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THE ROLE OF THE PARETO PRINCIPLE IN
QUALITY MANAGEMENT WITHIN INDUSTRY 4.0:
A COMPREHENSIVE BIBLIOMETRIC ANALYSIS

Aleksy Kwilinski, and Maciej Kardas

Abstract. Quality is a fundamental aspect of the management of almost every area of
a company, directly influencing the efficiency of its processes. The increased importance of
quality, as well as advances in industrialisation methods and computerisation, has stimulated
the development of a new generation of technologies, leading to the fourth industrial revolution
known as Industry 4.0. In addition to new technologies, the Pareto principle plays an important
role in quality management, enabling the identification of the key factors that influence quality,
emphasising that 20% of causes are responsible for 80% of quality problems. Its importance
has been highlighted by the American Society for Quality (ASQ), which recognises the Pareto
principle as one of the seven basic tools used in the area of process improvement. The purpose
of this study is to identify the impact of the Pareto principle on quality management on the basis
of a bibliometric analysis carried out to characterise the evolutionary aspects of the
development of key terms specific to the area under consideration. The analysis focuses on a
sample of 8002 items, and the data collected come from the extensive Scopus database of
scientific articles, covering the years 1990-2024. VOSviewer software was used as a tool. On
the basis of the empirical data, the exponential growth of the number of publications was
confirmed in terms of the relationship between the Pareto principle and quality management.
On the basis of the resulting visualisation maps, five areas (clusters) were identified and
characterised in terms of keyword coincidence, and their evolutionary natures were described.
This publication can serve as a basis for further considerations in the impact layer of the Pareto
principle in terms of quality management.
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1. Introduction

The multidimensionality of quality precludes the possibility of defining the concept
unambiguously, assigning it a plane in the area between subjectivity and objectivity. On the
basis of the semantic relationship and its holistic understanding, the solution becomes the equal
juxtaposition of both qualitative and quantitative aspects that build global quality, emphasising,
at the same time, their immanent character [1-4]. The concept of quality in philosophy is
multifaceted and includes prioritisation of the customer position, continuous improvement and
employee empowerment [5]. It is also influenced by ethical principles, especially the concept
of accountability [6]. Quality should not be considered a static concept. It is accompanied by a
continuous evolution, the focus of which has moved away from meeting specifications to now
focus on minimising losses to society. This evolution has led to a greater emphasis on
functionality and cost-effectiveness in achieving quality [7].

Quality is a fundamental aspect of the management of almost every area of a company, directly
influencing the increase in the efficiency of its processes. The simplest definition classifies it
as a set of characteristics and properties of products, processes and services that meet specific
guidelines and potential needs [8,9]. The dynamics of the increase in the importance of quality,
as well as advances in industrialisation and computerisation methods, have spurred the
development of next-generation technologies, leading to the fourth industrial revolution known
as Industry 4.0. It encompasses a set of technologies, such as autonomous mobile robots
(AMRs), artificial intelligence (Al), big data analytics, machine learning (ML), and the internet
of Robotic Things (IoRT), focused on improving productivity and efficiency and maintaining
highquality products and services [10-12]. In the context of Industry 4.0 technologies, it is
important to note their integral impact on sustainability while highlighting the difficulties of
parallel implementation, which is a significant challenge [13,14]. The main difference between
the ideas of the Industry 3.0 approach and those of Industry 4.0 is the mutual integration of
technological solutions in a network, which significantly increases efficiency and facilitates the
control and monitoring of processes in management [15].

In addition to the development of new technologies and the emergence of Industry 4.0, a tool
whose roots date back to the 19th century played a key role in quality management. Vilfredo
Pareto introduced and developed economic concepts that later became the basis of the Pareto
principle. He noted that wealth in a society is distributed unequally, with 80% of the wealth
reaching 20% of the population [16,17]. This principle, referred to as the 20/80 rule, makes it
possible to distinguish important issues from trivial ones [18]. Juran (1998) introduced the
Pareto principle to quality management, which provided an opportunity to identify key factors
affecting quality, noting that 20% of causes are responsible for 80% of problems [19]. Its
importance has been highlighted by the American Society for Quality (ASQ), which recognises
it as one of the seven basic tools used in the area of process improvement [20]. In the context
of quality management of production processes, the implementation of the Pareto principle
makes it possible to analyse product defects and identify the main sources of errors. It is also
important to focus on the analysis of production machine downtimes.

With the Pareto principle, a key aspect is to prioritise corrective and optimisation actions by
focusing on the most important causes of problems. In addition, it allows for more efficient
management, which consequently leads to the minimisation of waste [21].
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In quality management, the Pareto chart, which is directly based on the Pareto principle, plays
an important role and is widely used in design engineering. It allows unique groups of data to
be examined on the basis of the variability of their frequency values; data analysis focuses on
the combination of frequency distribution models together with the cumulative frequency
distribution [22-24].

In addition to the Pareto principle, which is considered a fundamental tool in process
improvement, there are other theories, such as the law of diminishing returns and the principle
of equal distribution, which offer different perspectives on the distribution of efforts and results
in quality management.

The law of diminishing returns, which is the inverse of the Pareto principle, assumes that
a smaller proportion of results require more effort. In quality management, this means that
achieving specific, smaller quality goals may require disproportionately more resources and
effort [25-29].

The principle of equal distribution suggests that efforts and results are distributed equally,
indicating that each input produces a proportional result. In the context of quality management,
this principle implies that each unit of effort invested in improving production or service
processes yields an equivalent increase in quality.

The principles described here offer a unique approach to quality management. The Pareto
principle identifies and focuses on the key areas of greatest benefit, which is particularly useful
in the initial stages of process optimisation. The Law of Diminishing Returns highlights the
challenges of eliminating specific, smaller quality problems that may require disproportionate
resources. The principle of equal distribution is most appropriate in the context of continuous,
even process improvement, where each action has predictable and proportional benefits.

2. Literature Review

Norland et al. [30], in their publication, highlighted the importance of the Pareto principle,
noting that it is commonly known as the 20/80 rule. Notably, Joseph Moses Juran is considered
a pioneer of the implementation of the Pareto principle in the field of quality management [31].

Zhang et al. [32] described the Pareto principle as a tool for identifying the factors that most
influence the results obtained, allowing a focus on areas of greatest importance. A similar
message comes from an article [33], which recognises the principle as a valuable quality
management tool, emphasising its role in prioritising efforts and resources towards areas
requiring significant improvement.

According to research by Norland et al. [30], a minority of causes are often responsible for the
majority of problems, suggesting that companies seeking to improve process quality can
effectively focus on key issues, ultimately improving overall quality. In the service industry,
the Pareto principle has been used to identify key success factors within total quality
management (TQM) [20,34]. Research also indicates that the principle contributes positively
to business performance, particularly in the service sector, through its focus on continuous
improvement, employee engagement and process orientation [35].
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The authors of the publication [36] emphasise that the Pareto principle is in line with the general
tenets of TQM, which leads to the continuous improvement of both processes and products to
meet customer expectations [37].

An important statement remains the article [38], in which Knoth noted that the Pareto principle
in parallel application with statistical tools makes it possible to exclude intuition-based
decision-making on the basis solely of process data.

Notably, in terms of the literature review, the Pareto principle is applicable to a broad view of
quality management. It is used, for example, in the layer of analysis of critical success factors
for service industries, drawing attention to their adaptability in different sectors [39]. A large
body of research has been devoted to evaluating the implementation of this principle in terms
of optimising resource allocation in the medical field [40].

The above applications highlight the versatility of implementing the Pareto principle to increase
operational efficiency. Importantly, its influence extends significantly beyond the standards of
traditional quality management, as has been recognised in many other industries, such as food
safety, where the Pareto principle is credited with a key role in identifying factors during the
implementation of hazard analysis and critical control points (HACCP) systems, which
translates into a parallel increase in standards both in terms of safety and in terms of food
production [41]. In addition, in academia, the relationship between the Pareto principle in terms
of leadership effectiveness at the nonacademic level has been analysed, highlighting its strong
importance in implementation for organisational success [42].

In the context of this study on quality management processes, in addition to recognising the
importance of digitalisation as a critical factor for development [43-59], it is also necessary to
consider the impact of various aspects of entrepreneurial motivation [60—79]. Entrepreneurial
motivation facilitates the identification of opportunities, innovations, and the application of
strategic approaches, which are key in the modern business environment. Moreover,
understanding the essence, forms, and directions of development in the context of sustainable
development management is vital both in principle and in practice [80-89].

The literature review highlights the robust integration of the Pareto principle with statistical
process control tools in various fields, which interact to directly increase the effectiveness of
quality management systems. Furthermore, it has a significant impact on process efficiency and
optimisation. The general area of research is the evolution of the Pareto principle in the context
of quality management through the analysis of key words (patterns) in the scientific literature.

3. Materials and Methods

This publication is based on bibliometric analysis in terms of assessing the impact of the Pareto
principle on quality management. The range of the analysis is focused on mathematical graph
theory, clustering and scientific visualisation methods [90]. Bibliometric analysis is
characterised as a method for exploring and analysing large amounts of scientific data, enabling
the study of the subject in the sphere of its evolution [91].

Aleksy Kwilinski, and Maciej Kardas
Virtual Economics, Vol. 7, No. 3, 2024


http://www.virtual-economics.eu/

12
www.virtual-economics.eu ISSN 2657-4047 (online)

Bibliometric analysis leads to increased rigour, with a concomitant mitigation of researcher bias
within the literature review, providing fulfilment within the meta-analysis layer [92]. It is also
defined as a knowledge synthesis methodology that focuses on the quantitative analysis of large
bibliometric datasets while pointing to the essences derived from the assumed framework of
the subject matter under study.

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines were used to facilitate and ensure an unbiased approach to the search and further
classification of literature sources. This set of guidelines enables a systematic and unbiased
approach to the literature data selection, which is crucial for assessing the reliability and
concordance of studies (Figure 1).
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Figure 1. PRISMA Guidelines for Investigating the Influence of the Pareto Principle on Quality

Management
Source: own elaboration.

In the initiating stage of the process (identification), criteria for data search and selection are
established. A key element is the definition of databases, keywords, timeframes and publication
types. The extracted data are methodically assessed to determine their relevance according to
the agreed-upon inclusion and exclusion criteria (review).

The next stage focuses on a detailed evaluation of the extracted studies for completeness. The
analysis included verification of the included content, methodology and quality of the studies
(qualification assessment). Studies meeting the established assumption are subjected to further
review. The aim of this stage is to confirm that the dataset is representative of the research area
(Inclusion).

The final stage focuses on defining patterns and networks of interrelationships on the basis of
the data selected in the previous stages (data analysis). The final element is the preparation of
a report summarising the methodology and the final results obtained through the
implementation of the PRISMA guidelines (Reporting) [93].
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The research methodology includes the following stages: data collection and analysis, selection
of a visualisation tool, graphical representation of the identified relationships and interpretation
of the obtained results. The tool used to analyse the data in terms of this article is
VOSviewer v.1.6.19, a freely available computer program that allows the creation and review
of bibliometric maps. Unlike most bibliometric mapping tools, it places particular emphasis on
their graphical presentation. The program's functionality is particularly useful for displaying
large maps, allowing them to be easily interpreted [94]. Notably, VOSviewer provides the
possibility of creating visualisation maps of keywords on the basis of data on the co-occurrence
of author relationships, countries, etc., in relation to, for example, the number of citations [90].

The quality of the analysed data is a key element for proper interpretation. The data collected
in this publication come from Scopus, an extensive database of scientific articles indexing
content from various scientific fields, such as science, technology, medicine, and social
sciences. The range of data analysis was set from 1990-2024. The search results include phrases
and keywords such as ‘Pareto’, ‘Pareto principle’, ‘quality’ or ‘quality management’. With
respect to the above assumption, the population of publications generated from the Scopus
database was 8030. In terms of the analysis conducted, items assigned to the categories letter
(1), undefined (1), erratum (2), short survey (3), note (4), editorial (5), retracted (5) and book
(7) were discarded. Data extraction limited the analysis to 8002 indices (Figure 1).

4. Results and Discussion

A quantitative analysis of the sample within the impact of the Pareto principle on quality
management revealed that there was an exponential increase in the number of studies between
1990 and 2023 (Figure 2).
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Figure 2. Number of Publications Covering the Pareto Principle and Quality Management from
1990 to 2024, Based on the Scopus Database

Source: own elaboration.

Considering the number of publications in terms of 2024 — 384 documents for only 1/2 of its
part, assuming a parallel current growth rate, a record value is to be expected compared with
previous periods. Nevertheless, the year-to-year growth rate for the previous two years (2022-
2023) indicates some deceleration of the trend — 3.8%.

Aleksy Kwilinski, and Maciej Kardas
Virtual Economics, Vol. 7, No. 3, 2024


http://www.virtual-economics.eu/

14
www.virtual-economics.eu ISSN 2657-4047 (online)

Figure 3 shows the distribution of the indices by organisation and by programmes funding
research focusing on the area of the analysed theme of combining the Pareto principle with
quality management. Notably, the National Natural Science Foundation of China is dominant,
with 857 items. The second place is occupied by the National Science Foundation with 151
indices. The third place is completed by the Fundamental Research Funds for the Central
Universities (138). The first European organisation with the highest number of papers is the
European Commission (79).

Documents by Funding Sponsor

National Natural Science Foundation of China

National Science Foundation

Fundamental Research Funds for the Central Universities

National Key Research and Development Program of China

Ministry of Science and Technology of the People’s Republic of China
European Commission

Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior
European Regional Development Fund

Horizon 2020 Framework Programme

0 100 200 300 400 500 600 700 800
Number of Documents

Figure 3. Documents by Funding Sponsor — Top 10 Organisations/Program
Source: own elaboration.

In further bibliometric analysis, relating the number of publications to their origin remains an
important aspect. The visualisation (Figure 4) shows the number of publications as the point
size, and the average number of citations is the fill colour.
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Figure 4. Number of Publications in Relation to Country of Origin: Taking into Account the
Accepted Keywords for the Period 1990 to 2024

Source: own elaboration.

Aleksy Kwilinski, and Maciej Kardas
Virtual Economics, Vol. 7, No. 3, 2024


http://www.virtual-economics.eu/

15
www.virtual-economics.eu ISSN 2657-4047 (online)

The highest number of articles is attributed to authors from China, with 2118 papers, followed
by researchers from the USA, with 1275 publications, while India is in third place, with 682
publications. An important parameter worth noting is also the average citation level. Despite
having the highest number of publications originating from China, the average citation level is
13. For the USA, the value is close to 24, whereas for India, the index level is slightly above
17.4. The highest average citation level is for researchers from Switzerland, bove 107.

An analysis of the data presented in Table 1 concerning the authors with the highest number of
publications on the link between the Pareto principle and quality management shows that Jin Y.
is dominant in terms of the h index, which is 90. The high value of this index suggests that his
work is frequently cited, even though he has a lower total number of publications (619) than
Wang X. (982) and Xin Y. (1054). Huang M. has the most publications directly related to the
subject matter under analysis (35), whereas Coello C.A. has published a total of 27 items. The
third place goes to Wang X., with 20 publications.

Table 1. Top 10 Leading Authors on Topics Covering Aspects of the Pareto Principle and
Quality Management

Number of Documents

Authors Affiliation h-Index Total Related to Pareto Principle
and Quality Management
Huang M. Northeastern University, Shenyang, China 38 672 35

Centro de Investigacion y de Estudios Avanzados

Coello C.A. del Instituto Politécnico Nacional, Mexico, Mexico 631 2
College of Computer Science and Engineering,
Wang X. Northeastern University, Shenyang, China 4l 982 20
Li M. University of Blrmlngham, Birmingham, United 31 115 19
Kingdom

Mitra K. Indian Institute of Tec?ggilggy Hyderabad, Kandi, 29 160 19

Ishibuchi H. Southern University of Smenge and Technology, 75 690 17
Shenzen, China

Yen G.G. Oklahoma State University, Stillwater, United States 59 388 17

Gao L. Huazhong University of Smepce and Technology, 85 1054 15
Wuhan, China

Jiny. University of Surrey, Guildford, United Kingdom 90 619 15

Talbi E.G. Faculte de Medecine de Tunis, Tunis, Tunisia 49 422 15

Source: own elaboration.

The analysis of these data highlights the authors’ diverse approaches to the issues of the Pareto
principle and quality management while also highlighting the importance of citation metrics,
such as the h-Index, in assessing the scientific impact of individual researchers.

The analysis of the proximity and interconnectedness between keywords in the selected set of
publications is an important element of the bibliometric analysis (Figure 5). On the basis of the
data obtained, five main areas were selected and characterised.
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Figure 5. Analysis of Interdependence within the Highlighted Keywords
Source: own elaboration.

In terms of the analysis performed, the most numerous cluster is the area highlighted in red
(cluster 1), containing 210 records in the set. Extending the analysis within the obtained data,
the keyword multiobjective optimisation appears 2869 times, whereas the total strength of the
connection is 27,860. The general assumption of multiobjective optimisation is to determine an
optimal solution, taking into account multiple objectives that may compete with each other in
parallel. Other keywords included evolutionary algorithms, scheduling, multiple objectives,
particle swarm optimisation, and heuristic algorithms.

The third area in terms of numbers is blue, with 195 items (cluster 2). The dominant keyword
that appears 1266 times in the sample analysed is genetic algorithms (total link strength —
12,335). Genetic algorithms are responsible for analysing potentially alternative solutions to
a problem to find the best one. Another key word for this area is quality control, which appears
in number — 842. In addition to these expressions, the following should be distinguished:
efficiency, power quality, quality assurance, quality, and mathematical models.

The fourth area is the yellow area (cluster 3). It contains 178 keywords. The dominant one is
optimisation, which has a count of 1405, while the total strength of the link is 1477. Within this
area, it is important to note the other keywords that directly influence its essence: decision
making, genetic algorithms, economic and social effects, and sensitivity analysis.

In the area marked in purple, there are 159 records (cluster 4). The most frequently occurring
keywords are algorithms (557). The strength of the link is 6105. In addition, the following terms
should be distinguished: algorithm, human, human, and total quality management. The next
area on the neural network map is the green area (cluster 5), with 199 records. The leading
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keyword is the Pareto principle, which appears 2410 times, for which the total connection
strength is 21,525. The most frequent keywords are quality of service, energy efficiency, energy
utilisation, game theory, and optimisations.

An important element of the bibliometric analysis in the layer of research carried out is the
evolutionary aspect, which focuses on the interplay between the Pareto principle and quality
management over time (Figure 6). To this end, the criteria underpinning Figure 5 have been
retained to best illustrate the various relationships.
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Figure 6. Analysis of the Interdependence within the Keywords Used—An Evolutionary
Aspect
Source: own elaboration.

Within the analytical framework, five main time periods were distinguished, illustrating the
evolutionary aspect of the interdependence of the Pareto principle and quality management and
their multidimensional interrelationships with key terms in the layer of the relationship under
study. An important element of the analysis is to understand the cross-fertilisation of the
expressions identified in the time period—a synergistic implementation of the analytical tools
in the quality management (continuous improvement) layer.

The first period, from 2012 to 2014, focused on keywords such as algorithms, computer
simulations, mathematical models, priority journals, quality assurance, and total quality
management. The next area defines the period from 2014 to 2016. The dominant keywords are
the Pareto principle, genetic algorithms, quality control, and evolutionary algorithms. A
characteristic element of this period is the implementation of optimisation methods aimed at
both the identification and simultaneous elimination of quality problems. The third area covers
the years 2016 to 2018. The main keywords for the analysed period are multiobjective
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optimisation, decision-making, particle swarm optimisation, human, human, and
benchmarking. They are characterised by their relationship in the area of optimisation, or
multicriteria problem solving. The period from 2018 to 2020 represents the fourth area. It is
characterised by the following keywords: efficiency, forecasting, economic and social effects,
optimisation algorithms, and energy utilisation. The terms listed interrelate, enabling
improvements in the layers of resource management, increased efficiency and organisational
sustainability. The fifth area covers the period from 2020 to 2024 and focuses on optimisations,
multiobjective optimisations, and machine learning. The terms listed highlight modern data
analysis techniques in terms of optimisation, multiobjective optimisation and machine learning,
highlighting significant developments in technology.

5. Discussion

This publication is a valuable source of information in the area of multifaceted analysis,
defining the impact and interplay of the Pareto principle in terms of quality management.
Notably, the observations and conclusions of the study may contain limitations and
shortcomings, resulting in a lack of objectivity in the area studied. Oke et al. (2008) noted the
validity of applying the Pareto principle in the context of defining key factors for the proper
implementation of TQM, among other factors, for the service industry. A previous study [95]
highlighted the relevance of this principle in the area of quality management by identifying the
most influential factors. The indications from the publication [95] were confirmed in the
bibliometric analysis carried out, which indicates a strong correlation in terms of the
implementation of the Pareto principle.

There are several scientific publications that highlight the importance of the Pareto principle
and its impact on quality management through process optimisation. Anguelov et al. (2018)
focused on the implementation of the principle in terms of multiagent optimisation, highlighting
business interactions in a manufacturing cluster [96], whereas [97] focused on the use of
parametric optimisation to solve multiagent problems. The cited contents of the articles clearly
indicate the intertwining of the Pareto principle and terms strongly associated with the quality
management layer in many areas. The fundamental importance of this phenomenon

6. Conclusions

The bibliometric analysis carried out provides a wealth of information on the multidimensional
impact of the Pareto principle in terms of quality management. Notably, the number of
publications containing the keywords studied has been increasing exponentially, with the
highest growth occurring between 2002 and 2010. Over time, the growth rate has slowed. An
increase in the number of publications can lead to qualitative changes, resulting in
complementarities between the different solutions and a better understanding of the
relationships in terms of identifying key factors for building quality in different economic areas.
In this study, the philosophical question of Hegel's dialectic on the interrelationship between
quantity and quality is also addressed. The research demonstrates that an increase in the number
of publications on the Pareto principle in quality management leads to qualitative changes. This
is expressed in a deeper understanding of the interrelationships between the various factors
influencing quality systems and in the emergence of new solutions and approaches. This study
reflects a dialectical process in which a gradual increase in the number of publications and
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research interest eventually generates new qualitative changes in the methodology and practical
approaches to quality management.

This publication provides an analysis of the impact of the Pareto principle on quality
management. It presents the interrelationships between key terms associated with the described
issue. In the course of the conducted research, the VOSviewer program was used to generate
a visualisation map of neural network matches on the basis of a collection of publications
indexed in the Scopus database, covering the period from 1990 to 2024. The scheme presented
in Figure 4 highlights the fact that China significantly leads in the number of publications (2118
documents), whereas the USA, with 1275 publications, occupies the second position. Special
attention should be given to the parameter of the average citation level. Although China and the
United States lead in the number of published scientific articles on the analysed topic,
Switzerland is characterised by the highest citation level. This may result from several
independent factors, such as the reputation of the authors or the quality of the conducted
research. The clusters highlighted in Figure 5 illustrate the interrelationships between the key
terms. The obtained results indicate a strong connection between the Pareto principle and terms
related to tools and methods used in the analysis of factors influencing the quality of processes,
as well as directly with quality itself. On the basis of the bibliometric analysis focused on
evolutionary characteristics (Figure 6), continuous growth in the importance of quality should
be emphasised. Initially, efforts were concentrated on individual factors in the context of
improving process quality. Currently, publications focus on their multilevel analysis leading to
process optimisation and technological development (multiobjective optimisation, machine
learning).

The results obtained from the conducted analysis contribute to a fuller understanding of the
interrelationships between the Pareto principle and quality management. As a perspective for
further scientific research on the basis of the conclusions of this publication, one can point to
how new technologies (machine learning, multiobjective optimisation) influence the
application of the Pareto principle in quality management. The use of these technologies could
lead to new qualitative changes in the field, allowing for process optimisation and improving
quality management outcomes across various economic sectors.
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