
Posted: April 10, 2019

A bibliometric review of process mining in manufacturingprocesses
Ramon Gomes da Silva1,*

1Graduate Program in Industrial & Systems Engineering (PPGEPS) , Pontifical CatholicUniversity of Paraná (PUCPR) , 1155, Rua Imaculada Conceição, Curitiba, PR, Brazil.80215-901*Corresponding author: gomes.ramon@pucpr.edu.br
Abstract

The process mining is essential when it is needed to know what is happening in the execution of theprocesses, even more when it is manufacturing processes. Also, there is a lack of studies on processmining in manufacturing processes, one reason is because the process mining still a young field of study.Therefore, this paper presents a bibliometric review of a history of the processmining techniques appliedin manufacturing processes. It was used, as methodology, a systematic review of the literature, by con-sulting databases from Web of Science and Scopus, using filters to generate a sample that would matchwith the scope of the research. As results, it was made some analysis, which presents the identificationof the years, authors, research source, countries, number of citations, keywords cloud and industry typeused in the cases studied. Also, some graphics, tables and information is presented on this paper.
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1 Introduction

The manufacturing industry has a big role on world economy and development. In manufacturing pro-cesses, as in a production line, it is essential keep the flow running and know what is happening in eachsector of the factory. Hence, process mining techniques are needed to get information about what is re-ally happening in the execution of a process, and not what the people think it is happening (van der Aalstet al., 2004). Typically these techniques use the log files that collect information about the events detectedand stored by the information system in which the process has been performed (Vázquez-Barreiros et al.,2015).
Therefore, this paper aims to present a bibliometric review of a history of the process mining techniquesapplied inmanufacturing processes. The contribution of this study is to showwho are the principal authorsthat work on this area, what are the journals or conferences more likely to this research, what are theprincipal studies about it, etc. In addition, the information found could show if there are lacks on this kindof research, leading future researchers where are the unexplored areas.
This article is structured in five sections. In section 1, an introduction; in the section 2, a theoretical back-ground; in the section 3 the description of the methodology of the samples definition and the analysistechniques; in the section 4, the results; and in the section 5, the final considerations and suggestion forfuture researches. Also, the references and an appendix at the end.

2 Background

Process mining is a recent subject area of research that started to be explored in the last decade. Theprocess mining techniques is used on different areas, such as, manufacturing (Yang et al., 2014a), business(Nguyen et al., 2017), services (van der Aalst, 2013), healthcare (Rebuge and Ferreira, 2012), and othersprocesses.
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Furthermore, reinforcing the idea of process mining diversity, the process mining techniques provide newmeans to improve processes in a variety of application domains (van der Aalst et al., 2012). This diversityis due the fact that process mining aims to discover, monitor, and improve real processes by extractingknowledge from event logs readily available in today’s information systems (van der Aalst, 2013).
To better understanding of what process mining does, the software runs on machines that can log userbehavior, which are stored in a so-called event log (van Genuchten et al., 2014). Therefore, process miningaims to extract useful process-related information from those event logs.
Moreover, some authors divide the process mining into three types: (1) discovery, (2) conformance, and(3) enhancement (van der Aalst, 2013; van der Aalst and Dustdar, 2012; van Genuchten et al., 2014), seeFigure 1.

Figure 1: The three basic types of process mining, adapted from (van der Aalst and Dustdar, 2012)

3 Methodology

The bibliometric analysis is defined as an investigation technique that aims to analyze the size, increasingand distribution of the bibliography in a certain knowledge field (Pilkington and Meredith, 2009; Endleret al., 2016).
Citation analysis and content analysis are commonly used bibliometric methods (Sun et al., 2012). Biblio-metrics have wide applications in various areas to elevate research performance or assess the researchtrends by investigating the publication characteristics, such as authorship, sources, subjects, geographicalorigins, and citations (Small, 2003).
Therefore, knowing the concepts of bibliometric analysis and the objective of this study on presenting abibliometric review of a history of the process mining techniques applied in manufacturing processes, thispaper followed three steps for the progress of the research, seen on Figure 2.

3.1 Data collection

In Table 1 shows the research protocol resumé used on this study. The sample of the articles was collectedfollowing the steps detailed below.
Two databases were chosen for this work: Scopus and Web of Science, for the reason that both groupsa sufficient amount of papers. The first entrée data were the topics “process mining”, “manufact*” and“production”, resulting in 118 and 31 papers, in Scopus and Web of Science, respectively.
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Figure 2: Research processing
Databases resultsFilters Entrance data Scopus Web of Science Total"process mining"Topics and "manufact*" 118 31 149or "production"Journal andSource type Conference 80 31 111proceedingsLanguage English 73 30 103Duplicates 29 excluded - - 74Non-relevant 39 excluded - - 35

Table 1: Research protocol
Next, a second filter was to reduce the initial sample according to their source, which had to be from jour-nals and conference proceedings only. That resulted in 80 and 31 articles, following the same order.
Furthermore, the language restrictionwas applied to determine the articles that could be easily readworld-wide. For this, the English was chosen as language restriction and reduced the quantities to 73 papers inScopus and 30 papers in Web of Science.
Consequently, therewere some articles duplicatingwhen both databases results were gathered. 29 articleswere excluded as duplicates, remaining the total of 74 papers.
For the last filtering, exclusion of non-relevant articles, some criteria were considered, they are:

• Papers that manufacturing was not the research core;
• Papers that “process mining” was not considered;
• Papers that was about ore mining.

Hence, after the last exclusion, the total amount of papers was 35 articles with no restriction of publicationyear, see Appendix A.

3.2 Data treatment and organization

The 35 articles in the sample were cataloged and analyzed the quantities of papers by year; by authors; byresearch source; by country of origin; by number of citations for each database; by type of industry studiedin the paper; and a keywords cloud was plotted.
In addition, to organize the article,Mendeley Software (a referencemanager) was used to support the orga-nization and filtering the articles according with the necessity, once it showed all the information needed.Moreover, Excel spreadsheets were used in order to generate the graphics, tables, figures, etc. For worldmap representation, a Google Maps tool was utilized to stamp the countries.
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4 Result Analysis

The first analysis aims to identify the tendencies of increasing or decreasing of the approach about theusage of the process mining techniques in manufacturing processes on the past years, presented on Figure3.
In fact, the process mining applied on manufacturing processes is very recent, once the first article waspublished in 2006 by Trappey, Lu and Chen. This is due the fact the process mining is a relative youngresearch discipline (van der Aalst, 2016).

Figure 3: Number of articles published by year
Moreover, the second analysis is concerning to identify the authors by their publications quantity in thearea. In those 35 articles analyzed, there are a total amount of 89 authors, most of them participated in 1article only.
On the graphic, presented in Figure 4, it is listed all the authors with 2 or more publications, which resultedin 18 authors in total, in knowledge: 4 authors with 4 papers, 3 authors with 3 papers and 11 authors with2 papers. Also, some authors did publications in partnership, e.g. P. Viale with J. Pinaton, and A. Rozinatwith W. van der Aalst.

Figure 4: Number of publications by author
The third analysis was based on the source type of the articles, to know which journal or conference pro-ceedings have more relevance in the area. The results show that the articles are distributed in varioussources, 30 sources in total. In Figure 5 we can observe that only 4 sources have 2 articles published inthem, the rest of them have 1 article each.
Next, a classification of the paperswasmade in order to visualize their distribution by country. That resultedthe Figure 6 and 7 which shows on the world map all the countries that did some contribution, and thegraph below is the ranking of countries with more publications.
South Korea and France stood out with 8 and 6 articles published, respectively. Also, the graph shows onlythe countries with at least 2 papers.
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Figure 5: Number of publications by journal and conference proceedings

Figure 6: All the countries that published some article

Figure 7: Number of publication by countries
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Furthermore, in relation of the relevance of the papers analyzed, the Table 2 shows the most cited articlesin each database, Scopus andWeb of Science. For both databases A. Rozinat (Rozinat et al., 2009b) and H.Lau (Lau et al., 2009) are the most cited articles.
Scopus Web of ScienceArticle # of citations Article # of citations(Rozinat et al., 2009b) 55 (Rozinat et al., 2009b) 31(Lau et al., 2009) 28 (Lau et al., 2009) 21(Rozinat et al., 2009a) 6 (van der Aalst, 2010) 19(Lee et al., 2013) 5 (Park et al., 2014) 5(Viale et al., 2011b) 5 (Jo et al., 2014) 3(Park et al., 2014) 4 (Yang et al., 2014b) 3(Yang et al., 2014b) 4 (Lee et al., 2013) 3(Jo et al., 2014) 3 (Leyer and Moormann, 2015) 1(Cuzzocrea et al., 2010) 3 (Viale et al., 2011a) 1(Viale et al., 2010b) 2 (Ho et al., 2009) 1

Table 2: Top 10 most cited articles on Scopus and Web of Science databases
When crossing information from Table 2 with the Figure 4 – the most cited articles with the authors withmore publications – it is possible to realize the relevance of some authors (e.g. van der Aalst W., Rozinat A.,Lau H.) and their importance in this research area, i.e. which authors are reference in the subject.
In addition, using a cloud of keywords, it was possible to identify the principal keywords used on the all 35articles analyzed. In Figure 8, the cloud shows the 20 most frequent keywords, where the larger the word,the more it is frequent.
Therefore, the words “process”, “mining” and “manufacturing” are the more frequent, which means thatthe articles of the sample matches with the research made to achieve that sample, then validating thesample. Moreover, other words call the attention – such as “quality”, “model”, “systems” – this shows thatthe articles are exploring other subjects beyond the manufacturing.

Figure 8: Cloud of the most cited keywords by the authors
Last, an analysis was made based on the type of industry that the articles applied their research. As seenin Figure 9, most part of the papers did their research using generic manufacturing systems, i.e. there arenone specification the type of the industry, therefore the research fit in any type ofmanufacturing industry,theoretically.
Those generic articles were classified as general industry, representing the manufacturing as whole. Also,other industry that highlighted was the electronic industry, which includes manufacturing of microchips,computers, electronic equipment, etc.
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Figure 9: Classification of the articles by the type of industry
5 Conclusion

This study showed that the research in process mining applied in manufacturing processes has a variationover the years, some years its increased, other decreased. The highest point was reached in 2016 with8 articles, until the moment that this study was made. Also, A. Trappey, T. Lu and R. Chen were the firstresearches to work on this in 2006.
Also, the number of authors that have some contribution to the area has a total of 89 different researches,however 71 of them contributed with 1 publication only, and most of them did some partnership betweenthemselves. About the distribution in relation with the source, it showed to be more dispersed, once thatover the 30 sources (journals and conference proceedings), only 4 of them had 2 papers published onthem.
In total of 19 countries, South Korea leads the ranking with 8 papers, followed by France with 6 papers,and Hong Kong with 4 papers, as top 3 countries with more publications. In addition, only 7 countries had1 publication each.
Furthermore, crossing the information about the number of publications by author and the number of cita-tions of the articles, it is possible to affirm that A. Rozinat andW. van der Aalst are the principal researchersand references on the area studied. In both databases, the paper of Rozinat et al. in 2009 was the mostcited paper, 55 times in Scopus and 31 in Web of Science.
Moreover, the last analysis about the industries that were used on the studies on the papers analyzed,around 57% of the articles used general examples of manufacturing processes to present their ideas. 15articles used defined types of industry, such as electronic, clothing, steel, and others.
Finally, because of process mining be a recent field of study, there are no much variability on the articles,this is showed by the size of the sample found, however, this shows an opportunity for future researchesto explore areas least explored recently. Also, another opportunity is use other databases and check if theresults maintain the same pattern or shows some variation. Last, the use of other tools of bibliometricreview non-used on this paper, such as co-citation network, is encouraged.
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