

N = Number of respondents.

The results of the mean rank comparison in (Table 4.18) clearly indicate that the statistically
significant differences in the Facility, Equipment, Devices, and Materials field are primarily
due to the specialization variable.

The ranking shows that respondents with a Chemistry specialization recorded the highest mean

rank, indicating a higher level of implementation of (CMP) in this field, followed by those from
other specializations, and then Pharmacy.
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Figure 4.7: Comparison of Mean Ranks for Implementation Levels of Continuous
Manufacturing Processes (CMP) by Specialization.

This pattern suggests that participants with a Chemistry background demonstrate a stronger focus
on implementing CMP concerning facilities, equipment, devices, and materials, which may be
linked to their technical familiarity with operational processes and material handling in
pharmaceutical manufacturing environments.

< Results for the Third Hypothesis:

Ho3lI: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the job category variable.

To determine if there are statistically significant differences in the implementation levels of (CMP)
among pharmaceutical manufacturing companies in Palestine based on the Job Category variable,
the Kruskal-Walli’s test was applied. This test was conducted for each category individually:
Management and Employees, Facilities, Equipment, Devices, Materials, and Supply Chains, as
well as for the overall average score. The results are summarized in( table 4.19)
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Table 4.19: Results of the Kruskal-Walli’s Test for Multiple Independent Samples on the
Level of Implementation of (CMP) Among Pharmaceutical Manufacturing Companies in
Palestine, Based on Job Category.

Fields (Jop-title) d.f Kruskal-Walli’s H Sig
Management and Employees 3 7.895 0.048
Facility, Equipment, Devices, 3 7.804 0.050

and Materials

The Supply Chains 3 1.894 0.595
Average 3 8.519 0.036
d.f=degree of free. Sig= significant P value.

The findings reveal a Kruskal-Walli’s Test is (8.519) for the total score, with a significance level
of (0.036), which is below the accepted threshold of 0.05 (p < 0.05). This indicates statistically
significant differences in the implementation of CMP among respondents based on the Job
Category variable.

Notable differences were observed in the areas of Management and Employees and Facilities,
Equipment, Devices, and Materials. However, the Supply Chains field did not exhibit any
statistically significant differences (p = 0.595). Consequently, the average p-value across the fields
led to the rejection of the third hypothesis, suggesting that job roles within pharmaceutical
companies significantly influence the level of CMP implementation. To clarify these differences,
we calculated the mean rank values for each job category, as presented in (Table 4.20).

60



Table 4.20: Results of the Mean Rank Comparison for Implementation Levels by Job

Category.
Levels Mean Rank
Fields N
Management and Management and above 20 43.85
Employees
Department heads 18 39.92
Supervisor 27 46.37
Others 15 26.17
Facility, Management and above 20 43.28
Equipment,
Devices, and Department heads 18 42.14
Materials
Supervisor 27 45.59
Others 15 25.67
The Supply Management and above 20 39.63
Chains
Department heads 18 41.83
Supervisor 27 43.81
Others 15 34.10
Average Management and above 20 43.60
Department heads 18 40.31
Supervisor 27 46.67
Others 15 25.50

N = Number of respondents.

The analysis of mean ranks revealed that the Supervisor job category consistently received the
highest scores in most areas. This suggests that supervisors are more actively involved in
implementing CMP, likely due to their direct operational responsibilities. (Figure 4.8) visually
represents these ranking differences, illustrating the distribution of implementation levels across
various job categories.
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Figure 4.8: Mean Rank Comparison of Continuous Manufacturing Process (CMP)
Implementation Levels by Job Category.

s Results of the Fourth Hypothesis:

Hog4l: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on years of experience in the pharmaceutical industry.

To test this hypothesis, the Kruskal-Walli’s test was used to identify statistically significant
differences among the different experience groups. The results are presented in (Table 4.21).

Table 4.21: Results of the Kruskal-Walli’s Test for multiple independent samples regarding
the Level of Implementation of (CMP) among pharmaceutical manufacturing companies in
Palestine, based on years of experience in the pharmaceutical industry.

fields d.f Kruskal-Walli’s H Sig
Management and Employees 3 1.204 0.752
Facility, Equipment, Devices, 3 5.581 0.134

and Materials

The Supply Chains 3 1.329 0.722
Average 3 1.842 0.606
d.f=degree of free. Sig= significant P value.
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The test results indicate a total score of (1.842) and a significance level of (0.606), which exceeds
the accepted threshold of 0.05 (p > 0.05). This suggests that there are no statistically significant
differences in the implementation levels of Continuous Manufacturing Processes (CMP) among
pharmaceutical companies in Palestine, based on the variable of years of experience in the
pharmaceutical industry.

This lack of significance was consistent across all fields. Consequently, the fourth hypothesis is
accepted. To further analyze the results, we calculated the mean ranks for each category, as
presented in (Table 4.22).

Table 4.22: Mean Rank Results of Respondents Answers Based on Years of Experience in
the Pharmaceutical Industry Sector.

Fields Levels N Mean Rank

Management and 5 years and less 14 36.21
Employees

From 6-10 years 19 37.95

From 11-15 years 13 41.88

16 years and more 34 43.16

Facility, 5 years and less 14 34.00
Equipment,

Devices, and From 6-10 years 19 39.00

Materials

From 11-15 years 13 53.77

16 years and more 34 38.94

The Supply 5 years and less 14 36.46

Chains

From 6-10 years 19 37.76

From 11-15 years 13 41.12

16 years and more 34 43.46

Average 5 years and less 14 34.32

From 6-10 years 19 39.34

From 11-15 years 13 46.00

16 years and more 34 41.59
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N = Number of respondents.

The ranking results indicated no significant differences related to years of experience, as
supported by the data. Furthermore, (Figure 4.9), visually illustrates the mean rank differences
and the distribution of implementation levels across different years of experience in the
pharmaceutical industry sector.
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Figure 4.9: Distribution of Mean Ranks for Implementation Levels by Years of Experience
in the Pharmaceutical Industry.

< Results of the fifth hypothesis:

Hosl: There are no statistically significant differences (at p > 0.05) in Implementation of
Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the company category.

Following the method used for the second, third, and fourth hypotheses, the Kruskal-Walli’s test
was applied to analyze the fifth hypothesis. It was used to assess whether there are statistically
significant differences in the implementation levels of (CMP) among these companies, based on
company category. The result is presented in (Table 4.23).
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Table 4.23: Results of the Kruskal-Walli’s Test for the Level of Implementation of (CMP)
Among Pharmaceutical Companies in Palestine, Based on Company Type.

Fields d.f Kruskal-Walli’s H Sig
Management and Employees 5 21.091 0.001
Facility, Equipment, Devices, 5 32.160 0.000

and Materials
The Supply Chains 5 21.264 0.001
Average 5 29.263 0.000
d.f=degree of free. Sig= significant P value.

(Table 4.22) presents the Kruskal-Walli’s test for the total score at (29.263), with a significance
level of (0.000), which is below the accepted threshold of 0.05 (p < 0.05). This indicates
statistically significant differences in the level of CMP implementation among pharmaceutical
manufacturing companies in Palestine, based on the company category variable and across all
measured fields. Consequently, the fifth hypothesis was rejected.

To clarify the source of these differences, the mean rank values for each company category have
been calculated and summarized in (Table 4.24). The distribution of these ranking results is
visually represented in (Figure 4.10).

Table 4.24-a: Mean Rank Results of Study Sample Responses by Company Category.

Fields Levels N Mean Rank
Management Category 1 5 36.50
and
Employees Category 2 5 25.10
Category 3 10 44.75
Category 4 14 32.07
Category 5 19 60.21
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Table 4.24-b: Mean Rank Results of Study Sample Responses by Company Category.

Category 6 27 33.02

Facility, Category 1 5 38.50
Equipment,

Devices, and Category 2 5 29.90

Materials Category 3 10 49.50

Category 4 14 29.32

Category 5 19 63.97

Category 6 27 28.78

The Supply Category 1 5 39.60

Chains

Category 2 5 19.10

Category 3 10 42.55

Category 4 14 26.86

Category 5 19 57.87

Category 6 27 38.72

Average Category 1 5 37.90

Category 2 5 26.80

Category 3 10 48.00

Category 4 14 2943

Category 5 19 63.24

Category 6 27 30.48

N = Number of respondents.

The analysis of the mean rank values shows that respondents from Company Category 5
reported the highest levels of (CMP) implementation across all measured fields. This finding
suggests that the statistically significant differences identified by the Kruskal-Walli’s test are
largely attributable to this group.
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Chapter Five:

Discussion.

5.1 Introduction.

This chapter provides a discussion and interpretation of the findings from the study titled
(Assessment of Awareness, Implementation, and Barriers to Continuous Manufacturing
Processes (CMP) Among Pharmaceutical Manufacturing Companies in Palestine). The main
goal is to situate these findings within the Palestinian pharmaceutical industry, connect them to
relevant theoretical and empirical literature and compare them with previous research, and
identify practical implications that could guide future strategies for enhancing continuous
manufacturing in this local context.

5.2 Discussion of Research Question One: Awareness of CMP.
Q1: What is the level of awareness regarding Continuous Manufacturing
Processes (CMP) among pharmaceutical companies in Palestine?

The study findings indicate that pharmaceutical manufacturing companies in Palestine
possess a strong awareness of Continuous Manufacturing Processes (CMP), with a mean
score of (3.68), corresponding to (73.6%) and classified as high level on the study rating
scale. However, a closer examination shows that this awareness is primarily operational,
arising from hands on experience in the industry rather than from a strong technical or
academic foundation, these findings are consistent with (Yu & Lee, 2018), who
emphasized the need to raise awareness among regulatory agencies and manufacturers to
transition CMP from theory to practice.

Notably, the highest-rated benefits of CMP include its capacity to improve product quality (mean
= 4.10), distinguish itself from traditional batch processing (mean = 4.09), and enhance
production efficiency (mean = 4.05). Despite these strengths, the data demonstrated notable gaps
in both technical and academic competence. The lowest-rated areas were formal training (2.94),
academic qualifications in the field (2.88), and exposure to CMP during undergraduate studies
(2.60). These findings indicate a lack of institutional and educational support, suggesting a
superficial understanding of the technology and its requirements.
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To address this gap, it is essential to integrate CMP topics into academic curricula and offer
specialized training programs that enhance both theoretical knowledge and practical skills.
Pharmaceutical companies should invest in staff training and partner with academic institutions to
create dedicated CMP courses to promote the sustainable adoption of this advanced
manufacturing approach.

5.3 Discussion of Research Question Two: Implementation of CMP.

Q2: What is the level of implementation of Continuous Manufacturing Processes (CMP)
among pharmaceutical companies in Palestine?

The implementation of Continuous Manufacturing Processes (CMP) in Palestinian
pharmaceutical companies is moderate, with a mean score of (3.46) and a standard
deviation of (0.688), indicating a partial implementation rate of (69.3%). Although there
is a general interest in CMP, achieving full scale adoption remains a challenge. The
analysis of implementation was organized into three main levels: management and
employees, facility, equipment, devices, and materials supply chains. The following
paragraphs provide a detailed discussion of the results for each level of implementation.

v" Management and Employees: The overall score for this field is (3.35), indicating a
moderate commitment to transitioning to CMP. Management demonstrates a moderate
interest, scoring (3.54) for the statement, (Our management is interested in converting from
batch manufacturing to CMP). However, there are noticeable gaps in employee readiness and
the formation of specialized teams, reflected in a lower score of (3.14) for the statement, (Our
management recruited experienced employees in CMP). This difference indicates that
although management is interested in adopting CMP, effective practices, particularly in
employee training, are still insufficient.

These finding are consistent with (Markarian, 2021), which emphasizes that workforce
readiness is a significant challenge, exacerbated by a shortage of specialized training
programs. The connection underscores the necessity for pharmaceutical companies to invest
in customized training initiatives to adequately prepare employees for the implementation of
continuous manufacturing processes (CMP).

v Facility, Equipment, Devices, and Materials: This field demonstrates a moderate level of
implementation, with an overall score of (3.53), particularly in ensuring that materials comply
with CMP specifications (mean = 3.88). In contrast, facility layout and equipment suitability
receive lower scores (mean = 3.09), suggesting that the physical infrastructure is not fully
optimized for CMP. The substantial costs and complexities associated with upgrading
facilities and acquiring specialized equipment likely pose significant barriers to complete
implementation. These findings are consistent with Jennifer Markarian observation (2021),
which emphasized that inadequate infrastructure, including outdated facility layouts and the
high costs associated with upgrading to CMP compatible equipment, presents a significant
obstacle for many pharmaceutical companies.

v' Supply Chains: The supply chain demonstrates a moderate coordination with CMP,
achieving a score of (3.57), which reflects a (71.5%) implementation rate. Items like Our
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contracts with suppliers are suitable for CMP and Our suppliers have quality certificates in
CMP were ranked moderately, demonstrating that pharmaceutical companies have made
efforts to align supplier relationships with CMP requirements. However, logistical challenges
remain, particularly regarding delivery dates, as evidenced by the moderate scores in Our
supplier’s delivery dates are suitable for CMP. These challenges indicate a need for enhanced
coordination and reliability in the supply chain to fully meet CMP requirements. These
findings are consistent with those reported by (United States Pharmacopeia, 2023), where
logistical issues within pharmaceutical supply chains, especially the ability to meet the real-
time demands of continuous production, remain a major barrier to successful implementation.

These implementation gaps are further addressed in the recommendations section, which
presents targeted strategies to enhance CMP adoption in Palestine.

5.4 Discussion of Research Question Three: Barriers to CMP.

Q3: What is the extent of barriers to implementing Continuous Manufacturing Processes
(CMP) among pharmaceutical companies in Palestine?

The study findings indicate that the observed barriers to implementing Continuous Manufacturing
Processes (CMP) in Palestinian pharmaceutical companies are of moderate difficulty (66.7%),
with an average score of (3.33). These barriers include regulatory, financial, and human-related
challenges, all of which significantly impact the companies’ ability to effectively adopt CMP.

v" Regulatory Barriers: The study identified key regulatory barriers, particularly
concerning continuous research and development and ongoing process optimization. The
statements CMP involves extensive research and development (mean = 4.04) and (CMP
requires extensive process optimization) with (mean = 4.02) received the highest mean
scores. These findings indicate that Palestinian companies encounter significant challenges
in harmonizing continuous manufacturing technologies with market demands and
maintaining high-quality standards, necessitating considerable investment in R&D efforts.

These findings are consistent with similar regulatory and operational concerns noted in global
literature. Hock et al. (2021) and Domokos et al. (2021) underscored the substantial upfront
investments required for research and development, automation, and system integration, noting
that these costs are significant barriers to adopting continuous manufacturing processes (CMP),
particularly for smaller companies and those in developing economies (Domokos et al., 2021;
Hock et al., 2021).

Similarly, Lee et al. (2015) emphasized the critical role of regulatory frameworks in either
facilitating or hindering the shift to continuous manufacturing (CM). They noted that the FDA has
worked to provide guidance and flexibility through initiatives like Quality by Design (QbD) and
Process Analytical Technology (PAT), which enable real-time process optimization (Lee et al.,
2015). Additionally, Borkar et al. (2017) addressed existing regulatory gaps and the necessity for
harmonized guidelines to support the implementation of CM systems (Borkar et al., 2017).

v Financial Barriers: The financial obstacle of implementing CMP emerged as a significant
obstacle. The statement (Adopting CMP with its underlying technologies is expensive)
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received a mean rating of (3.75), making it one of the top-rated barriers. Furthermore, the
costs associated with expanding physical space for CMP operations, which had a mean rating
of (3.52), were also recognized as a major constraint. This illustrates the economic pressures
companies face when planning for CMP integration.

These findings are consistent with previous literature that points to the significant capital
investment needed for transitioning to continuous manufacturing systems. For example, Hock et
al. (2021) underscored those high initial costs, particularly for automation and PAT technologies,
pose a major challenge for pharmaceutical companies, especially in the generics sector (Hock et
al., 2021). Similarly, Schaber et al. (2011) conducted a case study that demonstrated, through
economic modeling, that while long-term savings are achievable, the transition to CM platforms
necessitates heavy initial capital expenditures (Domokos et al., 2021). Furthermore, Rossi (2022)
emphasized in his investment analysis that, despite the long-term financial advantages of
continuous manufacturing, the transition requires a significant investment in infrastructure and
process integration, which can stress companies with limited financial flexibility (Rossi, 2022).
Thus, the financial barriers identified in this study are not only observed locally, but also reflect
global concerns widely emphasized in pharmaceutical literature.

v' Human-Related Barriers: These barriers come from a lack of adequate experience and
qualifications within the workforce. like (Our workers are not sufficiently qualified to operate
CMP) with (mean = 3.05) and (Our workers are not sufficiently experienced in CMP) with
(mean = 3.15) show a notable gap in employee readiness. These results underscore the urgent
need for training and educational programs to provide the workforce with the technical skills
necessary for effective operation and management of CMP systems. This connects with
Jennifer Markarian's observation (2021) that the shortage of skilled personnel poses a
significant challenge in the pharmaceutical industry. She emphasizes the importance of
workforce training and retention to ensure efficient manufacturing processes. Our findings
further support the necessity for training programs to address the skills gap in CMP
implementation (Markarian, 2021).

v' Logistical Barriers: Logistical challenges represent a significant obstacle. The statement
(CMP requires complex logistical issues) with (mean = 3.14) reflects difficulties related to
supply chain management and the availability of suitable materials and equipment for CMP
operations. These concerns may hinder the efficient implementation of continuous processes
This observation closely parallels the findings from the USP Workshop on Identifying and
Addressing Barriers to Continuous Manufacturing Adoption (2023). The workshop
highlighted the complexities of managing global supply chains and the need to establish
resilient logistics networks. It pointed out that logistical challenges (especially in sourcing,
equipment availability, and stakeholder coordination) pose significant obstacles to successful
continuous manufacturing process (CMP) implementation. Consequently, the logistical
barriers identified in our study reflect these broader, globally recognized challenges, which
necessitate strategic planning and cross-sector collaboration to overcome (USP, 2023).

v' Minimal Perceived Barriers: Conversely, the items that received the lowest mean scores
were associated with time and operational complexity. For example, the statements (Adopting
CMP is time-consuming) with (mean = 2.54) and (CMP system is complex to operate) with
(mean = 2.85) were rated as the least concerning barriers. This suggests that companies do
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not view time constraints or system complexity as significant obstacles when compared to
financial and human-related challenges.

In summary, overcoming these barriers necessitates a coordinated approach that includes capacity
building, regulatory facilitation, and financial support, which are explored further in the following
recommendations.

5.5 Discussion of Research Question Four: Demographic Differences in Awareness.

Q4: Are there statistically significant differences in the awareness levels of CMP among
respondents from pharmaceutical companies in Palestine based on demographic and
professional variables (educational qualification, field of specialization, job title, years of
experience in the pharmaceutical sector, and company category)?

Hgo1A: There are no statistically significant differences in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on
the qualification variable.

The Mann-Whitney U test produced a (p-value of 0.704), which exceeds the significance
threshold of 0.05 (p > 0.05). This indicates that the differences in awareness of continuous
manufacturing processes (CMP) between those with Bachelor's and Master's degrees were not
statistically significant. Hence, formal educational level alone may not play a crucial role in
shaping employees' awareness of CMP. Instead, exposure to CMP concepts may rely more on on-
the-job training, company-specific programs, or professional development courses than on
academic qualifications. Additionally, the close proximity in mean ranks ((41.19) for Bachelor vs.
(39.08) for Master) further supports the conclusion that both groups have similar levels of
awareness.

Hgp2A: There are no statistically significant differences in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on
the specialization variable.

The Kruskal-Walli’s Test yielded a (p-value of 0.020), which is below the significance threshold
of 0.05 (p < 0.05). This indicates statistically significant differences in awareness of CMP across
various specializations. Mean rank analysis showed that respondents with Chemistry
backgrounds had the highest awareness (mean rank = 46.79), followed by those in the (Others)
category with (mean rank = 45.70). In contrast, Pharmacy graduates exhibited the lowest
awareness (mean rank = 31.37). This difference may be attributed to curricular variations;
chemistry-related fields typically emphasize industrial processes and production technologies,
potentially enhancing familiarity with modern manufacturing paradigms like CMP. Conversely,
pharmacy programs in Palestine may prioritize clinical, formulation, and pharmacological
content, limiting direct exposure to industrial manufacturing systems unless supplemented with
additional training.

Hgp3A: There are no statistically significant differences in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on
the job category variable.
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The Kruskal-Walli’s Test yielded a (p-value of 0.001), which is below the threshold of 0.05 (p <
0.05), indicating a statistically significant difference in awareness of CMP across job categories.
The highest awareness was observed among supervisors (mean rank = 46.61) and management
(46.20), followed by department heads (42.56). In contrast, employees categorized as "Others"
demonstrated the lowest awareness (mean rank = 19.43). These findings reveal a hierarchical
knowledge gradient within companies, where individuals in leadership and supervisory positions
are more likely to engage with strategic innovations like CMP, often due to their roles in
operational planning, regulatory compliance, or decision-making. Conversely, staff in support or
administrative roles may have limited access to training or discussions on advanced
manufacturing strategies.

Hog4A: There are no statistically significant differences in awareness of Continuous

Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on
years of experience in the pharmaceutical industry.

The Kruskal-Walli’s test produced a (p-value of 0.390), which is above the significance
threshold of 0.05 (p > 0.05). This indicates that no statistically significant differences in
awareness of CMP are present based on years of experience. However, the mean ranks show a
progressive trend: awareness increases with experience, rising from (33.64) for those with 5 years
or less to (45.03) for individuals with 16 years or more. This suggests a potential experiential
learning effect, where individuals gain knowledge over time through cumulative exposure,
internal training, or professional networking. Nevertheless, the differences were not substantial
enough to achieve statistical significance, likely due to limited sample sizes in certain experience
groups or the influence of standardized internal training programs that reduce awareness gaps
between junior and senior staff members.

HosA: There are no statistically significant differences in awareness of Continuous
Manufacturing Processes (CMP) among pharmaceutical companies in Palestine based on
the company category.

The Kruskal-Walli’s test yielded a p-value of 0.166 (P > 0.05), indicating no statistically
significant differences in awareness based on company. Although differences in mean ranks were
observed such as higher awareness levels in Category 5 and lower levels in Category 6, the (p
value of 0.166) suggests that these differences are not statistically significant. This lack of
significance may be due to similarities in training opportunities, managerial priorities, or exposure
to CMP practices across different company types. Additionally, unequal group sizes and limited
samples in some categories may have diminished the statistical power necessary to detect
significant differences. Thus, while company classification seems to influence awareness, it is not
strong or consistent enough to result in statistically significant variations.

The analysis indicates that awareness of CMP varies significantly based on specialization and job
title, while educational qualifications, years of experience, and company type do not exhibit
statistically significant differences. These findings highlight the importance of professional roles
and academic backgrounds in shaping awareness of innovative manufacturing practices.

5.6 Discussion of Research Question Five: Demographic Differences in Implementation.
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QS: Are there statistically significant differences in the implementation levels of CMP
among respondents from pharmaceutical companies in Palestine based on demographic and
professional variables (educational qualification, field of specialization, job title, years of
experience in the pharmaceutical sector, and company category.)?

Hg1I: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the qualification variable.

The Mann-Whitney U test was conducted to determine if there are significant differences in the
implementation of Continuous Manufacturing Processes (CMP) between respondents with a
Bachelor's degree and those with a Master's degree. The resulting (p-value of 0.967) exceeds the
threshold of 0.05 (p > 0.05), indicating that there are no statistically significant differences in
CMP implementation between the two groups.

The mean ranks for the Bachelor's group (40.43) and the Master's group (40.65) show only a
minimal difference, reinforcing the conclusion that educational qualifications do not significantly
impact the implementation of continuous manufacturing processes. This implies that on-the-job
training and exposure to company specific programs may have a greater influence on CMP
implementation than academic qualifications alone. It appears that hands on experience and
professional development courses play a more critical role in the practical application of these
processes than formal education.

Hg2I: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the specialization variable.

The Kruskal-Walli’s test was employed to evaluate differences in CMP implementation among
the respondents’ various academic specializations. A (p-value of 0.088) was obtained, which
exceeds the threshold of 0.05 (p > 0.05), indicating no statistically significant differences in CMP
implementation across the specializations. However, for the item concerning field facilities,
equipment, and materials, the Kruskal-Walli’s test produced a (p-value of 0.037). Consequently,
mean ranks were analyzed to identify which group contributed to these observed differences.

Average mean ranks indicate that respondents with chemistry backgrounds have a higher level of
CMP implementation (45.79) compared to those from pharmacy backgrounds (38.74). Although
this difference is not statistically significant, it suggests that chemistry related fields may provide
a deeper understanding of industrial processes, including modern manufacturing paradigms like
CMP. In contrast, pharmacy curricula primarily focus on clinical and pharmacological content,
which may limit exposure to industrial manufacturing unless supplemented by additional training
or industry specific knowledge.

Ho3lI: There are no statistically significant differences (at p > 0.05) in Implementation of

Continuous Manufacturing Processes (CMP) among pharmaceutical companies in Palestine
based on the job category variable.

74



The Kruskal-Walli’s Test yielded a (p-value of 0.036), which is below significance level of 0.05
(p <0.05). This indicates that there are statistically significant differences in CMP implementation
across different job categories.

The field-specific p-values indicated that the statistically significant differences in implementation
were primarily related to management, facilities, equipment, and materials. In contrast, the supply
chain subgroup did not demonstrate a statistically significant difference, as evidenced by a (p-
value of 0.595).

This lack of significance may be attributed to the indirect role that supply chain personnel
typically have in the core technical implementation of CMP. Their responsibilities often center on
logistics and coordination, rather than direct involvement with manufacturing equipment or
process design, which are the primary areas affected by CMP technologies.

The average mean ranks indicate that supervisors (46.67) and management (43.6) achieved the
highest implementation scores, followed by department heads (40.31). In contrast, the "others"
category had the lowest mean rank at (25.50). These findings illustrate a hierarchical knowledge
gradient within pharmaceutical companies, suggesting that individuals in leadership positions are
more likely to engage with strategic innovations like CMP. This engagement is likely due to their
active roles in operational planning, regulatory compliance, and decision-making. Conversely,
staff in support or administrative roles may have limited exposure to training or discussions about
advanced manufacturing technologies.

Hog4lI: There are no statistically significant differences (at p > 0.05) in the implementation of
continuous manufacturing processes (CMP) among pharmaceutical companies in Palestine
based on years of experience in the pharmaceutical industry.

The Kruskal-Walli’s test produced a (p-value of 0.606), which exceeds the threshold of 0.05 (p >
0.05), indicates that there are no statistically significant differences in CMP implementation based
on years of experience in the pharmaceutical industry.

The average mean ranks indicate a clear trend in CMP implementation as years of experience
increase: it rises from (34.32) for individuals with five years or less of experience to (41.59) for
those with 16 years or more. This suggests a potential experiential learning effect, where
individuals accumulate knowledge and skills over time through exposure to industry practices,
internal training, or professional networking. However, the differences in ranks were not
statistically significant, possibly due to limited sample sizes in some experience groups or the
influence of standardized internal training programs, which may narrow the awareness gap
between less experienced and more experienced employees.

Hgsl: There are no statistically significant differences (at p > 0.05) in the implementation of

continuous manufacturing processes (CMP) among pharmaceutical companies in Palestine
based on the company category.

The Kruskal-Walli’s test showed a p-value of 0.000, significantly lower than the standard
significance level of 0.05 (p < 0.05). This indicates that statistically significant differences exist in
the implementation of Continuous Manufacturing Processes (CMP) across different company
categories.
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The average mean ranks offer clear insight into the differences among the categories: Category 5
companies had the highest implementation rank (63.24), followed by Category 3 (48.00), while
Category 2 scored the lowest (26.80). This notable contrast in ranks suggests that larger or more
advanced companies may possess superior capabilities, infrastructure, or a stronger strategic
orientation toward modern manufacturing innovations like CMP.

The significantly higher implementation rates in Category 5 companies may be due to their
greater investment in technology, stronger regulatory involvement, and the presence of
specialized quality and innovation teams. These companies usually focus on improving
processes and following international standards, which are consistent with CMP principles.

These findings indicate that there is a structural variation within the Palestinian pharmaceutical
sector, with significant differences in resource management, innovation capacity, and regulatory
maturity among different company categories.

5.7 Integrated Analysis: Linking All Research Questions.

This section offers the analysis of the study findings by integrating the results from all three
research questions: awareness, implementation, and barriers. The relationship between awareness,
implementation, and barriers regarding Continuous Manufacturing Processes (CMP) in
Palestinian pharmaceutical companies reveals a complex dynamic. Although awareness levels are
generally high, this awareness tends to be primarily theoretical and superficial, driven more by
knowledge of the benefits than by formal education or structured training. This suggests that
while respondents acknowledge CMP as a valuable innovation, their understanding may lack
practical or technical depth.

Implementation, however, exhibits a selective and uneven pattern. Companies often engage in
partial adoption, typically limited to specific departments or stages, such as supply chain or
quality control. This indicates an opportunistic approach rather than a systematic one. It suggests
that the challenges to implementation arise not from a rejection of CMP, but from the structural
limitations and contextual constraints faced by these companies.

The barriers identified by participants provide a clearer insight into the situation. These challenges
are not mainly caused by personal hesitation or a lack of effort, but from issues at the
organizational, technical, and legal levels. Key problems include outdated production systems,
limited access to modern machinery, financial limitations, and unclear rules on how to shift from
traditional batch production to continuous processes. Additionally the differences between
different job positions and areas of work show a gap in knowledge and responsibility. Individuals
in higher positions tend to have a greater understanding and involvement, whereas those in lower
roles are often less involved.

The results indicate a gap between knowledge and action: simply being aware of CMP does not
guarantee its implementation, as many challenges lie beyond individual control. To close this gap,
it is essential to enhance education and training on CMP and address the broader issues hindering
progress. This may require support from policymakers, improved equipment and facilities, and a
clear national strategy for advancing medicine production.

5.8 Conclusion.
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This chapter synthesizes the study findings by exploring the awareness, implementation, and
barriers associated with Continuous Manufacturing Processes (CMP) in pharmaceutical
companies in Palestine. The analysis indicates that while there is a relatively high general
awareness of CMP, it is uneven and primarily conceptual, often lacking practical depth.

Implementation efforts exist but are limited, influenced more by institutional capacity and
leadership priorities rather than by individual knowledge or experience. Additionally, barriers to
CMP adoption are largely structural instead of attitudinal, highlighting the infrastructural
limitations, regulatory gaps, and resource constraints.

The findings emphasize a crucial insight: awareness alone does not ensure successful
implementation. Transitioning to effective and sustainable adoption of CMP requires more than
just informed personnel; it necessitates systemic readiness, targeted investments, and supportive
policies. Closing the gap between awareness and action is essential for enabling pharmaceutical
companies in Palestine to stay aligned with global manufacturing innovations and enhance
operational efficiency. These insights set the foundation for the final chapter, which presents
actionable recommendations based on the study's findings.

8.9 Recommendations.

This study findings lead to several key recommendations aimed at improving awareness,
implementation, and addressing barriers to Continuous Manufacturing Processes (CMP) in
Palestinian pharmaceutical companies:

v" Enhanced Training Programs: Due to the high awareness of CMP but its selective
implementation, it is recommended that pharmaceutical companies develop training programs.
These programs should emphasize practical elements of CMP, such as facility design,
equipment optimization, and supply chain integration. This approach will ensure that
employees at all levels possess the skills needed to effectively implement and sustain CMP
practices.

v" Policy and Regulatory Support: Policymakers in Palestine should focus on developing
frameworks and regulations that encourage the adoption of advanced manufacturing
technologies, such as CMP. By establishing clear guidelines for implementing these processes
and providing financial incentives, they can motivate pharmaceutical companies to invest in
and adopt these technologies.

v' Addressing Structural Barriers: It is essential to eliminate the structural barriers identified
in this study, including resource constraints and inadequate infrastructure. Companies should
collaborate with government agencies, industry groups, and international organizations to
obtain the resources and infrastructure needed to support CMP.

v" Promote Cross-Sector Collaboration: Encouraging collaboration among pharmaceutical
companies, academia, and industry experts can bridge knowledge gaps and facilitate the
exchange of innovative manufacturing practices. Hosting regular industry forums,
conferences, and partnerships with academic institutions will foster a culture of continuous
learning and innovation.

v' Targeted Research on Barriers to CMP Adoption: Further investigation is needed to
identify the specific barriers to CMP adoption in Palestine, such as financial limitations,
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regulatory issues, and a lack of qualified personnel. Gaining a clearer understanding of these
challenges will enable more focused interventions.

These recommendations are designed to create a more supportive ecosystem for the adoption of
CMP, thereby enhancing long-term innovation and competitiveness in Palestine's pharmaceutical
sector.

5.10 Study Outcomes.

This study significantly enhances our understanding of Continuous Manufacturing Processes
(CMP) in Palestine pharmaceutical industry. It offers valuable insights into the current awareness,
implementation, and barriers that hinder widespread adoption of CMP.

>

Pioneering Insight into CMP in Palestine: This study is among the first to explore the
awareness and implementation of Continuous Manufacturing Processes (CMP) in Palestinian
pharmaceutical companies. It identifies key areas of progress as well as those needing
improvement, establishing a clear baseline for future research and action. Moreover, the study
suggests that subsequent research could investigate how cultural and regional factors affect
the adoption of innovative manufacturing processes in developing economies.

Identification of Key Barriers: A significant outcome of this study is the identification of
key barriers to CMP adoption, including structural challenges and limited infrastructure.
These barriers highlight specific areas for policymakers and business leaders to target in order
to accelerate CMP adoption. Additionally, further exploration is needed on how smaller
companies can overcome these challenges through strategic partnerships or government
support.

Impact on Policy and Practice: This study findings are expected to shape policy discussion
regarding pharmaceutical manufacturing practices in Palestine. By identifying gaps in
implementation and awareness, it lays the foundation for policy interventions and practical
recommendations aimed at enhancing the pharmaceutical manufacturing sector. Policymakers
are also encouraged to take international best practices into account when developing
regulations that support advanced manufacturing systems like CMP, ensuring these
regulations are tailored to local conditions.

Contributions to Global Discussions on CMP: This research enhances the existing
literature on Continuous Manufacturing Processes (CMP) by offering insights from a
developing country perspective. It expands our understanding of how advanced
manufacturing processes can be effectively integrated into various industrial contexts,
especially in resource limited regions.

Future Research Directions: This study also opens doors for future research, especially
regarding how CMP can be tailored to various company sizes, resources, and market
conditions. Investigating the long-term effects of CMP on product quality, regulatory
compliance, and production costs will be essential for advancing the field. Additionally, this
research will provide valuable insights for other countries facing similar challenges, offering
a realistic perspective on the opportunities and obstacles associated with adopting CMP
technologies in developing regions.

5.11: Limitations.
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Sample Size and Response Rate: A significant limitation of this study is its small sample
size, which may hinder the generalization of the findings to the broader pharmaceutical
industry in Palestine. Future research should focus on including a larger number of companies
from various regions.

Survey Completion Issues: Some companies did not fully complete the survey, which could
impact the accuracy of the data. Future research might explore alternative methods, such as
case studies, for a more in-depth understanding. Additionally, extending deadlines or sending
reminders could help improve survey completion rates.

Generalization of Results: This study provides valuable insights; however, the findings may
not represent the perspectives of all pharmaceutical companies in Palestine. Therefore,
caution is advised when generalizing these results. Future research should include a wider
variety of companies to gain a more understanding of the factors influencing CMP adoption.
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Appendix.

Appendix A: Questionnaire.

The complete version of questionnaire used in this study is provided below.

Part One: Demographic and General Information:

1- Country of origin of your industry: .....ccccooiiiimiiiiiionace

2-Qualification:

Ph.D. degree
Master degree
Bachelor's degree
Diploma degree

0O 0O 0Q

3- Specialization:

Pharmacy

Chemical engineering

Industrial engineering

Mechanical engineering

Biology

Chemistry

Cthers (please specify). ....cccvmiimsmmniisr sos st e s enssense

CO0O00Q0DOO

4-Job title:

Consultant

Director

Manager

Section Head

Supervisor

o Others (please specify) . .ocviiiiiiiiiiissssrsan

o

o000

5- Years of experience in the pharmaceutical industry sector: ......... years

6- Type of the production line/s (vou can choose more than one choice):
o Solid dosage forms

Liquid dosage forms

Semisolid dosage forms

Injectable dosage forms

Others (please Specifyy) ..ovvimiminaisiiesirsssiiisiviaes

0O0O0CO0
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Part Two: Continuous Manufacturing Process (CMP)

Please indicate (by placing a check mark (V) in the corresponding box) your extent
of agreement for each of the following statements according to the current
awareness and practices in your pharmaceutical manufacturing company.

Dimensions and Items

Strongly

Agree

Agree

Meutral

; Stromgly
Disagree Disagree

CMP Awareness

=

I recognize the difference between the continuous
manufacturing process (CMP) and traditional batch
manufacturing.

1 knew about the CMP through my work.

1 learned about the CMP through my undergraduate
study.

I learned about the CMP through self-learning,

I received training in the field of CMP.

I received qualifications in the CMP field.

Iam Imnwledgenhle about CMF

I
b= = | L | e LTI

I realize the benefits of aduplilg CMP compared to
traditional batch manufacturing processes,

b=

CMP reduces the cost of production compared to
traditional batch manufacturing processes,

10

11

CMP provides greater control over manufanturmg
processes than traditional batch manufacturing

| processes,

CMP reduces the amount of space required compared to
traditional batch manufacturing processes.

12

CMP improves production efficiency compared to
traditional batch manufacturing processes.

13

CMP improves product quality more than traditional
batch manufacturing processes.

14

The company management is aware of CMP's
requirements,

15

Our management is aware of the benefits of CMP,

16

1 know about CMP through the international guidelines.

17

Our management is aware of the continuous
manufacturing principles.

18

CMP reduces the waste of raw materials more than
traditional batch manufacturing processes.

19

We are aware of the new technology used in CMP.
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20 We are aware of process analytical techniques (PAT)

used in CMP.
Dimensions and Items i'::m

Agree

Neutral

Disagree

Strongly
Dhzngree

CMP is used to develop new formulations more than

21 | (raditional bateh manufacturing processes,

Capital expenditures in CMP are less than those in the

= hatch process.

The CMP is more flexible than the traditional batch
pmﬂ'ﬁﬂ.

CMP Implementation

A. Management and Employees

Our management is interested in converting from batch
manufacturing to CMP.

Our management is committed to implementing CMP,

Our management attracted qualified employees in CMP,

Our management recruited experienced employees in
CMP,

Our workers were trained in CMP,

Our management seeks to invest in the CMP.

Our management is dedicated to a specialized skills
development training program in CMP.

-1 |t Lo L | et

We have a specialized team in the company to study the
requirements for CMP implementation.

9 | Our management constantly seeks to apply the CMP,

10 The company exploits process analytical techniques
(PAT) used in CMP.

11 | Our workers can handle CMP operations effectively.

12 | Our workers can solve CMP problems effectively.

B. Facility, Equipment, Devices, and Materials

Our facility layout is designed for the CMP. ‘

Our facility layout can be adjusted to operate the CMP.

We have all the necessary machines and equipment for
CMP.

Our machines and cquipment are suitable for CMP.

LT L

Our machines and equipment are arranged to be used
sequentially according to CMP,

Our machines and equipment cleaning times are suitable
for CMP,

(=]

7 | We have the required infrastructure for the CMP.

Our machines and equipment can be adjusted to suit the
CMP.
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| Our machines and equ_ii:mﬂnt can be ru_rrnuge:i
sequentially according to CMP.

Dimensions and Items

‘Strongly
Agree

Agree

MNeutral

Disagres

Strongly
Disagree

10

We use the necessary manufacturing materials for CMP.

11

We ensure the specifications of materials nsed in CMP.

12

We have qualified warehouses to store materials needed
for the CMP.

13

We verify the packaging materials used in CMP
according to the required guidelines.

14

All of our products can be produced through the CMP,

C. The Supply Chains

Our contracts with suppliers are suitable for the CMP.

Owir suppliers have quality certificates in CMP.

Our suppliers' delivery dates are suitable for CMP.

Part Three: Barriers to CMP Implementation:

Please indicate (by placing a check mark (V) in the corresponding box) your extent
of agreement for each of the following statements that may hinder CMP
implementation {compared to the traditional batch process).

Dimensions and Items

Strongly
Agree

Agree

Neatral

Disagree

Strongly
Disagree

Barriers to CMP Implementation

Adopting the CMP with its underlying technologies is
expensive.

Lack of top management commitment to CMP.

1

Adopting the CMP is time-consuming.

Adopting the CMP with its underlying technologies is
difficult.

Adopting the CMP is not worth it.

The CMP is not flexible.

The CMP poses quality managemeni challenges.

e (U] b (W =

Our workers are not sufficiently gualified to operate the
CMP

Our workers are not sufficiently experienced in the
CMP.

10

Lack of awareness of the CMP and its benefits.

11

The CMP system is complex to operate.

12

[ The CMP requires complex logistic issues.

13

Dimensions and Items

Strongly
Agres

Agroo

Meutral

DHsagree

The CMP requires more physical space than the batch
process.

14

15

Limited availability of the CMP-compatible resources,

| technologies, and materials.

The CMP requires more control and evaluation

Pprocesses.

16

The CMP involves extensive research and development.

17

The CMP encounters complex regulatory approvals.

18

The CMP requires continuous validation and
monitoring.

19

The CMP requires extensive process optimization.
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Appendix B: Official Letter for Coordinating Company Visits.

This letter template was provided to Jerusalem Company and is the same for all companies in the

study, with only the company name modified as necessary.

Al-Quds University Uaddl) Aaala
Faculty of Pharmacy :l—LH--ﬂu i-._-‘-u-

02448715 15 3

(Al delial pudlll) aduas Baled) 5 juna

yiy 3 Aln dgas

41 %_‘.Jl h.-_-g-.h-.m.':- J'M“#'HJ%IQ;_,J}E T T e R T = aai Ll ,::'..a.....il .F-LJI
:ul_:..ﬂ'_l _H.-.-d'_"_l.ll.rl.jl_?u.lj'a_'l:h_l. I;J.n..::l\ﬁu_‘l" J....n:l;-,q,l;lldﬂ_. 1l,.IIJ;|.I'|__|| Hﬁh Illuu_\dl-lul._g.

Agsessment of the awareness,implementation and barriers to continuous
mahufacturing processes among pharmaceutical manufacturing companies
in palestine
Slaaflas Rk (gae b D Rl Cisg Cua | Laadl (5l a0l il 8 s
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Appendix C: Frequency Tables for Demographic Variables.

The table below displays the frequency distribution of the demographic characteristics of the
study participants. It includes variables such as company, educational qualifications, field of
specialization, job category, years of experience in the pharmaceutical industry, and type of
production line.

In this table, n represents the number of valid responses for each category, and the percentage (%)
shows the valid distribution of responses within each variable. This format facilitates a clear
understanding of the sample composition while maintaining the clarity and comparability of the
data. Appendix (C) provides a detailed breakdown of these frequencies, offering contextual
background on the participants' profiles in the study.

Table C 1: Frequency Distribution of Demographic Variables.

Variables Category n (%)
Company Jerusalem company (JPC) 5(6.3%)
Palolea company 5 (6.3%)
Alison company 10 (12.5%)
Birzeit Company (BPC) 14 (17.5%)
Pharmacare company (PLC) 19 (23.8%)
Beit Jala company (BJP) 27 (33.8%)
Qualification Master degree 26 (32.5%)
Bachelor’s degree 54 (67.5%)
Specialization Pharmacy 31 (38.8%)
Chemist 25 (31.3%)
Others 24 (30%)
Jop category Management and above 20 (25%)
Department heads 18 (22.5)
Supervisor 27 (33.8)
Others 15 (18.8)
Years of experience in | 5 years and less 14 (17.5%)
thfe pharmaceutical From 6-10 years 19 (23.8)
industry sector
From 11-15 years 13 (16.3)
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16 years and more 34 (42.5)

Type of production line | Solid dosage form 65 (27%)
Liquid dosage form 71(33.6%)
Semi-solid dosage form 56 (23.2%)
Injectable dosage form 39 (16.2%)

Appendix D: Frequency Tables for Responses to Survey Items Based on the Five-Point Likert
Scale.
This table presents the frequency and percentage of responses for each item on the questionnaire,
organized using a 5-point Likert scale: 5 = Strongly Agree, 4 = Agree, 3 = Neutral, 2 = Disagree,
1 = Strongly Disagree. The distribution illustrates the general tendency of participants’ opinions
across the study items.

Table D1: Frequency Distribution for Responses to Survey.

CMP Awareness

Variables Category n (%)
Strongly Agree 24 (30%)
Agree 44 (55%)

I recognize the difference between the .

continuous manufacturing process (CMP) Neutral 8 (10%)

and traditional batch manufacturing.

( & Disagree 3 (3.8%)
Strongly Disagree 1(1.3%)
Strongly Agree 19 (23.8%)
Agree 42 (52.5%)

I knew about the CMP through my work. Neutral 8 (10 %)
Disagree 9 (11.3%)
Strongly Disagree 2 (2.5%)




3 (3.8%)

Strongly Agree

I learned about the CMP through my Agree 4 ars)

undergraduate study. Neutral 25 (31.3%)
Disagree 24 (30%)
Strongly Disagree 14 (17.5%)
Strongly Agree 10 (12.5%)

I learned about the CMP through self- Agree 2 06.3%)

learning Neutral 18 (22.5%)
Disagree 21 (26.3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 10 (12.5%)
Agree 18 (22.5%)

I received training in the field of CMP. Neutral 16 (20%)
Disagree 29 (36.3%)
Strongly Disagree 7 (8.8%)
Strongly Agree 6 (7.5%)
Agree 21 (26.3%)

I received qualifications in the CMP field. Neutral 18 (22.5%)
Disagree 27 (33.8%)
Strongly Disagree 8 (10%)
Strongly Agree 11 (13.8%)
Agree 46 (57.5%)

I am knowledgeable about CMP. Neutral 10 (12.5%)
Disagree 7 (8.8%)
Strongly Disagree 6 (7.5%)

I realize the benefits of adopting CMP Strongly Agree 19 (23.8%)

R — B
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8 (10%)

Neutral
Disagree 8 (10%)
Strongly Disagree 2 (2.5%)
Strongly Agree 16 (20%)
CMP reduces the cost of production Agree 44 (55%)
compared to traditional batch
manufacturing processes. Neutral 16 (20%)
Disagree 3 (3.8%)
Strongly Disagree 1 (1.3%)
Strongly Agree 21 (26.3%)
()
CMP provides greater control over Agree 42 (52.5%)
manufacturing processes than traditional Neutral 12 (15%)
batch manufacturing processes.
Disagree 4 (3%)
Strongly Disagree 1 (1.3%)
Strongly Agree 18 (22.5%)
o
CMP reduces the amount of space required | Agree 42 (52.5%)
compared t(f traditional batch Neutral 14 (17.5%)
manufacturing processes.
Disagree 4 (3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 25 (31.3%)
CMP improves production efficiency Agree 37 (46.5%)
compared to traditional batch
manufacturing Neutral 15 (18.8%)
rocesses.
P Disagree 3 (3.8%)
Strongly Disagree 0 (0%)
Strongly Agree 24 (30%)
CMP improves product quality more than | Agree 41 (51.2%)
traditional batch manufacturing processes.
Neutral 14 (17.5%)
Disagree 1(1.3%)
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Strongly Disagree

0 (0%)

21 (21.3%)

Strongly Agree
Agree 39(48.8%)
The compan.y management is aware of Neutral 17 (21.3%)
CMP's requirements.
Disagree 2 (25%)
Strongly Disagree 1 (1.3%)
Strongly Agree 26 (32.5%)
. Agree 37 (46.3%)
Our management is aware of the benefits of p
CMP. Neutral 12 (15%)
Disagree 4 (5%)
Strongly Disagree 1 (1,3%)
Strongly Agree 9 (11.3%)
Agree 35 (43.8%)
I know about CMP through the
international guidelines Neutral 27 (33.8%)
Disagree 7(8.8%)
Strongly Disagree 2 (2.5%)
Strongly Agree 16 (20%)
. . Agree 41 (51.2%)
Our management is aware of the continuous o
manufacturing principles Neutral 20 (25%)
Disagree 2 (2.5%)
Strongly Disagree 1 (1.3%)
Strongly Agree 27 (33.8%)
o
CMP reduces the waste of raw materials Agree 31 (38.8%)
more than traditional batch manufacturing Neutral 17 (21.3%)
processes.
Disagree 4 (5%)
Strongly Disagree 1 (1.3%)
We are aware of the new technology used in | Strongly Agree 18 (22.5%)
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CMP. Agree 39 (48.8%)
Neutral 13 (16.30/0)
Disagree 8 (10%)
Strongly Disagree 2 (2.5%)
Strongly Agree 15 (18.8%)
Agree 33 (41.3%)
We are aware of process analytical _
techniques (PAT) used in CMP. Neutral 21 (26.3%)
Disagree 9 (11.3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 14 (17.5%)
o
CMP is used to develop new formulations Agree 37 (46.3%)
more than traditional batch manufacturing Neutral 24 (30%)
processes.
Disagree 2(2.5%)
Strongly Disagree 2 (3.8%)
Strongly Agree 11 (13.8%)
Agree 33 (41.3%)
Capital expenditures in CMP are less than p
those in the batch process. Neutral 24 (30%)
Disagree 7(8.8%)
Strongly Disagree 5(6.3%)
Strongly Agree 15 (18.8%)
Agree 37 (46.3%)
The CMP is more flexible than the p
traditional batch process. Neutral 23 (28.7%)
Disagree 3 (3.8%)
Strongly Disagree 2 (2.5%)
CMP Implementation
A. Management and Employees
Our management is interested in converting | Strongly Agree 9 (11.3%)
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from batch manufacturing to CMP. Agree 35 (43.8%)
Neutral 28 (35%)
Disagree 6 (7.5%)
Strongly Disagree 2 (2.5%)
Strongly Agree 7 (8.8%)
Agree 32 (40%)
.Our management is committed to Neutral 32 (40%)
implementing CMP.
Disagree 7(8.8%)
Strongly Disagree 2 (2.5%)
Strongly Agree 10 (12.5%)
Agree 23 (28.7%)
Our managc.ement attracted qualified Neutral 34 (42.5%)
(employees in CMP.
Disagree 7(8.8%)
Strongly Disagree 6 (7.5%)
Strongly Agree 6 (7.5%)
Agree 22 (27.5%)
Our management recruited experienced 5
employees in CMP. Neutral 35 (43.8%)
Disagree 11 (13.8%)
Strongly Disagree 6 (7.5%)
Strongly Agree 8 (10%)
Agree 27 (33.8%)
Our workers were trained in CMP. Neutral 26 (32.8%)
Disagree 13 (16.3%)
Strongly Disagree 6 (7.5%)
Strongly Agree 7(8.8%)
Our management seeks to invest in the S
CMP. Agree 36 (45%)
Neutral 25 (31.3%)
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9 (11.3%)

Disagree
Strongly Disagree 3 (3.8%)
Strongly Agree 7 (8.8%)
(1)
Our management is dedicated to a Agree 30 (37.5%)
spec1allzefi skills development training Neutral 32 (40%)
program in CMP.
Disagree 8 (10%)
Strongly Disagree 3 (3.8%)
Strongly Agree 7(8.8%)
(1)
We have a specialized team in the company | Agree 30 (37.5%)
fo study the l:equlrements for CMP Neutral 32 (40%)
implementation.
w Ql..l.‘hla Al Al A4S 4 gé awaidlia é,ué L'\,g.ﬁ) Disagree 8 (10%)
(CMP) Strongly Disagree 4 (5%)
Strongly Agree 12 (15%)
Agree 26 (32.5%)
Our management constantly seeks to apply p
the CMP. Neutral 35 (43.8%)
Disagree 12(15%)
Strongly Disagree 4 (5%)
Strongly Agree 12 (15%)
Agree 26 (32.5%)
The company exploits process analytical p
techniques (PAT) used in CMP. Neutral 30 (37.5%)
Disagree 9 (11.3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 10 (12.5%)
Agree 28 (35%)
Our workers can handle CMP operations p
effectively. Neutral 31 (38.8%)
Disagree 10 (12.5%)
Strongly Disagree 2 (2.5%)
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6 (7.5%)

Strongly Agree
Agree 36 (54%)
Our workers can solve CMP problems .
effectively. Neutral 28 (35%)
Disagree 8 (10%)
Strongly Disagree 2 (2.5%)
B. Facility, Equipment, Devices, and Materials
Strongly Agree 6 (7.5%)
Agree 23 (28.7%)
Our facility layout is designed for the CMP. Neutral 28 (35%)
Disagree 18 (22.5%)
Strongly Disagree 5 (6.3%)
Strongly Agree 6 (7.5%)
Agree 42 (52.5%)
Our facility layout can be adjusted to p
operate the CMP. Neutral 25 (31.3%)
Disagree 5 (6.3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 9 (11.3%)
Agree 22 (27.5%)
We have all the necessary machines and 5
equipment for CMP. Neutral 26 (32.5%)
Disagree 18 (22.5%)
Strongly Disagree 5(6.3%)
Strongly Agree 10 (12.5%)
Agree 26 (32.5%)
Our machines and equipment are suitable p
for CMP. Neutral 26 (32.5%)
Disagree 14 (17.5%)
Strongly Disagree 4 (5%)




8 (10%)

Strongly Agree
Agree 28 (35%)
Our machines and equipment are arranged 5
to be used sequentially according to CMP. Neutral 26 (32.5%)
Disagree 14 (17.5%)
Strongly Disagree 4 (5%)
Strongly Agree 9 (11.3%)
Agree 37 (46.3%)
Our machines and equipment cleaning times p
are suitable for CMP. Neutral 24 (30%)
Disagree 7(8.8%)
Strongly Disagree 3 (3.8%)
Strongly Agree 6 (7.5%)
Agree 31 (38.8%)
We have the required infrastructure for the p
CMP. Neutral 32 (40%)
Disagree 9 (11.3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 10 (12.5%)
Agree 38 (47.5%)
Our machines and equipment can be 5
adjusted to suit the CMP. Neutral 27 (33.8%)
Disagree 4 (3%)
Strongly Disagree 1(1.3%)
Strongly Agree 11 (13.8%)
34
Agree 0
Our machines and equipment can be (42.5%)
rearranged sequentially according to CMP. Neutral 31 (38.8%)
Disagree 3 (3.8%)
Strongly Disagree 1 (1.3%)
We use the necessary manufacturing Strongly Agree 13 (16.3%)
materials for CMP.
Agree 41 (51.2%)
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25 (31.3%)

Neutral
Disagree 1(1.3%)
Strongly Disagree 0 (0%)
Strongly Agree 15 (18.8%)
Agree 41 (51.2%)
We ensure the specifications of materials S
used in CMP. Neutral 23 (28.7%)
Disagree 1.(1.3%)
Strongly Disagree 0 (0%)
Strongly Agree 17 (21.3%)
Agree 35 (43.8%)
We have qualified warehouses to store p
materials needed for the CMP. Neutral 17 (21.3%)
Disagree 11 (13.8%)
Strongly Disagree 0 (0%)
Strongly Agree 15 (18.8%)
Agree 34 (42.5%)
We verify the packaging materials used in p
CMP according to the required guidelines. Neutral 24 (30%)
Disagree 7(8.8%)
Strongly Disagree 0 (0%)
Strongly Agree 16 (20%)
Agree 34 (42.5%)
All of our products can be produced Neutral 26 (32.5%)
through the CMP.
Disagree 4 (5%)
Strongly Disagree 0 (0%)
C. The Supply Chains
Strongly Agree 10 (12.5%)
Our contracts with suppliers are suitable for 5
the CMP. Agree 35 (43.8%)
Neutral 32 (40%)
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3 (3.8%)

Disagree
Strongly Disagree 0 (0%)
Strongly Agree 12 (15%)
Agree 24 (30%)
Our suppliers have quality certificates in
CMP. Neutral 39 (48.8%)
Disagree 5 (6.3%)
Strongly Disagree 0 (0%)
Strongly Agree 6 (7.5%)
Agree 33 (41.3%)
Our suppliers' delivery dates are suitable 5
for CMP. Neutral 39 (48.8%)
Disagree 2 (2.5%)
Strongly Disagree 0 (0 %)
Barriers to CMP Implementation
Strongly Agree 16 (20%)
Agree 37 (46%)
Adopting the CMP with its underlying p
technologies is expensive. Neutral 20 (25%)
Disagree 5 (6.3%)
Strongly Disagree 2(5%)
Strongly Agree 5 (6.3%)
Agree 15 (18.8%)
Lack of top management commitment to
CMP. Neutral 34 (42.5%)
Disagree 23 (28.7%)
Strongly Disagree 5(6.3%)
Strongly Agree 3 (3.8%)
9 (11.3%
Adopting the CMP is time-consuming. Agree ( )
Neutral 24 (30%)
Disagree 36 (45%)
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Strongly Disagree 8 (10%)
Strongly Agree 7(8.8%)
Agree 23 (28.7%)
Adopting the CMP with its underlying p
technologies is difficult. Neutral 25 (31.3%)
Disagree 20 (25%)
Strongly Disagree 5(6.3%)
Strongly Agree 7 (8.8%)
Agree 12 (15%)
Adopting the CMP is not worth it. Neutral 27 (33.8%)
Disagree 26 (32.5%)
Strongly Disagree 8 (10%)
Strongly Agree 8 (10%)
Agree 12 (15%)
The CMP is not flexible. Neutral 27 (33.8%)
Disagree 27 (33.8%)
Strongly Disagree 6 (7.5%)
Strongly Agree 9 (11.3%)
Agree 31 (38.8%)
The CMP poses quality management p
challenges. Neutral 19 (23.8%)
Disagree 18 (22.5%)
Strongly Disagree 3 (3.8%)
Strongly Agree 8 (10%)
Agree 23 (28.7%)
Our workers are not sufficiently qualified to p
operate the CMP. Neutral 19 (23.8%)
Disagree 25 (31.3%)
Strongly Disagree 5(6.3%)
Our workers are not sufficiently Strongly Agree 6 (7.5%)
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experienced in the CMP. Agree 27 (33.8%)
Neutral 25 (31.3%)
Disagree 17 (21.3%)
Strongly Disagree 5 (6.3%)
Strongly Agree 7(8.8%)
Agree 28 (35%)
Lack of awareness of the CMP and its p
benefits. Neutral 26 (32.5%)
Disagree 17 (21.3%)
Strongly Disagree 2 (2.5%)
Strongly Agree 5 (6.3%)
Agree 14 (17.5%)
The CMP system is complex to operate. Neutral 30 (37.5)
Disagree 26 (32.5%)
Strongly Disagree 5(6.3%)
Strongly Agree 8 (10%)
Agree 20 (25%)
The CMP requires complex logistic issues. Neutral 30 (37.5%)
Disagree 19(23.8%)
Strongly Disagree 3 (3.8%)
Strongly Agree 5 (6.3%)
Agree 41 (51.2%)
The CMP requires more physical space than p
the batch process. Neutral 26 (32.5%)
Disagree 7(8.8%)
Strongly Disagree 1 (1.3%)
Strongly Agree 3 (3.8%)
Limited availability of the CMP-compatible Acree 40 (50%)
resources, technologies, and materials. s
Neutral 26 (32.5%)
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11 (13.8%)

Disagree
Strongly Disagree 0 (0%)
Strongly Agree 13 (16.3%)
Agree 45 (56.3%)
The CMP requires more control and .
evaluation processes. Neutral 13 (16.3%)
Disagree 8 (10%)
Strongly Disagree 1 (1.3%)
Strongly Agree 19 (23.8%)
Agree 45 (56.3%)
The CMP involves extensive research and p
development. Neutral 16 (20%)
Disagree 0 (0%)
Strongly Disagree 0 (0%)
Strongly Agree 10 (12.5%)
Agree 38 (74.5%)
The CMP encounters complex regulatory S
approvals. Neutral 27 (33.8%)
Disagree 5(6.3%)
Strongly Disagree 0 (0%)
Strongly Agree 19 (23.8%)
Agree 44 (55%)
The CMP requires continuous validation p
and monitoring. Neutral 13 (16.3%)
Disagree 4 (3%)
Strongly Disagree 0 (0%)
Strongly Agree 21 (26.3%)
Agree 42 52.5(%)
The CMP requires extensive process p
optimization. Neutral 15 (18.8%)
Disagree 2 (2.5%)
Strongly Disagree 0 (0%)
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