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ABSTRACT

This research aims to present a literature review (LR) on control charts for autocorrelated processes,
intending to contribute to the scientific knowledge of the process management area. The article was
constructed having a research question defined ex-ante, elaborated based on the literature, where a
research protocol adapted from Tranfield, Denyer, and Smart (2003) was systematized according to the
methodological rigor demanded in the literature review, which resulted in the composition of the
research corpus. The research corpus was evaluated in detail using the bibliometric packages HistCite,
VOSviewer, package R and Iramuteq. It was evaluated the validity of the 3 bibliometric laws were verified:
Lotka's Law, Bradford's Law, and Zipf's Law based on the authors’ citation and co-citation techniques.
This study is considered as relevant and original since it is the first literature review on control charts for
autocorrelated processes. The results confirmed the 3 classical bibliometric laws for the researched
corpus. As a practical implication, this review provides support for quality management scholars to
unlock potential research gaps. The main limitation of the work refers to the composition of the textual
corpus, given that databases of national journals were not consulted due to the difficulty in terms of
compatibility of the software used in this research.
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RESUMO

Esta pesquisa tem por objetivo apresentar uma revisao de literatura (RL) sobre cartas de controle para
processos autocorrelacionados, com a pretensdo de contribuir para o conhecimento cientifico da area
de gestdo de processos. O artigo foi construido tendo uma pergunta de pesquisa definida ex-ante,
elaborada com base na literatura, onde foi sistematizado um protocolo de pesquisa adaptado de
Tranfield, Denyer e Smart (2003) condizente com o rigor metodoldgico exigido na revisao de literatura,
que resultou na composicdo do corpus da pesquisa. Avaliou-se o corpus da pesquisa de maneira
detalhada valendo-se dos pacotes bibliométricos HistCite, VOSviewer, pacote R e Iramuteq. Avaliou-se a
validade das 3 leis bibliométricas: Lei de Lotka, Lei de Bradford e Lei de Zipf com base nas técnicas de
citacdo e cocitagao de autores. Este estudo pode ser considerado como relevante e original em funcdo
de ser a primeira Revisdo Sistematica de Literatura sobre cartas de controle para processos
autocorrelacionados. Os resultados sugerem a confirmacao das 3 leis classicas bibliométricas para o
corpus pesquisado. Como implicacdo pratica, esta revisdo serve de apoio para que os académicos da
area de gestdo de qualidade possam desvendar potenciais lacunas de pesquisa. A principal limitacdo do
trabalho refere-se a composicdo do corpus textual, dado que bases de periddicos nacionais ndo foram
consultadas em fun¢do da dificuldade em termos de compatibilidade dos softwares usados nesta
pesquisa.

Palavras-chave: Controle estatistico de processos; Dados autocorrelacionados; Gestdo da Qualidade

1. INTRODUCTION

The production processes evaluation has created challenges for researchers
and decision-makers, because production maintains an accelerated pace, to meet
the needs and demands of internal and external customers. Quality measurement
makes it possible to use the most diverse types of tools to make products and
processes more and more efficient.

Many problems generated are due to intense production and small batches,
in which changes in machinery, projects, and specialized people must accompany
the request, demand, and requirements imposed by the project. Although
Shewhart's control charts, developed in 1924 and disseminated in 1931, are widely
used today, they are useful for the evaluation and monitoring of mean and
variability, requiring the assumptions for their application, as Benneyan (1998)
points out.

According to Montgomery (2004), Marcondes Filho, Fogliatto, and Oliveira
(2011), and Faisal et al. (2018) control charts are a useful technique for improving

productivity, being the main tools for performing statistical process control. They
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are effective at preventing defects, prevent necessary process adjustment, and
provide diagnostic information and process capability.

On Osei-Aning, Abbasi, and Riaz's (2017) view the modified control charts are
adjusted to compensate for the influence due to autocorrelation. Modified moving
averages and cumulative sums charts, through exponential ponderation, are two
types of charts widely used for autocorrelated data monitoring. As those charts
have design parameters, their formulation and choice play a significant role in
detecting out-of-control situations.

Autocorrelated processes can be treated with the use of control charts based
on exponentially weighted moving average statistics (EWMA), initially presented in
the 1950"s by Roberts (1959), as a generalization of arithmetic moving average
graphs. The accumulated sum graphs (CUSUM) ware initially proposed in England
by Page (1954) and have been studied by many authors. Ewan (1963) outlined many
control chart schemes and the type of process in which CUSUM charts are most
used.

Leoni, Costa, and Machado (2017), evaluated the effect of autocorrelation
through the T? control chart of Hoteling, verifying the effect of an anomaly in
processes. They concluded that the autocorrelation violation hypothesis must be
verified before the control chart is used since the anomaly presence affects the
performance of traditional charts, which reduces the ability to detect deviations
apart from the average.

This research aims to present a literature review on the control charts for
autocorrelated processes, to contribute to scientific knowledge in the area of
quality management. The main motivation for conducting this study lies in the need
to consolidate this type of control chart used in a more relevant way in the
evaluation of production processes susceptible to autocorrelated data. Another
motivating is to seek to understand the particularities of this tool that generates
diagnoses of process analysis, considerably with greater assertiveness, when

compared to case letters without the presence of autocorrelation.
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The rigorous research protocol for the literature review was systematized,
which resulted in the composition of the research corpus. The knowledge
dissemination was analyzed in two phases, one with a detailed synthesis of the
corpus general characteristics and the other and the other one focused on the
content analysis based on clusters that emerged in the study themes.

This study is relevant and original as it is the first literature review on control
charts for autocorrelated processes. When searching the web of science journals
database, there were no reviews that deal with production processes where the
data are autocorrelated. Therefore, this is a theme where it demonstrates the need
to prepare this review, confirming its originality.

The theoretical contribution consists in mapping the field characteristics and
analyzing the studies based on a specific research problem. The contribution
consists of offering evidence on the results of the studies so that they can help
process managers in decision-making, creating strategies for cost optimization
oriented to competitiveness, by the findings in the studies that make up the
research corpus.

Based on the research purpose, as well as on the need to elaborate a
literature review, the following central research question was asked: “In the past
twenty years where statistical process control charts for autocorrelated process
been applied?”

Considerations made previously, the following secondary questions arise:
Who are the most cited authors? Which countries are the authors from? What are
the main journals? What are the main themes and keywords identified?

This study is divided into four sections, which can be summarized as follows:
the first one refers to the introduction; the second one brings the methodological
procedures adopted; the third one concerns the presentation and analysis of
results; the fourth one deals with the final considerations, limitations, and

recommendations for future research.
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2. METHODOLOGY

The objective is to map the studies published on the Web of Science, to
contribute to scientific knowledge from a research question that guides the
analysis. The intention of carrying out this study is to search the literature on
quality management based on the following research question: “To what extent are
the statistical process control charts that have been applied in the last twenty-two
years?”

The LR was conducted based on the proposition of a research protocol, as
demonstrated in Figure 1, which is aligned with the methodological rigor of an LR,
as a way to present legitimacy and offer a structured knowledge and base for

decision-makers, Tranfield, Denyer & Smart (2003).

2.1 First stage: review planning

The first stage refers to the revision planning, which consists of the
orientation of specialists on the main theme, as well as the
research corpus construction process, using the concept of Aarts (1991) as a
selected and organized textual set that expresses a certain sense of language. In
this LR the corpus seeks to extract attributes quantitatively, as well as qualitative
representations from the analyzed content, Bauer and Aarts (2010). This phase
comprises the research protocol elaboration, as a way of assigning objectivity to
the steps performed and their descriptions, Tranfield, Denyer, and Smart (2003).
The protocol elements are research question, population, and sample, the strategy

adopted for study inclusion and exclusion.

2.2 Second stage: driving LR

The second stage refers to a comprehensive and impartial search conducted

through the keywords identification and searched terms related to the research
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question raised in this study. The articles were searched in the Web of
Science database, which covers the databases as Science Citation Index Expanded,
Social Sciences Citation, Arts & Humanities Citation Index, Conference Proceedings
Citation Index (Science), Conference Proceedings Citation Index, Social Science &
Humanities, Emerging Sources Citation Index, Current Contents Connect, Derwent
Innovations IndexSM, KCl, Russian Science Citation Index, SciELO Citation Index,
Cambridge University Press, Elsevier, Springer, Wiley-Blackwell, and Nature Publishing
Group.

The articles were located from the following keywords: control charts and
autocorrelated processes. The syntax used during the search process in the Web of
Science database was TS = ("control charts" AND "autocorrelated process").

It was defined as inclusion criteria: the presence of these words in article
titles; the search for articles published in periodicals; English as the document
language. This strategy was thus defined by extracting articles that effectively
analyzed the proposed relations, the title being a support criterion, and the
composition of articles in the industrial engineering area where 46 articles were
located in the Web of Science.

From the previous criteria, articles were found linked to relevant sources
such as the Journal of Quality Technology, Quality and Reliability Engineering
International, Computers & Industrial Engineering, Technometrics, Applied
Mathematics and Computation, Asia-pacific Journal of Operational Research,
Expert Systems with Applications and Information Sciences. For the search, a time
period was not defined for the choice of articles, which made it possible for all
studies published within the investigated theme, to have the same chance of being
located, composing a probabilistic stratum. After the inclusion of the criteria
through the filters, the sample comprised a total of 18 articles from the Web of
Science.

The abstracts and the introduction were read individually for each article and

after finding that some studies were not adherent to the theme, they were
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excluded. This procedure confirmed its adequacy to the research question in the
study of the relationship between control charts and autocorrelated processes.
Thus, the corpus of the research was 18 articles from the Web of Science. These
studies were in agreement with the criteria previously defined in this LR, which
were reviewed using the face-validity technique by 3 specialists in the area.

The research corpus was compiled in an electronic spreadsheet, highlighting
the elements of each article individually that contribute to the realization of RSL.
Citation and content indicators were extracted from the articles. The citation
indicators were listed in 7 elements: the year in which the article was published,
linked journal, the title of the article, number of citations of the article, name of the
authors of the article, number of authors, and country of performance of the
authors. The content indicators included 7 elements analyzed in the studies, which
were listed in: keywords cited in the article, objective, contribution, theme related
to letters of control of autocorrelated processes, collection procedure, main results,

and limitations of the research.

2.3 Third stage: dissemination of knowledge

The third stage represents the LR results dissemination. These results
represent the group synthesis, which consists of generating knowledge conducted

in two stages, Tranfield, Denyer, and Smart (2003).

2.3.1 The first stage of the third stage: detailed analysis

The first stage of the Third Stage, referring to the dissemination of knowledge,
provides a detailed analysis of the characteristics of the articles that make up the
research corpus, elaborated using an electronic spreadsheet, HistCite, VOSviewer,
Rstudio, and Iramuteq software.

In the first stage, a detailed analysis of the general characteristics of the 18

articles in the corpus was presented, containing: the relationship between the
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authors that make up the corpus, the relationship between the most mentioned
authors, the relationship between the ost closely coupled authors, the most
relevant words in the title, abstract and words of the corpus and the relationship

between the keywords of the corpus.

2.3.2 The second stage of the third stage: an in-depth analysis

The second stage of the Third Stage, referring to the dissemination of
knowledge, consists of conducting an in-depth analysis of the textual corpus,
referring to the thematic analysis. This stage was constructed by identifying
clusters or categories of analysis that represented similar research themes found
in the 18 articles.

An analysis is carried out with the most frequent variables used in the studies
to estimate the relationship proposed in the research question. This stage is driven
by the concentration of a shared consensus between different themes that make
up the textual corpus. The creation of clusters and categories encompasses a
detailed description of their contributions, highlighting relevant parts of the corpus,

based on the literature.

2.4 Graphic presentation of the research protocol

The construction of the LR research protocol and its generated results
contribute to mapping the studies referring to control charts. Figure 1 presents the

research protocol systematization.
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Figure 1 - Systematization of the research protocol
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Figure 1 presents relevant evidence about control charts for autocorrelated
processes, which is in line with the principles of literature review defined by
Tranfield, Denyer, and Smart (2003) and seeks to analyze all the theoretical

evidence from the corpus articles.
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3. DATA PRESENTATION AND ANALYSIS

This section aims to present the articles' analysis results of the corpus, based
on 8 periodicals and 39 authors and co-authors, selected in the Web of
Science database. The authors’ productivity and organizations were evaluated, as
well as the journals’ productivity and the word occurrence frequency or word co-

occurrence in a text.

3.1 Number of articles published per year

Figure 2 shows the behavior over the years of the number of articles

published, as well as the relative participation of the corpus articles.

Figure 2 - Quantity of documents published per year

6 30%

25%
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15%

10%

1 1
| I I I I I I )
0 0%

1995 1999 2001 2002 2004 2007 2008 2010 2012 2017

mm Number of articles —%

Source: The authors (2020)

It can be seen in Figure 2 that the period between 1995 and 2002 does not
show the absence of variability in the number of articles published, remaining

between 1 and 2 publications over the period, which corresponds to 28% of the
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period's production. In 2008, there was a sudden increase in the number of articles
published, from 1 to 5 documents, which corresponds to the accumulation of 67%
of works published in the period between 1995 and 2008. Between 2010 and 2017,
there was a drop in the number of documents published, corresponding to 6
documents, corresponding to 33% of the total number of articles in this period
analyzed.

It stands out in the period 1995 to 2017 the works developed by the author's
Lu and Reynolds, which was published in 2001, entitled Cusum charts for
monitoring an autocorrelated process, in the Journal of quality technology, where
it obtained a total of 68 citations received, in addition of the work developed by
Runger and Willemain, published in 1995, entitled as Model-based and model-free
control of autocorrelated processes, in the Journal of Quality technology, where it
obtained a total of 66 citations received.

In this sense, it is possible to confirm the validity of Lotka's Law that
measures the productivity of authors, since 97% of the authors, corresponding to
38 authors publish only 1 article while 1 author corresponding to 3% publishes 3

articles.

3.2 Geographical distribution of authors

The geographic distribution of the 18 articles comprising the textual corpus
in the period considered was analyzed. A total of 25 citations were found from
authors who had their affiliations in institutions in the 13 countries evaluated

geographically, as can be seen in Figure 3.
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Figure 3 - Geographical distribution of the authors cited in the textual corpus
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Based on Figure 3, it can be seen that the United States has 8 authors who
declared they have ties to American institutions, which corresponds to 32% of the
total number of authors and co-authors. Then there are China and Taiwan who
came in second place with 3 authors in each linked country, which corresponds to
12% of the corpus and Italy which obtained 2 authors linked to Italian institutions,
which corresponds to 8%.

The remaining countries, Greece, Iran, the Philippines, Qatar, Saudi Arabia,
Singapore, South Korea, Thailand, and Tunisia, show only 1 author in each country
with institutional links, corresponding to 4% institutions related to the total of the
institutional link shown.

It should be noted that the four most-cited countries through their
institutional links (USA, China, Taiwan, and Italy) correspond to 16 citations of the
total of the 25 citations of the countries in the most diverse articles, identified by
their links, which corresponds to 64% of the total citations of the countries while
making this survey. Some authors have different institutional links from different

countries, which means that one author can represent more than one country. But,
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in this study, only the first author of each paper on the textual corpus was
considered.

It can be seen in Figure 4 the main collaborations between countries,
formulated based on the VOSviewer software and, considering as an ex-ante
parameter, the formation of clusters, the fact that the country appears in the
document once and that it has been mentioned at least 2 times. In all analyzes of
clusters, throughout this work the clusters will be identified according to the colors
as follows: Cluster 1: red color; Cluster 2: green color; Cluster 3: dark blue color;

Cluster 4: yellow and Cluster 5: purple.

Figure 4 - Map of citations between countries in the textual corpus
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The formulation of the 5 clusters in terms of citation between countries is
perceived based on Figure 4. The green cluster stands out as the one that has more
intensity in terms of scientific collaboration that is the United States. The first

red cluster’s network refers to the following countries: Iran, Singapore, and Taiwan,
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which obtained a total of 113 citations and 10 relational links with the other
countries.

The second cluster of green color includes the following countries: United
States, Qatar, and Saudi Arabia, which had a total of 285 citations among all its
members and 17 relational ties, with the United States with 46.91% of the total
citations received.

The third dark blue cluster consists of the countries: Greece and China with
120 citations and 7 relational links.

The fourth yellow cluster is composed of Italy and Thailand, which had a total
of 55 citations and 4 relational links with the other countries of the network.

Finally, the fifth and last cluster of purple color comprehends the countries:
Tunisia and South Korea, with 23 citations and 4 relational links with the other
connected countries. Among the 13 countries in the sample, only the Philippines
has no link with the other countries, so it does not appear in the above cluster, the

country has only 3 citations.

3.3 Authors’ productivity Analysis

This section aims to show the results obtained from the citation indicators
extracted from the corpus articles to evaluate the authors’ productivity based on

Lotka's bibliometric law.

3.3.1 Evaluation of authorship composition

To evaluate the authorship composition of the corpus articles, the number of
authors of each of the articles was extracted individually, aiming at quantifying the
tendency of publications made in partnerships.

In the views of Katz and Martin (1997) and Olmeda-Gémez et al. (2009), the
composition of authorship refers to how contemporary researchers share data,

equipment orideas in a particular project and brings benefits such as specialization
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or division of tasks among the participants of the work, such as reducing the time
of involvement, improvement of the quality of the article, besides the reduction of
the uncertainties regarding the acceptance of the article due to the diversity among
the authors.

Figure 5 shows the authorship composition, taking into account the

authorship decomposition with 1, 2, 3, and 4 or more authors.

Figure 5 - Composition of authorship of the textual corpus
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Source: The authors (2020)

In Figure 5 the composition of authorship of articles in the corpus over time.
We observed that 94.44% of the evaluated works, corresponding to 17 articles,
have more than 1 author, which denotes an intensity of partnerships in terms of
research over time with other co-authors.

In this sample, 1 work was obtained with only 1 author, which is equivalent
to 5.56% of all evaluated works. Therefore, it is assumed that several studies
analyzed from the textual corpus, come from reflections resulting from the

maturity of researchers about the practice of doing research.
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It was also noticed that 12 evaluated works were published with 2 authors,
which represents 66.67% of the corpus, while the co-authorship with 3 authors
includes 4 articles, which corresponds to 22.22% of the entire corpus, while the co-
authorship with 4 authors obtained only 1 article, representing 5.56% of the
sampled articles.

For the elaboration of the previous figure, the first author is considered to
be the one who has the greatest contribution in terms of having devoted more time

to work and so on.

3.3.2 Authors’ citation analysis

According to Vanz (2004) and Romancini’s (2010) view, the citations allow the
investigation and visualization of the relationship between citing document and
cited document, providing transparency in the subjects addressed in the different
areas of knowledge. The analysis of citations can still be seen as a tool to estimate
the contribution of the results of the scientific production that they had for a
certain area of knowledge. When performing the citation analysis, it is sought to
find out which researchers are most cited or more productive.

Through the articles in the corpus, it is clear that the most cited article was
that of Tsung (1999), entitled as Join monitoring of PID - controlled processes,
published in the Journal of Quality Technology, where it obtained a total of 114
citations, which corresponds to 23.75% of the 480 citations received by the 18
articles highlighted in the corpus.

In his work, the author proposed a new methodology aimed at measuring
performance and robustness based on a statistical process control algorithm, using
joint monitoring schemes based on Hotelling's T2 charts and Bonferroni's
approach, that is, refers to a joint monitoring strategy based on controlled PID
(Proportional-Integral-Derivative) processes to monitor the process input and

output simultaneously. The results aim to overcome potential deficiencies of the
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traditional statistical process control charts, by demonstrating that the joint
monitoring of the two approaches mentioned above brings effectiveness in terms
of the control charts.

We can also highlight the work developed by Lu (2001), entitled as Cusum
charts for monitoring an autocorrelated process, published by the Journal of
Quality Technology, in 2001, where he obtained a total of 68 citations,
corresponding to 14.17% of the total citations received from the corpus.

In this article the author investigates the Cumulative Sum (CUSUM) graphs
based on observations and residues, showing that, for moderate levels of
autocorrelation, both types of CUSUM graphs require approximately the same time
to detect changes in the process average. For higher levels of autocorrelation, the
two types of CUSUM plots (observations and residuals) work similarly for small

changes, but the residuals CUSUM is slightly better than the large changes CUSUM.

3.3.3 Analysis of authors' co-citation

For Small (2004) and Gracio and Oliveira (2013), the co-citation analysis can
be seen as the frequency with which two or more documents, authors, or areas are
jointly quoted in later scientific productions, which demonstrates how a certain
knowledge area is structured. In Figure 6, a covariance map is presented, based on

348 cited references in 18 corpus articles and elaborated by VOSviewer.
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Figure 6 - Author’s co-citation Map
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It was defined as a unit of analysis the "cited references" and a counting
method “full counting”, where the same weight is attributed to each of the links
between the references co-cited and the formation of the clusters about the size
of the circles, colors, and thickness of the line segments is proportional to the
frequency of co-citation between the connected authors (Figure 6). The co-citation
map evidenced 2 clusters: the first one denoted by the red color (cluster 1) that
contains 12 elements, while the second one (cluster 2) disposed of by the green
color where it contains 9 elements.

Figure 7 shows the network of words evidences the relationship between

them, made using VOSviewer software.
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Figure 7 - Network of corpus words
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The network of words aims to map the possible themes related to the central
theme, that is, a graphical abstract about theme: "control charts for autocorrelated
processes" (Figure 7). The strength of the relationship between the nodes verified
in the network can be evaluated by the proximity between them. It is possible to
formulate the network of words by observing their groupings and the relational
links with other words.

To do this, use the creation of the network as a unit of analysis or the
VOSviewer software. Consider the title, keywords, and summary for analyzing the
articles in the corpus and building the word network, in addition to the “binary
count” counting method. In this same context, consider a minimum frequency of 3
occurrences out of a total of 428 terms, with a reduction of 39 terms, which support
the construction of the association network between the terms searched that came
from the theme of control of autocorrelated processes. As a consequence, 60% of
the previous 39 terms were selected, a priori, to constitute the network, resulting

in a total of 23 terms that will form part of the word network as shown in Figure 7.
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The network of words is divided into 3 clusters: cluster 1 of the red color was
denominated "Methodology of process monitoring" with 8 items; cluster 2 of the
green color was titled "Letter CUSUM" with 7 items; cluster 3 of the blue color
entitled "Multivariate Process" with 3 items.

Figure 8 shows the density map, highlighting the most prolific authors in this
area. This map shows clear and isolated spots whether the authors do not work
together or the works in sets are recent with few quotations. On the other hand,
whether noticed dark reddish spots represented strong co-citation among the

evaluated authors.

Figure 8 - Density map of co-cited references
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In Figure 8, the minimum number of 4 references was considered, extracting
the 21 most cited authors simultaneously and their relational ties, which allows a
better visualization in the density map of the network. It is noteworthy that in the
density map extracted from the networks, the analysis of co-citation considered

the first author to be the main author of the work.
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3.4 Journal productivity and reputation analysis

The journal productivity and reputation evaluation, verifies Bradford’s law,
for the collected sample. These analyzes are important to show both the
functioning and the volume of articles published in the sampled period, revealing
the dynamic behavior in terms of the theme contributions density.

In this study, we tried to answer the secondary question of research, based
on the results of Table 3: which are the main journals in the corpus in the researched
area? Based on Alabi’s (1979) view, Bradford'’s Law states that the decreasing order
of productivity of articles on a given subject in scientific journals makes it possible
to establish exponentially divided groupings. In this sense, the journal number in
each grouping that is proportional to 1:n:n2. Thus, by measuring the journals’
productivity, it is possible to establish the nucleus and areas of dispersion on a
given subject in the same set of journals.

In Table 1, several bibliometric indicators related to the productivity and
reputation of the corpus journals are journal-title, the quartet of Scimago citations,
the number of articles published in the textual corpus, H-index score, Journal
Citation Report (JCR), the country and Publisher corresponding to
each corpus journal, based on the Bradford bibliometric law that estimates the

degree of journals relevance for a certain area of knowledge.

Table 1- Analysis of Productivity and Reputation of the Journal

n Title 5JR Quartile| Zone Quantity Articles | 5JR Index | Hlindex | JCR(2017) Country Publisher

1 |Journal of Quality Technology 1 Zone 1 6 1.814 73 2306 United States American Society of Quality
2 (Computers & Industrial Engineering Q1 Zone 2 2 1.463 103 3.195 United Kingdom Elsevier

3 [Technometrics Q1 Zone 2 2 1.546 &9 1.568 United Kingdom United Kingdom

4 (Quality and Reliability Engineering Internaticnal Q2 Zone 2 4 0.955 45 1.604 United Kingdom John Wiey & Sons

5 |Expert Systems with Applications at Zone 3 1 1.271 145 3768 United Kingdom Elsevier

6 (Information Sciences Q1 Zone 3 1 1.635 142 4.305 Netherlands Elsevier

7 |Applied and Caor 1 Q1 Zone 3 1 1.065 "7 2.300 United States Elsevier

8 [Asia-Pacific Journal of Operational Research Q2 Zone 3 1 0.477 26 0.558 Singapore World Scientific Publishing

Source: The authors (2020)
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Related to the reputation of the selected journals set out in Table 1, we can
see that the 13 articles were published in journals located in the first quartile (Q1)
of quotations from the Scimago Journal Ranking, according to the SJR (2018) that is
the 25% of the most cited articles, measuring the visibility and prestige of journals.
The other 5 articles were published in journals in the second quartile (Q2) of
quotations from the Scimago Journal Ranking (SJR), which corresponds to 50% of
the total articles.

Taking into account the 18 journals of the textual corpus, these were
distributed in 3 zones (Zone 1, Zone 2, and Zone 3). The first zone corresponds to
33.3% of the corpus articles, with 6 articles published in only 1 journal that
corresponds to 12.5% of the 8 journals present in the work. In the second zone, 8
articles represent 44.4% of the corpus of the research, divided into 3 journals
equivalent to 37.5% of the total. Finally, the third zone with 4 works, which
represent 22.2% of the corpus, divided into 4 journals, corresponding to 50.0% of
the total.

About H-index, created by Hirsch (2005), in Table 1, show the six journals with
the highest indicators were Journal of Quality Technology, Computers, and
Industrial Engineering, Technometrics, Applied Mathematics and Computation,
Expert Systems with Applications and Information Sciences. To interpret the
described H-index results, it was taken as an example the case of the journal Expert
Systems with Applications (H-index = 145) as this journal obtained 145 of its articles
cited at least 145 times, a high reputation for such a scientific journal. Although it
is @ measure widely used to measure the author and journal quality, there is no
consensus around its use leading to questions from the scientific community. Thus,
the questionnaire on the productivity of the evaluated journals was answered.

Regarding the distribution by the country where the investigated journal is
hosted, it was possible to verify that the 8 journals are distributed in 4 countries:
United States (2 journals), United Kingdom (4 journals), Netherlands (1 journal) and

Singapore (1 journal).
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When evaluating the publishers contained in Table 3, it was observed that
there is a sprinkling in terms of the number of publishers, given the presence of 5
publishers in the corpus: Elsevier (4 journals) corresponding to 50% of the market,
American Society of Quality, Taylor & Francis, John Wiley & Sons and World
Scientific Publishing with 1 journal each, corresponding to 12.5% of the journals

total periodicals evaluated.

3.5 Word Cloud and Word Network

Clouds of words describe representations of a visually hierarchical list for
classification purposes, where the greater or lesser number of appearances of a
given term is given proportionally by the size of the source. The words are
randomly positioned so that the most frequent words appear larger than the
others, thus evidencing their prominence in the textual corpus. Besides, it makes it
possible to identify the co-occurrences among the words and their result gives
indications of the connection between them, aiding in the identification of the
representation structure based on Zipf's law (ZIPF, 1945).

Figure 9 shows the abstract word cloud formulated through Iramuteq

software.
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Figure 9 - Corpus abstracts word cloud
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It is possible to highlight the words "process”, "chart" and "control" in Figure
9. The word "process" has 84 occurrences of the total of 1127 occurrences,
representing 7.45% of total words which most appear in the corpus abstracts,
"chart" obtained 75 occurrences, which represents 6.65% of the total and "control"
had 69 occurrences, corresponding to 6.12% of the total.

It is worth emphasizing that the greater and more centralized a particular
word in the cloud, the greater the degree of its evocation by the subjects.
Conversely, the further apart and smaller the size the less will be, Camargo and
Justo (2013).

In Table 2 we present the Top 10 keywords occurrences for the word network

seen in Figure 7.
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Table 2 - Top 10 of Keyword Count

Terms Ocorrences % Relevance
Comulative Sum 4 11,76% 2,45
Robustness 3 8,82% 1,61
Shewhart 4 11,76% 1,60
Sample 3 8,82% 1,36
Hotelling 3 8,82% 1,21
Random Error 4 11,76% 1,10
Autocorrelated data 3 8,82% 1,09
Statistical Process Control 4 11,76% 1,05
Advantage 3 8,82% 1,03
Process Mean Shift 3 8,82% 1,02

Source: The authors (2020)

In table 2 shows the occurrence and relevance of the keywords used to
formulate the clusters. Also, the 3 words with the greatest appeal in terms of
relevance were "Cumulative Sum", "Robustness" and "Shewhart", which means that
these words have a higher relevance score about the other words present in
the corpus. These words obtained 4 occurrences, representing 11.76% of the total
of the 10 main words found in the clusters, and the word "Robustness” obtained 3

occurrences corresponding to 8.82% of the total.

4. FINAL CONSIDERATIONS

This work aimed at performing a bibliometric analysis of control charts for
autocorrelated processes. For this, we sought support in the process of literature
review, where the primary articles were mapped in quality management,
specifically in the area of statistical process control.

The analysis was based on the three classical laws of bibliometrics: Lotka's
Law, which evaluates authors' productivity; Bradford's Law, which measures the
productivity of periodicals; and Zipf's Law, which measures the frequency of

occurrence and co-occurrence of certain words in a text.
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The corpus descriptive analysis revealed that the authors and co-authors are
distributed in 13 countries, with emphasis on the United States. The period of
analysis comprises the years 1995 to 2017, highlighting the year 2008 with 5 articles
published.

The basic assumption of Lotka's Law - that there is a small elite of more
proficient researchers while the vast majority publish little - in this sense, one can
confirm the validity of Lotka's Law for a selected sample of authors, since 97.4 %
of authors (38 authors) published only 1 document while 1 author published 3
documents. Regarding the co-citation, the following authors stand out: Lu (1999),
Box (1994), Alwan (1988), and Montgomery (1991) with 10, 6, 11, and 9 citations,
respectively.

About the journal distribution, the results confirm the Bradford's Law, given
that the Journal of Quality Technology was positioned in zone 1, corresponding to
12.5% of the total journal sampled.

According to the assumptions of the Zipf Law, of a total of 1127 occurrences,
the words with the highest frequency of occurrence were “process”, “chart” and
“control”, which suggests their measurement and consequent confirmation
through the elaboration of the word cloud and building your network.

Regarding the grouping of keywords, the co-occurrence network formulated
contemplated 3 clusters. The three words with the greatest appeal in terms of
relevance were "Cumulative Sum", "Robustness" and "Shewhart", which
represented that these words had a score of superior relevance about the other
words present in the corpus.

The keywords clusters used as a basis for establishing the relationship among
the terms referring to control charts for autocorrelated processes, 3 clusters were
formed according to subjects that are interconnected. The subjects
were Methodology of process monitoring - (cluster 1), which involved procedures that

are related to process monitoring; CUSUM Chart - (cluster 2), in which it contained
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the types of process control charts; (cluster 3), which indicated the improvement of
the process when observing the performance, as well as the state of the process.
The study main limitations were the corpus composition and the keyword
selection for the word network clusters.
This study contributed to identifying the research corpus on control charts
for autocorrelation processes and offered the major study in this theme and the

three most prominent investigation areas.
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