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Abstract:Industrial engineering is an engineering discipline which, because of its multi-disciplinary nature, has 

played an important role in the development and optimization of different systems at macro and micro levels. In 

this paper, the results of a research to study the position and trend of Industrial Engineering research in recent 

years are described. The data from a sample of 7,000 IE-related articles from international journals during the 

last 50 years were used for the analysis. The results showed that the development of IE in many countries has a 

strong correlation with their industrial and economic development. However, IE research topics are spreading in 

other management and engineering departments and so there is a need to redefine the discipline and its specific 

areas of interest. According to the prediction made using time series analysis, the most favorite fields of IE 

research in future will be on subjects related to information technology, intelligent systems, optimization, 

quality, and supply chain management. 

 

I. INTRODUCTION 
 Industrial Engineering is a relatively new discipline that tries to adopt a systemic approach to solve 

different problems whether related to manufacturing or services. According to the definition by Institute of 

Industrial Engineers (IIE): “Industrial Engineering is concerned with the design, improvement and installation 

of integrated systems of people, material, information, equipment and energy. It draws upon specialized 

knowledge and skills in the mathematical, physical and social sciences together with principles and methods of 

engineering analysis and design to specify, predict and evaluate the results to be obtained from such systems 

[12,15]”. 

 Industrial Revolution was the starting point for the birth and initial development of industrial 

engineering profession. The studies of Fredrick Taylor, who is sometimes called as the father of IE, together 

with other pioneers like Henry Gant, Frank and Lillian Gilberta Henri Fayol made the initial building blocks of 

Industrial Engineering [12]. 

 World War II was another milestone in IE history. The increasing needs of manufacturers for higher 

efficiency in production systems led to creating new methods like time study, methods engineering, operations 

research, and quality control. The enhancement of computers made an opportunity for industrial engineers to 

improve the effectiveness of IE techniques by applying the technology for industrial engineering problems such 

assimilation, machining process control, linear and non-linear models, management information systems, layout 

planning, and statistical quality control. 
Development of information technology has opened a new vision for industrial engineers in recent years. 

Almost 2 decades ago, Davenport and Short [2] explored the implications and applications of IT on IE functions and 
predicted that the industrial engineers of the future, regardless of their formal title or the organizational unit, will 
focus on IT-enabled redesign of business processes. According to Koelling and et al [7], tremendous advances in 
computing, information, and communication technology are dramatically, and permanently, altering the landscape 
that constitutes what is known as "work". Preez&Pintelon [11] believe that industrial engineering is caught between 
the Industrial Revolution and the Information Revolution confronting with choosing between pragmatic 
improvements in productivity and the opportunistic modeling and reshaping of the networked `virtual enterprise’ 
and `extended enterprise’ to become more competitive in a global marketplace. Believing that the two societies 
(industrial and information) might have conflicting characteristics, they urge careful repositioning of industrial 
engineering to ensure that the benefits that can be obtained from the two societies are maximized. 

Together with the recent growth of nontraditional industries, particularly information technology and 

service-related industries the percentage of industrial engineers working outside of the traditional manufacturing 

industries has exceeded the percentage of those working inside the field in the next several years, and so the 

types of roles and responsibilities of Industrial Engineers are subject to change [3]. While the borders of IE, as 

an interdisciplinary subject are broadening, there is a concern regarding core of the profession that distinguishes 

it from other disciplines. 

This paper reports the results of a research aimed at analyzing the trend of industrial engineering 

research during the last 5 decades and the perspectives that can be foreseen for the future of this field. 
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II. LITERATURE REVIEW 
A review of publications on Industrial Engineering in general showed that they may be categorized into 

four groups. The first group consisted researches that has focused on the curriculum. For example, in [3] the 

desired characteristics and emerging topic areas that should be incorporated in the undergraduate Industrial 

Engineering curriculum were identified. In another example, QFD (Quality Functional Deployment) technique 

was used to determine IE educational needs according to the viewpoints of students, faculty membersand future 

employers of the students [8]. 

In the second group, the position of IE in organizations has been studied. A comparison of IEin 

developing and developed countries [9], position of IE in a particular country [10,14],role of IE in education and 

society [13], and application of IE techniques in service industries [1] are among the papers. All the studies have 

shown an effective role that Industrial Engineers play in different positions. 

The third group of researches has investigated the relationship between IE and other science and 

engineering fields. The impacts of computer and information technology on IE are among the main areas of 

interest in this group [2, 7, 11, and 6]. In the last group, the future of IE has been elaborated. Preez&Pintelon 

[11] for example, outlined the duties ofa successful industrial engineer in the future as: a) contribute in 

developing opportunities within existing environments b) facilitate in planning the inevitable changes that will 

be required c) become leaders in the interface between industrial engineering and information technology d) 

facilitate and improve knowledge sharing and e) understand and facilitate empowering of employees. According 

to Kolling&Beruvides [7], industrial engineers of the future will be working with and within high-technology 

systems that will greatly affect not only how they do their work, but also the work that they do. They concluded 

that the education and tools of IE should be revised according to the potential impacts of the technology 

changes. In a survey by Hodgson and Soyster [4], faculty members in IE departments were asked to classify 

their research on manufacturing side of IE. The results showed that the main categories of interest were 

manufacturing design, fabrication and material processing, information technologies, and production and 

scheduling. 

 

III. METHODOLOGY 
The aim of this research was to study the trend of IE research in the past on which basis the future can 

be predicted. The journal papers published on the fields related to Industrial Engineering were considered for the 

study since they well represent the active research. Due to the limitations of access and data processing, a 

sample was selected with the following criteria: 

Country: No limitation was considered regarding the country in which research has been carried out. 

For those papers with more than one country, the first author’s country was taken into account. 

Date: Although IE history has a 60-year background, the majority of publications have been during the 

last five decades. For this reason, publications between 1970 and 2019 were considered for the study. 

Department: It is obvious that all IE related researches are not necessarily undertaken in IE 

departments. In fact, because of the multidisciplinary nature of IE, many subjects related to this discipline are 

taught and researched in other departments like System Engineering, Manufacturing Engineering, and 

Management Science. Hence, no limitation on the department was considered in the study. For joint research 

between different departments, the department of the first author was taken. 

Topics: IE research comprises a variety of managerial and technical subjects. Through a survey of 

keywords in the publications, themes of IE conferences, and ideas of experts in this field, the main topics were 

identified. Table 1 shows the IE topics and their corresponding subjects (keywords). 

Journal: Considering the ease of access as well as the internationalization factor, papers for the study 

were limited to those published in English language journals. From international publishers providing electronic 

resources, 4 main publishers were selected. They were Pergamon, Elsevier, Springer, and Emerald. From the 

journals published by the publishers, those more relevant to IE were selected. Table 2 shows the list of the 

resultant25 journals. 

Through searching the papers, items like title, author, journal, department, university or institution, 

country, year of publication, and subjects were derived and stored in the database. Other considerations were: 

 Date of publication was considered as the date of research. 

 In identifying the subjects, the keywords matching the specified keywords of this research were taken into 

account. 

 In a few papers, items like the country and the department were not identified; these cases were regarded as 

missing data. 
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IV. RESULTS AND DISCUSSION 
Out of 12,000 papers studied, 7,000 papers were found appropriate for the study. The data derived from 

the papers were analyzed according to the specified categories. The following sections describe the main results. 

Figure 1 depicts the trend of publications on IE related subjects during the last three decades. The increase of 

publications in the 90s comparing to the previous decade is quite significant while the 2000-2007 period shows 

a slight increase. The increase can be attributed to the development of the IE profession in many countries, 

recognition of its role in the companies, and the expansion of IE in non-manufacturing areas. In analyzing the 

countries, papers were categorized according to 9 world regions (Table 3). As seen, three regions North 

America, West Europe, and East Asia have contributed to more than 85 percent of publications with North 

America having 32 percent alone. This shows an unbalanced development of IE in different countries. The 

unbalanced development can be seen between countries within each region as well. The results support the 

hypothesis that there is a correlation between degree of development and the growth of IE in many countries. 

Focusing on individual countries, it can be found that Ten (10) countries contribute to 65 percent of publications 

with the US alone showing a significant share of 25 percent; Table 4 shows the results. The second position of 

Taiwan in the list is interesting when it is compared to more industrialized countries. This can be attributed to 

special attention given to the development of IE in this country. Besides, presence of four East Asian countries 

in the Top 10 list is consistent with impressive economic growth of these countries in recent years. Figure 3 

compares the percentage of publications in different regions during the three periods. As seen, the share of East 

Asian countries during 1990-2000 has significantly increased while the share of North America has decreased. 
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This trend has been continued during 2000-2007 in which main Taiwanese papers have been published. Position 

of Turkey in the Top-10 list with the third position in Europe is also interesting and can show its jumping 

movement towards the development of IE research. 

 

 
  
Taking the multi-disciplinary nature of IE into account, it can be predicted that not all of IE-related research has 

originated in IE departments. Having analyzed the data, the publications were categorized into 7 groups. Those 

publications that have not originated in university departments (schools, faculties, divisions etc.) were excluded 

from the analysis. Table 5 shows the groups and Figure 3 compares the number of papers in each group. 

 Although during 1970-2000 the main publications have been in IE departments, in the last Twenty 20 

years, management and business departments has taken the first position. Although many topics are common or 

similar in these two groups of departments, but the difference found from the same source of data shows recent 

tendency of management departments towards the IE-related subjects. Another movement apparent from the 

analysis is recent growth of IE research in computer and information engineering departments. 

This is the result of application of information technology in IE research in one hand, and development 

of IE techniques and models in computer departments on the other. Due to the role of modern mathematics in 

new IE techniques, the research in mathematics departments has also increased in recent years. 
From the above results it can be concluded that the proportion of research on selected topics in IE 

departments is decreasing. This supports the hypothesis that the role of IE has been weakened during the last years 
and there is a danger of taking over the roles by other disciplines. 
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Using the grouping in Table 1, the papers were analyzed according to the main topics of IE research; 

Figure 4 shows the results. As seen, research on operations research, intelligent systems, and quality 

management has had the highest frequencies. This may be due to the diversity of these subjects as well as their 

applications in other fields of science and engineering. 

The trend of research on subjects has also varied during different periods. While some subjects have 

grown up in recent years, the number of publications on some subjects has relatively decreased. The reason 

could be the changes in the research demand by the industry& society (pull factor) as well as the scientific 

interest of researchers (push factor). Figure 5 depicts the proportion of publications on the main subjects during 

the last decades. It can be observed that the proportion of papers on production management and systems has 

decreased while research on topics like intelligent systems, supply chain management, and information 

technology has been increasing. For other topics, despite slight fluctuations, the “proportions” have not changed 

dramatically. 

Those papers with keywords in two or more topics were analyzed. Figure 6 shows the combinations 

that have received the highest numbers. It is clear that operations research and intelligent systems were the two 

topics that have had the highest level of interactions. This can be justified as many OR subjects have been 

focused on heuristic techniques on one hand, and many intelligent systems applications have used OR 

techniques on the other. OR has shown the highest interactions with other IE fields as well; this could be due to 

its generality when compared to more specific manufacturing subjects like production systems. Figure 7 shows 

the number of joint papers for the main topics in which operations research and intelligent systems have shown 

their high potentials for interactions with other fields. 

As it can be observed the trends of different IE topics have been different. Subjects like intelligent 

systems, operations research, and supply chain management have shown an incremental and somehow stable 

trend while subjects such as production management and project management have had considerable 

fluctuation; topics like methods engineering, quality management, information technology, and advanced 

production &technology, despite some noise, have followed a moderate increasing trend. According to the 

results, it seems that, IE research in future will be focused on IS, OR, and SCM. 

 

V. CONCLUSION 
In this paper, the publications on different Industrial Engineering topics during the last 50 years were 

studied. The results show the growing importance given to the subject in many countries as well as significant 

role in industrial and economic development. However, IE research topics are spreading in other management 

and engineering departments and so there is a need to redefine the discipline and its specific areas of interest. IE 

departments should introduce new concepts and techniques if they are to maintain and enhance the 

profession.Other findings were: 

 Operations research, intelligent systems, and quality management have had the highest frequencies in past 

research publications. 

 While the proportion of papers on production management and systems has decreased during the last 

decades, research on topics like intelligent systems, supply chain management, and information technology 

has increased. 

 Operations research and intelligent systems were the two topics that have had the highest level of 

interactions with other IE topics. 

 It can be predicted that, in future, most IE research will be focused on subjects like information technology, 

intelligent systems, optimization, and supply chain management. 

Taking an external viewpoint, it seems that the world main challenges like energy management 

(production and consumption), shortage of raw material, and the development of information technology and 

automation will also affect the future of Industrial Engineering. Although the data used for the analysis is a non-

random sample of research publications on IE subjects, the large size of the sample and the time period used for 

the study make the generalizationsreliable. Future studies can complement this work by utilizing more data and 

addressing the limitations. Qualitative techniques can also be used to make predictions on future of IEaccording 

to expert views. The results of this research can also be used as a starting point in the development of curricula 

for Industrial Engineering programs. 
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