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RESUMO

Objetivo - Este artigo tem comobgetivo apresentar uma Revisdo Sistemética da Literatura (RSL) sobre estus
Brasil com aplica¢Bes de cartas de controle multivariadas indexadas em periéiteis d&cience

Desenho / metodologia / abordagem Os passos seguidos foram: sintese dexdodetalhada sobre as caracteristi
gerais docorpus analise de caitagcdes e redes de colaboragéo; e verificagdo da coocorréncia de tercoogusalo
texto. A revisao sistemética da literatura foi realizada com os protocolos de Biolchini et ), Ki@henham (2004) €
Tranfield, Denyer e Smart (2003). Os artigos foram selecionados na base ddV@ddotSciencee apos aplicacdo
dos filtros,restaran9 artigogpara a composi¢do dmrpus

Resultados- Percebetse uma tendéncia de crescimerdas publicagBes e a existéncia de internacionalizagac
pesquisas sobre o tema. O periddico mais utilizado como meio de divulgacaditmochemicalJournal Essa andlise
evidenciou autores relevantes para pesquisas nesta area: Harold Hotellings Ddogtgomery e John Fredck
MacGregor. Foram apontadimsportantes pesquisadores brasileiros que atuam principalmente na inddstria farme
e de lindiesel.

Originalidade / valor - Nao foram encontrados artigos que realizassem uma revisdo sistedetitaratura de
pesquisas brasileiras sobre gréaficos de controle multivariados. As principais contribuicbes deste matasioritam
seaoaumento do conhecimento cientifico na area de anélise multivariada e bibliométrica.

Palavras-chave- Gréficos de controle multivariados. Reviséo sistematicaelatura. Analise bibliométrica

ABSTRACT

Purposei This paper aims to present a Systematic Literature Re(@.R) & studies in Brazil with applications o
multivariate control charténdexed inournalsonthe Web of Science

Design/methodology/approacli The following stepswere carried out a detailedsynthesiswas performedon the

general characteristicsfahe corpus, ceitation and collaboration networkanalyzed and a co-occurrence of terms in
the text corpusvas verified A Systematititerature Reviewvascarried outusingthe protocolsset ou by Biolchini et

al. (2007), Kitchenham (2004) and Treelfl, Denyer and Smart (2003)apers were selectedoin the Web of Scienc
databaseandafter applyindfilters, results for29 articleswere giverto composghe corpus

Findings1 A tendencywas foundor an increasdn publications along withmoreinternational researcton the issue.
The journal most usedor publication was the Microchemical Journal.This analysisprovidedrelevant authors for
research in this areaHarold Hotelling, Douglas Montgomery, and John Frederick MacGregoportant Brazilian

researchers werhighlightedwho work mainly in the pharncautical and biodiesel industry

Originality/value 7 No articles weredundthat had carried outa SystematicLiterature Reviewof Brazilian research
on multivariate control chartsThe man contributionsto this manuscriptelated toan increasein scientificknowhow

in the area of multivdate and bibliometric analysis

Keywords - Multivariate Control Charts. Systematic literature reviéibliometric analysis.
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1. INTRODUCTION

Control charts are the main support tools for perfornfhtgtistical Process Control
(SPC) The control charts seek to detect deviations of representative parameters that may
negatively impact the operation of the process dmeksides, investigate the atgal
sequencing of the series analyz&berefore, the reasons for using process control charts are:
improved productivity through reduction of rework, prevention of defects, effective worker
participation, availability of irdrmation about th@rocess, as well as its productive capacity
(MONTGOMERY, 2016; MARCONDES FILHO, FOGLIATTQ OLIVEIRA, 2011;
FAISAL et al, 2019.

MaboudouTchao, Silva and Diawara (2018glieve thatthe processes of industrial
manufacturing modernizatiocontemplate seral situations that require the simultaneous
monitoring of the quality characteristics involved, and the separate control of these
characteristics can lead to interpretations mistakes abohltguality.

In the literature, several typed oultivariate ontrol charts are found, such as,
Hotelling's P (GALAVERNA et al, 2018;DARMANTO; ASTUTIK, 2017 HENNING et
al., 2014, multivariate control chart of exponentially weighted moving averages (EWMA)
(HAQ; GULZAR; KHOO, 2018; ABREl SCHAFFER,2017; KIM; JEONG ELSAYED,

2017; UGAZ SANCHEZ ALONSO, 2017), Multivariate Accumulated Summaries Graph
(MCUSUM) (NIDSUNKID; BORKOWSKI, BUDSABA, 2018; SUKPRUNGSEEet al,
2017).

Subsequently,the ehboration of the corpus of research was based on the
sydematization of the research protocol developed in the works of Biolehiail. (2007),
Kitchenham (2004) and Tranfield, Denyer and Smart (2003) who followed the
methodological rigidity imposed onightype of analysis. The research was structured i thre
stages: i) detailed realization of the synthesis with the general characteristics of the corpus, ii)
verification of collaboration and editation networks; and iii) study of the textual corpus in
relation to the capccurrence of terms.

From the point olview of the relevance of the research to the Brazilian literature, this
research is considered relevant, due to the analysis of the Brazilian publications in
multivariate control charts following theethodological rigor of a Systematic Literature

Review (SLR). Considering the theoretical contribution, the research seeks to investigate the
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corpus of the research through mapping the publications on the subject, besides seeking to
evidence the main mubariate control charts used in Brazil, as well as i@mareas of

application.

2. THEORETICAL FOUNDATI ON
2.1 Systematic Literature Review

The Systematic Literature RevieSL(R) is a synthesis of studies published in journals
that clearly presents the objectives, materials and methods used. In addithR arust be
conducted by a clear and reproducible methodological proccGREENHALGH,1997).

SLR uses an explicit and rigpus methodology in order to perform text identification,
critical opinion and synthesis of the most relevant studies on the thednessedd. The
elaboration of a consistent protocol is extremely important iBla#Ras it will be part of the
previous planimg and will guide all researcBARROSOet al, 2003).

Such approach differs from narrative bibliographic reviews becauSeRthere is a
systematization of research, where there is a sequencing of steps, that is, the method is
explicit, the techniquebave standardization and the study can be easily reproduced by other
researchers. For the direction of 8hR, the inclusion and exasion criteria of the studies
found must be previously elabozdt(MCDONALD et al.,2006).

The metaanalysis is the statistl treatment in relation to the results obtained from the
systematic review. Several authors perforr8&dR in various areas of kndedge and many
of them used metanalysis, Pedrini et al. (2018), Soriano, Alvarez and Valdés (2018)
concentrated their sllies onsocial and public relation®kuiz-Negrénet al. (2019), Andor
and Fels (2018), Mondolo (2019) in the economic area, Gedeff (2019), Archeret al
(2019), GutierreSalazar and Medrandizcaino (2019), in the area etology and biology,
Schmitz, Figueira and Lampron (2019), Newteinal (2019), Charet al.(2019) in the area of
education Deliberador, de Mello and Baha (2019)and Assiset al. (2017) in transport
engineering

In this study, the elaboration of the research corpusbaasd on the systematization
of the protocol deveped in the works of Biolchinet al. (2007), Kitchenham (2004) and
Tranfield, Denyemand Smart (2003) that followed the rigidity. methodology imposed on this

type of analysis. The research was structurethree steps: i) detailed synthesis with the




general characteristics of the corpus; ii) verification of collaboration andpemtion

networks; and iii) study of the textual corpus in relation to theamurrence of terms.
Therefore,SLR corresponds t@ fundamentally evidendeased activity, aiming to

summarize much information in one document, thus facilitating accessibility to atiorm

and categorizing studies in terms of reliability and relevance. This research aims to carry out

anSLR on the thema "multivariate control charts" in studies conducted in Brazil.

2.2 Multivariate Control Charts

Statistical Process Control (SPC) iset of tools and techniques related to quality
monitoring and control, corresponding to one of the efficiasurytrol strategies most used in
industrial manufacturing processedhis set of tools corresponds to a management
philosophy, where the focus is provide stability and continuous improvemenpodducts
services and processes, througdroduction engineering and statistics techniques
(MABOUDOU-TCHAQ; SILVA; DIAWARA 2018; MASON YOUNG 2002.

This methodology is linked to effective quality contrad, it enables the worker to be
able to monitor his process in real time, thus genegati greater commitment on the part of
the employee regarding the gixabf service performedYIN et al.,2015).

Xiang (2013) and Morales (2013) believe that the SRfresents a prevention
methodology, because through quality tools we seek to perfoenprbduction process
detailing, evaluating its discontinuity based on specific standards.

According to Faisalet al. (2018) control charts are the main support tools for
performing statistical process control. The control charts seek to detect the deviitio
representative parameters that can negatively impact the process operation and further
investigate the atypical sequencing of the analyzed series.

Qiu (2018) belieesthatcontrol charts are a quality management tool because, besides
contemplating tehnical aspects, they also provide an organizational environment for
continuous improvement. According kdarcondes Filho, Fogliatto and Olivei(a011) and
Wang et al. (2018), control charts are quantitative management tools used to support
statistical catrol of product quality in the production process, reducingodspecification
product volume and costs. related to production.

According to Lyu and Chen (200%) industrial sectorthere are several situations in

which two or more variables must bensiltaneously monitored, where independent control
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can lead to wrong decisionBlultivariate control charts are able to point out the correlation
and dependence betweee ithvestigated variables by analyzing the influeoicihe variables
together PAN; LEE 2010).

In several situations autocorrelation between the analyzed variables is present, where
one of the main causes is the gradual wear and tear of maemdesquiprant over time
(MASON; YOUNG 2002). Thus, the use of multivariate control charts allows the process
monitoring to be performed in real time by the employees themselves, ensuring the reduction
of the variability of the production system, contributing to¢batiruous improvemerof the

company

3. METHODOLOGICAL PROCEDURES

A protocol was systematized according to the methodological rigidity imposed to this
type of analysis, implying in the corpus of the research. The SLR will be performed using as
basis tle protocols proposedh ithe works developed by Biolchiet al. (2007), Kitchenham
(2004) and Tranfield, Denyer and Smart (2003)e papers were selected from the Web of
Science database using the term "Multivariate control charts". The use of the lresearc
protocol had the obftive of extracting papers that were in line with the proposed theme. The
choice of the Web of Science journal base is multidisciplinary and encompasses more than 12
thousand of the world's leading journals as it provides a broaserof research outpun a
variety of fields including social sciences, arts and humaniREGCH LACERDA;
JUNIOR, 2015). Several authors have already used the Web of Sdemesl base to carry
out a systematic literature revieRREIS et al, 2019 MONTERO, AGUADED; FERRES,

2017; HUANGet al, 2015 MICHELS; FU, 2014).

Based on the results of the research, some search filters were performed and some
criteria for inclusion and exclusion of the sample were elaborated. The period of collection of
the prmary data othis research refers to November of 2018 where 529 documents related to
the subject were found altogether. The filter established for "Countries and Regions" was used
in order to extract papers associated with Brazilian educational ingtgu8@ papersvere
described altogether describing studies on multivariate control charts in the country. It should
be highlighted that a period of time was not defined for the selection of papers in the searches

made in the Web of Science database. Alhgnall the wok on multivariate control charts




present in this base had the same chance of being fohdEIRA; SOUZA 2017, PRADQ
CAMPO 2018).

In order to select only papers published in journals, a second filter was applied, that is,
papers were excledl fromthe research, as well as abstracts, with 30 publications remaining.
After reading the abstracts of each of the remaining 30 papers, it was verified that only one
papers not aligned with the researched topic, so it was opted for its exclusione aodpis
of the research was 29 papers.

According to Zupic and Carter (2015), some research questions will guide the
analysis, such as who are the specialists in the fields of research on multivariate control
letters? How have these surveys developed dwvee? And what are the main topics
associated with the study of multivariate process control charts? The steps for conducting the
research are presented in Figure 1. It contains the criteria used for the inclusion or exclusion

of the papers found on thalgect.

Figure 17 Systematic Literature Review steps and resulting number of publications
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The phases for the dissemination of knowledge, were: detailed presentation of corpus
of the research in multivariateontol charts; analysis of ecitation and collaboration
networks; and analysis of @xcurrence of terms in the textual corpus.

It is worth noting that the textual corpus was defined based on the steps recommended
by Almeida and Goulart (2017), where thetiors emphasize the importance of minimizing
selection bias. In this sense, the selection stages of the primary studies included the
application of previously denoted filters, related to the languages, to the reputation of the
journal, aiming to assut@e quality of the studies and the content analysis performed by three
independent reviewers, thereby solving the disagreements with a fourth reviewer.

The next phase related to the analysis of collaboration awitatmn networks was
aimed atidentifying the most relevant authors of the textual corpus and verifying the
interrelationship between the teaching institutions linked to each of the authors of the works
analyzed. Subsequently, in the analysis phase-otcorrence of relevant termstime textual
corpus, it was identified the research focus in terms of objectives, methodology and results.

For these analyzes described above, bibliometric packages were used: Gephi 0.9.2
(BASTIAN; HEYMANN ; JACOMY, 2009) and Iramuteq 0.RATINAUD ; DEJEAN, 2009;

VIZEU CAMARGO; JUSTQ 2013). It should be noted that the results of this bibliometric
study are supported by the three laws of bibliometrics: a) Lotka's Law (1926), which
estimates the degree of relevance of authors in a given area okkigeywb)Bradford's Law
(1953, which verifies the degree of relevance of the periodicals; and c) Zipf's Law (1949),

which measures the frequency of occurrence anatcarrence of words in the text.

4. RESULTSAND DISCUSSION

The present section was dewatd following the thre stages of knowledge
dissemination proposed by Trafield, Denyer and Smart (2003) for the development of an
SLR: Detailed presentation of the corpus of the research in multivariate control charts in
surveys conducted in Brazil; Analig of ceactivity andcollaboration networks; and Analysis

of co-occurrence of terms in the textual corpus.




4.1 Detailed Presentation of the Research Corpus

Initially, it was tried to elaborate the science map from the work proposed by
(RAFOLS, PORTER LEYDESDORFF 201p tha used bibliometric data of the world
literature, aiming to show how the different researchers are interconnected, besides analyzing,
based on the papers of the textual corpus, how such maps may or may not cover the main
topics of a given topic, as well dselp the development agencies identify the research
frontiers and predict their investments better.

The results presented in Figure 2 emphasize the number of authorsaunti@s who
have an institutional bond in one omnore Brazilian higher educatiomstitutions, who

published the theme "multivariate control charts".

Figure 217 Number of authors and @uthors with institutional bond
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Source: Created by the authors, 2019.

Figure 2 shows that the authors amdauthors who have an institutional boimdone
or more educational institutions that published the graphic multivariate control of processes
were: State University of Campinas (UNICAMP) with 7 authors; Goiano Federal Institute
(IFGoiano) and Federal Uraysity of Uberlandia (UFU) with 4 authocstauthors each;
followed by Federal University of Minas Gerais (UFMG), Federal University of Ouro Preto
(UFOP), Federal University of Rio Grande do Norte (UFRN) and University of Sdo Paulo




(USP) with 3 authors. Thother institutions not mentioned hadslélsan 2 authors who have
an institutional bond and are mentioned in the works.

It should be noted that in making the previous survey, it is also possible to note the
cooperation between different institutions, lehat the same time, some authors havedbon
with more than one institution and different states of the federation, which causes a certain
author or even cauthor may represent more than one state. Figure 3 shows the distribution

of the number of educatal institutions by states of the fedeoatiin the research corpus.

Figure 37 Number of Institutions by Brazilian States of the Federation
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Source: Created by the authors, 2019.

It can be seen from Figure 3 that the State with the highpetsentation was Minas
Gerais with a total of foueducational institutions, followed by S&o Paulo and Pernambuco,
which had a total of three institutions each. As previously mentioned, in this work, a period of
time was not defined for the selectionpaipers in the Web of Science journals. Thus, Figure

4 shows the number of papers published over time, which includes the year 2004 and 2018.
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Figure 471 Publication number over time
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Source: Created by the authors, 2019.

As shown in Figure 4, there i@ growing trend in publications over the years,

indicating the potential for growth of research on this topic in Brazil, especially from 2015

with seventeen published works. The studies were also analyzed in terms of relevance when

considering the numberf aitations received by the evaluated papers, tedresults are
presented in Figure 5.

Figure 57 Most cited papers of the textuadrpus
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It should be noted that Figure 5 contains papers with five or more citations
corresponding to a total of 136 citations ree€ifrom the papers evaluated. Thus, the most
cited papers were published by Borin and Poppi (2004) with twenty three citations
corresponding to 16.91% of the total citations received; Oliveira, Rocha g 2009)
with twenty one citations corresponditgg15.44% of the citations received, Rocha and Poppi
(2010) with nineteen citations, corresponding to 13.97% of citations received, Avila et al.
(2012) with sixteen citations that refers to 11.76% of iteions, Rochat al. 010) with
ten citationscorresponding to 7.35% of the citations received, Machado, Costa and Marins
(2009) and Costat al. (2015) with eight citations each, corresponding to 5.88% of the
citations, Sitoeet al. (2017) with six diations corresponding to 4.41% of the total ocitas,
and finally, Balestrasst al (2011), Rocha and Poppi (2011), Mora¢sal. (2014), Torres,
Grangeiro Junior and Fragoso (2015), and Satoal. (2016) with five citations each, which
corresponds t8.67% of the total citations.

The journal's repation was analyzed through CAPES WebQualis, offering the
scientific community the epost parameters that allow the description of the dynamics and

density of contributions around a themespecificity. It was evaluated the periodicals of the

textualcorps according to the Bradfordoés Law, ac

order of productivity of papers of a certain subject in the respective scientific journals will
allow the etablishment of groups divided in an exponential way. Thus, tlroting
productivity of journals, it is possible to establish the nucleus and areas of dispersion about a
given subject in the same set of journals. Table 1 shows the number of journalsiand the
published papers, considering the thematic multivariate gcapitrols and based on the

bibliometric law of Bradford.




ny

X
il
.'c}

1
e

"?c.--, revista

. .GEPROS

g

Table 17 Number of Papers and Corpus Papers Published
N Journals Evaluated Papers | Cumulative frequency | Zones
1 | Journal of ThéBrazilian Chemical Society 3 3 Zone 1
2 | Microchemical Journal 3 6 Zonel
3 [ Analytica Chimica Acta 2 8 Zone 1l
4 International Journal of Advanced Manufacturing 5 10 Zone 1
Technology
5 | Biotechnology Progress 1 11 Zone 2
6 | Boletim de Ciéncia&eodésicas 1 12 Zone 2
7 Brazilian Journal of Operations & Production 1 13 Zone 2
Management

8 | Computers & Chemical Engineering 1 14 Zone 2
9 | Computers & Industrial Engineering 1 15 Zone 2
10 | Computers & Operations Research 1 16 Zone 2
11 | Current Analytical Chemistry 1 17 Zone 2
12 | Energy Fuels 1 18 Zone 2
13 | Fuel 1 19 Zone 2
14 | IEEE Transactions on Smart Grid 1 20 Zone 2
15 | Journal of Applied Statistics 1 21 Zone 3
16 | Journal of Chemometrics 1 22 Zone 3
17 | Journal oMolecular Structure 1 23 Zone 3
18 | Journal of Statistical Computation and Simulation 1 24 Zone 3
19 | OrganicProcess Research & Development 1 25 Zone 3
20 | Quality and Reliability Engineering International 1 26 Zone 3
21 | Quality Engineering 1 27 Zone 3
22 | Quality Technology and Quantitative Management 1 28 Zone 3
23 | Revista Virtual de Quimica 1 29 Zone 3

Souce: Created by the authors, 2019.

Table 1 shows that four of the twerttyree journals, namely: Journal of the Brazilian
ChemicalSociety, Microchemical Journal, Analytica Chimica Acta and International Journal
of Advanced Manufacturing Technology, whidpresents a total of 17.39%. Located in the
first zone (Z1), characterized as the strong point of the list of evaluated jouhalss, a
small number of highly productive journals. This zone has a total amount of ten published
papers, which represer4.48% of the total published papers of the textual corpus.

In the second zone (Z2), which makes up a total of nine journals of the tthesty
evaluated representing 39.13% of this total, namely: Biotechnology Progress, Bulletin of
Geodetic Sciences, 8zilian Journal of Operations & Production Management, Coanp&t
Chemical IEEE Transactions on Smart Grid have a total of nine published papers,
representing 31.02% of the total published papers of the corpus textual.

In the third zone (Z3), which rements a total of ten of the twerityree journals

evaluated,it represents about 43.48% of the total periodicals, namely: Journal of Applied




Statistics, Journal of Chemometrics, Journal of Molecular Structure, Journal of Molecular
Structure, Journal of Siatical Computation and Simulation, Organic Process Reseautth
Development, Quality and Reliability Engineering International, Quality Engineering, Quality
Technology and Quantitative Management and Virtual Journal of Chemistry, has a total of ten
published papers, which represents 34.48% of the total of putblisheers of the textual
COrpus.

The grouping technique was used with the factorial analysis technique. When viewing
the science from the bibliometric map, the analysisinéteerfactors was casidered, and it
enabled the identification of several field$ science and elements of world scientific
production. In this case, the factorial analysis used aims to evaluate the description and
variability between the correlated variables observed, sgeki reduce them to a smaller
number of such variables. Foer details on the technique of factor analysis can be found in
Hair et al.(2009).

The maps shown in Figure 6(a) and Figure 6(b), respectively, evidence the degree of
interdisciplinary of a sebf publications. Notice in this same figure that the heagrdia

indicates the areas of research with greater concentration.

Figure 6(a)i Science map of the areas of the corpus searched
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Figure 6(b)1 Density map othe areas of the corpus searched
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Note that in both of the graphs shown in the previous figures, they show the factors
with the highest intensity: Analytical Chemistry and IndustEagineering. This occurrence
can be explained by the large number of publications in these areas of knowledge. It is
noteworthy that there are other fields of science that also present significance in this research,
such as: Statistics Probability, Autonoat Control Systems and Multidigtinary Chemistry.

4.2 Analysis of Collaboration and @utation Networks

The analyzes of collaboration and-citation of institutions and authors were carried
out with the objective of verifying which institutions andtlzors are most frequently citbg
a more recent institution or author, in the Brazilian context, following the research protocol
proposed byTranfield, Denyer and SmafR003), Kitchenham (2004) and Biolchiet al.

(2007) and based on the collaboratigwork formulation, as it can lseen in Figure 7.
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Figure 71 Network of Collaboration between Teaching Institutions
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Source: Created by the authors, 2019.

It is possible to note through Figure 7 the formation of seven clusters (separated by
color), where Cluster 1 is made up of the \émsity of S&o Paulo (USP), Federal University
of Rio Grande do Norte (UFRN), Federdhiversity of Santa Maria (UFSM Federal
University of Minas Gerais (UFMG)iederal University of Ouro Preto (UFOP) and the
foreign institutions University of Central ¢fida (UCF) and Old Dominion University
(ODU), indicating the possibility of internationalization and at the same time development of
similar studies on this subject in the area of knowledge.

Cluster 2 is formedby the Federal University of Pernambuco (P Pontifical
Catholic University of Valparaiso (PUC Valparaiso), Federal University of Goias (UFG) and
foreign Institutions University of Canberra (UC), Universidad Catdlica del Maule, being
possible to notehke partnership between national and foreigancational institutions. The
Cluster 3 is composed of the Pontifical Catholic University of Rio de Janeiro-ft)C
Federal Institute of Pernambuco (IFPE), and the foreign institutions Universitat Politeenica
Valencia (UPV) and Escuela Superior Pdalitea del Litoral (ESPOL) also suggesting the
internationalization of research in multivariate control charts. Besides, the second and third
largest clusters are interrelated, indicating further internatiotialivaf the research carried
out on this sulgct, as well as the partnership between the educational institutions of Brazil.




Cluster 4 analyzed is formed by the State University of Campinas (UNICAMP), the
National Institute of Metrology, Quality and Techogy (INMETRO) and the International
Institute for Pharmaceutical Research (IIPF), evidencing the partnership of higher education
institutions with federal and institutes of specific areas. The Cluster 5 is formed by Goiano
Federal Institute (IFG), Federtdlniversity of Uberlandia (UFU) and by theréagn teaching
institution Pedagogical University (UP), again evidencing the internationalization as a strong
point of research on the subject explored.

Cluster 6 is formed by Federal University of Itajuba (UBIFand University of
Texas (UT), indicatingnce again the collaboration between national and foreign institutions.
At last, there is the formation of Cluster 7 that is formed between Federal University of
Paraiba (UFPB) and Pharmaceutical Laboratoryaesh&mbuco (LAFEPE), which indicates
the exiseénce of partnerships between higher education institutions with related companies to
the State Department of Health.

It is possible to see though the formation of the clusters that there is no evidence of a
geogaphical dependence in terms of collaboratithrat is, the spatial distance between the
educational institutions does not prevent the formation of partnerships between them. Another
important finding relates to the internationalization of the researdhesubject, since the
corpus textual was daborated with eight foreign institutions of education, located in Chile,
the United States, Mozambique, Ecuador, Spain and Australia.

In evaluating the caitation of cited references of the textual corpuss isought to
investigate the frequency withheeh two authors are simultaneously quoted by a third author,
consequently if the fact of a larger number of researchers citing the same two publications
will have as a consequence a greater probability thatdthuble citation is not a mere
coincidence,tirefers to a related subject between the publications cited in the research area.

Figure 8 shows the eoccurrence of the most cited authors in the references of the 29
papers analyzed, and the length of thetiees is equivalent to the Eigenvector Catlity
(PRELL, 2011) statistic. The coitation network was distributed through the algorithm of
Fruchterman and Reingold (1991), being carried out the grouping and considered the
"Modularity Class" statistic foits analysis NEWMAN, 2006).




Figure 81 Netwolk of co-citation of the cited references

Souza JAL SinghR. )
Phaladiganon P

Waterman KC

ICH Bermisis S.

HoLL ZNER Alcala M

bauEen ‘Eollanen K

Kourti T. RO
ggo Y
Wuz WOODALL WH

Benneyan JC

Karjalainen M

Bodnar OBragaJWB

Blanco M. Nijhuis A Clavaud M

Aparisi F .
Oliveira | K.

MACGREGOR JF

Reynolds MR AltE.B. Sitoe BY Mazivila S
LUCAS JM CROSIER RBKO"?F%rrer Alberto Costa FSL

RochaWFD Pinho:DMM
Pasquini C i e SRR

lachado MAG
Montgomery D. 5., cL KOURTIT BroR  Skibsted ETS
itsutak
whilns N Gontijo LC Mitsutake H
awkins DM, FOWRYCA de Ol LA Gofferie G

Bersimis S Blanco M Valderrama
Costa AFB Vigni ML MILLER JN

JACKSON Jg-orber AFerrao MF

Hotelling Hshewhart W. A. de Lima SM Pandey VC

Guimaraes E
NOMIKOS P Atabani AE . Bergmann JC

Knothe G Rakshit KD
Mahmoud M. A J2cksonJ-EcamachoJ  de LiraLFB Gaydou V
Alkahtani S Pimentel MF \W
GELADI P Zhang WB  Oliveira FCC

Fukunaga K.  Therrien CW Eomp de Oliveira JS

TRACY ND SAVITZKY A

YehA. B
Mahmoud MA

Khoo MBC

Bodecchi [Rbbotti E
Zhang JJ Housdo D

LeedM  jiaMx Massart DL

Source: Created by the authors, 2019.

Figure 8 shows the formation of four large groups (separated by color). Note that the
authors with the highest amount ad-citation are grouped in the cluster highlighteded,
followed by the authors of the blue cluster with a higfcitation occurrence number like the
purple cluster and, finally, the fourth cluster highlighted in green color which is formed by the
authors with the lowest incidence of -@itation.

It is sill possible to highlight the importance of relevant authors on the subject, such
as Harold Hotelling, Douglas Montgomery, and John Frederick MacGregor. Harold Hotelling
became popular for the preseidat of the Hotelling T distribution, along with their
respective hypothesis tests and confidence intervals. Another outstanding author is Douglas
Montgomery, researcher on the themes of Experiment Design, Quality Enginesmih

Industrial Statistics. ahn Frederick MacGregor is a statistician who workgsha field of




statistical process control, being his pioneering work in the area of multivariate analysis
focused on manufacturing processes.

Other outstanding researchers from the academic point ofwezes also evidenced in
the network of cited referengdeing among them: Theodora Kourti, Erik Skibsted, Edward
Jackson, Abdulaziz Atabani, Sotiris Bersimis, Alberto Ferrer and Avraham Lorber once great
part of these authors concentrate their studidsaratea of health or biodiesel.

In the cacitation netvork are found important Brazilian researchers on the subject,
such as Werickson Rocha, Jefferson de Oliveira, Fernanda Saadna Lopes da Costa, Julio
Alves, Maria Fernanda Pimentel. Werickson Rocha iteanologistiresearcher in the
Chemometrics and Quatetry of INMETRO and he is also a professor in several teaching
programs. Fernanda Saadna Lopes da Costa is a researcher in the area of biospectroscopy,
multivariate classification and infectiogentagous tropical diseases. Researchers and
chemists Jefison de Oliveira, Julio Alves and Maria Fernanda Pimentel work especially in
the field of chemometrics, being much of their studies focused on the biofuels sector.

The centrality statistics of the fi@ most cecited authors in their references, on the

subject of multivariate control charts are presented in Table 2.

Table 27 Top 15 authorsoftheemi t at i on net wor kés Stati st

N Authors Degree| Eigenvector Centrality
1 Kourti, T. 126 0.733333
2 Rocha,W.F.D. 122 0.717391
3 Skibsted E.T.S. 110 0.682759
4 Jackson,J.E. 102 0.673469
5 DeOliveira, |.K. 100 0.668919
6 Costa,F.S.L. 104 0.660000
7 Atabani,A.E. 90 0.647059
8 Bersimis, S. 90 0.647059
9 Alves,JC.L. 88 0.642857
10 | Pimentel,M.F. 86 0.638710
11 Ferrer, A. 82 0.630573
12 | Macgregor, JF. 78 0.618750
13 Lorber,A. 88 0.618750
14 | MontgomeryD. 76 0.618750
15 Hotelling, H. 74 0.614907

Source: Created by the authors, 2019.

The data presented in Tablec@rroborate the centrality of the authors, in which the
degree coesponds to the number of relations that each author has in-ti@toan network,

and the eigenvector centrality statistic determines the degree of centrality. The highest degrees




of co-occurrence are obtained by Theodora Kourti, Werickson Rocha an8oted- with
126, 122 and 110, respectively.

4.3 Analysis of Gaccurrence of Terms in the Textual Corpus

The cloud of words refers to the organization or even to the groupimnvgonafs
according to their frequency of occurrence, based on the lexioc#érd, as well as on the
representational centrality of the research corpus. This section has as premise to point out the
focus of the objective of the studies analyzed, the approddhe methodologies used,
besides the main results. This way, Figureh®ws the presentation of the words that were
extracted from the summaries of the textual corpus, considering their frequencies of
occurrences.

Figure 91 Cloud of Words Extracted fromte Abstracts of the Textual Corpus
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Note that the words arranged in Figure 9 were grouped into three large sets:
objectives, methodologies, and research results. In this case, the words “"chart", "control",
"monitor" and "multivariate” were excluded because they were directly relatbé subject.
In addition, we considered the words with the incidence number greater than or equal to 5 in
the 29 evaluated papers. See in the same figure that the objective of tred skidies
analyzed was to use the multivariate control charts fogulaéity monitoring, having a greater
application focus in the pharmaceutical and biodiesel industries. The focus on the
pharmaceutical industry is explained by the high incidence efwtbrd “infrared", which
refers to the use of infrared spectrometenggearch.

Regarding the methodologies used in the studies, the incidence of the words "sample”,

"residual”, "variation", "model”, "develop" and "base", suggest that the surveys peesent




quantitative approach. The studies are focused on the selectiormpfesain order to
investigate the residues and their variation, besides the elaboration and/or application of
multivariate control charts. In the results of the primary studies,nitideince of the words
"sample”, "quality", "biodiesel", "process" andade" occurs, indicating the application of
multivariate control charts in a composite database from the selection of a sample. In addition,
the studies indicated satisfactory resuttisthe quality of processes using multivariate control
charts, especiallfor the biodiesel industry.

Subsequently, through a textual corpus of the abstracts of the 29 papers selected, the
analysis of similarity of caccurrence was carried out, whichaischored in the graph theory,
making it possible to identify the emccurences between the words and their result, indicates
the connection between them, assisting in the identification of representation. In this case, the
words with the incidence numbgreater than or equal to ten were considered, obtaining the

following result (Figure 10).

Figure 1071 Similarity analysis of the coccurrence of terms in the textual corpus

Source: Created by the authors, 2019.




