
Research Trends and Topics in IJIEM 
from 2010 to 2020: A Statistical History

1. Introduction

The concept of manufacturing has changed sig-
nificantly throughout history, especially during four 
industrial revolutions [1], [2]. The transition from 
individual to mass production has led to the need 
for companies to adapt to changes to survive in the 
market. Increased export and the processes of global-
ization have led to a complete transformation of the 
businesses. It often happens that companies shift their 
business focus from manufacturing to a service-based 
company [2]. In addition to this, the increased use 
of information technology in production and business 
processes, as well as process automation, are leading 
businesses to the need for adaptation to new market 

demands [3]. Considering these facts, we are witness-
ing the situation where companies are constantly 
implementing new technologies, tools, and method-
ologies to their business policies [4][5]. These chang-
ing needs bring along demands to research different 
trends and topics that were popular in companies 
within a certain period, especially from the industrial 
engineering and management science aspects. 

Given that the International Journal of Industri-
al Engineering and Management (IJIEM) has been 
publishing papers for more than a decade, conduct-
ing a retrospect of the main trends and research top-
ics covered by this community in the last 11 years, 
from 2010 to 2020, could be important in predicting 
the future course of business trends in this field. The 
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IJIEM is an interdisciplinary international academic 
journal published quarterly. It serves researchers in 
the industrial engineering, manufacturing engineer-
ing, and management fields. Its major aims are to 
collect quality information about current trends in 
the field of industrial engineering and management, 
to recommend new methodologies in this field as 
well as new ways for their application in the industry 
[6]. 

This paper is aimed to analyze the research top-
ics covered by the IJIEM, from its establishment in 
2010 to the present. The main motivation for this re-
search can be found in the assumption that develop-
ing a retrospective of the IJIEM, by its main topics of 
interest, can significantly contribute to the process of 
determining the general relevance, impact, and prog-
ress of the industrial engineering, manufacturing en-
gineering, and management communities since 2010. 
Additionally, this review paper will provide informa-
tion about future research opportunities for authors 
of IJIEM papers. In this way, authors may be able 
to forecast which topics should be prioritized in the 
near future, as well as which scientific areas have the 
potential to yield new, major scientific discoveries. 
To attain this goal, we gathered all the IJIEM papers 
that could be found in the Scopus [7] database for 
the previously mentioned period of time. Specifical-
ly, keywords and titles of every paper were identified 
with a purpose to determine which topics were most 
studied. Analysis was conducted both summarized 
for all eleven years and individually for intervals of 
three years. 

The remainder of this paper is organized as fol-
lows: In Section 2, a methodology that was used 
alongside the planning and conducting the review 
phase is shown. Obtained results are presented in 
Section 3. Special attention is paid to the distribution 
of research topics throughout the years. In Section 4, 
research results are discussed and analyzed. Finally, 
the conclusion is given in Section 5. 

2. Methodology 

Bibliometric analysis (please see: [8], and [9]) in 
the field of industrial engineering and engineering 
management, commonly relies on structured data 
(i.e. keywords, titles). Those data are provided by 
global database, such as Web of Science [10] and 
Scopus [11]. To discover trends and topics covered 
by a journal, the current paper uses traditional bib-
liometric analysis to identify the topics that have re-
ceived the most attention in the history of the IJIEM. 

We have adopted a novel methodology approach 
proposed by the Romero-Silva and  Marsillac [12]. 
First, we identified the source of articles with the 
structured data, then we retrieved the data, pro-
cessed the data, and analyzed the data (Figure 1). 

The first step to start the bibliometric analysis was 
to retrieve bibliographic information on the papers 
that were published in the IJIEM. To fulfill this pur-
pose the Scopus [11] database was used. Only the 
IJIEM papers whose data are available in the Scopus 
database are included in the analysis. The first paper 
in this journal was published in March 2010 while 
the last paper covered by this research was published 
in December 2020. Information that was retrieved 
from all 245 papers consisted of features such as Au-
thors, Keywords, Title, Publication Year, Abstract, 
Number of Citations, and Authors Affiliations. Data 
were collected in February 2021.

At the beginning of the research, it was necessary 
to clean the data to create a relevant basis for further 
analysis. The cleaning phase was done manually us-
ing Microsoft Excel. Firstly, all words that were not 
written in the English language were translated into it. 
After that, synonyms that were written in British and 
American English were brought down to one com-
mon term – written in American English. The next 
challenge that needed to be solved was to eliminate 
abbreviations of some words. Such text was merged 
with its full name and deleted from the list of inde-
pendent terms for analysis. Besides that, many terms 
were written both in the plural and singular forms. 
In the cleaning phase, these terms were merged in 
their singular form. There was also a situation where 

Figure 1. Methodology steps used in this paper
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two or more terms that are synonyms appeared in 
the same paper as different keywords (for example 
– lean manufacturing and lean production). These 
synonyms were in the analysis considered as one 
term in one paper and were, later, counted only 
once with a purpose to make the research as accu-
rate as possible. Lastly, terms that often occurred in 
a combination with keywords or titles but were not 
significant for this research have been omitted (e.g., 
about, new, developing, proposed).

After the text was cleaned, it was ready for analy-
sis. The first step of the analysis was to identify the 
most frequent terms of n words (n-grams) that oc-
curred in papers. N-grams were grouped in three 
sets – terms consisting of one word (n = 1), two words 
(n = 2), and more than two words (n > 2). N-grams 
were identified based on the number of papers that 
contained them. To count this number, VOSviewer 
software [13] was used, as in previous studies [12, 
14, 15], as well as to analyze the Scopus database 
without any further processing, to identify the most 
common keywords found from 2010 to 2020. Even 
though this software is primarily used for visualizing 
bibliometric data, it also provides the user with the 
ability to export data as .csv files [16]. These files 
contain n-grams united with the aggregated number 
of times that each n-gram appeared in papers. The 
same procedure was also followed to count the num-
ber of citations that papers containing each n-gram 
received.

After determining these numbers, 40 most fre-
quently occurring n-grams based on the number of 
papers containing them were selected for further 
study. They have been determined for all eleven 
years together on the one hand and for certain pe-
riods usually of three years interval, on the other. 
Nonetheless, they were selected for all previously 
mentioned sets of n-grams usually considering all 
years together as well as selected intervals one by 
one. 

These data were visually represented using heat 
maps, followed by the heat map showing countries 
that authors of the papers come from. Likewise, 
VOSviewer was used to construct a visual bibliomet-
ric network of most frequent n-grams whose color 
on diagram depends on different factors (the average 
publication year considering publication years of all 
the papers containing them and the average number 
of citations of the papers containing them, e.g.). 

Lastly, a simple linear regression model was con-
structed, as proposed by prior research [12], to study 
the relationship between the number of papers pub-
lished in the IJIEM where an n-gram appeared and 

the number of citations that the papers containing it 
received. Also, Pearson's correlation coefficient was 
estimated to determine the statistical significance of 
correlations. Both linear regression and correlation 
coefficient were analyzed with Minitab statistical 
software [17].

3. Results 

As stated in the previous section, the first step 
in conducting this research, after cleaning the text, 
was to determine the most frequent n-grams that 
appeared in the IJIEM throughout the years. The 
distribution of the 40 prevailing n-grams in all eleven 
years, for n-grams of size 1, 2, and n > 2, is presented 
in Table 1. 

The frequency of occurrence was determined by 
comparing the number of papers containing a specif-
ic n-gram with the total number of papers that were 
published in the journal and inserted in the Scopus 
database, which is in this case 245. It is shown in the 
table as a percentage of papers that contain specific 
n-gram.

Term management is presented as the most fre-
quent term in the IJIEM history so far since it is men-
tioned in almost one quarter (23%) of the papers. It 
is followed by terms customization, system, product, 
mass, and manufacturing where each of these terms 
is mentioned in 13% percent of the papers, approxi-
mately. All these n-grams are associated with the 
aim of the IJIEM since its focus is to follow trends 
and innovations in the field of industrial engineer-
ing and management. Therefore, it is not surprising 
that combinations of these terms are also very popu-
lar, given that they appear as the most often n-grams 
when considering those larger than size 1. 

For example, n-gram mass customization was 
mentioned by more than 12% of the papers, lean 
manufacturing in 7,5% of them while product con-
figuration was mentioned in 3% of the papers. These 
percentages indicate that papers published in this 
journal are focused on production improvement. 
Similarly, many authors of IJIEM papers wrote 
about topics dealing with n-grams industrial engi-
neering and management and small and medium 
enterprises. 

On the other hand, there are not many papers 
that were focused on the use of information technol-
ogy (IT) in production and management processes 
– only around 1% up to now. This result can be seen 
by analyzing the n-grams information system, indus-
try 4.0, and internet of things. 
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A visual bibliometric network shown in Figure 2 
was generated by VOSviewer software. It was con-
structed to graphically display the most common n-
grams from all IJIEM papers that are covered by this 
research. N-gram names are associated with circles, 
while the size of the circle depends on the frequency 
of occurrence of that n-gram in the papers. Further-
more, circle color depends on the average year of 
publication of the papers containing a certain n-
gram.

Since this research covers papers published in the 
period between 2010 and 2020, a legend in the bot-
tom right corner of the figure contains a color scale 
where each shade is used to represent the different 
years in this period. Brighter colors represent that 
on average newer papers contain the observed n-
gram while darker colors mean older papers. Shades 
of light green and yellow color in Figure 2 indicate 
that topics like controlling, increasing efficiency and 
performance, as well as the development of business 

Table 1. Distribution of the 40 prevailing n-grams in IJIEM

n = 1 n = 2 n > 2
n-gram % of papers n-gram % of papers n-gram % of papers

management 22.86 mass customization       12.24 industrial engineering and management 4.08

customization 14.29 lean manufacturing         7.35 small and medium enterprises (sme) 2.86

system 13.88 industrial management         4.90 analytic hierarchy process 1.22

product 13.47 small/medium enterprise         3.27 product configuration system 1.22

mass 13.06 supply chain         3.27 solution space development 1.22

manufacturing 12.24 product configuration         2.86 3d body scanning 0.82

process 10.61 open innovation         2.04 activity-based costing method 0.82

controlling 9.39 business models         1.63 food supply chain 0.82

performance 8.57 genetic algorithm         1.63 higher education institution 0.82

business 8.57 human resources         1.63 human resource management 0.82

lean 8.16 customer satisfaction         1.22 internet of things 0.82

industrial 6.94 industry 4.0         1.22 product lifecycle management 0.82

service 6.94 literature review         1.22 product-service-systems 0.82

innovation 6.53 neural network         1.22 supply chain management 0.82

supply 6.53 process improvement         1.22 theory of constraints 0.82

control 6.53 product development         1.22 4t tetrahedron ecodynamic model 0.41

customer 6.53 project management         1.22 access control as a service (acaas) 0.41

industry 6.53 purchase intention         1.22 application lifecycle management 0.41

chain 6.12 six sigma         1.22 atomic force microscopy (afm) 0.41

engineering 5.31 product lifecycle         1.22 authentic case methodology 0.41

project 5.31 business process         0.82 bayesian belief network (bbn) 0.41

design 5.31 case study         0.82 benefits of product configuration systems 0.41

analysis 4.49 construction industry         0.82 bionic assembly system 0.41

experience 4.49 continuous improvement         0.82 business continuity management 0.41

human 4.49 croatian companies         0.82 business process management 0.41

logistics 4.49 curriculum analysis         0.82 buyer-supplier relationships 0.41

planning 4.49 customer co-creation         0.82 capital goods industry 0.41

quality 4.49 customer experience         0.82 challenges of product configuration systems 0.41

configuration 4.08 decision making         0.82 client-server communication 0.41

enterprise 3.67 degree program         0.82 collaborative virtual environment 0.41

model 3.67 early phases         0.82 optimization, computational simulation 0.41

optimization 3.67 financial performance         0.82 companies economic performance 0.41

small 3.27 firm performance         0.82 concurrent product-process-supply chain 0.41

sustainability 3.27 food supply chain         0.82 configure-to-order products 0.41

development 3.27 gender differences         0.82 container loading problem (clp) 0.41

strategy 3.27 human capital         0.82 containers for devices 0.41

risk 3.27 implementation guidelines         0.82 cost calculation accuracy 0.41

software 3.27 information system         0.82 courts of law 0.41
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Figure 2. The most common n-grams by far, colored by the average publication year of papers containing them

plans are becoming immensely popular in the years 
starting from 2018. Similarly, focus on customers 
and their satisfaction is noticeable in the same period 
given that n-grams customers, purchase intention, 
customer satisfaction, and b2b are painted in lighter 
shades.

Innovation topics, in general, can be found in al-
most 7% of the papers, while open innovation was 
mentioned in 2% of them. Still, most of the papers 
containing this n-gram were published in the first half 
of the decade considering that the circle which con-
tains it in Figure 2 is shaded in darker blue color.

3.1. Popular topics throughout the years

Data shown in Table 1 represent the general pop-
ularity of n-grams in IJIEM, regardless of the time 
in which the papers containing them were published. 
Because of that, this table is not thorough enough to 
show the popularity that different n-grams and top-
ics had in different periods of time. Most popular n-
grams based on the year in which papers containing 
them were published were selected with a purpose to 
overcome this shortcoming. 

Publication years of n-grams were grouped in 
four intervals of time and each of them is shown as 
a separate column in Table 2, where each column 
contains 40 most frequent n-grams for the given pe-
riod of time. The difference from the previous table 
is that columns in Table 2 combine n-grams of size 
2 and larger than 2, while n-grams of size 1 were not 
examined per year since they individually do not give 

any useful information for conducting research of 
the most popular trends and topics in the journal. 
Instead of that, most of these n-grams were included 
in the analysis as part of n-grams of size larger than 1. 

As already stated, results that are presented in 
Table 1 showed that mass customization is the most 
popular n-gram when all papers are considered to-
gether. These results are confirmed in Table 2, since 
this n-gram can be found in the top five n-grams when 
considering each column individually. Moreover, it is 
mentioned in almost 30 percent of the papers that 
were published in the first interval of time. 

It should not be neglected that globalization and 
internationalization led to market oversaturation. 
Because of that companies are faced with a need 
to find a way for achieving a competitive advantage 
while mass customization could be the right way to 
do that since it provides a customer with an oppor-
tunity to buy a unique, personalized product at a low 
price [18]. Consequently, it is not surprising that the 
authors of analyzed IJIEM papers have largely fo-
cused precisely on this business concept. Some of the 
authors even concluded that the advantages of this 
concept can be observed from the point of view of 
6 factors: price, website information quality, design 
freedom, trust, visual presentation of the products 
and individual differences [19].

However, the fact that the percentage of the pa-
pers that contain this n-gram decreases in each subse-
quent period should not be neglected. This indicates 
that this topic is becoming less and less interesting to 
the authors, which leads to an assumption that the 
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Table 2. 40 most frequent n-grams for individual periods

n-gram All 
years n-gram 2010– 

2012 n-gram 2013–
2015 n-gram 2016–

2018 n-gram 2019–
2020

mass customization 12.24 mass customization 27.08 lean manufacturing 11.11 mass customization 12.86 business controlling 19.57

lean manufacturing 7.35 industrial engineering and 
management 10.42 product development 6.17 business process 11.43 mass 

customization
8.70

industrial management 4.90 open innovation 8.33 supply chain management 6.17 customer satisfaction 8.57 customer experience 8.70
industrial engineering 
and management 4.08 manufacturing planning 4.17 industrial engineering and 

management 6.17 product configuration 
system 8.57 performance 

evaluation 8.70

small/medium 
enterprise 3.27 lean manufacturing 4.17 mass customization 4.94 innovation process 7.14 purchase intention 4.35

supply chain 3.27 process planning 4.17 small and medium 
enterprises (sme) 3.70 lean manufacturing 7.14 consumer 

perception 4.35

product configuration 2.86 process improvement 4.17 project management 3.70 management styles 5.71 decision making 4.35
small and medium 
enterprises (sme) 2.86 application lifecycle 

management 2.08 idea management 3.70 business models 5.71 environmental 
sustainability 4.35

open innovation 2.04 audience fragmentation 2.08 process improvement 3.70 customer co-creation 5.71 financial 
performance 4.35

business models 1.63 business strategy 2.08 buyer-supplier 
relationships 3.70 supply chain 

management 5.71 lean manufacturing 4.35

genetic algorithm 1.63 capital goods industry 2.08 early phases 2.47 sustainable business 4.29 product modeling 4.35

human resources 1.63 dynamic balance 2.08 operations management 2.47 performance 
measurement 4.29 working conditions 4.35

customer satisfaction 1.22 emerging markets 2.08 period batch control 2.47 neural network 4.29 human resource 
management 4.35

industry 4.0 1.22 foreign exchange markets 2.08 electricity sector 2.47 cloud computing 2.86 industry 4.0 4.35

literature review 1.22 health home portal 2.08 health care 2.47 project management 2.86 maintenance 
management 4.35

neural network 1.22 humanoid robot 2.08 information system 2.47 quality management 
systems (qms) 2.86 overall equipment 

effectiveness 4.35

process improvement 1.22 ict for personal health care 2.08 inventory control 2.47 human capital 2.86 product lifecycle 
management 4.35

product development 1.22 leaders' programme 2.08 literature review 2.47 human resources 2.86 activity-based 
costing method 2.17

project management 1.22 location-aware systems 2.08 manufacturing strategy 2.47 logistics costs 2.86 bcm maturity 2.17

purchase intention 1.22 market comovement 2.08 performance measurement 2.47 companies economic 
performance 2.86 business continuity 

management 2.17

six sigma 1.22 market correlations 2.08 product lifecycle 2.47 product personalisation 2.86 business plan 2.17

product lifecycle 1.22 market microstructure 2.08 risk management 2.47 small and medium 
enterprises (smes) 2.86 business result 2.17

analytic hierarchy 
process 1.22 media management 2.08 road transport 2.47 strategic management 2.86 cable harness 2.17

product configuration 
system 1.22 mhealth console 2.08 analytic hierarchy process 2.47 industrial engineering 

and management 2.86 cemented carbide 2.17

solution space 
development 1.22 mobile health care 2.08 procurement process 2.47 online trading 2.86 chipping resistance 2.17

business process 0.82 mobile services 2.08 quality management 2.47 solution space 2.86 co-design 
experience 2.17

case study 0.82 modular product 
architecture 2.08 six sigma 2.47 3d-technology 1.43 collaborative virtual 

environment 2.17

construction industry 0.82 motion approximation 2.08 genetic algorithm 2.47 academic research 1.43 construction 
industry 2.17

continuous 
improvement 0.82 nonlinear motion control 2.08 customer experience 

management 2.47 access control as a 
service (acaas) 1.43 credit sales and 

receivables 2.17

croatian companies 0.82 open evaluation 2.08 supplier performance 2.47 additive manufacturing 1.43 croatian companies 2.17

curriculum analysis 0.82 performance management 2.08 thermal comfort 2.47 automotive industry 1.43 cross-training 2.17

customer co-creation 0.82 pid controller 2.08 sustainable business 2.47 brand attitude 1.43 degree program 2.17

customer experience 0.82 project strategy 2.08 assembling process 1.23 cad software 1.43 electronic commerce 2.17

decision making 0.82 project structure 2.08 bar code 1.23 chemical industry 1.43 example scenarios 2.17

degree program 0.82 project success 2.08 blood bank 1.23 configurator features 1.43 fiscal responsibility 2.17

early phases 0.82 project type 2.08 cargo transport 1.23 containers for devices 1.43
greedy randomized 
adaptive search 
procedure (grasp)

2.17

financial performance 0.82 public broadcasting 
service 2.08 change methodology 1.23 cross cultural 1.43 heavy machine 2.17

firm performance 0.82 reconfigurable 
manufacturing system 2.08 clearing function 1.23 decision analysis 1.43 higher education 

institution 2.17

food supply chain 0.82 seamless mhealth service 
delivery 2.08 communication patterns 1.23 decision making 1.43 hotel industry 2.17

gender differences 0.82 service platforms 2.08 competence profile 1.23 degree of product 
customization 1.43

industrial 
engineering and 
management

2.17

Total papers per 
period 245 48 81 70 46
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importance of applying the principle of mass custom-
ization in business, from the aspect of management, 
is potentially becoming less significant. Because of 
that, we can expect that some other principles (or 
modifications of this one) could prevail in the future.

All four functions of management (planning, orga-
nizing, leading and controlling) are equally important 
and represent the pillar on which the entire science 
of management is built [20]. Results in the table in-
dicate that for authors of IJIEM papers planning was 
the most popular of these functions in the first exam-
ined interval since two n-grams (manufacturing plan-
ning and process planning) whose area of interest is 
planning can be found in the top five n-grams of that 
period. However, n-grams associated with planning 
can only be found in that first period. In the other 
three periods, there could not be found any n-gram 
that refers to this function of management. Similarly, 
n-grams associated with controlling function appear 
only in the last period, where almost 20 percent of 
the papers have written about it (considering n-gram 
business controlling) which make it by far the most 
common n-gram in that period. The increased inter-
est of the authors of IJIEM papers in controlling in 
recent years could potentially mean that the general 
interest in this area has also increased. Also, obtained 
results potentially indicate that from a business aspect 
there is a different interest for different functions 
of management at different moments. However, 
in order to claim these assumptions with certainty, 
it would be necessary to conduct more detailed re-

search, which would include the analysis of papers 
from a large number of different journals, as well as 
the conduction of special research that serves this 
purpose. 

It is noticeable in Table 2 that n-gram industrial 
engineering and management was very popular in 
papers published in the first five years while, on the 
other hand, it appears only in a few papers when the 
last two periods are observed. Further, topics about 
people are becoming attractive for authors given that 
the last column in the table contains n-grams about 
both customers and employees such as customer ex-
perience, purchase intention, consumer perception, 
working conditions, and human resource manage-
ment. Also, terms associated with customers are no-
ticeable in the third column. For instance, customer 
satisfaction and customer co-creation can be found in 
a group of the most favored n-grams for that period.

The heat map shown in Figure 3 visually repre-
sents the 40 most famous n-grams in the IJIEM in 
general, for all periods, in combination with each 
period. Every intersection of the row and column is 
colored in a certain shade of blue color. The shade 
of blue depends on the presence of the n-grams from 
the observed row in the papers published in the pe-
riod presented in the observed column. Darker color 
means that the number of papers containing the con-
sidered n-gram is higher, and vice versa. Legend in 
the right corner of the figure shows the scale of color 
shades to the number of papers. Heat map is consis-
tent with the data from previous tables. The most in-

Figure 3. Heat map of 40 most frequent n-grams for individual periods, colored by the number of papers



235 Spasojević et al.

International Journal of Industrial Engineering and Management Vol 12 No 4 (2021)

tense colors are associated with mass customization, 
performance measurement, and lean manufacturing. 

It is interesting to see that n-gram industrial engi-
neering and management was less attractive for au-
thors of IJIEM papers as time went by. The reason 
for this may be that the authors were focusing more 
on specific areas of industrial engineering and man-
agement in the last few years, rather than on this topic 
in general. For example, management styles, product 
configuration system, decision making, and purchase 
intention are some of the n-grams that were not men-
tioned in any papers that were written in the first five 
years of IJIEM but, at the same time, are becoming 
popular in the years after 2015. 

On the other hand, the popularity of n-grams 
performance measurement and small and medium 
enterprises (SME) is rising in each subsequent pe-
riod. Some of the IJIEM papers showed that plan-
ning can have an impact on success in SMEs only in 
cases when the activities defined by the business plan 
are actually implemented. If they are defined only to 
fulfill formality requirements, planning has almost no 
impact on success in SMEs [21]. Besides that, inter-
disciplinarity of SMEs should not be neglected since 
its three perspectives (co-creation, solution space de-
velopment and information system design) are highly 
interwoven [22].  Also, customer experience manage-
ment was mentioned in a notable number of papers 
in the last period. This data is aligned with the results 
that Kankam-Kwarteng et al. [23] presented in their 
study. They found out that orientation on customers 
in SMEs can significantly affect firm performance. 
This indicates that it is possible to establish a link 
between the attractiveness of these n-grams. Some 
authors consider performance evaluation a key com-
ponent in the quality execution of managerial tasks 
which further emphasizes the importance of analyz-
ing and improving this concept [24].

3.2. The scientific impact of topics

To determine the scientific contribution of papers 
published in the IJIEM heat map of citations that the 
above-mentioned papers received was created, con-
sidering the same n-grams as the heat map which is 
presented in Figure 3. Similarly, as in the previous 
figure, shades of blue color were used to express the 
number of citations. This heat map is shown in Fig-
ure 4.

The heat map that is presented in Figure 4 shows 
that papers published in a period between 2013 
and 2015 are the most cited since the second col-
umn contains the highest number of dark fields. On 

the other hand, papers published in the last period 
(2019–2020) hardly received any citations. This is 
not surprising since this research is conducted in the 
first half of 2021. 

N-gram with the highest number of citations is 
mass customization which is expected if we take into 
account that almost 13% of papers ever published in 
IJIEM have researched this topic. Also, a very popu-
lar topic from the aspect of the number of citations 
is the relationship with customers. This can be seen 
if n-grams customer co-creation and buyer-seller re-
lationship are taken into account. Interestingly, pa-
pers that wrote about business models were highly 
cited even though there were only 4 of them – they 
received 63 citations together. Nonetheless, papers 
containing n-grams product development, sustain-
able business, performance measurement, and pro-
cess improvement received a significant number of 
citations in certain periods. This indicates that over 
time authors of the IJIEM papers examined different 
factors that influence a company's ability to make the 
value. 

Similarly, although only 3 papers wrote about 
Industry 4.0, the number of citations these papers 
have received is large (49 together). One of them is 
a review paper and it is the most cited article in the 
IJIEM journal. It is expected that the trend of con-
tinuous growth in the number of papers published 
in the IJIEM that research this topic will continue to 
rise and that those papers will receive even more cita-
tions. This expectation comes from the fact that the 
concept of Industry 4.0 is becoming more and more 
popular in recent years. Also, the number of compa-
nies that implement Industry 4.0 is growing since it 
has the potential to drastically improve complex in-
dustrial ecosystems by introducing new technologies 
[25]. 

Similar to Figure 2, VOSviewer was used to cre-
ate a network for the average number of citations for 
papers that contain a certain n-gram received. The 
lighter color of the circle means that on average the 
papers that contain observed n-gram are more often 
cited. This network is represented in Figure 5.

To determine if the popularity of n-grams in the 
IJIEM is connected with its received number of cita-
tions a linear regression model was created. The rela-
tionship between the number of papers that contain a 
certain n-gram and the number of citations that those 
papers received are studied in this model. This analy-
sis was done with Minitab software. The linear regres-
sion plot is shown in Figure 6, while the analysis is 
presented in Figure 7. The obtained p-value is 0.000 
while the significance level was 0.05 which indicates 
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Figure 4. Heat map of 40 most frequent n-grams for individual periods, colored by the number of citations

Figure 5. The most common n-grams by far, colored by the average number of citations of papers containing them



237 Spasojević et al.

International Journal of Industrial Engineering and Management Vol 12 No 4 (2021)

that the number of papers significantly influences the 
number of received citations.  

Also, Pearson's correlation coefficient was calcu-
lated in Minitab to determine whether a statistical 
correlation between n-grams is significant. The ob-

tained coefficient is 0.808 which means that a strong 
positive correlation exists between the number of pa-
pers that contain a certain n-gram and the number of 
citations that these papers received.

Similarly, as in Figure 7, the p-value is 0.000 which 

Figure 6. Linear regression model for n-grams

Figure 7. Regression analysis for n-grams

Figure 8. Correlation for n-grams
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is smaller than the significance level (0.05). This val-
ue confirms that the number of papers that contain 
a certain n-gram is in correlation with the number of 
times these papers have been cited.

Table 3 was created with the purpose to present 
the most cited papers ever published in the IJIEM. 
Table 3 consists of 10 rows and each row contains 
data about one paper. Papers in the table are ordered 
by a number of received citations, in descending or-
der. 

Even though mass customization is the most fre-
quently occurring n-gram, Table 3 shows that papers 
that contain it are not the most scientifically influential 
in the IJIEM. Moreover, none of the first 10 papers 
mentioned this n-gram. The most influential paper 
in the IJIEM by far is the one whose focus was on In-
dustry 4.0 and its concepts. As stated earlier, Industry 
4.0 has not often been the main subject of interest of 
the authors of papers from this journal but this result 
indicates that more attention should be paid to it in 
future papers. Also, very popular IJIEM papers were 
mostly focused on defining business strategies, find-

ing a way to improve performance, and improving 
relationships with customers.

The last heat map, shown in Figure 9, visually rep-
resents the countries of origin of authors of IJIEM 
papers. Countries were selected for all authors of ev-
ery IJIEM paper ever published and shown in the 
heat map as rows. Similar to previous heat maps one 
column represents one period of time. Intersect of 
row and column defines the number of papers in the 
observed period whose authors come from the ob-
served country. 

Figure 9 depicts that the most dominant country 
from the perspective of authors of the IJIEM pa-
pers is Serbia. This result is not surprising given that 
the journal itself is published in Serbia. Apart from 
Serbia, the heat map shows that scientists from Ger-
many, Portugal, Italy, and Brazil have been finding 
the IJIEM as an adequate journal for publishing their 
research in all periods. On the other hand, authors 
from the United States, Finland, and Sweden have 
made a scientific contribution through this journal in 
the first five years but did not publish many papers 

Table 3. First 10 most cited papers ever published in the IJIEM

First author Title Year Citations N-grams

Crnjac M. From concept to the introduction of 
industry 4.0 2017 49 Business concept; Industry 4.0; Business 

model;

Godina R. Quality improvement with statistical process 
control in the automotive industry 2016 22 Decision analysis; Quality control; Quality 

improvement; Statistical process control;

Zunk B.M. 
The role of E-procurement in the Austrian 
construction industry: Adoption rate, 
benefits and barriers

2014 22 Buyer-supplier relationships;  Industrial 
markets; Procurement process;

Mesquita D. 
Industrial Engineering and Management 
curriculum profile: Developing a framework 
of competences

2015 20 Competences; Curriculum analysis;  
Industrial Engineering and Management 

Ceryno P.S. Supply chain risk management: A content 
analysis approach 2013 20

Conceptual framework; Literature 
review; Risk management; Supply chain 
management;

Maia L.C. Sustainable work environment with lean 
production in textile and clothing industry 2013 20 Lean Manufacturing Sustainability; 

Brunswicker S. Managing open innovation in SMEs: A good 
practice example of a German software firm 2013 19 Open innovation; Organizational change; 

Small and Medium Enterprises (SME);

Lima R.M. An analysis of knowledge areas in industrial 
engineering and management curriculum 2012 18

Curriculum analysis; Industrial 
Engineering and Management; Knowledge 
areas

Shafiee S. Scoping a product configuration project for 
engineer-to-order companies 2014 17 Product configuration; 

Lalic B. 
Open innovation in developing regions: An 
empirical analysis across manufacturing 
companies

2017 16 Developing countries; European 
manufacturing survey;  Open innovation;



239 Spasojević et al.

International Journal of Industrial Engineering and Management Vol 12 No 4 (2021)

in the second half of the decade. Unlike them, in the 
years after 2015 authors from Italy, Russian Federa-
tion, Poland, and Croatia have shown interest in this 
journal.

4. Discussion and future IJIEM 
opportunities 

The results and the findings from the conducted 
research are discussed in this section. The overall 
impression acquired by analyzing results presented 
in previous tables and figures is that the IJIEM is an 
emerging journal with a high potential for growth. 
The IJIEM plays an active role in the fields of in-
dustrial engineering, manufacturing engineering, and 
production management. Authors of the papers have 
shifted focus from generalized topics to more spe-
cific ones. For example, n-grams industrial engineer-
ing and management and small and medium enter-

prises were highly positioned in the tables in the early 
years. This means that researchers were focusing on 
improving the performance of business management 
and production in general, instead of analyzing spe-
cific techniques and methods that can improve cer-
tain business segments. 

However, there has been a noticeable change in 
this in recent years given that previously mentioned 
n-grams have descended to lower positions in tables 
while, at the same time, n-grams dealing with specific 
aspects of the business (such as purchase intention, 
decision making, and customer experience manage-
ment) have moved to the higher positions.

Nonetheless, there is a noticeable increase in at-
tention paid to topics concerning people. Specifically, 
customers and relationships with them are becoming 
very popular since 5 of the 40 most popular n-grams 
of all time were associated with this topic. Similarly, 
papers that contain n-grams human resources and hu-
man capital deal with the topic of employee manage-

Figure 9. Heat map of countries of origin of authors of IJIEM papers for individual periods, colored by the number of papers
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ment. Considering that some authors [26] claim that 
investing in the labor force is a sure way for achieving 
better productivity, performance, and results in gen-
eral this topic should not be neglected. They argue 
that the reason for this is that employees have direct 
contact with change and are primarily responsible for 
its successful development. With this in mind Mijato-
vic et al. [27] conducted research to examine whether 
there is a link between human resource management 
and sustainable development of manufacturing firms. 
The results of their research show that there is a 
strong positive relationship between human resource 
management and the success of the implementation 
of digital technologies in manufacturing companies. 

Also, some research [28] show that better finan-
cial performance could be expected from societies 
that have advanced processes of human capital. In 
addition, it would be good to pay additional attention 
to B2B strategies in the future. This type of customer 
relationship covers all segments of the supply chain: 
from manufacturers to suppliers to distributors, and 
literature reviews show that there is currently a gap in 
the literature [29].

Since the most influential IJIEM paper [30] by far 
deals with the Fourth Industrial Revolution while, at 
the same time, presented tables show that IT topic, 
in general, was not very popular in the previous years. 
A great opportunity for further research could be to 
explore the possibilities of using artificial intelligence, 
advanced operational and informational technolo-
gies in the execution of managerial and industrial 
processes [1]. The benefits of exploring this could 
be huge, given that Kiel et al. [30] claim that it posi-
tively affects different aspects of life at the same time 
– economical, ecological, and social. They state that 
from the economical aspect main benefits are shorter 
times needed to finish a job, enhanced productivity 
and flexibility, increased efficiency, and decreased 
costs. The ecological aspect is reflected in the reduc-
tion of waste and logistics processes, increasing en-
ergy efficiency, and smaller greenhouse emissions. 
From the social aspect, some of the expected benefits 
are reduction of job complexity, more creative jobs, 
organizational transformation, and higher wages. Be-
sides that, Beric et al. [31] emphasize that achieving 
high values of the degree of effectiveness of indus-
trial production processes is closely related to usage 
of Management information systems in production 
since it provides fast information flow and effective 
decision making. They argue that integrated produc-
tion has a potential to be the dominant form of pro-
duction in the majority of smart production systems 
in the future. 

However, it should be noted that research [32] 
shows that the use of IT in companies faces differ-
ent government measures and high financial require-
ments, which significantly affects the degree and 
speed of implementation of these systems within 
companies. 

5. Limitations of the study

The first limitation of this study is that a time 
period of only eleven years was taken into account. 
Although that period includes papers that were pub-
lished in this journal in the period from 2010 until 
the moment of conducting this research, it is still a 
fairly short period of time in terms of determining 
fluctuations in popular trends and topics. There-
fore, a significant number of the conclusions that 
have been made in this research about future trends 
of the IJIEM are based on assumptions and expec-
tations.

Besides that, a big part of data preparation for 
analysis was done manually. This method of data 
cleaning and its preparation for analysis was satisfac-
tory for the purposes of this research, given that the 
total number of papers considered was 245. How-
ever, if the scope of papers increased, this way of 
data preparation could lead to various challenges. 
For this reason, one of the future suggestions for 
improvement could be to find tools and methodolo-
gies that provide automated and accelerated execu-
tion of this research step (see: [12]). 

Also, a potential limitation of this paper could 
be that the analysis relies solely on data available in 
the Scopus database while at the same time there is 
a chance that data for some of the existing IJIEM 
papers are not inserted into this database. Bearing 
in mind that the absence of such data can signifi-
cantly affect the conclusions drawn and the results 
obtained, in future research researchers should pay 
significant attention to this limitation.

Lastly, the first three periods that were selected 
in the analysis contained time intervals of three 
years while the last period contained only two years. 
The previously mentioned inconsistency occurred 
due to at the moment of conducting this research 
authors did not have information about IJIEM 
papers that were published in the current running 
year (2021). Thus, the last period contained data 
for 2019 and 2020 only. This shortcoming could 
potentially be the basis for conducting new research 
based on this one while containing equal periods. 
Also, the authors used only data about IJIEM pa-
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pers that were taken from the Scopus database. A 
chance for improvement would be to expand this 
information by analyzing the papers themselves. 
In this way, some additional data about the papers 
could potentially be obtained, which could be im-
portant for identifying new trends in the journal.

6. Conclusions

This research analyzed different trends and topics 
that were interesting for the authors of IJIEM papers 
throughout the years with an aim to provide insight 
into the contribution to the process of determining 
influence, progress and positive effect that industrial 
engineering and engineering management had on so-
ciety through analysis of IJIEM papers. 

Previously shown results could be a significant 
basis for authors to determine further directions of 
research as it shows how authors’ interests in the 
field of industrial engineering, engineering manage-
ment, and production management have changed 
over the years. Likewise, presented heat maps as a 
visual representation of popular n-grams could help 
researchers to determine which topics should be set 
as a priority in the near future, as well as the research 
of which scientific areas have the potential to identify 
new, significant, scientific achievements. 

Authors of future IJIEM papers should pay atten-
tion to emphasized limitations of this study and try to 
find a way to overcome it given that it could lead to 
significant improvements and progress in the fields 
of industrial engineering, engineering management, 
and production management. Solutions to overcom-
ing these limitations that were proposed in this pa-
per could help them in that process. Also, suggested 
opportunities should not be ignored given that they 
were derived from the analyzed bibliometric data. 
Therefore they could lead authors of IJIEM papers 
to a chance to make a significant scientific contribu-
tion through future research and potentially make 
an even greater impact of industrial engineering and 
management on communities through them. Future 
analyses should be based on some novel method-
ological approaches such as text mining [33].
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