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Abstract: It is widely recognized, both in academic and industrial context, that people’s competence and ability have 
a significant impact on company performance. Knowledge and expertise are the main success factors for a company, 
and they need a continuous development for internal personnel and focused assessment for recruiting new people. 
Indeed, in the last years the need for model and tools to manage competences emerges in numerous scenarios. In the 
area of operation management or supply chain management (OM & SCM), as in many other professional or research 
fields, is still not clear which the personal characteristics needed for a successful professional performance are. 
Moreover, the concept of competence itself is often generically used to denote different personal attributes like, for 
example, knowledge, skills or behaviour. This paper aims to investigate scientific literature opinion about the definition 
of competences in OM & SCM. More precisely, we want to clarify which personal qualities are considered to be key 
in this field, from a scientific point of view, with reference to professional assessment and development (be it 
recruitment, shifting or any other career step). In particular, we aim to investigate of what nature are the skills that 
must be held by those who work in the OM & SCM environment; if greater importance is attributed to behavioural 
qualities compared to knowledge or technical ones; if there are reference models in literature for the assessment of 
competences of OM & SCM; and which OM & SCM knowledge elements are precisely related to some specific human 
qualities. For this purpose, a prior study and terminology definition has been carried out to identify the key concepts 
that in the next phases will guide the research. This work is conceived to represent the first step of a research aiming 
to define a comprehensive reference model for competencies in OM & SCM.  
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1. Introduction 

It is widely recognised, both in academic and professional 
context, that Human Resource Management plays a crucial 
role in giving a competitive edge to an organization. Indeed, 
the link between high performing organization and high 
performing people, although very difficult to be 
scientifically proved, is not even questioned, but the 
question remains what enables humans to be effective in 
their workplace, which are the necessary characteristic that 
identify the right person for a certain role or responsibility, 
and consequently how can these characteristic be detected 
in order to recruit what is commonly defined a talented 
person. In recent literature, following this research 
questions, competence or competency and the connected 
concepts of competence or competency-based 
management are attracting the attention of researchers. 
Competences are intended as professional human 
behaviour abstractions and can be briefly described as 
those human qualities connected with skills, knowledge, 
ability, talent, employee engagement. A great effort in 
various research fields is currently made to model 
competences and create unified framework for competence 
representation (Campion, 2011) as well as ontology-based 
model for competence management (Miranda, 2017).  
The need for a competence-based management is crucial 
for companies facing operation and supply chain 
management (OM & SCM) and manufacturing companies 
as well (Abele, 2015; Tisch, 2013). Effective methods for 

developing employee competences are required as 
traditional methods show limited effects (Chacay, 2012). As 
a result, the deepening of this research stream in these 
specific fields seems to be necessary: vague definitions of 
terms, inadequate distinction between competence and 
competency and the lack of a unique reference framework 
make the literature disorganised about these subjects in the 
area of OM. In the following sections, we firstly define the 
necessary concept background, then we analyse the 
literature to find possible trends, lacks and new emerging 
concepts. 

2. Competence Literature review 

The competences can exist in different levels in the 
organization; there are both individual and organizational 
competences. This paper is focused only on individual level 
of competences. A set of 250 scientific contribution has 
been analysed and originating from Elsevier Scopus 
scientific database through queries mixing the following 
keywords: “competence”, “competency”, “knowledge”, “talent”, 
“skill” with “operations management”, “supply chain management”, 
“manufacturing”, “production”. This first set represents the 
base for the literature review presented in Section 2. From 
this first set, through an analysis of the abstracts or an 
extensive reading, we identified a subset of 51 papers 
specifically focused on competences in the OM & SCM 
field. The contributions in this subset originate from the 
international journals listed below, showing in brackets the 
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number of contributions and the percentage on the total set 
- Procedia Manufacturing (22, 43%) 
- Procedia CIRP (13, 25%) 
- Computers & Industrial Engineering (2, 4%) 
- Procedia - Social and Behavioural Sciences (3, 6%) 
- Journal of Business Logistics (2, 4%) 
- Other (9, 18%) 

This extensive literature review confirmed a fundamental 
confusion about the general meaning of “competence” and 
the need of a rationalization effort also in the field of OM 
& SCM. In Section 2 the theoretical elements necessary for 
a deep analysis of OM literature about competence are 
highlighted. 
Though the term competence is in vogue, the concept is 
old (Furnham, 1970): psychologists have debated these 
questions in the last half century. In 1973 McClelland 
(1973) with the paper “Testing for Competence Rather 
than Intelligence” originated a debate in the field of 
industrial psychology that had a deep influence on 
professional and public opinion. He stated that knowledge 
contents were good predictors of academic performance, 
but not of job performance. He argued that the best 
predictors of outstanding on-the-job performance were 
underlying, enduring personal characteristics that he called 
competencies. McClelland competencies are constituted by 
knowledge and skills, as well as personal characteristics or 
self-concepts, traits and motives. In 1991 Barrett and 
Depinet (1991) argued that there were no professionally 
acceptable empirical evidences for McClelland thesis; they 
also showed that the best job performance and 
occupational success predictors are combination of 
cognitive ability tests and standardized personality tests.  

2.1 Competence/Competency confusion 

There is still confusion and debating about the difference 
between these two terms, causing them to mean different 
things to different people (Vazirani, 2010): some consider 
competency as a description of behaviour and competence 
as a description of work tasks or job outputs, others defines 
competence as the ability of an actor to do actions for a 
situation in an effective and efficient way (not directly 
measurable, but estimated by performance) while 
competency as an observable or measurable part of the 
competence like a skill, a piece of knowledge or an attitude;  
some other use the terms as synonyms, others state that 
competency in the American sense complements 
competence as used in the UK occupational standards 
(Boon, 2002; Delamare, 2005; Winterton, 2005; Sanchez-
Ruiz, 2006), Zemke (Zemke, 1982), after interviewing 
several field experts, stated that competence and 
competency are words meaning “only what the definer 
want them to mean”. Teodorescu (2006) resumes the 
differences between the terms stating that competencies 
(recalling Dubois, 1993) are those characteristics – 
knowledge, skills, mindsets, thought patterns – that when 
used whether singularly or in various combinations, result 
in successful performance, while competence equals 
worthy performance that leads directly to the most efficient 
accomplishment of organizational goals; as an implication 
of these differences, Teodorescu points out that 
competency is related to the definition of skills, knowledge, 

attributes and behaviours that successful people have; 
competence refers to the definition of measurable, specific, 
and objective milestones describing what people have to 
accomplish to consistently achieve or exceed the goals for 
their role, team, division, and whole organization.  

2.2 Competence definition 

Competence, in a general sense, refers to a person fitness 
to his or her job. Boyatzis (1982) gave a significant increase 
in the usage of the term with his work in which he defined 
competency as “an underlying characteristic of a person 
which results in effective and/ or superior performance in 
a job”, Spencer and Spencer (Spencer and Spencer, 1993) 
added that these characteristic have to be causally related to 
superior performance. In 1994 Page and Wilson (1994) 
reviewed a great number of citations and defined 
competencies as “the skills, abilities, and personal 
characteristics required by a good manager”, differentiating 
those elements (knowledge, skills) that are assessable and 
those (behavioural ones) that are not. Competences then 
include (or are a combination of): 

- Knowledge refers to information and learning resting 
in a person, can be viewed as the result of an 
interaction between intelligence (capacity to learn) 
and situation (opportunity to learn) (Winterton, 
2005).  

- Skill refers to a person’s ability to perform a certain 
task; research into skilled performance has 
increasingly taken into account broader cognitive 
skills such as problem solving and decision making. 
This demonstrates the difficulty in regarding such 
cognitive competences as knowledge rather than 
skill. Indeed, there is substantial evidence that the 
acquisition of skill and the demonstration of skilled 
performance. involve a combination of underlying 
perceptual, cognitive and motor skills (Carlson and 
Yaure, 1990; Salthouse, 1986) 

- Attitudes: self-concepts and values (person’s 
attitudes, values and self-image) 

- Traits refers to physical characteristics and 
consistent responses to situations or information. 

- Motives are emotions, desires, physiological needs or 
similar impulses that prompt action.  

All the forms of knowledge, skill, attitude, ability and 
learning objective are defined competency in the main 
standards and specifications (De Coi, 2007), both in 
learning or training or professional areas. Other authors 
(Spencer, 1993) argued that knowledge and skills are easier 
to develop than traits and motives, consequently, is more 
effective for companies to hire basing on the second ones. 

2.3 Competency models 

A competency model is a descriptive tool that identifies the 
competencies needed to operate in a specific role within a 
job, occupation, organization, or industry (Fogg, 1999). 
Shippman (Shippman, 2000) states that competencies must 
be defined in it for each function and job; usually in a 
competency model a group from 7 to 9 competencies are 
required and depicted of a particular job. There is the same 
terminological confusion about competence or 
competency models. Recalling the previously given 
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definition by Teodorescu (Teodorescu, 2006) competency 
models are aimed at listing the skills, knowledge, attributes, 
and desirable behaviour thought to be required for 
successful performance for a specific job role. Competence 
models instead are linked to the actual day-to-day work and 
define critical step-by-step accomplishments, related tasks, 
and best practices as well as skills and knowledge required 
to support achievement of critical accomplishments. 
Competency or competence models help the organizations 
in providing a “road map” for the range of behaviour that 
produce excellent performance. 

2.4 Considerations from the literature review 

We can sum up that competencies are underlying 
characteristic of a subject, having a causal relationship with 
the performance, and defined in term of a set of observable 
behaviours, so they can only be assessed in the action. They 
involve (Figueroa-Rodríguez, 2014) the integration of 
knowledge’s: know-know (body of knowledge), know-how 
(ability to apply the knowledge to perform some activity, 
i.e. the skills and abilities of the subjects), the know-being 
(attitudes of subjects) and know-be (motivations and 
personal performances of subjects), to get to know-act (the 
integration of prior knowledge, the result). The 
competency does mean the descriptive way to define 
features that allow good performance, meanwhile, the 
competence does mean what allows achieving efficiently a 
goal (Teodorescu, 2006). According to this definition, a 
competency model is mostly a description and a 
competence model needs a reference context to make 
sense. 

3. The focus on Operation Management field 

Though, as stated, this is a largely debated topic of 
recognized proven importance, it seems not to be much 
deepened in the field of OM & SCM. We carefully review 
the literature on this field developing a scheme to classify 
each paper content and analyse it. Thus, aim of the present 
research is to highlight: 

- how the concept of competence is considered in 
relation to training, recruiting, and educational 
practices in the OM & SCM field; 

- which elements of the concept of competence are 
perceived as more important in the OM & SCM 
field, in particular if greater importance is attributed 
to behavioural qualities compared to knowledge or 
technical ones; 

- possible connections between specific clusters of 
OM & SCM related topics and certain 
competencies; 

- the eventual presence of competency models in the 
field of OM & SCM, along with their characteristics. 

3.1 Research Method 

Following the previously highlighted research criteria, we 
identified a number of papers dealing with competence in 
the field of OM & SCM as reflecting the keywords 
“operations”, “production”, “manufacturing”, and “supply 
chain” management. In this search we excluded all those 
papers dealing with competence referred to the 
organization and not to the individual, for example the 

theory of production competence (Cleveland et al., 1989) 
and the related research streams, where competence is 
generically defined as “the preparedness, skill, or capability 
that enables manufacturers to prosecute a product-market 
specific business strategy”. Because this is out of our scope, 
we also excluded any form of competence intended at 
organizational or strategic level, being these defined as “a 
logic architecture that combines and interrelates resources, 
as well as corporate level core competences and tasks” 
(Zangiski, 2013). We also excluded those contributions 
dealing with individual competences but referred to other 
professional sectors, e.g. a great number of contributions 
were referred to medical or nursing employees. After these 
exclusions, we obtained a set of 51 papers.  
We characterised each one of the selected contributions in 
Annex A considering the criteria summarized: the tick on 
the criterion column indicates a match between the paper 
and the criterion. Note that these criteria are not mutually 
exclusive, but are designed to guide the analysis. In each 
paper, we highlighted the presence of: 

- Behaviour related aspects: papers deepening or 
considering behavioural related aspects of 
competence (the know-being or know-be), as well 
as papers proposing competence frameworks that 
include such aspects. 

- Knowledge or skill related aspects: papers dealing 
with the body of knowledge for a certain position, 
as well as papers proposing a set of theoretical 
knowledge for employees training, or paper 
depicting a set of job specific skills; 

- Competence related aspects: papers explicitly 
mentioning competences or competencies in a 
general way, or papers clarifying how the proposed 
approach for personal development or assessment 
is linked with competences; Training and education 
related aspects: papers dealing with the personal 
development of employees or students; 

- Key competences list: papers proposing a reference 
set of competences for the subject matter. 

- Competency framework: papers presenting any 
form of aggregation of competencies, being it a 
hierarchical level and sublevel structure, as well as 
clustering competencies according to some pre-
defined criteria. 

Furthermore, in Annex A for each paper we put in evidence 
the main keywords. Note that we only choose those topics 
with a direct link with OM & SCM (excluding, for example, 
teaching approaches and taxonomies and educational 
related topics in general) in order to highlight the evolution 
of the research field of interest. Finally, we highlighted the 
reference context of each paper, distinguishing between 
papers dealing with manufacturing or production issues 
from paper dealing with supply chain ones, or other. 

3.2 Competences and competencies in OM 

In this paragraph we analyse which elements of 
competence or competency are mainly considered in the 
considered set of papers, and the relation between these 
elements and recruitment, training or educational practices.  
The confusion between the terms competence and 
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competency stands out also in OM & SCM research 
literature. As shown in Annex A, there is no clear focus on 
which aspects – behavioural or knowledge based – are most 
important, moreover (and this consideration emerges from 
the extensive reading of all the selected contributions) there 
is no clear distinction in the use of competence and 
competency, treated almost always as synonyms. Most 
authors (Bender, 2015; Lanza, 2016; Liebrech, 2017; Abele, 
2017) agree with the division of competence in: 
professional competence (task-specific knowledge and 
professional skills such as expertise in a given area); 
methodological competence (skills applicable to structure 
and fractionize problems and to find decisions a goal-
oriented manner); social competence (ability for social 
interaction); self-competence (ability of self-assessment 
and ability to develop one's own personality). Another 
evidence emerging from Annex A is the time distribution 
of literature contribution: 48 papers out of the 51 focusing 
on OM & SCM have been published in the last seven years; 
this consideration underlines how the topic is gaining 
interest also in this research field.  
From the extensive paper reading we can state that 
competences and related concepts are almost never 
considered in relation, for example, to recruitment 
processes or career succession plans. Then, the great 
presence of papers dealing with training and education is 
noticeable: this is due to the rising interest on Learning 
Factories. This concept was coined in 1994 by the National 
Science Foundation. It referred to interdisciplinary hands-
on senior engineering design projects with strong links and 
interactions with the industry. In the last decade Learning 
Factories were implemented in Europe and from the “1st 
Conference on Learning Factories” in 2011 the number of 
yearly indexed papers for the terms is rising (Tisch, 2017) 
witnessing the great potential of Learning Factories. In the 
comprehensive work of Abele (2017) a Learning Factory is 
defined as “a learning environment specified by: processes 
that are authentic, include multiple stations, and comprise 
technical as well as organizational aspects; a physical 
product being manufactured; a didactical concept that 
comprises formal, informal and non-formal learning, 
enabled by own actions of the trainees in an on-site learning 
approach”. In a Learning Factory the employee or student 
competency development is held through teaching, training 
or research. Considering the number of papers (31 out of 
51) dealing with Learning Factories, we can now explain the 
presence in Annex A of papers mainly focused on 
education and training: these ones are those studies 
concentrating on the way in which manufacturing is taught, 
instead of on manufacturing itself, and they do not directly 
deal with manufacturing competencies, rather with the 
teaching process for the development of those 
competencies; they can be models for evaluating training 
effectiveness (Makumbe, 2018), tools for manufacturing 
education that helps students create awareness of their own 
learning process and possible learning outcome after 
training in a simulator (Tvenge, 2018), or maturity models 
for the assessment of the Learning Factory itself (Enke, 
2018). 
 

3.3 Main insights from literature 

In this paragraph we analyse the connection between some 
OM & SCM topics and competence related concepts. 
Moreover, we analyse competency models and their 
characteristics.  
Many states that future jobs will become even more 
knowledge and skill-intensive, a larger number of skilled 
workers will be required, and even future skill shortages and 
gaps for certain job functions are expected (Abele, 2017). 
As evident from Annex A, the Industry 4.0 (I4.0) paradigm 
is gaining increasing attention along with the connected 
topics of Internet of Things, the more extensive use of IT 
tools, the automation in production process. In relation 
with these themes, emerges from the literature the need for 
specific skills development. Krückhans states that 
fundamental knowledge in the field of methodological 
competence is very important (Krückhans, 2015). Bedolla 
points out that new engineers will be required to master 
several technologies to develop their job, including IT 
tools, manufacturing and automation (Bedolla, 2017). Most 
authors agree regarding knowledge and skill to be 
developed for future employees, on the integration of these 
skills and competencies: for Dworschak (Dworschak, 2014) 
the new CPS technologies foster possibilities of supplier 
integration and product-related services, and this requires 
more and deeper knowledge of value chains and 
production processes. About technical skills, Dworschak 
states that more in-depth combined knowledge on IT, 
electronics, automation and mechanical systems in 
combination, not neglecting interdisciplinary (including 
social) competences such as the ability to organize 
problem-solving processes and the use of new 
communication channels in a professional way. Meta 
competencies such as employees’ organization, process, 
and interaction competences are recognised of crucial 
importance in this new Industrial IoT environment 
(Gronau, 2017). 
Given these widely agreed statements, Bauer (2018) claims 
the need to integrate the emerging digitization trends into 
the training concept, in order to keep their central role in 
promoting process orientation in manufacturing systems; 
in this sense, many authors propose Learning Factories as 
the right environment for developing competencies to 
enable a successful integration of Industrie 4.0 and 
production principles such as lean management (Enke, 
2018) or for the development of competencies to solve 
complex problems and tasks in the field of manufacturing 
engineering through a competency oriented curriculum 
(Tisch, 2013). Fantini (2018) proposes a novel method to 
support the design of human work integrated within cyber-
physical system, this method focuses on contributions and 
behaviour that are peculiar of humans, valuable, based on 
creativeness, social interactions and problem solving, 
considering these ones not replaceable by technology. 
Schallock (2018) agrees stating that the human resource 
could be probably even more important in times of I4.0. 
Wienbruch (2018) identify in a lack of knowledge of the 
interdependencies between I4.0 dimensions (technology, 
organization and employees) the difficulties of small and 
medium enterprises in evolving towards I4.0. Decius (2017) 
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proposes a Competence Management Tool for small and 
medium manufacturing enterprises, introducing a 
competency framework in which he divides competencies 
in four groups: professional competence (abilities and skills 
which are directly related to the working process), 
interpersonal competence (adequate behaviour in contact 
between people), methodical competence (sensory and 
thinking performances), knowledge-based competence 
(cognitive information and retrievable knowledge). 
About other papers introducing competency framework, 
Prifti (2017) propose a competency framework for I4.0 
competencies identifying a total of 64 competencies could 
be derived. Most of which are behavioural ones (decision 
making, leadership skills, teamwork) and underline the 
importance of behavioural competencies for I4.0; only a 
small part of the competencies represented domain related 
knowledge (Big Data/Data Analysis and Interpretation, 
Predictive Maintenance, Robotics). Liikama (2015) 
proposes a competency model for Project Managers 
extracting competencies on the base of 750 project 
managers self-assessment. The most important 
competency groups are cognitive skills, motivation and 
social skills (achievement drive, leadership, conflict 
management, optimism). Finally, we found two 
competency model for managers in supply chain. Badea 
(2014) identifies 4 competency domains and 17 
competencies in a relationship map that analyses 
competencies of supply chain actors in different problems, 
their communication and information exchange, their 
practice improvement for future activities and how they 
coordinate tasks and maintained good relationships 
between them. Derwik (2016) studies manager 
competences in logistics and supply chain practice 
highlighting the dominance of business managerial 
competences, generic and behavioural competences that 
managers use in practice, and a minor importance for SCM 
expertise and functional competences. 

4. Conclusions: 

From our analysis does not clearly result a dominance of 
behavioural related aspects in the OM & SCM field. A 
significant number of contributions underline the 
importance of the development of skills for the best usage 
of new technologies, but at the same time personal traits 
and social skills are recognised as the most important 
characteristics for certain job positions (e.g. managers) or 
in relation to I4.0. We underline the apparent absence of 
competency framework for engineers working on the shop 
floor: the research focus seems to be on future 
competencies to be developed for new challenges, but at 
the moment no reference set of competencies is given in 
this field, notwithstanding the recognised importance of 
the topic both for academic and industry. In our research, 
we found a relatively small number of competency 
framework; moreover, the most detailed ones where 
referred to supply chain manager competencies. We 
highlighted the great presence of scientific contribution 
dealing with training and education related aspects, at the 
same time we noticed that no structured reference dealing 
with competencies for recruitment or career succession 
plans seems to be present. 

Some insights seem to emerge from literature as the 
consequence of the absence of a recognised reference 
model for competencies in OM & SCM as, for example, the 
missing link between competencies and recruiting practises. 
Indeed, this work may contribute in drafting this reference 
model, suitable to OM & SCM domain, providing some 
clues about its required structure. Moreover, this work aims 
at putting in evidence the need for a preliminary scope 
definition for an OM & SCM competency model and, in 
particular, which dimension of competency must be taken 
in consideration. 
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Gammelgaard, 2001   ✔  ✔  SCM; managers for L&SCM Supply Chain 
Harvey, 2001   ✔    Manager selection; SCM Supply Chain 
Harlin, 2003   ✔    Automation Manufacturing 
Cachay, 2012  ✔ ✔ ✔   LF; CD; Shop-floor operations Manufacturing 
Cachay, 2012   ✔ ✔   LF; ME Manufacturing 
Chryssolouris, 2013  ✔ ✔ ✔   Teaching Factory; manufacturing skills Manufacturing 
Tisch, 2013    ✔   LF; CD Manufacturing 
Dworschak, 2014  ✔ ✔  ✔  CPS; IoT; IT tools; automation Manufacturing 
Kovács, 2014  ✔ ✔ ✔   Competence in SCM Supply Chain 
Siri, 2014   ✔    Future Production Manufacturing 
Abele, 2015    ✔   LF; CD; vocational training Manufacturing 
Badea, 2015 ✔ ✔ ✔ ✔ ✔ ✔ SCM educational training Supply Chain 
Bender, 2015   ✔ ✔   LF Manufacturing 
Böhner, 2015    ✔   LF; sustainability in manufacturing Manufacturing 
Enke, 2015  ✔  ✔   LF; LP Manufacturing 
Karatop, 2015   ✔    Talent management Manufacturing 
Krückhans, 2015  ✔ ✔ ✔   LF; I4.0 Manufacturing 
Liikama, 2015 ✔  ✔  ✔ ✔ Managers evaluation Project management 
Wagner, 2015   ✔ ✔   LF; ME Manufacturing 
Campana, 2016  ✔     Craftsmanship; Slow Factory Manufacturing 
Derwik, 2016 ✔ ✔ ✔  ✔ ✔ Manager competence; L&SCM Supply Chain 
Lanza, 2016   ✔ ✔   LF; Global Production Manufacturing 
Abele, 2017   ✔ ✔   LF; CD Manufacturing 
Bedolla, 2017  ✔  ✔   LF; I4.0; IT tools; CPS Manufacturing 
Decius, 2017 ✔ ✔ ✔  ✔ ✔ Competence management in SME Manufacturing 
Denkena, 2017   ✔    MES; Personnel scheduling Manufacturing 
Enke, 2017    ✔   LF Manufacturing 
Gronau, 2017   ✔ ✔   LF; IIoT; vocational training Manufacturing 
Jurascheck, 2017    ✔   LF; LCE; Product Lifecycle Engineering Manufacturing 
Liebrech, 2017  ✔ ✔ ✔   LF; Global Production Manufacturing 
Mavrikios, 2017    ✔   LF Manufacturing 
McKinnon, 2017   ✔    Skill shortages Supply Chain 
Morlock, 2017  ✔  ✔   LF; process optimization Manufacturing 
Müller-Frommeyer, 2017   ✔ ✔ ✔  LF; I4.0 Manufacturing 
Oberc, 2017    ✔   LF; I4.0 Manufacturing 
Palšaitis, 2017   ✔  ✔  warehouse logistics Logistic 
Perini, 2017    ✔   Sustainability in manufacturing Manufacturing 
Prifti, 2017 ✔ ✔ ✔  ✔ ✔ Digital Transformation; I4.0; IoT Manufacturing 
Tisch, 2017   ✔ ✔   LF; CD; ME Manufacturing 
Bauer, 2018    ✔   LF; I4.0; LM Manufacturing 
Elbestawi, 2018   ✔ ✔   LF; I4.0; IIoT; CPS Manufacturing 
Enke, 2018    ✔   LF Manufacturing 
Enke, 2018    ✔   LF; I4.0; LP Manufacturing 
Fantini, 2018  ✔     CPS; I4.0 Manufacturing 
Makumbe, 2018  ✔  ✔   LF; Lean in mining Manufacturing 
Mavrikios, 2018    ✔   LF Manufacturing 
Melosi, 2018  ✔ ✔  

 
 Craftsmanship Manufacturing 

Schallock, 2018    ✔   LF; I4.0 Manufacturing 
Tvenge, 2018  

 
 ✔   LF; ME Manufacturing 

Wienbruch, 2018  ✔  ✔   LF; I4.0 Manufacturing 
Yang, 2018  ✔ ✔ ✔   LF; I4.0 Manufacturing 
         

Abbreviations: LF: Learning Factory; CD: Competency Development; I4.0: Industry 4.0; MES: Manufacturing Execution Systems; L&SCM: Logistic and Supply Chain Management; LM: Lean 
Manufacturing; LP: Lean Production; CPS: Cyber Physical Systems; IoT: Internet of Things; IIoT: Industrial Internet of Things; LCE: Life Cycle Engineering; ME: Manufacturing Education 

 

Contributions in OM field 

343


