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ABSTRACT

BIBLIOMETRIC ANALYSIS OF ARTICLES PUBLISHED IN THE FIELD OF
MATERIALS PLANNING AND ESTIMATION OF TRENDS USING GROWTH
MODELS

Silyanaki, Ezgi

Master’s Program in Industrial Engineering

Advisor: Prof. Dr. Ahmet Sermet ANAGUN

March, 2023

In this study, statistical analysis of the data obtained from the VOSviewer program,
which is a text mining application, was carried out with the help of bibliographic
databases for the keywords MRP, ERP and SAP. In this context, first of all, the concept
of Enterprise Resource Planning, its development, the features of enterprise resource
planning software, its advantages, its effects on business performance, ERP
applications, ERP software, technical specifications, functional features, purposes of
use, SAP history, SAP usage purposes, products, SAP modules. and its integration. In
the study, information about text mining was given, and information about VOSviewer
application and usage was given. Finally, the literature was supported by the studies
carried out within the scope of the subject with Gompertz growth curve and Pearl

logistic growth curve.



Keywords: ERP, SAP, MRP, Text Mining, VOSviewer, Gompertz Growth Curve,
Pearl Logistic Growth Curve.



OZET

MATERYAL PLANLAMA ALANINDA YAYINLANAN MAKALELERIN
BIBLYOMETRIK ANALIiZi VE BUYUME MODELLERI iLE EGILIM TAHMINI

Silyanaki, Ezgi

Endiistri Miithendisligi Yiiksek Lisans Programi

Tez Danismani: Prof. Dr. Ahmet Sermet ANAGUN

Mart, 2023

Bu ¢alismada MRP, SAP ve ERP anahtar kelimeleri i¢in bibliyografik veri tabanlari
yardimi ile metin madenciligi uygulamas: olan VOSviewer programindan alinan
verilerin istatiksel analizi yapilmistir. Bu kapsaminda ¢alismada oncelikle, Kurumsal
Kaynak Planlamasi kavrami, gelisimi, kurumsal kaynak planlamasi yaziliminin
ozellikleri, avantajlari, isletme performansina etkileri, ERP uygulamalari, ERP
yazilimlari, Teknik Ozellikleri, fonksiyonel ozellikleri, kullanim amaclari, SAP
tarithgesi, SAP kullanim amaglari, tUriinleri, SAP modiilleri ve entegrasyonu ele
alinmistir. Calismada daha sonrasinda metin madenciligi hakkinda bilgiler verilmis,
Vosvierwer uygulamasi ve kullanimi hakkinda bilgiler aktarilmistir. Son olarak konu
kapsaminda yapilan ¢alismalar ve literatiir Gompertz biiylime egrisi ile Pearl biiylime

egrisi ile desteklenmistir.

Vi



Anahtar Kelimeler: ERP, SAP, MRP, Metin Madenciligi, VOSviewer, Gompertz
Biiyiime Egrisi, Pearl Biiylime Egrisi.
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CHAPTER 1: INTRODUCTION

1.1. Subject of Research

Before computers dominated the industry, methods such as reorder point,
reorder quantity, economic order quantity were used in production and inventory/stock
management developed by Ford Whitman Harris. Joseph Orlicky developed materials
requirements planning (MRP) in 1964 as a response to the Toyota Manufacturing
Program. The first company to implement MRP was Black & Decker in 1964. By
1975, 700 companies had implemented MRP by 1981, 8000 companies. When we
come to the 1990s, the concept of MRP Il has emerged, and beyond the integrated
finance, customer relations, human resources data, a solution that enables the use of
the same database and integrated with each other, where business conduct and
processes can be designed, the concept of Enterprise Resource Planning (ERP) has
been formed.

ERP systems are computer-based software that gathers all units in the business
under one roof and integrates all accessible information (finance, human resources,
production, supply-logistics, and market information) in these units. There is no doubt
that this integrated software, which spreads rapidly regardless of the sector, is
indispensable for companies and provides great benefits in competition. In the
management process, business managers need a harmonious cooperation between
departments. This harmonization necessitates the use of information processing tools
in all corporate transactions, the use of a single language, a common symbol and
understanding, and a sense of purpose (Ozer et al., 2010). Enterprise resource planning
systems are becoming popular not only in large companies, but also in small and
medium-sized enterprises (Wall and Seifert, 2002).

Systems Analysis and Program Development (SAP) software is information
technology-based software that has the functions of planning, coordinating, and
controlling the resources in different geographical regions in the most effective and
efficient way in order to meet customer needs in the best way. In addition, SAP is one
of the world's leading ERP software. It is compatible with the strategic goals and

objectives of the enterprise (Baykog¢ and Karadere, 2006).



In text mining applications, the term “computerized text analysis” is also used
together with the high speed and reliability of the technology. The main reason for this
can be expressed as the fact that computer applications dominate the field in studies
carried out with the high speed and reliability of information and communication
technologies.

In general, text mining applications present the frequency calculated in the
context of how many times the keywords are repeated, which is used for the purpose
of revealing the characteristics of data in a data stack, providing clustering, performing
classification, providing a summary, revealing trend analysis, and creating
visualizations. Text mining is used to determine the changing phenomena in a field or
subject, as well as to display the change that happens in the literature study. In this
scenario, bibliometric analysis, as one of the text mining studies, is critical in terms of
presenting study findings.

1.2. Problem Statement

It is extremely important for researchers to classify published articles related
to a particular field in categories such as author, year, country, journal, collaboration,
and so on. The absence of such classifications can be considered as a problem for
researchers. Researchers want to know which area to focus on, which journals should
be given priority, which authors' work should be reviewed first, and between which
countries the collaborative work takes place. After the publication search using the
keywords MRP, ERP and SAP within the scope of the thesis, new areas to be
researched were tried to be shown by taking into account the currently published
articles. In addition, the fact that it is not known how long scientific studies in the field
will continue brings up another problem for researchers. In order to contribute to the
solution of this problem, the growth curves have been investigated when the number
of articles containing the selected keywords will reach saturation.

1.3. Purpose of the Research

Two purposes are considered in the study. Bibliometric analysis of the data
according to keywords of ERP, MRP and SAP obtained from the WOS database with
the help of VOSviewer program as a text mining application will be performed. Then,
estimating the number of articles using growth curves such as Gompertz and/or Pearl
growth curves, will be investigated in terms of saturation or losing interest of

researching.



1.4. Importance of Research

Within the scope of the above-mentioned purpose, it has been determined that
there are not many studies in the literature in this field. The study will make an
important contribution to the literature and will contribute to the development of
alternative applications in terms of ERP, MRP and SAP systems. Gompertz and/or
Pearl growth curves will be able to apply to provide where the studies will reach the

saturation point.



CHAPTER 2: LITERATURE RESEARCH

2.1. Enterprise Resource Planning

Enterprise resource planning software is a type of system that gradually grows
in parallel with the development of previous software over time. The systems that
enable the emergence of enterprise resource planning systems are seen as Material
Requirement Planning and Manufacturing Resource Planning (MRP I1: Manufacturing
Resource Planning)” (Anderegg, 2000). Looking at the history of enterprise resource
planning software, it has progressed in accordance with the development process of
the concept of business integration. Enterprise resource planning systems are derived
from MRP and MRPII systems. In line with the demands, MRP systems were further
developed and the production resource planning (MRP I1) system, which includes sub-
functions such as sales, planning, capacity management, and scheduling, was created.
MRP Il was defined as the next stage for successful production planning in previous
periods. As a result, businesses quickly realized that ideas such as profitability and
customer happiness apply not only to the production environment, but also to the entire
business outside of production. Figure 1 shows the historical evolution of the
enterprise resource planning system with the growth of the system based on its

increasing relevance over time.

| MRP_ | ——>

1950 1960 1970 1980 1990 2000

Figure 1. Historical development of Enterprise Resource Planning (Aydin, 2003)

As Figure 1 shows, MRP began and continued to evolve in the 1950s and 1960s
and was renamed enterprise resource planning in the 2000s and beyond. Enterprise
resource planning continues to develop after the 2000s. After the 2000s, research on
business resource planning systems attracted attention, and the number of these studies
has gradually increased since the 2010s. Much of the research has focused on the
concept of enterprise resource planning, its features, scope, development process,
enterprise relevance, impact on enterprise performance, and impact on modules. The
use of enterprise resource planning in organizations, its effect on efficiency, sectoral

applications, how the installation and selection process is done are emphasized in the



studies conducted after the 2010s. The importance of choosing an enterprise resource
planning product is emphasized here (Dulkadir, 2011).

Considering the expected benefits of implementing enterprise resource
planning systems in businesses, these systems will reduce unnecessary operations by
restructuring business processes, reduce inventory costs by strengthening
communication with suppliers, increase customer satisfaction by increasing
product/service quality, and positively affect financial performance with increased
revenues (Demirhan and Aracioglu, 2010).

Information technology is generally assumed to improve corporate
performance through the use of the following elements (Bahadir and Demir, 2006):

* Increasing productivity by increasing the efficiency of business activities,

« By reducing the costs of transaction processes,

* To analyze the information to be used for the decision-making process in a
timely manner,

* By revealing the performance of the employees in the best way,

» To improve communication by creating communication channels at the
lowest cost.

Creative and follow-on businesses are more likely to thrive in a changing
economy (Berkowitz et al., 1997). The main subject of innovation management is “The
achievement of the innovation process by transferring the communication between the
departments within the enterprise to the market and by providing both competitive
advantage and financial rewards to the firm” (Calantone, 2002). Computer-based
advanced production technologies require some software changes rather than hardware
changes within the company (Gok, 2005). Developing technology over time has
offered companies more cost-effective solutions and enterprise resource planning
systems have linked cost analyzes in businesses with technical developments as well
as other processes (Dulkadir, 2011).

2.2. ERP Applications

When ERP application is mentioned, corporate management interprets it as the
application of digitization of corporate processes. Process redesign, integration of the
ERP system with other business information systems, and selection, management and
training of consultants and personnel are critical (Bingi, Sharma and Godla, 1999).
According to Hong and Kim (2002), many firms worldwide have shifted their

information technology strategies from replacing and upgrading their internal



information systems to acquiring ERP systems and using software-based management
decision support systems since the early 1990s. ERP failure can be attributed to the
failure of the ERP system to adapt to the organizational culture (Hong and Kim, 2002).

Businesses that need new business processes and constantly competing
challenges to adapt to market conditions are expected to use simpler solutions based
on cloud computing and agile approaches to make the information age more accessible
and easier to use with ERP solutions. Creating balanced interactions between data and
the organization in the implementation of internal controls requires optimization of the
ERP system (Manojlov and Lutovac, 2012). Thanks to its modular structure, it makes
it easier for the institution to use its resources in the most efficient way and to report
in future internal or external audits. In order to create accountable and transparent
tables, the institution is expected to build the ERP implementation model in
accordance with its own corporate culture and corporate memory.

2.3. Bibliometric Analysis by means of VOSviewer

There are many studies carried out with the VOSviewer program, which is one
of the text mining tools. Co-authoring, bibliographic matching, analysis of co-citation
networks and bibliometric networks (Perianes-Rodriguez et al., 2016), analysis of
collaboration between publications and journal citation relationships, and bibliometric
analysis of publications on multi-criteria decision-making (Yu et al., 2018),
presentation of the intensity of disasters (Nascimento and Alencar, 2016), and social
Bibliometric analysis studies were carried out (Doleck and Lajoie, 2018) in which the
effect of sharing websites on students’ academic performance was examined.

In VOSviewer, as a result of a bibliometric analysis, the relations of the authors
who performed the study with each other and the displaying of the clustering colors
that change according to the years. Researchers can view them on the main panel with
density view, cluster density view, and scatter view. Again, researchers can create
different views for the visual presentation of the map according to the features area
displayed on the main panel.

As a result of the analysis in VOSviewer, many different sets and items occur.
It is also stated that the VOSviewer program has a unique clustering technique. The
resulting clusters are very important for the studies carried out with text mining.
Clustering is seen as one of the most important problems in bibliometric research. The
clustering method implemented in the VOSviewer program focuses on the total level

of the items. The clustering process begins with associating publications with each



other in bibliometric analysis and assigning publications to each cluster; in this way, a
broadcast that is not assigned or has a cluster conflict does not occur. The fact that
clusters or items are close to each other in VOSviewer is due to the relationship
between them.

In the study conducted by Ardito et al. (2019), a bibliometric analysis was
conducted on big data analytics on business and management with VOSviewer on
behalf of a total of 748 article reviews. In line with the examination, four clusters were
identified that show the literature related to Big Data Analytics and management
phenomenon. These; The theoretical development of Big Data Analytics is the
management transition to Big Data Analytics, Big Data Analytics and Big Data
Analytics for firm resources, capabilities and performance and Supply Chain
Management.

Mourao and Martinho (2020) examined the bibliometric perspective of 83
articles published on forest entrepreneurship in their study. For this review, the journal,
country, author, and keywords of the articles were scanned with the VOSviewer
application. In the scanning of the approaches examined in the study, no document
could be found with VOSviewer, and it was determined that there was no study on this
issue in the literature. In addition, it has been determined that there are some gaps in
the literature, that is, in these subjects, apart from forest sciences, with a few
multidisciplinary networks.

Bahit et al. (2021) conducted a bibliometric analysis on the management and
integration of enterprise resource planning in macro, small and medium enterprises. In
the analysis, 32 articles published between 2015-2020 using VOSviewer were
examined, and they made a classification about ERP management and integration in
MSMEs.

Yanti et al. (2022) conducted a bibliometric analysis for the use of resource
planning in the MSME sector. In the study, data between the years 2000-2021 were
collected through the web of science database and examined with VOSviewer. In the
process so far, 449 research articles have been identified, and it has been concluded
that there has been an increase in the volume of publications and the prestige in the
field.

Yu et al. (2020) conducted a bibliometric analysis of the publications related
to Covid-19 with VOSviewer in their study. As a result of the study, it was determined

that there were 3,626 publications related to the concept and the concept of Covid-19



was related to the concepts of pneumonia and epidemiology. In addition, it was
reported in the study that publications related to the concept generally focus on disease
management, clinical features, and pathogenesis.

2.4. Modeling Growth Curves

In proposing the law of human mortality, actuary B. Gompertz proposed
utilizing the exponential function to express the link between growing death and age.
Makeham (1873) gave the well-known cumulative version of this model, whereas
Gompertz merely offered the probability density function. There are other variations
of the Gompertz model in the literature, and Tjrve (2017) provides a full discussion of
the Gompertz model.

Raymond Pearl and Lowwell Reed devised the logistic function while
researching population increase in the United States. They were unfamiliar with
Verhulst's work and developed the notion of logistic curves independently. Their
hypotheses were founded on the following assumptions:

1. Population growth occurs in a limited geographic area.

2. The population growth rate cannot be limitless.

3. The population's lower limit cannot be 0.

4. The point of inflection of the population growth curve is the point of highest
rate of expansion.

After that, the rate of expansion slows gradually until the curve becomes almost
horizontal, close to the top asymptote associated with the cultural era and region
involved. Pearl's research was founded on two experiments. The first experiment
involved feeding a jar of fruit flies a consistent amount of gelatinized fruit pudding.
The reproductive rate of fruit flies was initially fast. However, when the density of
fruit flies in the jar increased, the reproduction rate fell and became insignificant.
Similarly, in the second experiment, Pearl discovered that as the number of hens in
their pens increased, the density increased, causing them to produce less eggs owing
to a lack of room. Based on his findings, he concluded that human fertility is similarly
impacted by population density and carrying capacity.

Looking at the studies in the literature about Gompertz and Pearl, Lartey (2020)
aimed to determine a model that predicts future trends in the purchase of FTTH gigabit
internet product. According to the analysis results of Lartey, who divided the data set
into two groups for the first 12 months and the next 5 months, it was seen that the Bass

model gave better results than the Gompertz and Logistics estimations.



Nwakuya and Biu (2021), in their study, aimed to analyze the under-five
mortality rates in Nigeria over a 15-year period. Using the transformed Gompertz
model for the analysis, the authors found that the increase in the death rate for deaths
from HIV and diarrhea also increases the range of mortality growth. They predicted
that there would be an increase in diarrhea-related death rates and that death rates from
HIV would be constant.

In their study, Omar and Taaren (2021) used data on the number of COVID-19
cases, the number of deaths, and the number of recovered patients in Pakistan to
identify the model that best fitted the data that peaked over time. Using the logistic
model, the Gompertz model, and the Autoregressive Integrated Moving Average
Model (ARIMA), the authors found that the number of COVID-19 cases, the number
of recovered patients, and the number of deaths in Pakistan grew exponentially. They
also determined that the most suitable model for the data was the ARIMA model.

Moura and Riberio (2009) aimed to obtain empirical findings regarding the
change in income distribution in Brazil. Examining the annual data available from
1978 to 2005, the authors conclude that the supplemental cumulative distribution of
personal income fits the Gompertz curve for 99% of the less economically fit
population.

In their study, Mazurek and Nenickova (2020) aimed to determine the point
where the growth of the number of cases slowed down in the COVID-19 pandemic in
the United States and to predict the total number of cases. Using the Gompertz curve
for this purpose, the authors predicted that the total number of COVID-19 cases in the
United States would be 1000000 on 25 April and 2000000 on 27 June.

Wu et al. (2014) aimed to establish a model for forecasting Chinese vehicle
stocks and road vehicle energy demand by 2050 based on low, medium, and high
growth scenarios. To make their estimations with a Gompertz function dependent on
Gross domestic product, the authors used a dynamic computable general equilibrium
model. As a result, they predicted that the number of vehicle stocks envisaged for 2050
is 300, 455 and 453 million for each of the low, medium, and high growth scenarios,
respectively. They also found that the growth in China's vehicle stock will go beyond
the slope of the Gompetz curve by 2020 but will not reach the saturation point between
2014-2050. Finally, they predicted the consumption of road vehicles in 2050 as 380,

575 and 586 million tons of oil for each scenario.



Adamuthe and Thampi (2019) aimed to determine the trend projection and
technology maturity curve of six computational technologies, which include three
disruptive technologies, namely mainframes, minicomputers, and cloud computing.
For the model, they used time series data of patent and study numbers from the US
patent office, European patent office, IEEE and Science Direct. The authors tested six
functions to determine the optimal trendline. As a result, they found that most of the
technologies better fit the 2nd order polynomial trendline. They also concluded that
the Gompertz growth curve for the saturation point fits the data better than the Pearl

curve in many cases.
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CHAPTER 3: TEXT MINING

In text mining applications, the term “computerized text analysis” is used
together with the high speed and reliability the technology has (Kobayashi et al., 2018).
The main reason for this can be expressed as the high speed and reliability of
information and communication technologies and the dominance of computer
applications in the field.

As one of the subjects included in data mining studies, text mining emerges as
an application area that hosts studies carried out with the use of big data on the web
(Salloum et al., 2018). Text mining is the whole of applications in which large volumes
of data are found (Kobayashi et al., 2018), meaningful structures are revealed from
large data piles (Salloum et al., 2018), and many different applications and analyzes
are used in these interpretation processes.

In general, text mining is the application of the frequency calculated in the
context of how many times the keywords are repeated, which is used for the purpose
of revealing the characteristics of the data in a data stack, providing their clustering,
performing their classification, summarizing, revealing the trend analysis and making
their visualizations (Karanikas and Theodoulidis, 2022). Text mining is used for the
purpose of determining the changing phenomenon in a field or any subject (Kobayashi
et al., 2018), and presenting the change in literature analysis (Singh et al., 2007; Delen
2008; Moro et al., 2015; Scherf et al., 2005). When this is the case, bibliometric
analysis, as one of the studies on text mining, is of great importance in terms of
presenting research findings.

Bibliometric analysis- is based on analyzing the obtained documents or articles
according to certain characteristics and revealing the findings (Al and Costur, 2007).
Studies specific to a particular field or articles published in a specific journal are
examined according to different parameters and provide findings according to these
parameters (Temizkan et al., 2015). These findings may include data such as
keywords, number of authors, citations, and research topics. For a better understanding
of text mining applications, it is important to make a detailed description of
bibliometric analysis and to determine its properties. Bibliometric analysis is carried
out for a very broad purpose: presenting findings about fields in general to readers or
revealing deep knowledge about a specific topic. Bibliometric analyses are used to

analyze citations within studies and to evaluate studies (Al and Costur, 2007).
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Bibliometric analysis has different approaches. While maps of distance-based,
graphic-based, and timeline-based approaches used in the context of visualization
approach in bibliometric analysis are used (Van Eck and Waltman, 2014), distance-
based and graphic-based approach map types are more remarkable (Garfield, 2009).
In graphic-based maps, while the relations between the items in the outputs obtained
as a result of the analysis are revealed, no finding of the relationship strength is
expressed. On the other hand, in distance-based maps, the distance and closeness of
the items in the outputs reveal the strength of the relationship between the items (Van
Eck and Waltman, 2009). The most important point here is that the researcher makes
use of graph-based or distance-based maps for targeted analyzes in his research
questions. In other words, distance-based maps can be used in cases where the
relationships between items are a research problem, while bibliometric analyzes using
graphic-based maps can be used in studies that only aim to reveal existing items.

There are different mapping techniques to create graph-based and distance-
based maps. While there are techniques such as Kamada—Kawai, Fruchterman—
Reingold and Pathfinder networks for graph-based mapping, there are techniques such
as multidimensional scaling, VOS, VxOrd, Kopcsa—Schiebel for distance-based
mapping (Zvereva and Shams, 2018). As examples of a graph-based map with
Kamada-Kawai technique and a distance-based map with VOS technique are given in

Figure 2 and Figure 3, respectively.
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Figure 2. Graph-based map with Kamada—Kawai technique (Zvereva and Shams,
2018)
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Figure 3. Distance-based mapping with VOS technique

The VOS technique (Van Eck et al., 2008), which has the best performance
among these techniques, is remarkable in the studies carried out in the field. In general,
VOS is a multidimensional scaling process for visualizing similarities between
elements and is notable for its features such as presentation of ideal coordinates,
indirect analogy, and multidimensional scaling. In other words, as the similarity
between the two objects increases, the weight of the square distances in total also
increases. In this context, it is a technical method based on the fact that the sum of all
distances must be equal to some positive constant in order to avoid solutions where all
objects are in the same coordinates (Van Eck and Waltman, 2007).

Unlike other methods in the field, detailing the features of VOS is important in
order to understand the operation of this method. The sij function is important for
presenting similarity and distance between items i and j. In the representation of ideal
coordinates, the ideal coordinates of an item are defined as the weighted average of
the coordinates of all other items, with more weight being given to calculating the
weighted averages of items that are more similar to the i coordinates of the items. In
the context of indirect similarity, where there is 0 similarity between the elements i
and j, the said similarity depends on the number of the third element with which both
objects are similar. That is, the more indirect similarity detected for the third elements,

the closer i and j are to each other. Besides the basis of the VOS technique, there are
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programs such as BibExcel, SciMat, SAINT, and VOSviewer, used for the
visualization and creation of th