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Abstract 
The emergence of the 4th Industrial Revolution has led to a significant transformation on work systems, 
requiring deep changes in logistics, manufacturing and operations management, which consequently 
impacts on the Industrial Engineering and Management (IEM) area and its graduates. Toward this 
scenario, keeping up-to-date IEM study programmes is needed in order to satisfy the incoming demand 
for new knowledge resulting from these transformations. As a result, higher education institutions (HEIs) 
increasingly seek to equip their students with key, relevant and up-to-date knowledge and skills needed 
to perform well in the ‘new’ labour market. 

In general, the existing frameworks describing the profile or intended learning outcomes for engineers’ 
graduates are valid for any engineering speciality area (e.g. Tuning-AHELO, EUR-ACE, ABET-USA). 
There is indeed a lack of frameworks designed for specific areas, namely for IEM, establishing the body 
of knowledge and skills IEM graduates should acquire. This leads to differences in IEM study 
programmes offered at HEIs, which can cause some misunderstanding regarding what IEM is as a 
scientific discipline. 

The study presented in this paper follows from a previous one on “The industrial engineers’ essential 
knowledge and transversal skills” [1], and has two main purposes. Firstly, to develop a framework for 
the IEM body of knowledge, able to serve as a reference to map IEM programmes. The IISE’s “The 
Industrial Engineering body of knowledge” [2] was used as a point of departure for designing this 
framework. Secondly, to test and validate the proposed framework, by using it to compare and analyse 
the IEM programmes currently offered at Portuguese public HEIs. 

The paper provides a contribution to knowledge development around IEM by providing a validated 
common framework for mapping and comparing different IEM programmes around the world. 
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1 INTRODUCTION 

1.1 The Industrial Engineering and Management area 
The Institute of Industrial and System Engineers (IISE) [2] defines Industrial Engineering and 
Management (IEM) as an area “concerned with the design, improvement, and installation of integrated 
systems of people, materials, information, equipment, and energy”. This scientific area was established 
in the XVIII century, approximately 1746 [3]. Although its origin is strongly related to the manufacturing 
[4], in recent years it has become more broad, encompassing not only engineering knowledge but also 
management [5], with an intervention in the most varied sectors such as: healthcare, education, 
transport, financial and in both public and non-governmental organizations [2].  

According to the IISE, the industrial engineer is a professional that identifies and develops solutions to 
address the needs of a wide variety of industries, drawing upon the application of “specialized 
knowledge and skills in the mathematical, physical, and social sciences together with the principles and 
methods of engineering analysis and design” [2]. His/her concerns are chiefly turned to provide solutions 
that enable the production and delivery of products and services in the least possible time and with the 
greatest productivity, quality, reliability and efficiency [6], [7]. 

According to Omurtag [8], IEM is a more synthesis-oriented than an analytical area, with a focus on the 
classical disciplines, while integrating technical, human and management knowledge. In the twentieth 
century, IEM is spread all over the world, although regional differences emerge regarding its focus, the 
industrial engineer typical role or the main concepts and methods used [9]. Tab. 1 summarizes some of 
those differences for three different world regions/countries (USA, Europe and Japan).  
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In Portugal, traditionally IEM has not been a glamorous area, which is translated in the relative low 
number of study programmes available in higher education institutions (HEIs). Nevertheless, in recent 
years it is possible to notice a positive development of the field, with an increase in the number of IEM 
programmes in HEI, as well as in the number of candidates to these programmes. Currently the IEM 
program is becoming a fashionable one, comparable with other highly attractive programmes, such as 
medicine or other more traditional engineering programmes. 

Table 1. IEM in different regions (adapted from [9]). 

 USA Europe Japan 

Focus of Industrial 
Engineering 

System Optimization, 
Statistical Process 
Control, Simulation, 
Bottleneck Management, 
Project Management 

Complex Process 
Optimization, CIM, 
CAD/CAM, Flexible 
Automation, Systems 
Engineering, Digital 
Factory 

Waste Elimination, 
Simplification, Visualization, 
Low Cost Automation, 
Common Sense, Lean, 
TPS, Kaizen 

Typical role of Industrial 
Engineer 

Systems Integrator, 
Optimizer, Process 
Improvement, and 
Reengineering 

Production Process 
Optimization 

Lean Manager, Teacher, 
Trainer 

Typical concepts and 
methods in Industrial 
Engineering 

Operation Research, 
Simulation, Six Sigma, 
TOC 

Work Measurement, 
Capacity Calculation, 
Layout Planning, Process 
Management 

Lean Thinking 

According to Kotnour and Farr [5, p. 15], from the end of the 20thcentury, IEM “has evolved dramatically 
because of the information age and the interdisciplinary nature and complexity of modern systems”. 
Furthermore, with the emergence of the “4th Industrial Revolution” or Industry 4.0, it is expected that this 
trend will continue, since the needs of this new era are very much in line with what IEM offers in terms 
of body of knowledge and key competences [1]. 

In fact, the transition to the fourth Industrial Revolution has led to a strong transformation of the system 
of work. Popkova et al. [10] suggest that fundamentally this industrial revolution differs from previous 
ones, insofar the rapid technological advances have transformed the complex environment with impact 
on processes, products and services’ life cycles. According to Kosturiak and Debnar [9, p. 1], “the trend 
in industrial engineering is towards interdisciplinary courses where cross-speciality thinking is practiced”. 
These transformations will require reconsideration of the essence of the system of work, which will result 
in deep changes in logistics and manufactured products [10], and consequently will have a significant 
impact in the IEM area and its graduates.  

Toward this scenario, keeping up to date IEM course programmes is needed to satisfy the incoming 
demand for new knowledge resulting from these transformations. As such, higher education institutions 
(HEIs) are becoming more pressed to, but also interested in, ensuring that they equip their graduates 
with a relevant and up-to-date body of knowledge [1]. However, according to Kotnour and Farr [5, p. 
23], there is a “need to understand the educational programmes and curriculum”, as well as to develop 
“a common definition of the core elements” of the IEM curriculum. Lima et al. [11, p. 78] also identify 
“the lack of a standard framework of IEM specific areas of knowledge”. 

1.2 The IEM frameworks 
In general, the existing frameworks describing the profile or intended learning outcomes for engineers’ 
graduates are valid for any engineering speciality area, and do not consider specific engineering fields, 
namely IEM. Nowadays, the most popular standards for accrediting engineering programmes are the 
Accreditation Board for Engineering and Technology (ABET) and the European-based EUR-ACE. Other 
frameworks in the literature focus on skills and competencies inherent to the employability of engineers, 
thus seeking to understand the needs of industry and the market (e.g. [12]–[14]). 

Marin-Garcia et al. [6] refer that they have not found any published list of knowledge areas or intended 
learning outcomes for an Industrial Engineer, which can serve as a basis to design an IEM curriculum. 
In line with this gap, and to try to overcome it, the authors propose a set of general and specific 
competences for industrial engineers aligned with the IEM body of knowledge. 
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Founded in 1948, IISE is an international, non-profit and considered the world's largest professional 
society dedicated solely to support the technical and managerial excellence of the industrial engineer 
career [2], [4]. This organisation is responsible for the publication of the “The Industrial Engineering body 
of knowledge” – IEBoK, a document that represents the repository of essential information for industrial 
engineering and is made up of knowledge areas with a taxonomy of relevant industrial engineering 
concepts [2, p. 1]. 
In Portugal, the Directorate-General of Higher Education's (DGES acronym in Portuguese) does not define 
any body of knowledge to apply to the study programme offered at higher education level. The framework 
present by DGES just defines that the students should obtain in the level 6 (graduation) "thorough 
knowledge of a specific area of study", and in the level 7 (master degree) "highly specialized knowledge 
of a specific area of study" [15]. It is left to the HEIs to decide on the curriculum content needed to achieve 
the required learning outcomes. On the other hand, the Portuguese Agency for Assessment and 
Accreditation of Higher Education (A3ES acronym in Portuguese), which has the mission of assessing and 
accrediting HEIs and their cycle of studies, also does not take decisions regarding the contents of those 
cycles [16]. In addition, the Regulation No. 420/2015, known as "Atos de Engenharia por Especialidade 
da Ordem dos Engenheiros" (the legal framework of Portuguese Engineers Association), which legally 
establish a framework of professional attributes, does not address the IEM and its main areas of expertise 
[17]. However, the European Commission notes that well-designed programme and curriculum are crucial 
to achieve achieving the required learning outcomes [18]. 

So, and overall, it seems that there is indeed a lack of frameworks designed for the IEM area, 
establishing its body of knowledge and the skills IEM students should acquire when graduating. This 
leads to differences in IEM study programmes offered at HEIs, which can cause some misunderstanding 
regarding what IEM is as a scientific discipline. The present study intends to contribute to help fulfil this 
gap, developing a framework for the IEM body of knowledge, able to serve as a reference to map and 
compare IEM programmes. In what follows, the methodology used to design such a framework and its 
empirical validation are presented. The paper ends with the presentation of the results obtained – the 
proposed framework and a comparison of IEM Portuguese programmes based on it – and some final 
conclusions on study conducted and its contribution to knowledge development around IEM.  

2 METHODOLOGY 

2.1 Development of the framework 
After reviewing the available literature, this study considered the guidelines and directions proposed in 
the IEBoK [2] as the most appropriate source to base the development of a framework for the IEM body 
of knowledge, able to serve as a reference to map and compare IEM programmes worldwide.  

Furthermore, a review was made of all existent public IEM programmes in Portugal (in the academic 
year 2017/18), in order to identify the main scientific areas they include. Eleven 5-year IEM programmes 
(integrated master's or graduation plus master's degrees) were identified, six belonging to universities 
and five to polytechnic institutions.  

Based on this review, as well as on IISE guidelines and directions, the present study proposes a 
framework which outlines the scientific underpinnings of IEM, considering four main science areas – 
Industrial Engineering Sciences, Basic Sciences, Engineering Sciences and Social Sciences – and their 
corresponding subareas. As shown in Fig.1, the IISE body of knowledge was mainly used to identify the 
industrial engineering sciences subareas of knowledge, while the remaining sciences subareas – Basic, 
Engineering and Social – were identified based on the curricular structure of the IEM programmes of 
Portuguese HEIs. 

 
Figure 1. Framework. 
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2.2 Validation of the framework 
In order to validate the framework a desk research was undertaken. This process consisted of the 
following steps. At a first stage, the eleven HEIs identified as offering IEM programmes were coded, 
with ‘UE1’ referring to the first university and, similarly, ‘PE1’ to the first polytechnic institute. 

In the next stage, a database was created to store the data obtained from the HEIs’ websites regarding 
their IEM programmes. It was possible to note that, generally, the IEM programmes curricular structures 
include a set of compulsory subjects, together with some elective and restricted-elective ones. Elective 
and restricted-elective subjects were not included in the analysis. At this stage, the existence of 317 
different terminologies to describe compulsory subjects among the different IEM programmes was also 
identified. Furthermore, the number of the European Credit Transfer System (ECTS) credit points 
assigned to each subject was also collected and introduced in the database.  

The compulsory subjects of each IEM programme were then classified using the IEM framework 
previously developed. This classification was made individually by three IEM specialists; subsequently, 
the individual results were discussed together to arrive at a final classification of the subjects. Subjects 
that raised doubts were, as far as possible, analysed according to their programmatic content. 

Finally, the number of ECTS credit points allocated to each one of the knowledge areas (industrial 
engineering, basic, engineering and social sciences) and subareas, resulting from the aforementioned 
classification of the subjects, were computed. The eleven IEM programmes were then compared in 
terms of the knowledge areas and knowledge sub areas of industrial engineering sciences they cover. 
A comparison between the IEM programmes from the university system and from the polytechnic one 
was also undertaken, regarding the number of ECTS credit points covered by each one of the four 
knowledge areas. 

3 RESULTS 

3.1 IEM framework 
In the IEBoK, the industrial engineering sciences area includes twelve knowledge subareas, where each 
one “is represented by an outline that defines what needs to be known to achieve a mastery in the field 
of industrial engineering”. Taking into consideration the Portuguese reality, this study considers eleven 
knowledge subareas. Tab. 2 presents the knowledge subareas and their definitions as considered in 
the proposed framework. 

Table 2. Knowledge subareas of the industrial engineering sciences area. 

Knowledge subarea Definition 
Information Engineering (IE) It is an approach to planning, generating, distributing, analyzing and using data 

collected in systems to facilitate decision making and business communication. 

Quality, Reliability and 
Maintenance Engineering 
(QRME) 

It covers the tools and techniques employed that help to prevent mistakes or 
defects in manufactured products or service processes that avoid problems 
when delivering solutions or services to customers. 

Safety, Ergonomic and Human 
Factors Engineering (SEHFE) 

It is the study of designing equipment and devices that fit the human body and 
its cognitive abilities. It also addresses methods and measures for recognizing 
and controlling workplace physical hazards, as well as approaches for dealing 
with accidents and facilitating recovery. 

Systems Engineering (SE) It deals with integrating aspects of other engineering disciplines, ensuring that 
all likely aspects of a project or system are considered and efficiently integrated 
together. 

Product Engineering (PE) It is the process of innovating, designing, developing, testing and deploying a 
product. 

Operations Engineering and 
Management (OEM) 

It employs tools and techniques to ensure business operations function 
efficiently, using as few resources as needed. 

Engineering Economics (EE) It is focused on engineering projects, making possible to understand the 
economic viability of any potential problem solution. 
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Operations Research and Data 
Analysis (ORDA) 

It involves the construction of a mathematical model that aim to describe and/or 
improve real or theoretical systems and solutions methodologies to gain real-
time efficiency. 

Logistic and Supply Chain 
Management (LSCM) 

It covers the movement, production, and storage of raw materials, work-in-
process inventory, finished goods, and services from point of origin to point of 
consumption or use. 

Facilities and Energy 
Management (FEM) 

It is concerned with the arrangement of physical resources to support the 
optimal production and distribution of goods and services. Energy management 
includes the planning and operation of energy required in facilities to support 
the production and the distribution of good and services. 

Others (OIE) Other knowledge areas 

Based on the curricular structure of the eleven IEM programmes offered in Portugal, the remaining 
sciences (basic, engineering and social) that compose the framework include the subareas of 
knowledge presented in Tab. 3. 

Table 3. Knowledge subareas of basic, engineering and social sciences. 

Science Knowledge subarea 
Basic Physics 

Mathematics 
Chemistry 

Engineering Electrical and Electronics 
Informatics 
Materials 
Mechanics 
Others 

Social Accounting 
Economics 
Finance 
Management 
Others 

Fig. 2 summarises the proposed framework, which includes the knowledge areas and subareas 
discussed above. 

 
Figure 2. IEM framework. 
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3.2 Validation of the framework in the Portuguese context 
Upon completion of the Portuguese IEM programmes database (as explained in the Methodology 
section), it was possible to test and validate the IEM framework. A description of the main results is 
presented below. 

The first part is an overview of the results which compares the average number of ECTS credit points 
allocated to each science area in IEM programmes. In the second part, the comparison of the 
percentage of ECTS per each scientific area of IEM is presented. Finally, the study compares the 
percentage of ECTS per each knowledge area of IES. 

As can be seen from Fig.3, the IEM programmes from the university (UE) and polytechnic (PE) sectors 
are not significantly different regarding the knowledge areas they cover. The overall results showed that 
both types of HEIs emphasise in their programmes the industrial engineering sciences area (41% and 
49%, respectively), as it was expected since these are IEM programmes. However, the programmes 
differ in terms of basic sciences, with university IEM programmes presenting about 20% of ECTS 
dedicated to this knowledge area, while for polytechnic IEM programmes this percentage is lower (12%). 
This result was also expected to a certain extent since polytechnic education is supposed to be more 
professional and research applied oriented. 

 
Figure 3. Comparison between university and polytechnic IEM programmes regarding the distribution of the 

average number of ECTS credit points by knowledge area (IES – Industrial Engineering Sciences;  
BS – Basic Sciences; ES – Engineering Sciences; SS – Social Sciences) 

The analysis of the relative distribution of the number of ECTS credit points by knowledge area for the 
eleven IEM programmes, as presented in Fig.4, showed that universities’ programmes place a focus 
between a minimum of 31% and a maximum of 48% of ECTS in the industrial engineering sciences 
area. On the other hand, polytechnics’ programmes present a minimum of 38% and a maximum of 62% 
of ECTS in the same knowledge area. Again this may be explained by the more vocational oriented 
character of the polytechnic education. Concerning the other knowledge areas, it was also possible to 
observe significant differences in the distribution of the number of ECTS credit points. The IEM 
programmes analysed are indeed not identical; possible explanations may include the department 
offering the programme (e.g. in some cases the programmes are offered in mechanical engineering 
departments, while in others are part of the educational offer of management departments) or, 
eventually, by the expertise, and academic background of the programme's teaching staff [4]. 
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Figure 4. Comparison of different IEM programmes regarding the distribution of the percentage of ECTS 

credit points by knowledge area (IES – Industrial Engineering Sciences; BS – Basic Sciences;  
ES – Engineering Sciences; SS – Social Sciences) 

Fig. 5 show the results obtained for the distribution of ECTS credit points allocated to the industrial 
engineering sciences knowledge subareas by IEM programme. In general, the IEM programmes tend 
to cover almost all the knowledge subareas proposed in the framework, albeit giving them different 
weights in terms of ECTS credit point’s allocation. Interestingly, all programmes place a significant 
emphasis on teaching 'Operation Engineering and Management' (OEM) and 'Operation Research and 
Data Analysis' (ORDA). The only exceptions to this trend are two polytechnics' IEM programmes: the 
'PE4' programme only allocates 2% of ECTS for 'OEM' subjects, while the 'PE3' programme allocates 
9% of ECTS for 'ORDA’. 

Subareas less covered by the IEM programmes include the ‘Safety, Ergonomic and Human Factors 
Engineering (SEHFE)’ (only present in 5 programmes), Systems Engineering (SE)’ (only present in 6 
programmes, mainly from the university sector), ‘Logistic and Supply Chain Management (LSCM)’ (only 
present in 7 programmes, mainly from the university sector) and ‘Engineering Economics (EE)’ (only 
present in 7 programmes). 

Concerning the ‘Industrial Engineering’ (IE) subarea of knowledge, universities’ programmes place a 
focus between a minimum of 5% and a maximum of 18% of ECTS credit points, while polytechnic 
programmes give this subarea a minimum of 7% and a maximum of 19% of ECTS. Although the 
emphasis in IE is similar between the sets of university and polytechnic institutions, it is possible to 
identify significant differences in each set of institutions. 
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Figure 5. Comparison of ECTS (%) by knowledge areas of IES (Industrial Engineering Sciences). 

4 CONCLUSIONS 
In conclusion, the study undertaken allowed to develop a framework for IEM based on the IISE’s “The 
industrial engineering body of knowledge”, that proved to be able to serve as a reference to map IEM 
programmes. In fact, the proposed framework was tested and empirically validated through its 
application in the analysis and comparison of the eleven IEM programmes currently offered at 
Portuguese public HEIs.  

The framework proved to be effective in underlining the main differences and similarities between the 
eleven IEM programmes, in terms of knowledge areas and subareas covered. It was possible to 
conclude that overall programmes from polytechnic HEIs do not differ significantly from the ones offered 
in universities in terms of knowledge areas covered. Even though, it is worth to mention that while 
university programmes give more emphasis than polytechnic ones to the basic sciences, the opposite 
it true regarding the weight given to industrial engineering sciences.  

Regarding the knowledge subareas included in the Industrial Engineering Sciences, the IEM 
programmes maintain, in general, a substantial volume of subjects devoted to the ‘Operation 
Engineering and Management’ and ‘Operations Research and Data Analysis’, plus a set of specific 
‘Industrial Engineering’ subjects. On the other hand, some important knowledge subareas are not 
covered in the programmes of some HEIs, especially in the case of polytechnics for the areas of Systems 
Engineering (SE)’ and ‘Logistic and Supply Chain Management (LSCM)’. 

The main limitation of this work concerns the data collected from the HEIs websites, which may 
eventually not be up-to-date Furthermore, for some subjects identified in the programmes curricular plan 
it was not possible to have access to their syllabus, which made their classification in a subarea of 
knowledge less reliable. Considering the limitation of the study, future research should involve and 
mobilise Portuguese HEIs in order to obtain more reliable data on the programmes, allowing for their 
better characterisation in terms of the proposed framework. Additionally, it would be interesting to use 
the framework to compare Portuguese IEM programmes with those offered in other countries, namely 
across Europe, but also with other regions, to assess how far there is some degree of homogeneity 
regarding this educational offer, or otherwise diversity is the rule. 
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