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Abstract

The industrial sector into the GCC nations has seen rapid technical evolution. Artificial intelligence (Al) has
become a crucial strategic facilitator for improving the effectiveness of quality management systems, this
paper systematically examines contemporary literature about "Al" applications into quality management,
emphasising its role into enhancing quality tools and its influence on manufacturing processes, quality
control, and mistake mitigation, the results show that "Al" speeds up the use of quality procedures, makes
data more accurate, helps people make decisions based on facts, and lets people detect problems before
they happen, this all leads to better operational efficiency into the industrial sector, the research also talks
about the problems that come with using Al, such the high cost of getting started, problems with integrating
data, making sure the workforce is ready, and making sure "Al" works with older systems. It indicates that
using "Al" technology into quality management is an essential factor for attaining lasting competitive
advantage into the changing industrial environment.

Keywords: Atrtificial Intelligence, Quality Management, Industrial Sector, Gulf Countries, Performance
Improvement.

1. INTRODUCTION

Artificial Intelligence (Al) and its many uses, especially into industry, have been getting
more and more attention throughout the world into the last few years. into the Gulf
Cooperation Council (GCC) area, improving quality and productivity has become a
strategic focus for businesses that want to stay competitive (Abduvaxidov et al., 2025;
AlJarallah, 2023). Quality management essentially depends on data accuracy,
processing speed, and performance analysis—dimensions that "Al" may considerably
boost using sophisticated algorithms and machine learning approaches.

These changes have made "Al" a game-changing tool for changing how industries
maintain quality.

Companies into the Gulf Cooperation Council (GCC) countries are dealing with a lot of
problems, for example, production processes are becoming more complicated and
difficult to manage, global markets have strict standards, and customers want better
quality products at lower prices. into this situation, Artificial Intelligence (Al) is a key tool
for improving quality and making operations more efficient. It makes quality management
procedures more effective by making them more accurate, quicker to respond, better at

Nov 2025 | 68


mailto:eng.mohammadalosta@yahoo.com

Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 58 Issue: 11:2025

DOI: 10.5281/zenodo.17569767

making decisions, and more proactive into looking for quality problems before they
happen (Heric et al., 2021; Lee et al., 2021).

Nonetheless, notwithstanding these developments, empirical research on Al-driven
guality management into the GCC continues to be constrained.

The study seeks to accomplish the following objectives:

e Review and compile the latest "Al" applications into quality management within the
industrial sector of the GCC countries.

e Study the impact of "Al" technologies on improving quality, operational performance,
and reducing errors.

¢ Identify and evaluate the most significant challenges and obstacles hindering the
adoption of "Al" applications into the Gulf industrial sector.

Collectively, these objectives aim to provide an integrated understanding of how "Al"
technologies can enhance quality management performance and sustainability across
the Gulf industrial sector.

2. LITERATURE REVIEW
2.1 Research Method

This research utilises a theoretical literature review technique, it looks at peer-reviewed
research from 2021 to 2025 that look at how "Al" may be used into quality management,
especially into the Gulf industrial sector, the specified timeline was determined to include
the most recent advancements into Al-driven quality systems research, the goal of this
research is to find out what the most common trends are, how well "Al" interacts with
guality management frameworks, and what the main problems and chances are that
affect the use and effectiveness of Al-driven quality management methods. Previous
evaluations have mostly looked at industrial settings into the West or throughout the
world, this research, on the other hand, takes a closer look at these results into light of
the Gulf region's unique organisational, cultural, and infrastructural traits, this comparative
viewpoint facilitates a more contextually nuanced appraisal of Al's prospects into rising
industrial economies.

2.2 Artificial Intelligence Applications into Quality Management

Al is becoming an essential tool for making products better and streamlining industrial
operations. It improves performance by using big data analytics, predictive modelling,
automated fault identification, and pre-market product optimisation (Sadyraliev et al.,
2025; Collins et al., 2025), for example, Qi (2025) said that using "Al" technology into
factories cut faults by 20—30% and made operations 15% more efficient, when "Al" has
made important contributions into service-oriented fields like healthcare, its use has been
very successful into making monitoring more accurate, helping with clinical and
administrative decisions, and raising the overall quality of care (America, 2025; Jacobs,
2024; Garcia-Garcia, 2025), these examples show how "Al' may improve quality
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management procedures into several fields by using data from real-world situations to
make decisions, but the human aspect is still quite important since professional
interpretation and correct data entry are necessary to get the best outcomes, even though
there are a lot of applications out there, much previous research has focused on technical
aspects, including how well algorithms work, rather than how well they fit into
management, this research adopts a more critical perspective, contending that Al's
efficacy into quality management is contingent upon human, organisational, and socio-

technical dimensions, factors often overlooked into contemporary literature.

Table 1: summarizes key "Al" applications into quality management across
various sectors, highlighting their benefits and corresponding studies.

Application Area Field of Study Key Benefit Source
Production Error . 0 :
Prediction Manufacturing Reduce defects by 20 —30% (Qi, 2025)

. Machine Learning Automated detection of surface defects, .
Quality control and . . (Collins et al.,
; (ML) and Computer | pattern recognition, as well as visual
defect detection Visi ! . 2025)
Ision Inspection
Quality data Sup_p_ortlng dgta accuracy and'lnformed (Abduvaxidov
Food Industry decision-making, and automatically
management ; et al., 2025)
detect non-conforming products
Data Analytics Healthcare Improve clinical decision-making gﬂ(\)lélg)rallah,
. Ensuring the reactivity of the
Equipment hine | . dvrali
Maintenance Heavy Industry management system, machine learning, (Sadyraliev
S predictive analytics, and integration of et al., 2025)
Prediction d
ata.
An Applied Study of Improving production efficiency, process
Al-Powered Defect o B e
Detection Manufacturing stability, and resource ut|I|zat|(_)n. Al (Lee et al.,
. Tools Improved Defect Detection Rate 2021)
Techniques, and
T by 35% and Reduced Human Errors
Process optimization
A Field Analysis of Small and Medium A1! Systlgms Enhanced the Effectiveness (Ormﬁza
"Al" Adoption Enterprises 0 Quallty Processes and Reduced Cevallos et
Operating Costs al., 2024)
A Legislative European Union — Integration of European Legislation into (Mustr_oph
) ' . and Rinderle-
Analysis Quality Systems Al-Based Quality Management Systems Ma, 2024)
A Comparative Study Results Show that Integrating "Al" (Heric et al
Between SAP and ERP Systems Modules into ERP Improves Real-Time v
X . 2025)
Infor Quality Tracking
Customer Analyzing customer feedback for (Garqa-
. : . Healthcare ; . N Garcia,
satisfaction analysis continuous service quality improvement 2025)

. College Sports . . (Jiang, et al.,

Big Data Management Enhancing Safety and Quality 2024)

Source: Compiled by the authors based on reviewed studies between 2021 and 2025.
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2.3 Integration of Artificial Intelligence and Quality Management Systems

Artificial Intelligence (Al) may be used with Enterprise Resource Planning (ERP) and Total
Quality Management (TQM) systems to monitor processes into real time, make better
predictions about problems, and help people make decisions based on data (Jiang et al.,
2024; Anshori et al., 2025), this integration makes it easier for the organisation to make
long-lasting gains into quality and efficiency, these smart systems use complex algorithms
and machine learning to look at operational data and come up with useful insights that
help managers make better choices quicker, when "Al" integration also speeds up the
usage of sophisticated quality techniques like root cause analysis and statistical process
control, this makes performance more reliable and cuts down on mistakes into the
workplace. (Gémez et al., 2025; Mosteanu, 2022), for example, Industry 5.0 is the next
step into industrial development that focusses on how people and smart equipment may
work together, shukla et al. (2024) say that combining artificial intelligence with smart
manufacturing and sustainability methods improves both productivity and quality, cuts
down on waste, and makes customers more happier, the integration of "Al" has emerged
as a pivotal facilitator for Total Quality Management (TQM), predictive maintenance, and
process optimisation, this aligns with the conclusions of Kottara (2025), Ormaza Cevallos
etal. (2024), and Krasulja et al. (2023), who collectively emphasise that the amalgamation
of "Al" analytics and quality frameworks enhances operational efficiency and product
guality within industrial settings, a thorough examination of previous research indicates
that several conceptual models presuppose optimal data circumstances and advanced
digital infrastructures, this research challenges that assumption, highlighting that the
practical use of Al-driven Total Quality Management must include data inaccuracies,
human supervision, and context-specific limitations, especially into emerging or
transitional industrial economies like the Gulf area, an overreliance on automated
decision tools may unintentionally impair management intuition and experienced
judgement, consequently, this research promotes a balanced integration paradigm
Whereby "Al" enhances, rather than supplants, human knowledge into quality-related
decision-making, a subtlety often neglected into contemporary literature.

Artificial Data Problem
Intelligence Analysis Prediction
T 4
Process
Feedback Loop
( Continuous Improvment ) Improvement

\ Total Quality Quality
Management - Enhancement

Figure 1: Proposed conceptual model for integrating Artificial Intelligence (Al)
with Total Quality Management (TQM)

Nov 2025 | 71



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 58 Issue: 11:2025

DOI: 10.5281/zenodo.17569767

Figure 1 Compiled by author based on Lee (2021), Qi (2025), Heric et al., (2025),
Mustroph and Rinderle-Ma, (2024), for integrating "Al" principles with Total Quality
Management components, this model synthesizes common elements identified into the
literature and reflects the cyclical feedback nature of Al-enabled TQM.

2.4 The Impact of Artificial Intelligence on Operational Performance

Many studies have shown that Artificial Intelligence (Al) directly improves important parts
of how industries work. It makes processing data more faster, especially when working
with big datasets, thanks to smart monitoring systems that are designed to increase
quality and cut down on mistakes (Ramaliba and Jacobs, 2024; Neo et al., 2023),
predictive "Al" models let companies identify issues coming before they happen, this cuts
down on production downtime and makes it easier to undertake maintenance ahead of
time, which lowers defect rates and makes the production line more efficient (Ramovha
et al., 2024), big data showed that after adding Al-powered predictive maintenance
modules to various GCC manufacturing lines, unscheduled stoppages were down by 10—
15%. Younis, (2025). Abduvaxidov et al. (2025) saw quantifiable increases into
productivity when "Al" was used into predictive maintenance and quality monitoring
systems.

Al also helps make customers happier by increasing the quality of products and services,
making it easier to analyse consumer input intelligently, and making it easier to quickly
respond to changing customer demands. Organisations may keep improving quality by
constantly collecting and analysing data, for instance, Grylitska (2024) showed that using
"Al" into restaurants made customers happier by using adaptive feedback analysis, but
you need be careful when looking at these quantitative improvements since the case
studies that support them are different sizes and have different levels of data maturity, so
they can't be used to make generalisations about all Gulf businesses.

Table 2: Comparative Indicators of Artificial Intelligence Adoption and Investment
into GCC Countries (2024)

Saudi Arabia

(KSA) 72.36 14 750
United Arab

Emirates (UAE) 75.66 26 613
Qatar 68.22 40 31.6
Oman 62.91 50 12
Bahrain 54.33 52 9
Kuwait 51.26 54 8

Table 1 presents a comparative overview of Gulf Cooperation Council (GCC) countries
into terms of artificial intelligence (Al) readiness, global "Al" ranking, and venture capital
(VC) investment for the year 2024, the Oxford "Al" Readiness Index (Oxford Insights,
2024) measures institutional capacity, governance, and data infrastructure, when the
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Global "Al" Index (Tortoise Media, 2024) reflects national performance across talent,
infrastructure, and innovation dimensions. VC funding data were derived from MAGNITT’s
FY2024 MENA Venture Investment Report, representing total disclosed investment
volumes into Al-related and digital transformation sectors.

m Oxford Al Readiness Index (Score 0—100)
B Global Al Index Overall (Rank)
VC Funding (USD Million)

[T

QATAR OMAN BAHRAIN KUWAIT

75.66
68.22
62.91
51.26

72.36
54.33

Figure 2: Comparative Visualization of Artificial Intelligence Readiness, Global
Ranking, and Venture Capital Investment into GCC Countries (2024)

This figure graphically represents the data summarized into Table 1 (Oxford Insights,
2024; Tortoise Media, 2024; MAGNITT, 2024), the UAE and Saudi Arabia have made
progress into "Al" readiness into terms of investment, research and development and
integrating "Al" into vital sectors such as health, industry, education and security, while
the rest of the Gulf countries are seeking to strengthen their infrastructure and develop
their skills to keep pace with the digital future.

2.5 Challenges and Obstacles

Even though Artificial Intelligence (Al) has many benefits for quality management,
industrial companies still have trouble putting it into practice, the first problem is that
intelligent systems are very expensive to buy, and the digital infrastructure isn't strong
enough, which means that a lot of money has to be spent (Ormaza Cevallos et al., 2024).
Another problem is that data integration is hard and people don't want to adapt. When
"Al" systems are added to older platforms, managers and employees sometimes oppose
because they are afraid of losing their jobs or making the system too complicated, this
means that companies need to work harder to get people to use "Al" (Yu, 2022),
furthermore, worker skills provide a significant barrier; "Al" cannot replace qualified
experts across all tiers, and personnel need ongoing training to accommodate the
changing requirements of industrial production (Semenova et al., 2022). Even though
these hurdles are well-known into the literature, they are typically presented as fixed
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problems. Another big problem has to do with the quality and compatibility of the data.
"Al" systems need a lot of accurate and well-organised data to work well, yet many
businesses still have problems with fragmented databases and inconsistent data formats
(Olteanu and Gheorghe, 2025), while most studies characterise these issues as static
constraints, this research presents a key reexamination, suggesting that these obstacles
need to be seen as dynamic learning opportunities that foster organisational adaptation
and the enhancement of digital capabilities over time.

Table 3 summarizes the key technological, human, financial, and regulatory challenges
that hinder "Al" adoption into quality management, along with corresponding opportunities
and academic recommendations drawn from recent literature.

Table 3: Key Challenges and Opportunities of "Al" Implementation into Quality

Management
. Academic Representative
Category Challenges Opportunities Recommendations Reference
Weak data Accelerated
integration digital Dey_elopmgnt ofa .
Technology . . unified digital (America, 2025)
between quality transformation .
. . infrastructure
systems and Al into factories
Co_nt_lnuous Preparing qualified
Employee training
Human ; . human resources to
resistance to programs into . : (Methuku, 2025)
Resources o manage intelligent
change artificial Svstems
intelligence y
Hiah costs of Availability of
. . nign government Adoption of public- (Ramaliba and
Financial intelligent : ; X
support into the private partnerships | Jacobs, 2024)
systems o
banking industry
Lack of unified Unified initiatives | Adoption of unified (Mustroph and
Regulatory standards for towards Industry | regional policies for | Rinderle-Ma,
smart quality 5.0 Al-powered quality 2024)
o Resistance to - Training staff ona (Abduvaxidov et
Organizational training needs culture of not being
change : al., 2025)
afraid of change
Weakness into - .
Technical 5G network En.hgnced pre_d|ct|ve (Onyiagha et al.,
. efficiency maintenance 2022)
maintenance
Improving the
Lack of "Al" effectiveness of | Training doctors on | ( Dania’s and
Medical olicies artificial the uses of artificial Koukopoulos,
P intelligence into intelligence 2025)
the health sector
. Data quality and Ensure;_ Improved decision- (Vasilieva et al.,
Marketing ; o competitive : >
integration issues . making capability 2023)
marketing
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The Shift Towards
The Pilot Start of Artificial Integration with ERP Industry 5.0 and
Intelligence in Quality Systems and Intelligent Human-Machine
Production Management Integration

2015-2017 2018-2020  2020-2022  2023-2024 2025

Partial Automation and Predictive Quality
Intelligent Control Analysis and
Applications Performance Indicators

Figure 3: Development Timeline of artificial intelligence application into quality
management into 2015-2025

Figure 3 demonstrates the chronological development of "Al" applications into quality
management between 2015 and 2025, showing the gradual evolution from pilot
implementations to full integration with Industry 5.0 frameworks, timeline events compiled
from published case study dates and analyses, and developed by author based on (Lee
et al., 2021; Onyiagha et al., 2022; Qi, 2025; Danias and Koukopoulos, 2025; Semenova
et al., 2022; Ormaza Cevallos et al., 2024).

2.6 Future Trends

Recent study highlights a notable transition from mere technological innovation to
human-Al collaboration, particularly into relation to the forthcoming Industry 5.0 paradigm
(Shukla et al., 2024), future quality management frameworks are expected to include "Al"
technologies that support rather than replace human decision-making, therefore creating
hybrid intelligence environments where computers manage data complexity while
humans retain strategic and ethical oversight, this shift indicates a growing consensus
among academics that "Al" should enhance human productivity rather than pursue
complete automation, furthermore, the harmonisation of regional policies has emerged
as a significant research and strategic objective across the Gulf States.
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Oman Vision 2040 and Saudi Vision 2030 are two national strategies designed to
establish high-quality standards, foster trust into Al-driven analytics, and enhance
regional competitiveness. Integrating Al-driven quality management with sustainability
objectives aligns with Gulf development strategies that emphasise environmentally
sustainable industrial growth. Recent research indicates that the integration of "Al" with
the Internet of Things (IoT) and cloud computing significantly advances industrial quality
management (Rane, 2023; Sadyraliev et al., 2025).

As deep learning algorithms improve, firms will be able to analyse more datasets with
greater precision, this will result into continuous improvements into product quality and
operational efficiency, future research should explore methods to reduce the financial and
infrastructural expenses associated with "Al" adoption, facilitating its broader use across
many sectors. Over the next decade, the impact of "Al" on performance outcomes is
expected to manifest across several domains, contemporary literature primarily relies on
conceptual or case-based evidence; forthcoming research should employ standardised
key performance indicators (KPIs) to enable systematic comparisons across the
manufacturing, petrochemical, and service sectors (Vasilieva et al., 2023; Methuku, 2025;
Siladjaja et al., 2022).

Although these improvements are promising, current forecasts may not include the
distinct differences across the Gulf States, the GCC states exhibit significant disparities
regarding the preparedness of their institutions, the proficiency of their workforce, and the
sophistication of their regulations, therefore, more research must use a comparative
analytical approach to discern the structural and organisational factors that most
profoundly influence Al's contribution to achieving quality excellence into certain national
contexts. Table 4 delineates emerging pathways for "Al" research, emphasising its
integration with IoT, deep learning, and cloud computing as essential elements into the
future of quality management, future trends derived from a comparative analysis of
literature published between 2021 and 2025; figures represent authors' synthesis of
anticipated developments into "Al" quality research.

Table 2: Future Trends into Artificial Intelligence Applications

Emerging Trend Expected Impact Supporting Reference
Integrating "Al" with 10T Contlnuoys PEEEES beniey (Rane, 2023)
and Quality Improvement
. Analyzing Larger Data with .
Deep Learning Higher Accuracy (Sadyraliev et al., 2025)
Cloud Computing Real-Time Decision Support (Collins et al., 2025)
Cr(_)ss-_sector empirical _Test AI impact on different (Abduvaxidov et al. 2025)
validation industrial scales
Human-Al collaboration into Develop adaptive frame_works for (Shukla et al., 2024)
Industry 5.0 balanced human—machine roles
Standardized "Al Create re_glon_al poI!C|es for data (Heric et al., 2025)
governance and algorithmic ethics
Integ_ratlon with sustainability Llnk_ Al" quality systems to (Ramovha et al., 2024)
metrics environmental performance
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3. CONCLUSION

The study's results show that Artificial Intelligence (Al) is an important part of enhancing
guality management into all of the Gulf Cooperation Council (GCC) countries' industrial
sectors. Using this technology improves product quality, operational performance, data
accuracy, and processing speeds. Atrtificial intelligence also makes it easier to make
smart decisions, cuts down on production errors, and promotes preventive maintenance,
to fully benefit from artificial intelligence technology, however, businesses need to get
beyond the same problems again and over again, such as high costs, system integration,
poor data quality, and staff training. This research underscores that the efficacy of artificial
intelligence is contingent not only on the degree of technological complexity but also on
human adaptability and institutional readiness. Prior studies often generalise the
beneficial effects of Al, so, future work should focus on finding a good balance between
human expertise and smart systems, this will make sure that "Al" helps with continuing
advancement instead of merely being a technological substitute.

4. RECOMMENDATIONS

This research offers several strategic recommendations designed to enhance Al-driven
qguality management within the Gulf industrial sector, the suggestions that follow are
based on the outcomes that were spoken about and looked at into the last section, when
first, it is a good idea to set up large-scale training and educational programs to help
workers become more skilled at using artificial intelligence technology effectively, this
would be done to help these workers go forward into their careers. |

mproving the analytical and digital skills of the workforce is important for making sure that
the project is carried out correctly, when companies need to make clear strategies on how
to combine smart technologies with their current quality control processes, this will make
sure that Al-based and traditional methods can work together, which will keep operations
running smoothly, it is necessary to increase funding for research and development to
strengthen governance frameworks that ensure transparency, ethical usage, and data
dependability, as well as to make the artificial intelligence algorithms used into quality
control perform better, this is necessary to improve the quality of management, when it is
important to make frequent performance monitoring and data analysis a priority so that
they can keep up with changes into technology and help improve quality over the long
run, this is the fourth most important thing on the list, it is essential to prioritise the
enhancement of human—machine interaction as a strategic priority because of its
considerable importance, the main goal of automation shouldn't be to fully automate
everything, but to find a balance between human judgement and the precision of Al, this
approach, which puts people first, is into line with the ideas of Industry 5.0, which says
that technology should improve human intelligence instead of replacing it, this method
puts people first, the study determined that the advancement of Al-driven quality
management into the Gulf area relies on a unified policy-technology-human framework
that harmonises innovation and flexibility, hence maintaining continuous competitiveness
across all business sectors, the study's findings led to this conclusion.
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