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The Readiness Assessment of Implementing Quality 4.0 in Food
Industries in Palestine

Muna Rizeq Farhan Ahmad

Dr. Sami Sader

Dr. Ashraf Almimi

Dr. Yahya Saleh

Abstract

This study aims to assess the readiness of the Palestinian food industry for
Quality 4.0 implementation by analyzing key influencing factors. Using quantitative
research methodology, the study evaluates the industry’s readiness for digital
transformation and the adoption of artificial intelligence technologies associated
with the Fourth Industrial Revolution (Industry 4.0) for quality management.

The study included an analysis of the various dimensions and factors related
to measuring readiness to implement Quality 4.0 in food factories and were
extracted through analyzing previous studies that were conducted in several
developed countries and were not previously addressed in the Palestinian context.
These factors are top management commitment, technology adoption, supplier
management, customer focus, organizational culture, leadership support, vision and
strategy, knowledge and awareness, training and awards, financial resources, and
industry challenges.

A questionnaire was designed in a scientific and rigorous manner consisting
of three sections: demographic information readiness factors for Quality 4.0
implementation, and associated challenges. The survey was distributed to 50
Palestinian food factories, and responses were measured using a five-point Likert
scale. Data analysis was conducted using Excel and SPSS programs to extract key
insights.

The results revealed varying levels of readiness among food factories in
Palestine, with key challenges including adoption of new technologies,
infrastructure, financial constraints, and political obstacles. However, the results
also highlighted opportunities for improvement, such as enhancing leadership
support, strengthening training and development strategies, and developing a clear
roadmap for the transition to Quality 4.0. The study also found that most senior
management supports quality programs, promotes a culture of continuous
improvement, and enhances awareness and knowledge of Quality 4.0 among
employees. As a major contribution and initial step, this study proposes a
framework to guide factories in improving their readiness to implement Quality 4.0,
and provides recommendations to leverage digital transformation, improve product
quality, increase efficiency, and enhance market competitiveness

Keywords: Quality 4.0, Industry 4.0, Artificial Intelligence, Readiness, Food
Industry
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Chapter One: Introduction

1.1 Overview

The food industry occupies a prominent position in the Palestinian economy(“Food
Systems Profile - Palestine,” 2023). It plays a fundamental role in contributing to the system
of national industries. This promising sector means great potential for economic growth,
because of its large contribution, which amounts to 24% of the gross Palestinian industrial
product (Palestine Federation of Industries, 2024). This industry includes a variety of
activities, including agricultural production, food processing, distribution, and consumption
(Palestine Federation of Industries,2024). However, like many industries globally, the
Palestinian food industry faces a set of evolving challenges, which calls for an innovative

solution to ensure its sustainability and competitiveness.

Industry 4.0 has emerged with revolutionary developments, touching on all aspects of
modern industries. Companies around the world are adopting Industry 4.0 technologies at a
rapid pace to meet modern challenges and prepare for the future (A Comprehensive Guide to
Industry 4.0, 2023.). In the context of the food and beverage industries, these technologies
open new horizons for enhancing processes, improving quality, and increasing productivity
(Yassur, 2024.). Technologies used in Industry 4.0 include intelligent internet, big data
processing, big data storage technologies, artificial intelligence, virtual reality, 3D printing
technology, nanotechnology, biotechnology, quantum computing, and block chain

technology. (Khatib, 2020)

In the context of Palestine, where there is an emerging food industry, adopting these
technologies can be of particular importance. These technologies help improve production
efficiency and enhance competitiveness in the global market (Dwikat et al., 2022). The
Quality 4.0 concept, which integrates Industry 4.0 technology into quality management
systems, brings great promise to the food industry (Sader et al., 2022). Using technologies

such as the internet of Things (IoT), artificial intelligence (Al), data analysis, and automation,



Quality 4.0 offers the opportunity to revolutionize how quality is controlled, maintained, and

improved in food production and distribution processes (Javaid et al., 2021a).

In the Palestinian context, where it faces unique challenges resulting from political,
economic, and infrastructural constraints, Quality 4.0 implementation presents both
opportunities and challenges. The readiness of Palestinian food industries to implement
Quality 4.0 practices is a critical area that warrants careful consideration. This thesis aims to
address this gap in the literature by conducting a comprehensive assessment of the readiness
of Palestinian food industries to implement Quality 4.0 practices. By exploring the current
technological landscape, identifying potential obstacles, and proposing strategies to achieve
effective adoption, this research seeks to contribute to enhancing quality standards,

operational efficiency, and overall competitiveness of the Palestinian food industry.

1.2 Food industries in Palestine

The food and beverage industry in Palestine has become a major sector for investment
due to the Palestinian Investment Encouragement Law of 1998. Palestine provides a good
business environment for new and expanding projects in the food and beverage sector. In this
sector, factories are modern and automated, and many of them are certified as [ISO-certified.
Palestinian food and beverage products have increased their market share, reaching 65%-
70% in 2016, due to government policies and marketing campaigns that encourage local
consumption. The industry depends on the local market for sales, as the products are
marketed throughout the West Bank and Gaza and some in East Jerusalem, while 85% of
exports go to the Israeli market and the rest to the Middle East and Europe, with a total of
one billion US dollars for exports in 2016, as shown in Table 1.1 (Palestine Investment

Promotion Agency, 2024).



Table 1.1: Indicators for Food Industries importer in Palestine

no. of S The local market
Type of Industry e no. of Workers Amount
Factories . o share
(in Millions) $
Meat products 18 799 273 90%

industry

Processing and
canning fruits 20 557 36,6 20%
and vegetables

Industry,

vegetable oils 13 302 18.7 20%
and fats

Milk & Dairy ¢ 2324 67 55%
Product

Industry wheat

flour & cereal 12 302 48 40%
products

Feed industry 26 427 28.9 15%
Bread and 1500 5900 100 90%
bakery pros

Sugars and 3 1075 22 25%
sweets

Pasta and 4 62 237 30%
noodles

Soft drinksand - , 1414 335 30%
non-carbonated

Other food 39 920 10,7 35%
products

(Palestine Investment Promotion Agency, 2024)

1.3 Research Problem

This study focuses on evaluating the readiness of Palestinian food factories to adopt

Quality 4.0. Quality 4.0 refers to the integration

of advanced technologies emerged under the umbrella of Industry 4.0 and the total

quality management (TQM) practices (Sader et al., 2022). Quality 4.0 offers several potential
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benefits to the food sector, including increased efficiency, effectiveness, and product quality.
However, much research highlighted the challenges and opportunities associated with
implementing Industry 4.0 and Quality 4.0 in the industry. In the meanwhile, factories face
multiple global challenges in implementing Quality 4.0, including a lack of skills, high cost
of new technologies, resistance to change within organizations, a lack of specific strategies
to implement Quality 4.0 (Sader et al., 2022) adopting a flexible organizational culture is also
essential to ensure successful implementation of Quality 4.0.The Palestinian food industry
faces several challenges that hinder its ability to develop and enhance quality management
systems and operational efficiency. These challenges include outdated production systems,
limited investment in modern technologies, resistance to change in institutional organization,
in addition to factors related to infrastructure, inadequate training of the workforce, and lack
of digital integration, which hinder efforts towards improving quality standards and
competitiveness. The aim of this research is to assess the readiness of Palestinian food
factories to adopt a modern data-based quality management methodology. By assessing key
readiness factors including technological capability, top management commitment,
organizational culture, and dedicated financial support, this study will provide insight into
the challenges facing factories and the potential benefits of adopting advanced quality
management systems. This study will help identify gaps and provide recommendations for a

smooth transition towards smarter and more efficient quality practices in the industry.

1.4 Research Objectives

This thesis aims to assess the readiness of Palestinian food factories to
implement Quality 4.0, a model that integrates advanced technologies from Industry
4.0 with TQM practices .The main objective is to assess the challenges and
opportunities and investigate the factors that influence the adoption of Quality 4.0 in
the Palestinian food industry . This study also contributes to the literature on

assessing the readiness to implement Quality 4.0 as there are no studies in this field



in the Palestinian context .To achieve this ,this study provides actionable insights
and recommendations to stakeholders for the successful implementation of Quality

4.0 .For this reason ,the main objectives of this thesis are listed as follows:

1. Evaluate of the key factors affecting the readiness of Palestinian food
factories to implement Quality 4.0.

2. Evaluation of the role of leadership and senior management support,
technology and organizational culture in shaping the readiness to
implement Quality 4.0.

3. Study the impact of workforce training, awareness raising, financial
resources and stakeholder engagement (customers and suppliers) on the
successful adoption of Quality 4.0.

4. Identify the challenges that hinder the implementation of Quality 4.0 in

Palestinian food industries

1.5 Research Questions

To achieve the objectives of the thesis and by focusing on the basic research problem,

a set of questions were formulated as follows:

1)

2)

3)

4)

What are the main factors affecting the readiness of Palestinian food factories to
implement Quality 4.0?

How does leadership, top management and the adoption of new technology affect the
assessment of readiness to implement Quality 4.0?

What is the impact of workforce training, awareness raising, financial investment and
supplier and customer engagement on the success of Quality 4.0 adoption?

What are the main challenges that hinder the implementation of Quality 4.0 in

Palestinian food industries?

1.6 Research Hypotheses



To identify and measure readiness through the key factors for implementing Quality 4.0, the

following hypotheses were formulated. More specifically, for each of the factors and how it

affects readiness, ten hypotheses will be examined in this study.

1)

2)

3)

4)
5)

6)

7)

8)
9)

10)

H1: Top Management Commitment positively impacts the readiness of Quality 4.0
implementation

H2: Clear vision and Strategy for Quality 4.0 positively impacts the readiness of
implementation in Palestinian food industries.

H3: Technology Adoption positively impacts the readiness of implementing Quality
4.0 in Palestinian Food Industry.

H4: leadership positively impacts the readiness of Quality 4.0 implementation

H5: Training and Rewards systems positively impacts the readiness of Quality 4.0 in
Palestinian food industries

H6: Knowledge and Awareness regarding Quality 4.0 positively impacts the readiness
of implementation

H7: Financial funding positively impacts the Readiness for Quality 4.0
implementation in Palestinian food industries

HS: Customer Focus positively impacts the readiness of Quality 4.0 implementation
H9: Supplier Management process is positively impacts the Readiness for Quality
implementation in Palestinian food industries

H10: The organizational culture positively impacts the readiness of implementing

Quality 4.0 in Palestinian Food Industry.

1.7 Rationale and Significance

The implementation of Quality 4.0 in the food industries of Palestine has the potential

to bring about significant benefits, including increased efficiency, improved product quality,

and enhanced competitiveness. Therefore, it is crucial to assess the readiness of the food

industries to adopt this new paradigm and understand the challenges and opportunities that

lie ahead. This research is significant because it provides valuable insights into the current

state of technology, organizational culture, and infrastructure in the food industries, and

informs stakeholders on the best strategies to ensure the successful adoption of Quality 4.0.

6



This research also has important implications for the development of the food
industries in Palestine. The findings of this research would inform government agencies,
industry organizations, and food producers on the necessary steps to take to prepare the food
industries for the transition to Quality 4.0. This ensures that the food industries are well
equipped to take advantage of the benefits that this new paradigm offers and remain

competitive in a rapidly changing market.

Furthermore, this research contributes to the academic community by adding to the
body of knowledge on the implementation of Quality 4.0 in the food industries. It will also
provide a basis for future research on the subject and help to inform the development of best
practices for the implementation of Quality 4.0 in other countries and industries. In addition,
the model that will be developed to measure readiness will address issues that are unique to

Palestine, such as political determinants, which may not exist anywhere else in the world.

In conclusion, the readiness assessment of Quality 4.0 in the food industries of
Palestine is a crucial and timely research problem that will have important implications for
the development of the food industries and the adoption of new technology and practices.
This research is significant and justifiable because it will inform stakeholders on the best
strategies to ensure the successful adoption of Quality 4.0 and contribute to the body of

knowledge on the subject.
1.8 Definitions of key terms:

e Quality 4.0: It is the use of modern technologies such as artificial intelligence, the
Internet of Things, cloud computing and customer services to create adaptable,
automated and predictive quality systems that enhance human interaction in quality
management to improve performance, drive excellence and enhance
innovation.(Antony et al., 2022)

e Industry 4.0: The fourth industrial revolution defines the integration of smart
technologies like Al, 10T, automation into manufacturing to enhance efficiency and
productivity

e Readiness assessment: A process of evaluating the readiness of organization to

implement Quality 4.0, or systems, in this case, for the transition to Quality 4.0.



e Artificial Intelligence: A branch of computer science that focuses on creating
software and machines that can simulate human intelligence
e Big Data analytics: examining large and complex data to investigate patterns,

correlations and insights to make decisions and improve business operations

1.9 Thesis Structure:

This research consists of five chapters. It is structured as follows:

Chapter One: contains several sections, an introduction and a general
overview of the research topic, the study problem, its objectives, the research
questions and hypotheses, as well as the significance of the research. It ends with a

presentation of the research sections.

Chapter Two: explains the theoretical data and previous studies that were
searched and reviewed in the research related to the subject of Industry 4.0 and
Quality 4.0 and the most important application practices and assessment of

readiness to implement Quality 4.0.

Chapter Three: focuses on the methods used to conduct the study, it consists
of research design and conceptual model and methods for data collection, discuss

the method used for sampling and data analysis

Chapter Four: presents the results of the thesis, analysis of these results and
their discussion, description of the statistical test, descriptive analysis and the

challenges associated with adopting Quality 4.0 in food industries in Palestine

Chapter Five: concludes the thesis by presenting the conclusions,
recommendations, outlining the contribution to the field and discussing the

limitations



Chapter Two: Literature Review

2.1. Overview

This chapter discusses the evolution of quality management, from inspection to quality
4.0, and addresses the importance of applying quality alongside Industry 4.0. It also provides
a comprehensive and general overview of Industry 4.0 and its application in small and
medium-sized enterprises (SMEs), and an analysis of the maturity and readiness models that
were presented in previous studies and were accepted or rejected. It discusses the obstacles
that appear when implementing Quality 4.0 and provides insights into these problems. It also
highlights the importance of continuous development in addition to the role that improved
productivity, operational effectiveness, and quality control play in creating success for the
organization. In addition, the chapter covers the status of Palestinian industries in using

Industry 4.0 and adopting Quality 4. 0.

2.2. Industry 4.0

The development of water and steam-powered mechanical production facilities led to
the First Industrial Revolution in the late 18th century (Kagermann, Wabhlster, & Helbig,
2013). The end of the 19th century witnessed the second industrial revolution driven by
electrically powered mass manufacturing and labor division (Kagermann, Wahlster, &
Helbig, 2013). The third industrial revolution began in the early 1970s with the use of modern
electronics and information technology to automate production processes (Kagermann,
Wabhlster, & Helbig, 2013). The fourth industrial revolution is the first to be announced prior
to its actual implementation (Drath ,2014). Several companies and research organizations,
including working group industry 4.0 (Drath ,2014), platform industry 4.0 and industry 4.0

collaboration lab (Drath ,2014), are working for the fourth industrial revolution.

Hermann et al., (2016) defined Industry 4.0 as a term encompassing technologies and
concepts for organizing the value chain. They described how CPS (Cyber physical process)

monitors physical process within structured smart factories, create virtual copies of physical

9



world and make decentralized decisions. These systems communicate in real time over loT
(Internet of Things) and offer both internal and across organizational services. This concept
represents an important advancement in manufacturing and production processes. Over the
past years, the general view of the industrial sector has changed, and it has begun to look at
the added value provided by industrial companies, reducing costs, and moving towards global

competition (Alcacer & Cruz-Machado, 2019a).

The German manufacturing strategy, a pioneer in the industry, is leveraging Industry 4.0
technologies to address challenges in manufacturing systems, creating new business models
and ways of manufacturing, and renewing the industry for digital transformation (Hofmann
& Riisch, 2017). Industry 4.0 was brought to the world in 2011 by German government
(Motyl et al., 2017; Griecoet al., 2017), It aims at enhancing operational productivity and
efficiency (Peruzzini et al., 2017) by integrating automation and inter connection into
traditional industries and connect physical to virtual world (Leyh, Martin, et al., 2017).
Industry 4.0 refers to technologies and processes that enable self-sufficient production
models, integrated operations, decentralized decisions, and minimal human interactions
(Castelo-Branco et al., 2019). In recent years, manufacturing industries seek to adopt
advanced technologies such as robotics automation and digitalization to increase efficiency,
reduce cost in manufacturing processes, increase capacity of production, improve quality and
development and innovation (Khang et al., 2024) which is known as industry 4.0(Kaushik &
Singh, 2021). Manufacturing industries differ from automated systems, some smart
manufacturing integrate internet of thing IoT, Al, and machine learning to create full of
connections, intelligent production process, increase productivity, efficiency and flexibility
by real time data and communication between people, equipment and machines, (Khang et
al., 2024). Industry 4.0 is a term of integrating loT, [IoT(Industrial internet of things ), Al
(Artificial Intelligence) and CC (Cloud computing) to revolutionize the manufacturing
process by collecting and analyzing real time data (Kshetri & Voas, 2022), optimizing
production process, and minimizing downtime, improving product quality, profitability and

productivity (Xu et al., 2018).

Industry 4.0 uses the IoT to collect and analyze data from different parts of the

production process (Yang et al., 2020), which enable manufacturers to identify inefficiencies

10



and improve operations. IoT uses sensors and devices embedded in machines to collect
performance data, enhancing safety and efficiency (Khang et al., 2024). By using 10T, the
benefits are real time monitoring, predictive maintenance, improved supply chain
management, enhanced safety, quality control, automation, enhance customer experience,
smart factories, data analytics and reduce costs and downtime, and optimize the supply chains

(Khang et al., 2024).

Despite of the advantages of using IoT and IIoT in industry 4.0, there are also
disadvantages (Hsiao et al., 2019): risk of cyber-attacks and data breaches (Ries & Duan,
2022), complexity of designing and implementing [oT, IloT systems can presents challenges
which require experience in multiple scopes including software hardware and networking ,
cost will be limited especially for SMEs, interoperability , integrated systems and devices
depending on multiple issues which hinder interoperability between different systems,
privacy concerns which appears in highly-regulated industries specially when collecting

sensitive data, and limited connectivity.

2.3. Industry 4.0 Implementation in SMEs

Matt et al. (2021) summarized various studies on the adoption of industry 4.0
technologies in SMEs across various countries (Malayzia, Italy, Austria, Korea, Germany,
Denmark-Germany, Czech Republic, Turkey, Romania and Poland) based on surveys
conducted by several researchers (Ghobakhloo & Ching, 2019; Cimini et al., 2020;Rauch et
al., 2020a;Ko et al., 2020;Kilimis et al., 2019;Yu & Schweisfurth, 2020 ; Pech & Vrchota,
2020;Gergin et al., 2020; Tiirkes et al., 2019;Ingaldi & Ulewicz, 2019). The key insights from

their researches into the adoption of industry 4.0 technologies are:

1. Advanced automation & robotics shows that Germany and Italy have a high adoption
rate, while Iran, Malaysia, Denmark-Germany and Turkey shows a medium level of

adoption

11



2. Additive manufacturing (3D printing), a process of creating three dimensional objects
from a digital file: generally, adoption is low across most countries while Poland has
a medium adoption rate

Simulation: most countries have medium adoption rates

VR/AR (Virtual/Augmented Reality): all countries have low adoption.

Horizontal/Vertical Data integration: the adoption seems high in most countries.

A

IToT (Industrial Internet of Things) the adoption is high in Germany, Italy and Turkey

while other countries show low adoption.

7. Cloud computing: Germany, Turkey, and Italy showing High Adoption, while other
show low adoption

8. Cybersecurity, high adoption seen in Germany, while other showing medium or low
rate of adoption

9. Big Data Analytics: high adoption observed in Italy, Germany, Turkey, and the other

show medium adoption rate

10. Al (Artificial Intelligence): Al adoption low in all countries

Globally certain technologies like data integration and IloT have high adoption rates,

while Al and VR/AR are still low adopted in most SMEs (Rojas-Berrio et al., 2022).

2.4. Industry 4.0 Maturity and Readiness Models

Industry 4.0 maturity and readiness models serve a valuable framework for assessing
organizations readiness in adopting industry technologies (Akdil et al., 2018a). These models
provide structured approaches to evaluate various aspects such as technology integration,
organizational capabilities and strategic alignment. These models aim to assess organizations
understanding of their current situation status in industry adoption and identify areas for
improvement (Unlii et al., 2023a), identify specific indicators across different dimensions,
including technology, people, processes, and strategy (Unlii et al., 2023b). These readiness
assessments models offer a scalable framework which allow organizations to assess their

readiness at different levels of maturity and provide progress from lower to higher maturity

12



levels and giving recommendations and best practices for successful implementation
(Hajoary, 2020). Maturity and readiness assessment tools highlight the importance of
continuous improvement, encourage organization to evolve and adapt to the changes of

technologies (Angreani et al., 2020).

Unlii et al. (2023b) reviewed and analyzed 22 maturity and readiness models to assess
the adoption of industry 4.0 based on 10 criteria: year of publication, focus, type of model,
structure, research methodology followed during design, base frameworks, tool support,
community support, objectivity, and extend of usage in practice. The reviewed models are as

follows:

Akdil et al., (2018b) proposed an industry 4.0 maturity model to help companies
understand their current state in the field. The model includes 13 fields, grouped in three
dimensions: smart products/services, business processes, and organizations. Assessment
criteria based on industry 4.0 principles and technologies. A questionnaire-based survey is
used to identify the company’s maturity level with 4 stages :0 “absence”, 1 existence, 2
survival and 3 maturities. The model was applied to a retail company, but there is no

knowledge about its practical usage.

The Manufacturing Enterprise System Association (MESA) developed MOM/CMM to
establish a robust and repeatable manufacturing operation management model. It covers 4
process areas such as production operation management, inventory management, quality test
operations, and maintenance operation management, with 832 weighted questions for
improvement strategies. The tool, Microsoft Excel Macro, is self-guided and offers

comprehensive and quick assessment models.

DREAMY (De Carolis et al., 2017) is a maturity model designed to assess a
manufacturing company's readiness for digital transformation. Inspired by the Capability
Maturity Model Integration (CMMI) framework, it evaluates five main process areas: design
and engineering, production management, quality management, maintenance management,
and logistics management. The model has five-scale maturity levels 1 to 5 and is validated
with a questionnaire. The model also proposes a methodology for guiding manufacturing

companies towards digitalization, which includes maturity assessment, strength and
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weakness identification, opportunities identification, and digital transformation roadmap

definition.

Ganzarain & Errasti (2016) proposed a three-stage maturity model for SMEs to identify
opportunities for diversification in Industry 4.0. The model includes envision which includes
capacity and resources analysis and Industry 4.0 understanding, enable which consist of the
requirements identification and Industry 4.0 technologies identification, and enact stage
which include training capacity, Industry 4.0 projects and risk management, with five levels:
initial, managed, defined, transform, and detailed business model. The model was first

analyzed in the Basque Country and there is no feedback and knowledge about usage.

Geissbauer et al., (2016) developed a maturity model to assess companies' readiness
for digitization, consisting of four levels with these dimensions (digital business models &
customer access, digitization of product & services, vertical & horizontal value chains
integration, data analytics, agile IT architecture, security, organization, compliance, legal &
tax, employees and digital culture). They suggested companies create initial projects, define
capabilities, become data experts, transform into digital enterprises, and plan an ecosystem
approach. PwC also designed an online self-assessment tool to identify a company's position
regarding Industry 4.0, based on a questionnaire with weighted questions for each dimension.

The tool is applicable to many companies, but no data is available on its usage.

Gokalp et al., (2017) proposed Industry 4.0-MM, a model inspired by Spice, to assess
a manufacturing company's maturity level in Industry 4.0. The model includes aspects like
Asset Management, Data Governance, Application Management, Process Transformation,
and Organizational Alignment, with six capability levels. However, no case studies have

been conducted, requiring future validation.

The IMPULS Industry 4.0 Readiness Model (Lichtblau et al., 2015) assesses the
readiness of German and Malaysian SMEs in implementing Industry 4.0. The model includes
18 fields grouped under six dimensions: strategy and organization, smart factory, operations,
smart products, data-driven services, and employees. The model measures the capabilities of

these dimensions using six levels from 0 to 5. The results show that the size of the company
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is the most important successor in five dimensions. The model also suggests action items for

newcomers and learners

Jung et al., (2016) proposed a model to assess a manufacturing company's readiness to
improve operational performance using data-intensive technologies. The model includes
three steps: profile the current state, assess the current state, and develop an improvement
plan. The questionnaire is categorized into four dimensions: organizational maturity, IT
maturity, performance management maturity, and information connectivity maturity. The
model is validated by testing the statistical significance between Smart Manufacturing
Systems Readiness Level (SMSRL) and operational performance, showing positive
correlations, there is no knowledge about the usage in the practice of the model, except the

validation.

Lee et al., (2017) developed a smartness assessment framework for factories in
manufacturing companies. The model includes 10 sub-dimensions categorized by main
dimensions (performance, leadership, process & system, and automation) and five maturity
levels (checking, monitoring, control, optimization, and autonomy). The model was validated
by applying it to 20 companies in Korea, with an average turnover of 25.7 million dollars.
The results showed that applying the analytic network process provided more precise results,

considering interdependencies between criteria.

Leyh et al., (2016) and Leyh, Schéffer, et al., (2017) proposed a maturity model to
classify a company's IT system landscape in Industry 4.0 requirements, based on literature
review and inspired by Capability Maturity Model Integration (CMMI190) and Core Supply
Chain Operations Reference-Model Maturity Model (CSOAMM). The model includes four
dimensions (vertical integration, horizontal integration, digital product development, and
cross-sectional technology criteria) and evaluates maturity through five stages. However, it

only focuses on technological aspects and is not validated.

Rockwell Automation, (2014) "Connected Enterprise Maturity Model" aims to reduce
costs and improve capabilities by transforming technologies and organizational cultures. The
model consists of five maturity stages, including assessment, secure network, controls,

working data capital (WDC), analytics, and collaboration with four dimensions in assessment
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stage (information infrastructure, control devices for data movement, networks for
information movement, and security policies). Developed for IT/OT companies, it has been

applied in Microsoft and Cisco.

Schumacher et al., (2016). developed a maturity model for assessing Industry
readiness, incorporating organizational aspects. The model includes nine dimensions:
strategy, leadership, customers, products, operations, culture, people, governance, and
technology. Each dimension is evaluated using a questionnaire. The model was rated 3.2 out
of 4 based on expert interviews and a case study in an Austrian manufacturing enterprise.

Results showed the lowest maturity level was in strategy and highest in products.

Scremin et al., (2018). developed the Adoption Maturity Model (AMM) to assess
Industry 4.0 maturity in manufacturing companies. The model includes strategy, maturity,
and performance axes, with eight indicators and 30 maturity items. The model was applied
to 10 manufacturing companies in Italy and Canada, and case studies were analyzed to
determine maturity thresholds and adoption maturity indicators. The study also highlighted

the limitations of the proposed model.

Schuh et al., (2017). proposed a six-staged maturity model to guide companies towards
becoming learning, agile, and adaptable to Industry 4.0. The model includes four main
dimensions: resources, information systems, organization structure, and culture. Each stage
is assessed using multiple-choice questions. The model was created through four steps,
including case studies and workshops with academic and industry contributions. The
validation of the model confirmed its principles. However, many companies do not fully
understand Industry 4.0 and focus on measures instead of pursuing a common goal. The
Acatech Industrie 4.0 Maturity Index was applied to 26 companies and their plants, providing

a roadmap for reaching the upper maturity level in all dimensions.

Pacchini et al., (2019). developed a model to assess a manufacturing company's
readiness for Industry 4.0, based on the structure of SAE J4000 and Spice standards. The
model includes four levels: Level 0 (not present), Level 1 (incompletely implemented), Level
2 (almost fully implemented), and Level 3 (fully implemented). The model includes eight

dimensions of enabling technologies: big data, 10T, cloud computing, autonomous robots,
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additive manufacturing, cyber-physical systems, augmented reality, and artificial
intelligence. The model was tested in a case study with a multinational diesel engine

manufacturer in Brazil, revealing a high degree of adaptation.

The Smart Industry Maturity Index (SIRI) (E. D. B. Singapore, 2020) was launched by
the Singapore Economic Development Board and TUV SUD to assess manufacturing
facilities and support Industry 4.0 transformation. The model consists of three layers: process
consists of (customer orientation, business model, operation and value chain), technology
contains (advanced technologies, big data, cybersecurity, [oT (Internet of Things), and
organization contains (strategy, vision and culture, workforce capabilities, structure,
ecosystem and partnerships), eight pillars, and 16 dimensions of assessment. The SIRI was
performed on 200 Singapore-based manufacturing companies across 12 sectors. The
Singapore Government established the SIRI Assessor Program to ensure objectivity and

cover training and certification.

In Shi et al., (2019), The Smart Manufacturing Kaizen Level (SMKL) is a tool designed
to help manufacturers improve their system implementation sustainably, focusing on
maturity level which contains (collecting, visualizing, analyzing, and optimizing) and
management level that include (installation or worker, workstation, factory, and supply
chain). It includes a matrix for productivity Kaizen and a case study for automation

productivity improvement.

Mittal et al., (2018) proposed a maturity model for SMEs to support digital
transformation towards smart manufacturing and Industry 4.0. The model consists of
organizational dimensions, toolboxes, and maturity levels. The model includes five
dimensions (finance, people, strategy, process, and product) and seven toolboxes, each with
different maturity levels based on required inputs. Two case studies were conducted to

demonstrate the model's effectiveness.

Colli et al., (2019). proposed a maturity assessment approach using Problem-Based
Learning to contextualize a company and provide improvement recommendations. The
approach includes a maturity model with 6 levels and five dimensions: governance,

technology, connectivity, value creation, and competencies. The 360DMA process consists
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of five stages, including awareness creation, scope definition, data collection, evaluation, and

solution selection.

Bibby & Dehe, (2018) developed a model to measure Industry 4.0 maturity in a defense
sector focal firm. The model includes three dimensions: factory of future, people & culture,
and strategy, with 13 key attributes, this model was developed based on the previous two
models: IMPULS and PricewaterhouseCooper’s assessment model. Tested with 14 experts,

the model showed a maturity level of 59.35, outperforming the sector average of 55.58

Wagire et al., (2021). developed a maturity model to assess an organization's current
state and suggest areas for improvement in Industry 4.0 transformation. The model, based on
literature review, interviews, and case studies, weighs maturity items and dimensions under
seven dimensions: (people & culture, Industry 4.0 awareness, organizational strategy, value
chain & processes, smart manufacturing & technology, products & services-oriented
technology, Industry 4.0 base technology). The model was applied to an Indian automotive

sector organization, revealing a level 2 digital novice as an improvement opportunity.

Rauch et al., (2020b). developed an assessment model for SMEs to define their strategy
for Industry 4.0 transformation. The model consists of four dimensions: operations,
organization, socio-culture, and technology, with 21 sub-dimensions and 42 Industry 4.0
concepts. Validated in a field study with 17 SME companies, the model showed low maturity

levels, but participants found it useful for assessing their company's status.

Table 2.2 summarizes various Industry 4.0 maturity and readiness models, focusing on
key assessment factors such as technology, advanced manufacturing, data analytics and
exchange, capabilities and skills, organizational culture. These models provide structured

frameworks to help industries to assess their readiness and maturity for Industry 4.0

implementation.
Table 2.2: Industry 4.0 Maturity and Readiness Models
‘ Model H Author H Elements of Assessment
industry 4.0 maturity Akdil et al., 2018  smart products/services, business
model processes, and organizations
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MOM/CMM

DREAMY

three-stage maturity model
for SMEs towards
Industry 4.0

Industry 4.0 Building the
Digital Enterprise

Industry 4.0 MM

IMPULS Industry 4.0
Readiness

Overview of a Smart
Manufacturing System
Readiness Assessment

Smartness Assessment
Framework for smart
Factories using Analytic
Network Process

SIMMI 4.0

The
Manufacturing
Enterprise System
Association

(MESA)

De Carolis et al.,
2017

Ganzarain &
Errasti (2016)

Geissbauer et al.,

2016in

Gokalp et al.,
2017

Lichtblau et al.,
2015

Jungetal, 2016

Leeetal, 2017

Leyh et al., 2016,
Leyh, Schiiffer, et
al, 2017

production operation management,
inventory management, quality test
operations, and maintenance
operation management

design and engineering, production
management, quality management,
maintenance management, and
logistics management

Envision: capacity and resources
analysis

Enable: requirement and industry
4.0 technologies identification
and Enact: training capacity and
industry 4.0 project and risk
management

digital business models & customer
access, digitization of product &
services, vertical & horizontal value
chains integration, data analytics,
agile IT architecture, security,
organization, compliance, legal &
tax, employees and digital culture
Asset Management, Data
Governance, Application
Management, Process
Transformation, and Organizational
Alignment

strategy and organization, smart
factory, operations, smart products,
data-driven services, and employees

organizational maturity, IT
maturity, performance management
maturity, and information
connectivity maturity

performance, leadership, process &
system, and automation

vertical integration, horizontal
integration, digital product
development, and cross-sectional
technology criteria
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Connected Enterprise
Maturity Model

Maturity Model for
Assessing Industry 4.0
Readiness and Maturity of
Manufacturing Enterprises

AMM

Acatech Industrie 4.0
Maturity Index

The Degree of Readiness
for the implementation of
Industry 4.0

SIRI

Smart Manufacturing
Kaizen Level

the Smart Manufacturing-
Maturity Model for SMEs

Maturity Assessment
Approach for Conceiving
Context specific Roadmap
in the Industry 4.0 Era

Defining and Assessing
Industry 4.0 Maturity
Levels in a defense sector

Development of Maturity
Model for Assessing the
Implementation of
Industry 4.0

Rockwell
Automation,
(2014)

Schumacher et al.,
(2016)

Scremin et al.,
(2018)

Schuh et al.,
(2017)

Pacchini et al.,

(2019)

E. D. B.
Singapore, 2020

Shi et al., (2019)

Mittal et al.,
(2018)

Colli et al., (2019)

Bibby & Dehe,
(2018)

Wagire et al.,
(2021)

information infrastructure, control
devices for data movement,
networks for information movement,
and security policies

strategy, leadership, customers,
products, operations, culture,
people, governance, and technology

strategy, maturity, and performance

resources, information systems,
organization structure, and culture.

big data, 10T, cloud computing,
autonomous robots, additive
manufacturing, cyber-physical
systems, augmented reality, and
artificial intelligence

Customer Orientation, business
model, operation and value chain,
advanced technologies, big data,
cybersecurity, loT (Internet of
Things), strategy, vision and culture,
workforce capabilities, structure,
ecosystem and partnerships

Maturity level: collecting,
visualizing, analyzing, and
optimizing

Management Level: installation or
worker, workstation, factory, and
supply chain

finance, people, strategy, process,
and product

governance, technology,
connectivity, value creation, and
competencies.

factory of future, people & culture,
and strategy

people & culture, Industry 4.0
awareness, organizational strategy,
value chain & processes, smart
manufacturing & technology,
products & services-oriented
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technology, Industry 4.0 base

technology
Maturity level-based Rauch et al., 2020  operations, organization, socio-
Assessment Tool to culture, and technology

enhance the
implementation of
Industry 4.0 in SMEs

Based on the extensive literature review of the maturity models for Industry 4.0
maturity assessment and various dimensions that are mentioned and the criteria that are
considered for evaluating an organizational readiness for implementing Industry 4.0, we

conclude the models include the following common dimensions:

1. Advanced manufacturing
Technology connectivity
Data Exchange
Organizational culture

Strategy

AN O e

Workforce capabilities and skills

Although different models include these dimensions, they are often designed for
economies with advanced technological infrastructures. Given the unique characteristics of
the Palestinian food industry, an adaptive approach is essential to ensure relevance and

application

2.5. Quality 4.0

The fourth industrial revolution, or "Industry 4.0", has been transforming industry and
business with digitization and automation since the early 2000s. Industry 4.0 brought
numerous innovative technologies to production and management, such as artificial
intelligence, big data, digital communication, and so on (Yassur, 2024). The era of Industry

4.0 has also seen the development of "Quality 4.0", which could be considered as the current
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modern way to manage quality in an industrial setting (Hassoun, Jagtap, Garcia-Garcia, et

al., 2023a).

According to the American Society for Quality, "Quality 4.0 (or Q4.0) is a term that

has recently started to appear as digitization is becoming more widespread in industry
(Hassoun, Jagtap, Garcia-Garcia, et al., 2023a). It builds upon established quality

management philosophies and standards, but at the same time aims to take advantage of the
many new technological tools and approaches that are available." Quality 4.0 has been
quickly adopted by a wide range of industries, especially in the automotive, pharmaceutical,
and fast-moving consumer goods industry (Hassoun, Jagtap, Garcia-Garcia, et al., 2023a).
As for the food industry, which is facing increased globalization and consumer demand for
safe and high-quality food, it is critical to adopt an efficient and effective quality management
system to ensure not only the efficiency of the production but also compliance with stringent
regulatory standards. By implementing Quality 4.0 it is believed that the food industry could
benefit from enhanced quality control and assurance, increased operational efficiency and
productivity, and reduced failures and downtime (Javaid et al., 2021b). Therefore, the
importance of studying and understanding Quality 4.0 and its impact on the food industry is
increasing (Huang et al., 2022).

This thesis provides comprehensive coverage on Quality 4.0, from a general
introduction to how this idea evolved to its technical features, successful cases in other
industries, and best practices in the food industry. Also, this thesis discusses potential barriers
and limitations in its adoption and how to make the implementation of Quality 4.0 successful.

Special attention is paid to the application of Quality 4.0 in the food industry, to see how

these ideas and technologies could be transformed and utilized in the specific area.

2.5.1. Background of Quality 4.0

The tremendous speed of technological progress over the past decades has led many to

conclude that we are currently witnessing the Fourth Industrial Revolution (Foidl & Felderer,
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2016). The term “Industry 4.0” has been used since its inauguration at the Hannover Messe
trade fair in 2011 (Jarastniené et al., 2023). However, “Industry 4.0” is a term related to the
manufacturing industry and refers to the use of cyber-physical systems, the Internet of
Things, cloud computing, and cognitive computing in industry (Zaydin et al., 2018). On the
other hand, the term “Quality 4.0” has emerged relatively recently (Zaydin et al., 2018).
“Quality 4.0” includes the principle and methodology behind Industry 4.0 and focuses on
significant digital transformation in the aspect of quality management (Siforo et al., 2020).
More specifically, this term refers to the era in which quality management is shifting from a
process-driven model to a data-driven, technology-enabled phenomenon(QUALITY 4.0,
2024).

The achievement of "Quality 4.0", which implies the integration of advanced analytics
and digital network with traditional quality management methods, will make potential
impacts on different aspects of product quality, ranging from the measurement, diagnosis,
and prediction of quality issues to the design of the quality management system(Sony et al.,
2020a;Siphoro et al., 2020). Although the impact of Quality 4.0 is yet to be seen once its
methodologies are established and widely adopted, some early signs already indicated that
Quality 4.0 approaches and tools make a difference on product quality. For instance, various
studies have applied data mining and machine learning algorithms to the mappings of the
quality improvement project. These methods can assist the quality engineer to understand the
complex relationship between the process parameters and the quality outcomes (Javaid et al.,

2021c).

By uncovering the pattern and clustering the similar quality pictures, the effectiveness
and efficiency of the current quality management strategy can be enhanced, and finally, a
better product quality is anticipated (Javaid et al., 2021d). Quality 4.0 appears to be portrayed
as a strong enforcement to the paradigm shift from the reactive and detective mode of
ensuring product quality to the proactive and preventive measures through the mastery of the
enormous quality-related data available and the power of the cyber world (Karthik Sundaram
& Prem Shanmugam, 2019)
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2.5.2. Definition and Evolution of Quality 4.0

Defining and implementing advancements in quality are always challenging and
difficult. The definition of quality shifted from fitness for use and customer satisfaction to
invariable (Montgomery, 2019). The evolution of quality has several stages. First was
Quality control (QC), which was founded and focuses on examining and measuring inputs
and outputs to guarantee product standards, which is one step in the progression of quality
(Montgomery, 2019). Gradually, it evolved into quality assurance (QA), a function that
guaranteed quality throughout the production process in addition to monitoring it
(Montgomery, 2019). Next came the emergence of enterprise-wide quality planning, which
matched overall company strategies with quality procedures. As a result, lean six sigma and
total quality management (TQM) were combined (Zulgarnain et al., 2022). Quality 4.0
focuses on digitalization and smart techniques to develop autonomous systems that balance
quality and productivity optimally. (Zulgarnain et al., 2022). Figure 2.1 illustrates the
transformation from quality 1.0 to Quality 4.0.

@

* Productivity was *  Maximizing * Customer * Digitalization
priority productivity satisfaction = Adaptive learning

* Measurement and *  Minimum * Continuous = Process design is
inspection acceptance quality Quality focused

*  Volume was prior level were defined Improvement

Optimize quality

over quality * Reduction of scrap Standardization and productivity
* No focus on * Labour Quality is business Cyber-physical
wastes Performance need interaction

Figure 2.1: Transformation from Quality 1.0 to Quality 4.0 (Zulgarnain et al., 2022):
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Definition of Quality 4.0 according to Antony et al. (2023): It is the employment of
automation and digitization and providing competitiveness as an advantage for the
organization in order to improve customer experience and increase profitability. Industry 4.0
is mentioned in Quality 4.0 (Aldag & Eker, 2018). A shift in manufacturing processes that
integrate digital, physical, and natural elements. This revolution has brought about significant
technological advancements, such as data, analytics, connectivity, scalability, and
collaboration. It connects people, machines, and data, democratizes technologies, and
transforms culture, leadership, collaboration, and compliance (Jacob, 2018). Also
(Jacob,2018) clarified that Quality 4.0 expands upon and enhances conventional quality

techniques rather than replacing them.

Trends in quality improvement include wider adoption of six sigma and lean
methodologies, promoting efficiency across industries, and increasing emphasis on
sustainability. These trends emphasize the importance of quality management across all
businesses, encompassing all aspects of manufacturing (Chron,2021). Quality 4.0 is defined
as a complete socio-technical system created to utilize broad expertise for goal achievement
and ongoing improvement (Radziwill, 2018). Optimizing the collaboration of people,
technology, and quality management systems is essential to achieving success in Quality 4.0
(Watson, 2019). Reviews of the literature show that it may influence a number of
performance metrics, including operational effectiveness, customer value proposition, and
financial success (Antony et al., 2021). However, because of its socio-technical nature, its
implementation presents challenges, making self-assessment preparedness models essential
prior to adoption (Akdil et al., 2018). Alzahrani et al. (2021) highlighted the importance of
getting ready factors in a variety of industries by providing knowledge, organizational
culture, leadership, and support (Alzahrani et al., 2021). Despite its accepted importance,
there is a lack of a standardized tool to assess readiness. According to (Kiipper et al. ,2019)
Quality 4.0 is a development that aids in quality enhancement going forward, since digital
technologies contribute to quality enhancement in various ways.
For instance, the company can use analytics, real-time data collection, and process

monitoring to forecast maintenance requirements and quality issues.
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Murugesan , (2023) defines Quality 4.0 as an application of industrial transformation
methodologies, and emerging Al technologies to transform quality management to achieve
improvements across value chain, including product development, operations, suppliers,
logistics and customer experience. As (Murugesan ,2023) mentioned the Quality 4.0 enablers
in emerging digital technologies which play a crucial role in Quality 4.0 like cloud native
quality software, data analysis and connectivity, virtual reality, and robotic process
automation. The aim of Quality 4.0 is to enhance operational and financial metrics unlike the
traditional continuous improvement programs (e.g. lean, six sigma, TQM), in Quality 4.0
value proposition it integrated people, technology and processes across the value chain that
yield substantial benefits. Quality 4.0 is not just about digitizing existing processes; it
involves transforming the way quality processes and teams use technology. Successful
Quality 4.0 programs require an executive-level Quality leader, a culture of quality, robust
change management processes, and not just digitizing existing processes. It doesn't replace
traditional Quality methods but builds on them (Murugesan ,2023; Jacob, 2018). Leaders
fund Quality 4.0 through incrementing existing capital expenditure budgets, while followers
reallocate budget from other initiatives. Quality 4.0 is a continuous journey and requires

significant commitment from various functions, not just Quality. (Murugesan ,2023).

2.5.3. Role of Artificial Intelligence in Quality 4.0

Quality 4.0 represents a transformative approach in quality management, leveraging
digital transformation sweeping across industries. This paradigm shift aims to digitize entire
systems, elevating traditional quality methods and introducing innovative practices.
Advanced technologies like cloud computing are integrated into production processes to
address quality issues promptly and conduct real-time quality analyses, enhancing
competitiveness (Javaid et al., 2021c). Several challenges are being addressed in quality
management by quality 4.0 technologies, these include automated root cause analysis,

machine connectivity for parameter adjustment and real time simulation for processing.
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These technologies enable high performance team to deliver high quality services and

products to customer (Javaid et al., 2021c).

Quality 4.0 focuses on details, reducing the cost of poor quality and tracking quality
results. Many industries have started to use sensors and analytics for growing their data
collection resolutions (Javaid et al., 2021¢). Many enablers greatly aid in the manufacturing
scenario's quality 4.0 realization. The enablers are: The idea of blockchain, condition
monitoring, cybersecurity information, attempting industrial robotics on the ground, product
control and solution enablers, [oT and IloT practices, etc. are some of the areas where Quality
4.0 is enabled for the production environment. Moreover, a number of enablers and
philosophies, such as digitalization overall, energy efficiency, big data flow, optimized
solutions, precise measurement techniques, and optimized solutions, also link the effective
portrayal of quality 4.0 moralities in industrial spaces.(Barari et al., 2021;Alcacer & Cruz-
Machado, 2019b) .Quality 4.0 automates error reduction, saves time, cost, and energy, and
introduces innovation to specialist workers, particularly those responsible for quality. These
technologies enable greater flexibility and convergence in regular processes and systems.
However, they also present limitations in considering quality criteria, particularly in self-
organization. Quality 4.0 technologies can address these challenges by leveraging near-real-
time data to create innovative offerings with consistent consumer value profiles. (Sony et al.,

2020a).

Smart factories should focus on analyzing knowledge from core business processes like
construction, manufacturing, sales, and quality control to improve Quality 4.0 technologies.
Agility is crucial for start-up firms to return to competitive markets. Real-time recording,
digital quality testing, and pre-production testing can help automate production processes,
provide consumer insights, and ensure design and production process knowledge (Siphoro et

al., 2020; Sajidet al., 2021).

Quality 4.0 aims to network supply chains, ensure efficient information flow, and
manage performance. It requires a team-based approach, incorporating quality inspection for
efficiency. Emerging technology is constantly evolving, and new innovations have revived
interest in output quality using Quality 4.0 technologies. (Torous et al., 2020;Dutta et al.,
2021)
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2.5.4. Barriers and Limitations in Adopting Quality 4.0

The adoption of Quality 4.0, despite its benefits, faces many barriers and limitations

that organizations need to address for successful implementation (Sony et al., 2021). The

following are some of the key barriers:

l.
2.

High Cost of Implementation & Return on Investment are not measurable.

Lack of Resources: Quality 4.0 implementation needs resources in terms of physical
resources such as cyber-physical systems (CPS), Internet of Things (IoT), Radio-
frequency identification (RFID), sensors, smart manufacturing, etc. (Shin et al., 2018),
intellectual such as technical knowledge, databases, intelligent algorithms, etc. (Sony et
al., 2020b) human resources such as skilled quality manager engineers and directors,
(Johnson, 2019) and financial resources such as cash, credits for operation and
maintenance of quality management programs (Chiarini, 2020).

Lack of Implementation Knowledge: There is no internationally accepted framework for
implementation of Quality 4.0, and the knowledge base of implementing Quality 4.0
should be standardized to be implemented easily by organizations (Zonnenshain &
Kenett, 2020)

Organizational Culture: Not all organizations have such a conducive organizational
culture and encourage employees to take risks and accept new challenges and conduct a
positive environment to meet quality goals (Ziaei Nafchi & Mohelska, 2020).
Competitive Advantage is not clear: the relationship between Quality implementation
and competitive advantage is not clear in the era of Fourth Industrial Revolution, which
prevents organizations from understanding how to shape competitive advantages for

long-term market survival. (Adamik & Nowicki, 2018).

2.6. Readiness Assessment Factors for Implementing Quality 4.0
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Jacob (2017) proposed Quality 4.0's 11 axes. These axes include, as presented in
Figure 2.2:

e Analytics

e Data

e App development
e Connectivity

e Scalability

e Competency

e Leadership

e Culture

e Compliance

e Collaboration

e Management system

Quality 4.0 comprises three key components: (1) digitalization of inspection results,
(2) automation of inspection processes, and (3) integration of the digital results with the
industrial system. This is carried out to close the quality loop (Sader et al., 2022). Al, Big-
Data, blockchain, deep learning, enabling technologies (sensors, actuators, RFID, IPv6, etc.),
machine learning, and data science are the main instruments of Quality 4.0 (Radziwill, 2018).
Big-Data, networking, collaboration, and data display comprise a more condensed category
of Quality 4.0 technologies (Jacob, 2017; Sader et al., 2022). Zulfiqar et al., (2023) determine
the elements of the readiness assessment for the packaging industry's implementation of
Quality 4.0. Important elements like top management commitment, leadership, company
culture, staff competency, and ISO QMS standard implementation, and Alzahrani et al.
(2021) and Armani et al. (2021) supported these factors. The dimensions of Quality 4.0
framework were carried out by LNS Research (an advising research firm that specialized in
industrial transformation, offering research, analysis, and recommendations to help
companies to improve operational performance through digital transformation, including
Quality 4.0 ), and (Juran, 2019)align these dimensions with principles of continuous
improvement and quality control, Quality 4.0 axes as mentioned by LNS research are

classified as follows:

29



. Data: in the context of quality management, data has played an important role in
driving improvement, but many organizations still lack this. Industry 43.0 and Al
can provide real time visibility of quality metrics, enabling information. Agile
decision making

. Analytics: LNS research found that 37% of organizations identify poor metrics
which are the main obstacles to achieving quality objectives. Current quality
metrics are descriptive, but Industry 4.0 technologies like big data, machine
learning, and artificial intelligence enable prescriptive analytics, predicting failure
and guiding action.

Connectivity: Quality 4.0 connects business IT and operational technology,
enabling real-time or near-real-time feedback collection. Connectivity allows for
the use of inexpensive sensors to link people, products, edge devices, and
processes, enhancing efficiency and effectiveness in various industries.
Collaboration: Despite the potential benefits of enterprise quality management
system (EQMS) software, only 21% of firms have implemented a core EQMS,
with Quality 4.0 leveraging new methodologies like social listening and
blockchain for improved supply chain visibility.

. App development: App development is crucial in today's digital world, enabling
individuals and organizations to stay agile and connect with customers,
employees, and stakeholders. Advanced apps, utilizing augmented and virtual
reality, hold potential in Industry 4.0 workplaces.

Scalability: LNS Research shows 37% of organizations face challenges in
achieving quality objectives due to fragmented data sources and systems. Lack of
scalability hinders process reconciliation, and Industry 4.0 tools like cloud
computing can help achieve scalability.

Management systems: Only 21% of organizations adopt enterprise quality
management systems, despite their benefits. To fully benefit from Quality 4.0,
organizations should automate processes, harmonize, and connect them, and
improve system autonomy, allowing focus on improvement and innovation.
Compliance: Quality 4.0 automates compliance activities through tools like social

collaboration, data analytics, and integration of business and operational
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technology. It allows organizations to share successful approaches, detect
potential breaches, and assess current strategies for improvement

9. Culture: according to LNS, Quality 4.0 connects data, analytics, and processes,
improving visibility, collaboration, and insights, making a true organization wide
culture of quality more attainable.

10. Leadership: Quality roles often prioritize customer satisfaction, but senior
leadership often does not, according to LNS Research. Quality 4.0 offers an
opportunity for quality teams to align their objectives with strategic aims.

11. Competency: Quality 4.0 utilizes various technologies to enhance competency,
including social media, artificial intelligence, machine learning, AR and VR,
smart devices, wearables, and learning management systems, to enhance

employee appraisal, training delivery, and overall competency.
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Figure 2.2: The 11 axes of Quality 4.0 framework(Juran, 2019)
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Other studies and researches were conducted to design the Quality 4.0 roadmap,
Carvalhoa et al., (2024)performed an analysis for maturity and readiness models from
collected assessment models from literature that related to the subject of Quality 4.0 roadmap,
twenty one models was analyzed to develop Quality 4.0 road map. These models were used
by organizations to assess their maturity in the industry 4.0 transition, focusing on various
structural areas. These models help identify areas of weakness and provide customized paths
for strategic goals. Technology-related dimensions are common (Frenzel et al. ,2021; Ritter
& Pedersen, 2020), extending through operational and product lifecycles. Organizational

culture, strategy, customer focus, and leadership-related dimensions are also included.

Quality 4.0 represents the integration of digital technologies into quality management
systems to enhance efficiency and effectiveness. The proposed roadmap aims to provide a
structured approach for organizations to transition towards Quality 4.0 seamlessly. Previous
studies by notable researchers such as (Khourshed & Gouhar, 2023; Zulgarnain et al., 2022;
Zulfigar et al., 2023) have highlighted key aspects to consider in developing the roadmap,
including the incorporation of advanced technologies like artificial intelligence, big data
analytics, and Internet of Things (IoT) in quality processes. Furthermore, these studies have
emphasized the importance of assessing the maturity and readiness of organizations in
adopting Quality 4.0 practices, with a special focus on dimensions such as leadership
commitment, employee skills, and organizational culture. The proposed roadmap synthesizes
these insights to offer a comprehensive guide for organizations seeking to embrace Quality

4.0 principles effectively.

(Sony et al., (2021) discuss various readiness factors important for the successful

implementation of Quality 4.0, these factors are:

1. Top management support is identified as the most important readiness factors,
where organizations with strong top management support are more ready to
implement Quality 4.0 (Sony et al., 2020a)

2. Organizational culture: an organizational culture values transparency,
connectivity, collaboration and leverages insights from machine learning and big
data is vital, an organization whose culture is open for accepting change will be

prepared for Quality 4.0 implementation (Sony et al., 2020a)
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3. Vision and strategy: it's important to align vision and strategy of organization
with digital utilization to gain competitive edge, and the knowledge and
awareness of quality professionals regarding Quality 4.0 are crucial for
implementing successfully (Sony et al., 2021)

4. Leadership: leaders who encourage innovation and embrace new quality
management practices aligned with industry 4.0 are better ready to implement
quality 4.0(Sony & Naik, 2020)

5. Knowledge and awareness of Quality 4.0: Knowledge and awareness of Quality
4.0 are important for its implementation, as modern employees will require a
diverse skill set due to automation of repetitive jobs. Quality professionals will
need both technical and soft skills (Sony & Naik, 2020)

6. Customer-centric organization: This approach aligns quality programs with
customer needs, analyzing and producing products to satisfy them (Herrmann et
al., 2000) (Osakwe, 2020). Quality 4.0, with its multi-flow big data sharing
capabilities, helps meet these requirements. A customer-centric organization is
ready to implement Quality 4.0.(Sony et al., 2020b)

7. Supplier management: A business with an effective supplier management
system can regularly monitor, inspect, audit, and analyze its suppliers to ensure
that the company is obtaining high-quality supplies (Park et al., 2001). also, an
organization has a good supplier management will be ready to implement Quality
4.0.(Sony et al., 2020b)

8. Training and reward: for effective implementation of Quality 4.0 organization
use many technologies (Zonnenshain & Kenett, 2020). Hence, existing quality
employees must be trained in these technologies and use advanced technology
effectively. Accordingly, organizations where the training and reward systems are

better, will be prepared from Quality 4.0 implementation (Sony et al., 2020b)

2.7. Importance of Quality 4.0 in Food Industries
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The demand for high-quality foods has increased due to market pressures and
technological advances. The concept of Food Quality (FQ) has evolved from Food Quality
1.0 to Food Quality 4.0, which focuses on advanced technologies like IoT and artificial
intelligence for improved traceability, food safety, and quality assurance (Djeki¢ et al., 2023).
This is a new ideology. Historically, food quality not only focuses on the end food products,
but also the entire value-added production, from raw materials, processing, logistics, etc.
(Carbone, 2017). The traditional "practices approach" involves a standard that needs to be
continually updated and monitored, ensuring that the latest practices are implemented. With
the dynamic and varied environment in food industries, enforcing the standards in the
practices approach is a formidable task (Mialon et al., 2015). Thus, the industries and
authorities are trying to explore the possibility to link up and synchronize the knowledge
gained from big data on one end and the enforcement of the Food Law on the other end (Jin
et al., 2020). By optimizing continuous improvement, monitoring, and predicting the DEF
(development, expiry date, and failure) of it, technology under Quality 4.0 has the potential
to totally revolutionize the food industries and provide either a faster, cheaper, better, or
smarter method (Hassoun, Jagtap, Garcia-Garcia, et al., 2023b). The modern-day
manufacturer will no longer apply the old-fashioned long-term over safe factor in production
planning and control. Instead, by introducing the real-time monitoring system using
technology under Quality 4.0, efficiency will be optimized and automate much of the
decision-making processes (Javaid et al., 2021c). The impact from Quality 4.0 is
unprecedented and to ensure Food Law can be better enforced to protect consumers. Besides
ensuring the tracking and monitoring standards can be fulfilled in a more effective way as
mentioned above, Quality 4.0 also helps to identify patterns and conducts root cause analysis

through discovery from the existing data (Hassoun, Jagtap, Trollman, et al., 2023).

Nonetheless, even ISO 9001:2015 has been promulgated to suit Quality 4.0 ideology,
the success of it is still specific upon how well to embrace the truth of a quality mindset
change within top management and tries to move away from a perceived and paper-based
operation(Oliveira et al., 2024).With the adoption of the digital management system
including Quality Management System (QMS) and Electronic Quality Management System
(EQMS) becoming one of the key standards now that will assist organizations to transition

smoother toward a digitalized Quality System under Quality 4.0(Ralea et al., 2020).
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2.8. Best practices in implementing Quality 4.0

Successful implementation of Quality 4.0 in the food industry requires the adoption of
advanced technological tools as well as a change in organizational culture and leadership.
Studies have identified many best practices that contribute to the successful integration of
advanced technologies into quality. Here is a summary of the most important ideas from the

literature that discuss the most effective practices for implementing Quality 4.0:

1. Adopting a data-based approach and analyzing it to benefit from the decision-
making process, as highlighted in the study by) Hassoun et al., 2023). This approach
helps improve monitoring in manufacturing and accurately control quality.

2. Adopting artificial intelligence to predict problems before they occur, which allows
proactive decisions to be made to avoid problems through machine learning
algorithms, as confirmed by (Javaid et al., 2021)

3. Leadership and senior management support in adopting digital transformation is of
great importance for the successful adoption of quality technologies40 as (Sony et
al., 2021), showed, and they must also create a culture that encourages innovation
and informed improvement.

4. Collaboration between functions by integrating several departments such as
production, technology and quality contributes to producing a comprehensive
approach to building new advanced systems as shown by Carvalho et al. (2024)

5. Continuous training and skills development on technology related to Industry 4.0 to
better deal with the complexities of new systems and contribute to the success of the

digital transformation initiative (Hassoun et al., 2023).

2.9. Previous Studies

Many previous studies have mentioned the concept of Quality 4.0 as a strategic shift
that helps organizations face current challenges and achieve institutional excellence. The
concept of Quality 4.0 is one of the important and prominent developments in the field of

quality management and represents a qualitative shift from traditional quality to digital
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quality that relies on advanced technologies. This concept integrates a set of advanced
technologies such as the Internet of Things (IoT), Big Data, and Artificial Intelligence (Al),
along with comprehensive quality practices with the aim of improving performance and
efficiency in products and services. Many studies have also focused on developing models
to assess the readiness to implement Industry 4.0 and Quality 4.0, taking into account the
basic factors that affect the readiness of organizations to adopt these concepts. These models
included several aspects, the most important of which are organizational, technical, and
cultural within the organization and the efficiency of interaction between them in the work

environment to achieve the required integration.

In previous studies, a set of dimensions emerged that contributed to measuring the
readiness of organizations to implement Industry 4.0, as these dimensions included advanced
assessments and administrative foundations related to the success of digital transformation

within organizations, the most important of which are these dimensions:

1. Advanced Manufacturing: It was mentioned in studies about how companies benefit
from modern technology such as robots, automated systems, and 3D printing used to
improve quality and productivity.

2. Technology Connectivity: The importance of integrating technical systems and the
ability to communicate between different systems and devices were mentioned

3. Data Exchange: It focuses on using big data to analyze data in real time and make
more accurate and effective decisions

4. Organizational Culture: Studies stated that it is very important for the organizational
culture of the organization to be flexible and encourage innovation and change in line
with the implementation of Industry 4.0

5. Strategy: This includes developing strategies and a roadmap for digital transformation
to achieve excellence

6. Workforce Capabilities and Skills: The importance of developing the technical and
administrative skills of workers to keep pace with technological developments was

presented.

Previous studies have shown several models for measuring the readiness to implement

Quality 4.0 and have contributed to mentioning several important dimensions, the most
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prominent of which are: Top Management support, Vision and Strategy, Leadership,
Training and rewards, Knowledge and Awareness, Organizational Culture, Customer

Centeredness, and Supplier Centeredness.

By reviewing a wide range of previous studies, common factors were identified that
affect the readiness of organizations and can be applied in assessment of implementing
Quality 4.0 in food factories since there are no factors specific for food factories yet. These
factors are adopted in developing the model and framework for this study to implement
Quality 4.0, as follows: Top Management commitment, clear strategic vision of Top
management towards digital transformation and implementation of Quality 4.0, Leadership
support, Adoption of modern technology and provision of advanced infrastructure for
implementation of digital transformation and advanced digital technologies, supportive
organizational culture. It is necessary to have a culture that is consistent with the principles
of Quality 4.0 in terms of cooperation, transparency and flexibility, development of employee
skills and a motivational system, availability of funding sources and allocation of funding for
the resources needed for modern technologies and infrastructure, focus on suppliers and
customers, knowledge and awareness of modern technology and awareness of the importance

of implementing Quality 4.0 in improvement processes.

Many studies have concluded that despite the existence of several developed readiness
models, there are numerous challenges that hinder organizations from implementing Quality
4.0 and Industry 4.0. The most prominent of these challenges are the lack of qualified
technical and human resources to implement Quality 4.0, resistance to change in
organizations towards digital transformation, some organizations need to restructure their
culture to be in line with Quality 4.0 and the weakness of the infrastructure necessary to
implement modern technology such as artificial intelligence, big data and the Internet of
Things. Global studies have also shown the importance of developing quality systems to
Quality 4.0 in factories, especially the food industry sector, because it is considered one of
the industries that benefit most from the application of modern technology in manufacturing
products and improving their quality. However, it lacks research that addressed the
application of Quality 4.0 in food factories in Palestine, as this research was limited to other

global industries only.
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Several research gaps emerged that the current study can address based on previous
studies, as no study appeared in local studies that addressed the topic of evaluating the
readiness to implement Quality 4.0 in Palestinian food industries, and there is no framework
that addresses the challenges specific to the Palestinian context, such as political and
economic restrictions. Hence, the need arose to design a specialized framework to evaluate
the readiness to implement Quality 4.0 in the Palestinian food industries sector in line with
global requirements, considering the local challenges appropriate to the Palestinian context.
This is what distinguished this study and gave it several qualities, including originality and
distinction. It is the first study of its kind in Palestine, which made it unique in applying
Quality 4.0 in Palestinian food factories. It was also a distinct opportunity for us through this
thesis to work on developing an innovative framework that relies on the factors extracted
from the previous study and adapting them to the Palestinian situation. Real data from
Palestinian factories were relied upon to add credibility and realism to the results. It is also
possible to consider this thesis as a basis for future research to be a reference. To expand the

scope of research related to the application of Quality 4.0 in Palestine and the Arab regions.
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Chapter Three: Research Methodology

3.1. Overview

This chapter outlines the research design and methods for assessing the readiness of
Palestinian food industries to adopt Quality 4.0. This section is crucial because it establishes
a foundation for data collection and analysis, ensuring that the research questions are
systematically and accurately answered. It also validates the study’s findings by detailing
specific methodologies, including the types of data collected, their sources and the analysis

methods used.

3.2. Research Designs

To assess the readiness of Palestinian food industries for Quality 4.0, this research
adopted a quantitative methodology. This methodology facilitates a comprehensive analysis
of both technical capabilities and organizational culture within the industry, which are critical
factors for assessing readiness for technological advancements such as Quality 4.0. Through
the use of questionnaires, the study aims to capture a wide range of data including digital
readiness scores and qualitative insights from stakeholders. This combination provides a
detailed understanding of the current state of technology, infrastructure and skills in these

industries, while identifying barriers and facilitators to Quality 4.0 adoption.

3.3. Research Model and Framework

This study develops a comprehensive framework for assessing the readiness to
implement Quality 4.0 in food industries in Palestine. the framework is based on existing

quality management and digital transformation models but uniquely adapted to Palestinian
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industry context. The conceptual framework consists of ten key factors (independent
variables) which are hypothesized to the construct Quality 4.0 Readiness (dependent

variable), as shown in figure 3.3, these factors are:

—

Top management commitment
Vision and strategy
Technology Adoption
Leadership

Training and Rewards
Knowledge and Awareness
Financial Fund

Customer Focus

W ® N N kWD

Supplier Management

10. Organizational Culture

Each of these factors has been selected based on classical quality management factors
and modern Quality 4.0 elements. While customer focus, supplier management and
organizational culture are aligned with TQM principles, technology adoption, financial funds
and Knowledge and awareness emphasizes the industry 4.0 and digital transformation, these

are making this model distinct from classical TQM framework.

This study hypothesis formulated in chapter 1 align with this framework. where each
independent variable is hypothesized to positive impact to Quality 4.0 Readiness, these
hypotheses are represented in Figure 3.3 which illustrate the visual direct relationship

between readiness factors and Quality 4.0 readiness (dependent variable).

This framework presents a practical roadmap for Palestinian food industries, it defines
the strengths and gaps in their Quality 4.0 readiness and provide strategy for adopting new
technologies, workforce training, and process improvements. By applying this model,
industries can be able to transit toward modern technologies (Al, data driven and automated

quality management systems which define Quality 4.0.
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Quality 4.0
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H7
Financial Fund
H8
Customer Focus _— Dependent variable

H9

Supplier Management H10
Organizational Culture

Independent variables

Figure 3.3: research framework for assessing readiness to implement Quality 4.0

3.4. Data Collection Methods

To gather data, the study employed a questionnaire as a primary method of data
collection. This approach is effective to gather data from stakeholders and allows for an
effective analysis of quantitative data. The questionnaire was designed to assess factors of
readiness of implementing Quality 4.0 in Palestinian food industries. In addition the
questionnaire includes demographic information to profile the respondents, as well as
sections that assess the readiness of implementing Quality 4.0 factors, management
commitment, technological adoption, organizational culture , supplier management, financial
fund, leadership & support, vision & strategy, training & rewards , customer focus and

knowledge & awareness, and the existing challenges related to implementation of Quality
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4.0. By utilizing a structured format, including Likert scale measures from 1 to 5, the study

aims to quantify stakeholders' perceptions and readiness levels.

This data that was gathered in a systematic manner and were analyzed to determine the
main drivers that play a role in the shifting toward Quality 4.0 implementation in Palestinian
food sector. This approach is aligned with the best and extent within and futures potentials

within the region.
3.5. Questionnaire Design

A structured questionnaire is developed to assess the readiness of implementing
Quality 4.0 in food industries in Palestine as a primary data collection, it was developed based
on the relevant literatures, aligning key dimensions of Quality 4.0 readiness mentioned in the

study.
The questionnaire consists of 3 sections:

1. demographic information
2. Quality 4.0 readiness Dimensions

3. Challenges

Each factor is assessed by Likert Scales Questions, the complete Questionnaire

provides in Appendix section.

3.6. Sampling Techniques

In this study, stratified and purposive sampling techniques were employed to select
food industries in Palestine based on specific criteria related the adoption of industry 4.0
implementation: which include the industries that implement industry 4.0 technologies or in
the planning phase, and geographical location this study will employ in West Bank. Stratified
sampling aims to capture differences in readiness's and challenges faced by food industries

at various stages, according to the implementation stage and geographical location, and
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purposive sampling technique to ensure inclusion the industries capable of providing details
and specialized insights to address the research questions, and enrich data quality and
facilitate the understanding of the factors that influence the readiness assessment of

implementing Quality 4.0 in food industries in Palestine.

3.7. Population and Sample

The number of factories in the food industry in Palestine, according to Palestine
Investment Promotion Agency, reached 1705 factories, varying between meat, beverage,
canned food, wheat products, grains, sweets, ice cream, cake and bread. This study covered
all food factories in Palestine, where a questionnaire was developed for the study embedded
in a website developed for this purpose under the domain https://quality4.org/. The Food
Industries Union was officially contacted to publish the questionnaire to food factories,
during which 20 factories responded fully to the questionnaire. A reminder was sent after

two weeks.

After two months, the factories were approached directly through their official contact
addresses including their email or social media accounts. During the communication, full
details on the study were provided as well as the link to the website. The final number of

responses to the questionnaire from the various factories reached 50 complete questionnaires.

By analyzing the visits to https://quality4.org/ website, it became clear that the number
of visits to the website was about 1500 requests during the two-month period. Perhaps some
factories may not have applied or known about Industry 4.0 and its technologies or Quality

4.0, so they did not fill out the questionnaire.

To ensure the inclusion criteria of factories and to address the fulfillment of the
participation of 50 factories in answering the study questionnaire, the questionnaire was sent
to factories that were aware of Industry 4.0 technologies or were implementing them, or had
future plans to implement them. This inclusion was verified by communicating directly with

the Food Industries Federation or the factories themselves. This approach ensured that the
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sample was not random but was specifically selected to meet the study criteria regarding

readiness to adopt Quality 4.0.

3.8. Data Analysis Methods

SPSS version 22 and Microsoft excel were utilized for conducting the analysis. SPSS
software is suitable to study the relationship between the dependent variables and construct
(independent variable _Quality 4.0 Readiness) which examines the correlation between the
hypotheses, and Microsoft excel was utilized to analyze the demographic data to get insights

from analysis and graphs given. The analysis process involved these steps:

1. Data initialization by cleaning and addressing missing values to ensure data quality
2. Coding items, which facilitate the analysis process

3. Compute variables which represent the factors of assessing Quality 4.0 readiness.

3.9. Validation and Reliability

The questionnaire was prepared as a data collection tool and was presented to a number
of experts for evaluation, including the supervisor of this thesis, Dr. Sami Sader and Dr.
Ashraf Almimi, who reviewed the questions and made their comments. The questionnaire
was then modified, and its final version was confirmed. After that a pilot testing was
conducted on a number of colleagues to test the questionnaire in terms of its flow, difficulty
and ease of filling it out, the time required to complete it, and to ensure the clarity, meaning
and suitability of the questions. Finally, a statistical analysis was conducted after collecting
the data to verify the reliability and stability of the tool used and to ensure the integration and

adoption of the framework.

Specific criteria were applied during data collection, where the questionnaire was
distributed to the factories with clear instructions that specific categories should answer the

questionnaire, such as (factory manager, quality manager or computer engineer). This was
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communicated in the introductory text of the questionnaire and also by including in the
demographic information that only job titles were required within these categories, and
through direct contact with the participating factories, this ensured the relevance and quality

of the responses.
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Chapter Four: Results, Analysis and Discussion

4.1. Overview

In this chapter, the results from the analysis are presented, based on the data which
were collected through the questionnaire focusing on the assessing readiness of Quality 4.0
in Palestinian food industries, beginning from a descriptive analysis of the demographic
information’s of the respondents, followed by a section that describes the properties of the
variables , this is linked to a discussion of the challenges identified in the study. Next the

results of the structural model testing, finally the discussion of the findings and conclusions.

4.2. Descriptive Analysis

The demographic characteristics of the food industry indicated a variety of different
food types including beverage, dairy, meat products, chocolate, frozen food and more. Figure

4.4 below shows the count of factories depending on the type of food they produce.
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Count of type of food industry

Count of type of food industry

Oil I
Snacks N 1
Icecream I
Mineral Water NN
Frozenfood GG 2
Salad I
Cannedfood GG 2
Coffee and Chocolate NN 3
Sweets  INIIIEGEGGNG. 3
Wheat Products G
Chips I, 4
Meat Products I, 4
Dairy I 5
Chocolate  IEG———— e
Beverage | ©

Figure 4.4: Count of type of food industry
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Count of job title
24 24
l 2
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factory manager IT engineer quality manager

Figure 4.5: count of respondent’s job title

Count of gender

11

female male

figure 4.6: count of respondent’s gender

Based on the distribution of participants by job title (Figure 4.5): Participants

responded equally by job title between quality managers and factory managers, with 24

participants in each category, while only two technology engineers responded, While the
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gender distribution among the participants was as follows (Figure 4.6): Females: 11

respondents - Males: 39 respondents

Count of number of Count of number of
experience years employees
30 55 30 54
25 25
20 20
15 11 11 15 11
10 10 8 7
-1 - B -1 0 =
0 L 0
fromOto5 from11lto from 6to 10 more than from 10 to from 50 to less than 10 more than
15 16 50 100 100
Figure 4.7: Respondents’ experience years | Figure 4.8: Number of employees in
factory

According to data provided by (Figure 4.7) and (Figure 4.8) the key observations

related to years of experience of the respondents and the number of employees in the factory:

1. Years of experience: from 0 to 5 the respondents were 11, from 6 to 10 11
respondents, from 11 to 15 the respondents were 3, and the most frequent
experience range was more than 16 years

2. Number of employees in the factory: less than 10 employees were 7, from 10 to 50
were 8, from 51 to 100 employees were 11 respondents and more than 100

employees the respondents were from 24 factories

According to the list of quality systems used by different factories, as appear on the
(Table 4.3) below.
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Table 4.3: Frequencies of Quality systems used in factories

Quality system Frequency
ISO 9001:2015 39

ISO 22000:2018 23

HACCP 31

Lean Six Sigma 5
Statistical Quality Control 28

Quality Assurance 36
Inspection 24

Control Chart 19

Most common quality systems used are ISO 9001:2015 , Quality Assurance, which

indicate a strong focus on standardized quality management and assurance in these factories

, ISO 22000:2018 and HACCP are for food safety standards which are also used frequently,

lean six sigma appears less frequently which indicate that fewer factories are emphasizing

continuous improvement methodology, and statistical Quality control , inspection and control

chart usage indicate attention to quality control measures but not a little to mention in

comparison with broader quality standards. Table 4.4 summarizes the descriptive statistics

of the study variables.

Table 4.4: Descriptive Statistics for dependent and independent variables

(N=50)
Std.
Variable Mean Deviation, Rank

Quality 4.0 Readiness 3.6570 .53203 -

Top Management Commitment 3.9760 59610 high
Vision and Strategy 3.6533 .68993 medium
Technology Adoption 2.6800 .62019 low
Leadership 3.7320 65728 medium
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Training and Rewards 3.3733 .68393 medium

Knowledge and Awareness 3.3150 .85388 low
Financial Fund 3.7600 .86515 medium
Customer Focus 3.9400 78446 high
Supplier Management 4.0200 .64452 high
Organizational Culture 4.1200 63802 high

As shown on Table 4.4, key insights from descriptive Statistics.

1. High Scoring Factors: the variables with the highest means are organizational culture
(4.12), supplier Management (4.02), Top Management Commitment (3.976), and
Customer Focus (3.94) which suggest that these are perceived as strengths in the
factory’s readiness for Quality 4.0

2. Low score factors: Technology Adoption (2.68) and knowledge and Awareness
(3.32) showing week score, indicating that the factories might need to improve in
these areas to embrace Quality 4.0

3. Moderate scoring factors: leadership (3.732) , Financial Fund (3.76), and Training

and Rewards (3.3733), these areas show some strength but also need to improve.

4.3 Reliability Analysis

Table 4.5 represents reliability statistics specifically Cronbach alpha which measures
the internal consistency of a set of variables used to assess a construct, a value of 0.929 is
excellent reliability which indicates that there is a highly consistent measuring the construct

(Quality 4.0 Readiness).
Table 4.5 Reliability Statistics

Cronbach's Alpha Based on
Cronbach's Alpha Standardized Items N of Items
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929 933 11

Table 4.6 Inter-Item Correlation Matrix

T™C VS TA L TR KA FF CF SM OC Quality 4.0 Readiness

T™C 1.000 .763 .202 .654 .561 .382 .725 .716 .586 .709 828
VS 763 1.000 .357 .529 .563 .533 .800 .644 .570 .622 .849
TA 202 357 1.000 .294 424 304 226 .172 .072 -.054 .389
L .654 529 .294 1.000 .708 .313 .543 .536 .340 .614 723
TR 561 563 424 708 1.000 .681 .658 .552 .347 .573 .810
KA 382 533 304 313 .681 1.000 .542 .255 .195 .382 .629
FF 725 800 .226 .543 .658 .542 1.000 .850 .793 .793 929
CF 716 .644 172 536 .552 .255 .850 1.000 .810 .794 .841
SM 586 570 .072 .340 .347 .195 .793 .810 1.000 .610 709
ocC 709 622 -.054 .614 573 .382 .793 .794 .610 1.000 .804

Quality 4.0 Readiness .828 .849 .389 .723 .810 .629 .929 .841 .709 .804 1.000

Table 4.6 presents the inter item correlation matrix for multiple variables represents the
correlation coefficient between pairs of variables, there is a strong correlation and internal
consistency between all variables to quality 4.0 readiness except technology adoption by
reference to (Cronbach and Shavelson, 2004) that when the Cronbach alpha is above 0.7 the

greater the internal consistency of the variables and above 0.5 is accepted also while less than
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0.5 unacceptable. It is noted that Cronbach’s alpha coefficient for the Technology Adoption

variable indicates that there is a weak relationship with the remaining variables.

Table 4.7 Collinearity statistics

Collinearity Statistics

Model Tolerance VIF

(Constant)

Top Management

. 268 3.727
Commitment
Vision and Strategy 230 4.347
Technolo
& 521 1.919
Adoption
Leadership 308 3.242
Training and
205 4.868
Rewards
Knowledge and
312 3.207
Awareness
Financial Fund .090 11.114
Customer Focus 133 7.498
Supplier
PP 231 4.336
Management
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Organizational

.186 5.380
Culture

a. Dependent Variable: Quality4Readiness

These values in the (Table 4.7) above assess multicollinearity in regression analysis,
which occurs when independent variables correlated highly with each other , VIF (variance
Inflation Factor) it calculated to quantify how much the variance of the regression coefficient,
a high VIF _above 10 means that there is a significant multicollinearity and the variable is
redundant and combining with other variable, in this results Financial Fund appears that there
a significant multicollinearity and most studies recommend a threshold of 5 or even 3 to
detect serious collinearity , in this study Organizational Culture (5.380) and Customer Focus
(7.498) exceed generally advised criteria, indicating that these variables can share duplicate
information with other factors in the model. To increase robustness, this can necessitate more

research, such as integrating related variables or reevaluating model parameters.

4.4 Correlation Analysis

Table 4.8 summarizes the correlation values between the variables. Which examines

how strongly the independent variables are related to the dependent variable (Quality 4.0)

Table 4.8: Correlation Matrix: p-values with Quality 4.0 Readiness

variable p-value (Quality 4.0 Pearson Correlation
Readiness) (quality 4.0 Readiness)

Top management 0.000 0.828

Commitment

Vision and Strategy 0.000 0.849
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Technology Adoption 0.003 0.389

Leadership 0.000 0.723
Training and Rewards 0.000 0.810
Knowledge and Awareness 0.000 0.629
Financial Funding 0.000 0.929
Customer Focus 0.000 0.841
Supplier Management 0.000 0.709
Organizational Culture 0.000 0.804

e All p-values are highly significant (p<0.05) for all variables in relation to Quality 4.0
Readiness, suggesting that each factor is significantly related to Quality 4.0 readiness,
this indicates that all ten hypothesis H1 to H10 are supported by the correlation

analysis

55



e The Pearson correlation analysis reveals the strength and direction of the relations
between Quality 4.0 readiness and factors that influence its implementation in
Palestinian food industries. The findings are:

1. Financial funding, customer focus and vision and strategy show very strong
positive correlations, indicating that financial resources are important for
successful implementation, and having clear strategy for Quality 4.0 and focus on
customer needs are important for readiness of quality 4.0

2. Training and rewards, leadership, Top Management Commitment, organizational
Culture, supplier management and knowledge and awareness show strong
positive correlations and moderate positive correlation suggesting that these are
supportive key enablers of Quality 4.0 Readiness and important to influent on
Quality 4.0 Readiness

3. Technology Adoption has the weakest positive correlation with quality 4.0
Readiness compared to other factors, while the relationship is statistically
significant

e Conclusion: while Technology adoption is important for preparing organizations for
Quality 4.0 , it has moderate effect on readiness compared with other factors , this
suggests that organization must not focus on adopting new technologies that related
to Industry 4.0 but also on strengthening other factors and developing new strategies
for successful implementation of Quality 4.0 , technology adoption should be as part
of broader transformation rather than a standalone solution, and related to the
correlation there is indeed a strong impact from all factors to the readiness to

implement Quality 4.0.

4.5 Factor Analysis

Factor analysis was conducted to assess the reliability and validity of the
measurement model by identifying mean, standard deviation and factor loading of
each item. Factor loadings above 0.7 indicate strong correlation between items and

their variable. Table 4.9 presents the results of the factor analysis for each variable.
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Table 4.9 Factor Analysis

variable

Top
Management

Commitment

Vision and

Strategy

Technology
Adoption

factor

TMCI

T™C2

T™C3

T™MC4

TMCS

VSI1

VS2

VS3

TAl

TA2

TA3

TA4

TAS

TA6

TA7

Mean

3.88

4.00

4.12

3.88

4.00

3.88

342

3.66

3.36

1.92

3.04

3.00

2.52

2.00

2.62

Std. Deviation

.659

.606

.689

799

728

872

810

798

1.045

877

1.277

1.229

995

926

1.086
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Factor loading

0.928

0.766

0.917

0.882

0.955

0.841

0.833

0.933

0.817

0.916

0.861

0.931

0.902

0.921

0.858



Leadership

Training and

Rewards

Knowledge
and

Awareness

TA8

TA9

TA10

TAll

L1

L2

L3

L4

L5

TR1

TR2

TR3

TR4

TRS

TR6

KAl

KA2

KA3

KA4

1.56

2.40

3.22

3.84

3.48

3.88

3.68

4.06

3.56

3.30

3.48

3.38

3.36

3.56

3.16

3.40

2.84

3.56

3.46

611

1.088

1.375

1.267

762

746

913

.843

1.013

707

.886

.945

875

907

.842

1.050

934

1.110

930
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0.711

0.885

0.939

0.809

0.93

0.858

0.949

0.867

0.809

0.962

0.851

0.947

0.877

0.89

0.934

0.923

0.939

0.894

0.882



Financial

Fund

Customer

Focus

Supplier

Management

Organizationa

1 Culture

This data provided in (Table 4.9) factor analysis and description we can look at key
aspects such as mean standard deviation and factor loading, which will help to assess the

readiness and reliability of the factors. The key insights are:

1. Top management commitment shows that means from 3.88 to 4.12 which indicates
that there is a supportive and commitment for implementing quality 4.0 on the other
hand the factor loading for the items above 0.7 which means that the items have strong

correlation with the construct

F1

F2

F3

CF1

CF2

CF3

SM1

SM2

SM3

SM4

OCl1

0C2

0C3

3.70

3.68

3.90

3.70

3.96

4.16

3.96

4.02

4.04

4.06

3.66

4.38

4.32

974

1.096

.839

.863

.832

.889

.638

769

.856

.843

.895

697

713
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0.857

0.903

0.901

0.94

0913

0.861

0.955

0913

0.935

0.915

0.966

0.901

0.916



10.

Vision and Strategy means show mix 3.88,3.42 and 3.66, nearly that all have
moderate acceptance for adopting a new strategy to implement quality 4.0 and have
a road map, and the factor loading also are above 0.7 for all factors that means there
is a significant and strong correlation between factors, and it is reliable.

Technology adoption: there is a variation in the means from high of 3.84 for using
ERP systems and low for additive manufacturing with score 1.56, which suggests that
there a variety usage of industry 4.0 technologies like IOT Al, and cloud computing
are somewhat adopted but virtual reality and 3D printing showing low score of usage,
also the factor loading showing strong correlation for all items.

Leadership: scores of means are from 3.48 to 4.06 which means that there is a
competent and supportive from leadership in promoting innovation and fostering
quality culture, all items again are having strong correlation and reliable to measure
the readiness.

Training and reward: means are balanced around 3.3 to 3.56 show a moderate result
which suggests that training and rewards are somewhat aligned with quality 4.0 needs
but not strong, and need improvement in ongoing training, factors also show that there
is a strong relationship with construct

Knowledge and awareness: the scores are moderate, suggest that there is a gap in
knowledge and employee awareness regarding industry 4.0 technologies, all items
are reliable to assess the readiness since the factors loading are above 0.7

Financial Fund: average scores are 3.68 to 3.90 which shows moderate financial
readiness for Quality 4.0 implementation, while the factors are reliable to assess the
readiness since the factor loading more than 0.7

Customer focus: means are from 3.7 to 4.16 show that customer focus is well
integrated in factories, and it has a strong factor loadings demonstrate that customer
data, and digital tool and systems are well used

Supplier management: averages are from 3.96 to 4.06 showing strong supplier
management practices, and indicators from loading factors contribute strongly to the
readiness of quality 4.0

Organizational Culture: the average indicating a high supportive culture for Quality

4.0 although the readiness of factory to implement quality 4.0 culture in factories
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suggests needs for more improvement in culture, all factors loading are above 0.7
which means that the items have strong relationship with their variable and it will

represent it,

Finally, this factor-loading analysis suggests that the measurement model is robust.

4.6 KMO and Bartlett's Test

As shown in Table 4.10, Kaiser-Meyer-Olkin (KMO) is 0.811 which is considered

excellent meaning that the data is suited for the analysis factor.

Table 4.10 KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 811
Bartlett's Test of Sphericity ~ Approx. Chi-Square 426.551
df 45
Sig. .000

4.7 Regression Analysis

To examine the relationships between the construct Quality 4.0 Readiness and
the key factors, a correlation analysis was conducted. Pearson correlation
coefficients were calculated to assess the strength of the relationships, p-value was

used to determine statistical significance, and the results presented in Table 4.11.
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Table 4.11: Correlation Matrix: p-values with Quality 4.0 Readiness

variable p-value (Quality 4.0 Pearson Correlation
Readiness) (quality 4.0 Readiness)

Top management 0.000 0.828
Commitment

Vision and Strategy 0.000 0.849
Technology Adoption 0.003 0.389
Leadership 0.000 0.723
Training and Rewards 0.000 0.810
Knowledge and Awareness 0.000 0.629
Financial Funding 0.000 0.929
Customer Focus 0.000 0.841
Supplier Management 0.000 0.709
Organizational Culture 0.000 0.804

1. All p-values are highly significant (p<0.05) for all variables in relation to Quality 4.0
Readiness, suggesting that each factor is significantly related to Quality 4.0 readiness,
this indicates that all ten-hypothesis mentioned in chapter one from H1 to H10 are
supported by the correlation analysis

2. The Pearson correlation analysis reveals the strength and direction of the relations
between Quality 4.0 readiness and factors that influence its implementation in

Palestinian food industries. The findings are:

2.1 Financial funding, customer focus and vision and strategy show very strong
positive correlations, indicating that financial resources are important for successful
implementation, and having clear strategy for Quality 4.0 and focus on customer

needs are important for readiness of quality 4.0

2.2 Training and rewards, leadership, Top Management Commitment, organizational
Culture, supplier management show strong positive correlations and moderate
positive correlation suggesting that these are supportive key enablers of Quality 4.0

Readiness and important to influence Quality 4.0 Readiness

2.3 Technology Adoption has the weakest positive correlation with quality 4.0

Readiness compared to other factors, while the relationship is statistically significant.
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In addition to the correlation analysis, a multiple linear regression analysis was used
to examine the impact of key factors on Quality 4.0 Readiness, and the results are

presented as follows:

R square and Adjusted R square are both equal 1 which assesses how the independent
variables affect the readiness of Quality 4.0, and the results show that the independent
variables explain 100% of the variance in Quality 4.0 Readiness, and suggests that
the model fits the data perfectly

ANOVA, the results in ANOVA test shows the sig. value <0.05 which indicates that
the regression model is statistically significance

Conclusion :while Technology adoption is important for preparing organizations for
Quality 4.0 , it has moderate effect on readiness compared with other factors , this
suggests that organization must not focus on adopting new technologies that related
to Industry 4.0 but also on strengthening other factors and developing new strategies
for successful implementation of Quality 4.0, technology adoption should be as part

of broader transformation rather than a standalone solution.

4.8 Descriptive Analysis of Challenges

Table 4.12 summarizes the results for the challenges towards adopting Quality 4.0/

Table 4.12 Results for the challenges responses Descriptive Analysis

Descriptive Statistics
Rank (based

Item N Minimum [Maximum |[Mean Std. Deviation |on mean)
Cl 50 3 S 3.82 .850 2
C2 50 2 4 3.00 .639 4
C3 50 2 S 3.66 798 3
C4 50 2 5 4.06 913 1
Valid N
(listwise) [°
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4.9 Discussion of Results

Assessing the level of Readiness regarding the implementation of Quality 4.0 in the
Palestinian Food industries and identifying the key factors of this process were the goals of
the current study. Interesting trends regarding the relative strengths and weaknesses for

Quality 4.0 are shown by descriptive and statistical analysis.
4.9.1 High Scoring Factors

Factors with high scores according to the results, the three areas that were be thought
to be strongest in Palestinian food industries where Organizational Culture (m=4.12),
Supplier Management (M=4.02) and Top management Commitment (M=3.98). This
outcome further supports the idea that good leadership and organizational culture play a key
role in facilitating the successful application of technology and quality management
techniques, these factors are consistent with previous studies that identify organizational
culture, supplier management, and top management commitment as key enablers for
assessing readiness to implement Quality 4.0 as(Zulfiqar et al., 2023) determine in their
study. Therefore, a mean score of 3.94 for Customer Focus indicates that the industry is ready
for Quality 4.0, indicating that it is aware of the customers’ needs, and it was consistent with

the findings of the study of (Sony et al., 2021b). where the key factors identified.
4.9.2 Low Scoring Factors

Factors with low scores on the other hand, the indicators with the lowest scores:
Technology Adoption and Knowledge and Awareness had respectively mean of 2.68 and
3.32, indicating potential for improvement. This supports the finding that, although
Palestinian food industries are somewhat aware of the need for technological improvement,
they may not be ready to completely implement the latest innovations that are essential to
Industry 4.0. To close the gap in readiness for Quality 4.0, improvement in these areas might
be significant, these findings are aligned with the challenges for developing industries in their

transition to Industry 4.0 as mentioned in the study of (Dutta et al., 2021).
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4.9.3 Correlation Insights

Every variable in the correlation analysis had a positive, significant relationship with
Quality 4.0 Readiness(p-value<0.05). strong positive relationships were found among these
with Financial Funding (r=0.93), Vision and Strategy (=0.85), and Customer Focus (r=0.84).
These findings suggest that a customer-oriented approach, clear strategic direction and
sufficient financial Funding are the key elements of any successful implementation. It is
possible to conclude that an organization's readiness is dependent on both internal capability

and a strong financial-strategic foundation.

However, Technology Adoption has the lowest correlation value (r=0.39), suggesting
that while technology is significant, it is not enough fully ready for Quality 4.0. This suggests
a comprehensive strategy for change in which the use of technology will align with

leadership, organizational Culture, and other supportive factors.
4.9.4 Reliability and Factor Analysis

The items assessing Quality 4.0 Readiness were very reliable because of the
outstanding internal consistency, as evidenced by Cronbach’s Alpha value of 0.929. All the
variables, factors loading findings were over 0.7, suggesting that the measurement model

was robust and that each factor had a good correlation with its corresponding items.

In Conclusion The results of this study highlight the impact and importance of Quality
4.0 Readiness key factors: organizational Culture, Top management commitment, Financial
Fund, Technology Adoption, Supplier management, Knowledge and awareness, leadership,
customer focus, training and rewards. Food industries in Palestine show strong readiness in
certain areas, the challenges were addressed for the successful implementation of Quality 4.0
in this study like political, geographical and infrastructure factors. These findings align with
the previous studies and emphasize the need for integrated and comprehensive strategy to

transit to implement Industry in economies.
4.10 Implications for Practice

These results indicate that Palestinian food factories obviously still have a lot of work

to do in terms of technology adoption and Awareness and knowledge, even though they are
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comparatively well-prepared in terms of Organizational Culture, Leadership, and Financial
Resources. It is better to think of Technology Adoption as a component of a more
comprehensive, integrated strategy rather than as a top priority because it showed the smallest
link with readiness. In addition to these significant factors, any business must have a robust
technological foundation to fully address the difficulties posed by Quality 4.0. to improve

the readiness for Quality, the following are some recommended steps:

1. Develop a strategy for technology adoption by assessing the technological needs and
implement foundational technologies like ERP systems and machine learning

2. Investing in training and development of employees’ skills and fostering
understanding of new technologies, and engaged leadership in continuous learning
with best practices in Industry 4.0

3. Strengthening financial plans by allocating budgets for investment in new
technologies and training

4. Address gaps in infrastructure and regulations by collaborating with
telecommunication companies to improve internet connectivity or any alternative and
cooperation by regulatory authorities to allow investment in modern technologies and

reduce fees and taxes on them.

4.11 Challenges in Adopting Quality 4.0 in Food Industries in Palestine

The challenges Palestinian food industries are facing with implementing Quality 4.0
are complex and interconnected on both an internal and external level. The following

conclusions have been drawn from the questionnaire’s descriptive statistics:
1. Financial Resources

For Quality 4.0 to be implemented successfully, financial considerations are also
crucial. With an average score of 3.82 (SD = 0.85), this response makes it abundantly evident
that having financial resources is a necessary precondition for acquiring technology and
essential infrastructures. Many manufacturers face significant financial constraints that limit

their ability to invest in cutting-edge technologies for the adoption of Quality 4.0.
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2. Policies and Regulations

Restrictive laws and regulations are a major challenge to Palestine's adoption of
Industry 4.0. The respondents' perception of policies is a barrier to implementing Industry
4.0, as indicated by the mean score of 3.00 with a standard deviation of 0.64. This must deal
with regulatory bureaucratic hold-ups that might hinder the adoption of innovative

technologies.
3. Israeli Occupation

Advanced technology imports are severely limited by the Israeli occupation. The mean
of the declarations was 3.66 (SD = 0.80). As a result, the respondent claimed that import
limitations prevent Palestinian enterprises from accessing essential technology that could

improve Industry 4.0.
4. Internet and Connectivity

However, as most of the technologies used in Quality 4.0 rely on reliable internet
connectivity, it should be mentioned that this is a prerequisite. With a mean score of 4.06
(SD = 0.91), this task was among the most important. Absolutely, not all of Palestine has
enough Internet infrastructure; as a result, there is need for significant development in rural
regions. These modifications could potentially make it more difficult to use [oT, Al big data,

and similar technologies to allow Quality 4.0.

These difficulties imply that to implement Quality 4.0 in Palestinian food industries, a
process of changes to legislation, financial investments, and infrastructure development had

to be started.
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Chapter Five: Conclusions and Recommendations

5.1 Overview

The research problem addressed in this study is to assess the readiness of Palestinian
food industries to implement Quality 4.0, a digital transformation in quality management
practices that integrate new technologies related to Industry 4.0 such as automation, data
analytics, internet of things. The aim of this study is to assess the current state of Palestinian
factories to adopt Quality 4.0, considering factors such technology adoption, top management
commitment, supplier management, customer focus, financial fund, leadership support,
knowledge and awareness, training employees and rewards systems and organizational
culture. The research seeks to identify the key barriers and drivers that influence
implementing Quality 4.0 in Palestine and providing a framework for measuring this
readiness. by focusing on diverse sample of food factories in Palestine, the study aims to fill
the gap in the existing literature on Quality 4.0. especially in the context of developing

countries where digital transformation is still in their earlier stage of adoption.

5.2 Conclusions

Based on the analysis of the data collected on the assessment of the readiness to
implement Quality 4.0 in Palestinian food industries, the following conclusions can be

drawn:

1. The diversity of the Palestinian food sectors, including beverages, dairy products,
meat, chocolate and frozen foods. It gave a broad perspective on the readiness of
different sectors of the food industry to implement Quality 4.0.

2. Demographic diversity in roles, experience and gender: questionnaire participants
were well distributed across key management positions, with a notable presence of
quality and factory managers. However, fewer technology engineers participated, the

majority had significant experience, and the most common experience range was over
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16 years. This indicates a high level of experience and understanding of quality
processes within the industry. There was a disparity between the number of
respondents, with males dominating the response, as they were 39 out of 50.

3. Factory size and workforce: Factories varied in size, with the majority employing
over 100 people. This suggests that larger plants dominate the sample, which may
impact overall readiness for Quality 4.0, as larger plants may have more resources
and infrastructure to support Quality 4.0 implementation.

4. Quality system adoption: ISO 9001:2015 emerged as the most common quality
system, followed by Quality Assurance and HACCP. The widespread use of these
standardized quality management and food safety systems suggests that plants are
already focused on maintaining high standards. However, the low adoption of Lean
Six Sigma and statistical quality control suggests less focus on continuous
improvement and advanced quality control methods.

5. Strengths in readiness factors: Factors with high scores such as organizational culture,
supplier management, Top management commitment, and Customer focus indicate
that these are strengths in factories’ readiness for Quality 4.0. These factors reflect a
positive organizational environment and lead to quality improvement.

6. Areas for improvement: Technology adoption, knowledge, and awareness scored
lower, suggesting that factories may face challenges in adopting digital technologies
and fully understanding the scope of Quality 4.0. These areas are critical for future

improvement, especially in the context of Industry 4.0 integration.

In conclusion, while Palestinian food factories demonstrate a strong foundation in
organizational culture, management support, and adoption of quality systems, there is a clear
need to improve technology adoption and Knowledge and Awareness. Moving from the
planning stage of technology development and use in quality management to actual
implementation, addressing these gaps will be critical to ensuring a successful transition to

Quality 4.0 and harnessing the benefits of Industry 4.0 technologies.
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5.3 Recommendations

Based on the result of the study on assessing the readiness of Quality 4.0 in Palestinian
food industries, the following recommendations are proposed to improve the readiness for

implementation Quality 4.0:

1. Enhance Technology Adoption, there is a noticeable gap in technology adoption,
related to the advanced technologies, it is important to invest in digital
infrastructure and provide training to cover the technology gap, factories should
prioritize the integration of Industry 4.0 technologies and encourage sharing of
knowledge to foster digital literacy.

2. Increase Knowledge and Awareness on Quality 4.0: it is recommended to initiate
awareness programs on the benefits of implementing Quality 4.0, it can be
included in workshops academic institutions, or industry consultants to build
understanding among management and employees.

3. Strengthening continuous improvement by adopting lean six sigma and statistical
Quality Control methods, factories should invest in continuous improvement to
align with the principles of Quality 4.0 to enhance efficiency and product quality.

4. Factories leadership should foster a culture of innovation and open to change to
faster the adoption of implementing Quality 4.0

5. Supporting small businesses: Small businesses need financial support or alliances
with large companies to bridge the gap and mitigate the measures that hinder the

implementation of Quality 4.0.

5.4 Contribution to the Field

By giving insights into the readiness factors needed for effective implementation in the
Palestinian food industry, this study adds to the growing body of research on Quality 4.0. It
emphasizes how corporate culture, infrastructure, technology adoption, and top management

support all contribute to the smooth transition to Quality 4.0. The study highlights significant
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challenges like inexperience, lack of resources, and change resistance and provides ways to
get around them. It also explains the potential advantages of Quality 4.0, such as improved
competitiveness, product quality, and operational efficiency—all of which are critical for
raising Palestinian food industries' level of global competitiveness. In addition to expanding
knowledge of Quality 4.0 implementation in poor nations, this work establishes the basis for

further studies in similar industrial contexts.

5.5 Limitations

1. Limited sample size: The study included data from only 50 factories and focused
on factories that are using Industry 4.0 technology or planning to do so, so it was
difficult to determine the sample size correctly and this also limited the possibility
of generalizing the questionnaire broadly to food factories in Palestine.

2. Geographical scope: The research focused only on Palestinian food factories in
the West Bank, which may not represent the readiness for Quality 4.0 in other
regions or industries.

3. Poor current conditions: The current political conditions and the current poor road
conditions did not help us to travel to factories due to their distribution in more
than one geographical area in order to visit them and fill out the questionnaire in
person and conduct interviews with stakeholders.

4. Self-filled data: Especially since each response to the questionnaire came from
each factory separately, which means using survey methods that the data relies on
self-reported information, which may lead to bias or inaccuracy.

5. Time constraints: Due to the limited time for data collection and analysis, some
factors or variables may not be explored in depth.

6. Technological factors: The rapid evolution of Industry 4.0 technologies may

cause some elements of the study to quickly become obsolete.
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Abbreviation

Explanation

TMCI

There is support from top management for implementing
Quality 4.0 in your factory

TMC2 Top management understands the importance of quality 4.0
in achieving the factory’s goals

TMC3 There is a willingness from leaders to implement quality
4.0

TMC4 Management has the competence to achieve quality 4.0

TMCS5 Management is committed to implement Quality 4.0

VSI The factory is ready to implement a modern quality
management system compatible with industry 4.0
technologies

VS2 The factory has a roadmap for implementing quality 4.0

VS3 There is alignment between the factory’s vision and
strategy with the application and utilization of quality 4.0
tools

TA1 The factory uses internet of things IOT for quality
management operations

TA2 The factory uses artificial intelligence for quality
management operations

TA3 The factory uses big data analytics for quality management
operations

TA4 Your factory uses cloud computing for quality management
operations

TAS Your factory uses machine learning for quality
management operations

TA6 Your factory uses virtual reality for quality management
operations

TA7 Your factory uses industrial internet of things

TA8 Your factory uses additive manufacturing (3D printing)

TA9 Your factory uses business intelligence tools

TAI10 Your factory uses cybersecurity systems

TAll Your factory has an enterprise resource planning (ERP)
system

L1 Your factory has centralized coordination to direct efforts
and resources toward specific goals for implementing
Quality 4.0 initiatives

L2 Factory leadership promotes innovation and effective
communication, leading to improved performance and goal
achievement.

L3 All employees in the factory are involved and encouraged
to participate in the implementation of Quality 4.0.

L4 Leadership provides necessary support to foster a quality

culture, especially the importance of using Quality 4.0.
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L5 Knowledge and experiences are shared between companies
and factories to support performance improvement and
development.

TR1 Employees' ability to support the implementation of
Quality 4.0 characteristics related to Industry 4.0

TR2 Employees have the required competence to handle
Industry 4.0-related quality management.

TR3 The factory identifies employees’ training needs on Quality
4.0 concepts and techniques.

TR4 The factory has allocated a team or staff for Quality 4.0
initiatives.

TRS The training provided on quality management techniques is
continuous.

TR6 There is a rewards system to enhance the adoption of new
quality management practices

KAl Factory specialists have the knowledge and awareness of
how to implement the characteristics of Quality 4.0 related
to Industry 4.0.

KA2 Employees in the factory have knowledge of the benefits of
the Quality 4.0 methodology in line with the application of
Industry 4.0 technologies

KA3 The factory has experts and engineers capable of activating
and utilizing technology for Quality 4.0.

KA4 The factory develops quality skills and knowledge to
implement the modern quality method compatible with
Industry 4.0.

F1 The factory has the financial resources necessary to achieve
Quality 4.0.

F2 The factory plans to allocate a budget for implementing
Quality 4.0 in the coming years.

F3 There are computerized systems for financial decision
management in the factory

CF1 There are efficient digital tools to deal with customers.

CF2 Customer data, such as sales, feedback, and needs, are used
in Quality 4.0

CF3 The factory has computerized sales and customer service
systems

SM1 The factory ensures continuous improvement by reducing
the cost of quality, losses, and waste across the entire
production cycle.

SM2 The factory applies scannable codes to products.

SM3 The factory has a supplier management system.

SM4 The factory regularly monitors supplier performance

OCl1 The factory is ready to implement Quality 4.0.

0C2 There is a culture of continuous improvement and

innovation within the factory.
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0C3

Leadership is supportive of adopting new quality
management techniques

C1 Financial resources play a role in implementing Quality
4.0.

C2 Policies and regulations restrict the implementation of
Industry 4.0 in Palestine.

C3 The Israeli occupation prevents the importation of
advanced technologies for implementing Industry 4.0.

C4 Fast internet and reliable connectivity have an impact on
implementing Quality 4.0.

TMC Top Management Commitment

VS Vision and Strategy

TA Technology Adoption

L Leadership

TR Training and Rewards

KA Knowledge and Awareness

FF Financial Fund

CF Customer Focus

SM Supplier Management

OoC Organizational Culture
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