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Abstract: Industry 5.0 and the associated transformation into Society 5.0 require a complete realign-
ment of the skills required of the engineers of tomorrow. Thereby, the pre-dominant and policy-driven
drivers of digitalization, and sustainability in particular, demand a complex variety of enhanced spe-
cial competencies (e.g., lean thinking, data science skills) and transversal competencies from engineers
working in manufacturing companies which must be systematically developed and continuously
expanded. Since methodical approaches to systematic competence development in the environment
of Industry 5.0-related engineering education are scarce, this article develops a competence profile for
industrial logistics engineering education as an example of Industry 5.0-related vocational education
and training initiatives. After elaborating on the relevant theoretical aspects of systematic competence
development in adult education, an exemplary competence profile for industrial logistics engineering
education is developed. Moreover, this paper presents a preliminary investigation of the impact
of competencies on job performance and job satisfaction. The research results serve as a basis for
the development of new teaching and learning concepts as well as for the investigation of causal
relationships between competence-orientation and individual performance for industrial engineers
in manufacturing enterprises.

Keywords: vocational education and training; competence profile; engineering education; industrial
logistics; smart logistics

1. Introduction

The approaches of Industry 4.0 and Industry 5.0—the production and logistics, which
are based primarily on the principles of digitization, networking, and autonomization,
offer a variety of opportunities to increase competitiveness for industrial companies, but
also for small and medium-sized enterprises in manufacturing sectors [1,2]. Industry 4.0
and Industry 5.0 principles should be applied continually to strengthen the economy and
ultimately society as well. Based on the primarily technology-oriented approaches of
Industry 4.0, the focus has shifted to advanced data analytics, sustainable engineering and
human integration in the course of new Industry 5.0 concepts in recent years. Therefore,
the required competencies of the human workforce within smart and sustainable manu-
facturing enterprises will also have to change significantly. Drivers such as digitalization
and sustainability are forcing a change in all competencies and thus also a complete revi-
sion of education and training, considering the usage of the latest teaching and learning
methods [3,4]. The starting point for this is a precise definition of a target system by using
systematic approaches like the development of empirically validated competence profiles.
Since, to the best of our knowledge, methodical approaches to systematic competence
development are hardly considered in Industry 5.0-related engineering education yet, this
paper focuses on the conceptualization of an exemplary competence profile for industrial
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logistics education. The structure of the paper is as follows: First, the relevant theories
of competence development in adult education are elaborated on and the state-of-the-art
in vocational education and training practices is described. Based on this, the necessary
competencies in VET are discussed and possibilities for competence measurement are
described. Furthermore, a competence profile for industrial logisticians is created, which is
divided into special competencies, transversal competencies, intrapersonal competencies,
methodological competencies, and interpersonal competencies. In addition, the authors’
empirical study investigates the impact of competencies, formalized by different levels of
education, on job performance and job satisfaction. The paper concludes by reflecting on
the results of the literature review, the empirical study, and the conceptual framework and
identifies further needs for action for practitioners, researchers, and educators.

2. Theoretical Framework

As stated in the introduction, the current development toward Industry 5.0 or Society
5.0 and the associated demands in professional and private everyday life are leading to a
pluralization of individual life and educational pathways. Since, to the best of the authors’
knowledge, there is no suitable theory of systematic competence development to date,
the next section discusses aspects of lifelong learning and the individualization of life
paths in relation to competence-oriented vocational tertiary education and training. In
this regard, Schaeffter sees both opportunities and risks for the individual in our current
“transformation society”.

In this context, learning and education gain increasing importance. In the sense
of a phenomenological or social-constructive view of learning, this can be generated by
experiences in the process of dealing with oneself and the world. In this context, Husserl
sees learning that takes place in the lifeworld and interprets the term lifeworld as a space
of experience. A social constructivist theory of learning assumes that learning connects
sensory contexts to existing experiences and thereupon creates a subjective perception
of the world, which is determined by cultural, normative, and social interpretations [5].
Accordingly, learning starts with the experiences of the human being, an approach that
can also be called learning world research. Learning worlds are based on the subjective
life world. Learning can be helpful here intentionally or unconsciously, or by searching
movements for the solution to problems; these solutions are supported again by formal
and non-formal learning. All forms of learning—formal, non-formal, and informal—thus
intertwine. Learning is to be seen as a process whereby, according to Buck et al. [6], new
experiences can only be made based on already existing experiences. Thus, each experience
also contains prior knowledge, which is shaped by expectations and anticipations. Meyer-
Drawe [7] assumes learning to be relearning, which entails a change of attitudes with
respect to the individual experiences. Benner sees in the learning process an in-between
space with a transformational character, where knowledge and non-knowledge, ability
and non-ability exist simultaneously. The process transforms the known into the unknown
and vice versa [5,8]. Above all, society and the economy, including vocational training and
continuing professional development, are also subject to demographic change. This results
in the challenges of responding quite flexibly to changed working conditions, in some
cases with several different generations of employees. This heterogeneity of generations
brings with it a multitude of different life phases of the respective employees. The so-called
“multigraph” of life phases” is displayed in Figure 1.
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As illustrated in Figure 1, the life stages are becoming more diverse, volatile, and
multidirectional. One reason for that is the changes in society and the economy, along
with the resulting necessary adjustments in the world of work. Accordingly, the usage of
dynamic and flexible competence development concepts seems to be necessary to ensure
participant-oriented and life-phase-oriented (further) development [9]. Internally, this
challenge could only succeed through transdisciplinary cooperation, thus making knowl-
edge, values, and experiences accessible to all. In this context, Hasebrook et al. [9] refer
to the key function of in-company competence management by stating that “only with
in-service competence development that is integrated into the work process and profession-
ally supported can employees’ ability to perform, be employed, and act, must be secured
throughout their entire working lives. This requires new models of work organization,
concepts for a life event-oriented personnel policy, and strategies for company-specific com-
petence management” [9]. According to Barthel et al. [10], concerning company-internal
competence development, a corresponding corporate culture is required that “systemati-
cally, specifically, and proactively pursues long-term promotion and the maintenance of
performance, taking into account individual life situations, competencies, and willingness
to perform (including work motivation, commitment).” Furthermore, the study clarifies
the close coupling of individual and organizational development. Innovative learning
and transfer concepts are of particular importance in this context. These transfer concepts
can be used to support the transfer of knowledge within the company and improve the
circulation of knowledge, experience, and values.

Accordingly, the development trends and changed requirements require adaptations
of the previous vocational training models and concepts. Metadisciplinary and transversal
forms of thinking, acting, and feeling affect professional competence [11]. The question here
is to what extent modern vocational education and training must change as preparation
for the labor market and occupational requirements when the future is not yet known.
The demands on the human factor in the world of work are not yet known. Thus, initial
vocational education and training (IVET) in particular, but also continuous vocational
education and training (CVET), face the paradoxical task of adapting educational content
to an unknown future.

2.1. Vocational Education and Training in Europe

Especially since the advancing technological developments (e.g., Industry 4.0, Industry
5.0) of the last decades, the world of networked and international exchange has become
the norm. Thus, national and international developments and currents are intermingled in
vocational education and training, which require (further) developments at the national
level [12]. In this context, Busse and Frommberger [13] speak of Europeanization pro-
cesses through the merger of the European Union and the resulting influences and changes
within the individual European countries [14]. As the lowest common denominator of all
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countries, Münk et al. [15,16] identify the qualification of Europeans in line with the labor
market to be an essential function of the educational system. They further [16] attribute the
modernization processes to globalization as a phenomenon of the economy which has to
be considered quite critically. Thus, development processes for a “functioning qualification
system” manifest themselves as a generic intersection of all (European) countries through
economic competition. Triggered by this, further developments in education policy arise.
As examples, Lipsmeier [17] and Clark [18] cite the discussion about maintaining or in-
creasing competitiveness or competence orientation. Furthermore, the demand or necessity
for lifelong learning and the transparency of national education systems can be seen as
commonalities of international efforts regarding the conception of a “European dimension”
in education (e.g., EU Commission Higher Education Area 2025, Pillar of Social rights,
etc.) [15].

Vocational education and training and its possible further developments, trends,
and challenges can only be considered embedded in the social and economic domains.
The permanently changing social and economic innovations also influence the design of
vocational education and training, as recent years have shown [19]. On the one hand,
demographic change, and the associated aging of the population as well as the increasing
individualization of life courses and thus also learning paths can be identified as the main
factors influencing the vocational training system on the societal level. Concerning the
economic sector, technological advances in digitization, as illustrated by the buzzwords
“Industry 4.0” or even “Industry 5.0,” are on the rise. In addition, globalization and
internationalization have significantly advanced worldwide networking [19,20].

These developments also influenced further developments concerning advancing
competence orientation, modularization, and flexibilization. As early as 1999, the authors
Green et al. [21] referred to an increasing focus on competencies, with the UK leading
the way with comprehensive competence-based assessment. Another paradigm shift
could be identified in vocational education and training since 1995. For both IVET and
CVET, there was an increased focus on diversification and expansion. Green et al. also
noted, “that vocational training is becoming an increasingly important component of adult
education”. The modularization of VET programs led and currently leads to a flexibi-
lization of individual educational opportunities, thus individual learning paths could be
selected [22]. This modularization is currently also reflected in the recommendations of the
European Commission. The introduction and future focus on so-called individual learning
accounts is intended to represent the transparent presentation of individual educational
measures cumulatively [23]. With the help of short educational measures—also called
micro-credentials—the necessary competencies for social and economic life should be made
possible, especially in vocational education and training [24].

2.2. Competencies in Vocational Education and Training

Central efforts of European education policy can be derived from the effects described
above. An essential term in this context is “competence”. In literature and practice, the
term “competence” is used in different ways and often quite critically and controversially.
Competence is derived from the Latin “competencia” and can be interpreted as “to meet”.
Weinert [25] explains the term as meaning individually available and learnable cognitive
abilities and skills for successful and responsible problem-solving. For Gnahs [26] too,
competence is manifested in the appropriate action when situational requirements and
the individually available knowledge and skills coincide. Accordingly, competence seems
to be the learnable ability to act or solve problems in a way that is appropriate to the
situation [26–28]. For Siebert [29], competencies are “life-history-acquired profiles of
emotion and cognition, of experience and knowledge acquisition, of thinking, willing,
and acting,” which a person acquires largely throughout life. Thus, various individual
endogenous factors seem to be united in the concept of competence and inextricably linked
to the individual stages of a person’s life. Hasebrook et al. [9] are oriented towards life
phases with individual life and development tasks in which competencies are (further)
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developed. Conclusively, competence seems to become visible in the successful interplay
of endogenous and exogenous factors.

This becoming visible is generally understood as “performance” [26,30]. In this regard,
authors like Strauch et al. [31] and Gnahs [26] define competence as a meta-concept with
differentiated types of competence. Thus, the authors distinguish subject or special compe-
tencies from generic competencies. The former refers to specific topics or subject areas, such
as mathematics for statisticians [32]. Supra-disciplinary—or transversal—competencies are
relevant to all situations in life [26]. The latter are discussed and researched above all in
current research and are thus often summarized along with other terms (e.g., soft skills).
The European Parliament summarizes generic competencies with the term key compe-
tencies [33]. The concept of competence is used seemingly “indiscriminately” in various
disciplines and discourses to express the ability of persons or positions. The prolixity and
vagueness of the concept of competence as just illustrated thwart the development of a
unified theory of competence.

2.3. The Concept of Competence in Vocational Education and Training

In vocational education, the concept of competence is omnipresent, albeit in dif-
ferent forms and depths of content. In the literature, definitions of competence can be
found—some of them complementary—depending on access or purpose. In this frame-
work, the action-theoretical understanding of competence is in the foreground. Euler
states that under the word competencies a plethora of reforming or modernizing efforts
in (vocational) education policy discourses were in the foreground, which are currently
conceptualized, implemented, and evaluated [34]. The starting point for the orientation
toward competencies is the further development of company work processes and the new
concepts in vocational training didactics. Vocational education and training as a complex,
multi-layered and lifelong process should include the training and development of both
technical and transversal competencies. Thus, the focus is again on the individual with
highly personalized learning paths. This self-development is linked to the needs of the labor
market. Arnold [35] speaks in this context of the model of the “reflexible man”. He has
awareness of the subjective ability to learn. This potential also enables him/her to change
the world if he/she changes him/herself as well. Essential here, however, are other forms
of knowledge and ability. The focus is no longer on the mere acquisition of knowledge, but
above all on the (further) development of methodical, social, emotional, and also reflexive
abilities within the framework of practical questions or tasks [11]. Furthermore, Rolf [11]
concludes that successful (vocational) education needs precise competence models and
competence profiles.

2.4. Competence Assessment

Competence acquisition and its measurement are as manifold as the means of acquiring
them. In the discussion about competence acquisition, the remarks of Kaufhold [36] can be
referred to: “The acquisition of competence must always be considered in connection with
the underlying goals and purposes as well as the associated interests” [37]. In addition
to this, system theory—for example, Luhmann [38]—distinguishes the following fields of
reference for competence assessment:

Person: by recording a person’s competencies, subjective competencies can be pre-
sented transparently. This in turn can lead to obtaining employment or admission to
training opportunities. Further essential features are the (further) development of reflection
as well as the (more conscious) perception of strengths and development potential [36,39].

Organization: In organizations, the main interest of competence assessment lies in
personnel selection. In this context, the recording of competencies is relevant for the entire
personnel management, from recruitment, assessment, and further development to the
optimization of personnel deployment [36,39].

Society: The focus is on social and political interests concerning competency assess-
ment [36,39].
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According to Weitz [40], competence is the ability to perform a certain action. The
active exercise is referred to as performance, i.e., as “the observable behavior in which the
competence becomes visible”. Figure 2 displays this understanding of competence.
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At the same time, these explanations also imply the challenges in competence measure-
ment. Competencies cannot be measured directly, as the chart makes clear. The individual,
together with the contextual conditions, open up competence. If competencies are therefore
only revealed in the interaction between the individual and the environment, the chal-
lenge lies in the use of suitable measurement methods. These measurement models must
also satisfy scientific quality criteria, such as objectivity, reliability, or validity, to enable
collection of representative and reliable data. In the meantime, a multitude of measure-
ment methods exists in vocational education and training research. Depending on which
competence facets are to be measured, assessment centers or case vignettes are used in
addition to self-assessments and third-party assessments, but these only partially meet the
scientific quality criteria [41]. For Nickolaus et al. [41], the challenge is to reliably estimate
professional action competence as an overall construct. In their study, Abele et al. [42]
developed partial competency items to be able to validly test competency levels and thus
draw conclusions about professional action competence. According to Walker [43], the
use of this approach seems promising in other domains as well. As further studies by, for
example, Abele [44], Seeber [45], and Zinke et al. [46] illustrate, competence measurement
methods are largely widespread in apprenticeship training in the industrial-technical sector.
Findings on the differentiation of competencies and their further development in the course
of further (professional) life are still lacking [41].

3. Competence Profiles in Vocational Education and Training

Especially in adult education, the term “competence profile” is omnipresent and
needs a detailed discussion because the competence profile plays an essential role. A
definition of competence profiles for quality improvement was demanded within the adult
education sector as early as in 2011 [47]. As a definition, the explanations of Lattke and
Sgier [48] can be used: “Competence profiles contain descriptions of those competencies
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that are required to perform a specific professional role [ . . . ]. They can refer to a specific
professional position in a single institution or to a professional role that is relevant across
institutions”. Competence profiles are also increasingly used in technical disciplines to
describe requirements for necessary skills, attitudes, and knowledge. Competence profiles
are used for person-related and intelligent competence analysis. Thus, various potentials
can be identified to find suitable (further) training measures, according to the motto,
“Strengthen strengths, weaken weaknesses”. Derived from the above contents and the
results of the empirical study, a competence profile for master students of industrial logistics
will be presented in the concluding chapter.

3.1. Competence Profile for Master’s Students of the Industrial Logistics Program

Competencies are subjective resources for solving problems, evaluating solutions,
and optimizing the applied patterns of action. They are divided into four competence
categories: professional competencies, methodological competencies, social competencies,
and personal competencies [49]. In the following paragraphs, the classification of compe-
tencies according to importance [26], as well as the various competence areas and their
sub-aspects for (prospective) purchasers in manufacturing companies are described. In
addition, concrete learning outcomes for the measurable and targeted implementation of
the competence profile in training practice at universities will be presented as examples.

3.1.1. Special Competencies

This is understood to mean methodical, theoretical, and, above all, practical basic
knowledge based on the latest scientific findings. This area of competence also includes,
among other things, the development and analysis of specialist literature. This type of
competence relates to specific subject areas [32]. Examples would be:

• Supplier management
• Upon successful completion, graduates will be able to:
• understand supplier management concepts;
• perform the supplier selection process using a practical example.
• Inbound transport management
• Upon successful completion, graduates will be able to:
• understand the inbound transport management processes;
• improve inbound transport processes in a case study.
• Digitalization in inbound logistics
• Upon successful completion, graduates will be able to:
• summarize the role of digitalization in inbound logistics;
• explain key approaches to inbound logistics.
• Sustainability in inbound logistics
• Upon successful completion, graduates will be able to:
• summarize the role of sustainability in inbound logistics;
• explain key approaches to sustainability in inbound logistics.
• Lean Thinking in inbound logistics [50–52]
• Upon successful completion, graduates will be able to:
• summarize the principles of Lean Thinking in inbound logistics;
• explain key approaches of Lean Thinking in inbound logistics.

3.1.2. Transversal Competencies

The three categories of methodological, interpersonal, and intrapersonal skills are
also called transversal skills. However, terms such as life skills, generic skills, essential
skills, key skills, and 21st-century skills are also used [53]. According to OECD [54],
transversal competencies are necessary and beneficial in several areas of life and must not
only apply to one area. Thus, these transversal competencies can be useful for several
fields in working life, as well as for private and political life. The designated “transversal
competencies” are—as the name already reveals—relevant “in principle in all situations of



Appl. Sci. 2023, 13, 3280 8 of 15

life”, not only for a certain “subject” [26]. The term “generic competence” is often equated
with the term “key competence”. In addition, the European Parliament defines further
so-called key competencies, which are essential for an active, self-determined lifestyle.
These competencies include [33]:

• Native language competence;
• Foreign language competence;
• Mathematical competence and basic scientific and technical competence;
• Computer literacy;
• Learning competence;
• Social competence;
• Initiative and entrepreneurial competence;
• Cultural awareness.

3.1.3. Intrapersonal Competencies

Intrapersonal competencies are the dispositions of self-assessment, value attitudes, mo-
tivation, and recognizing one’s talents [32]. Purchasers must be aware of their competencies
and reassess them under permanent reflection. Independence and personal responsibility
are indispensable skills in manufacturing enterprises, especially for purchasers. Personal
competence includes a professional ethical attitude, tolerance, commitment, a sense of
responsibility, an authentic appearance, role awareness, and professional time, work, and
self-management [55,56]. The following sub-aspects of personal competence are to be
(further) developed in industrial logistics studies. Some examples would be:

• Time Management
• Upon successful completion, graduates will be able to:
• master time management techniques;
• manage personal time resources efficiently and effectively.
• Organizational skills
• Upon successful completion, graduates will be able to:
• summarize the principles of process organization;
• apply the principles of organization to inbound logistics processes.
• Motivation skills
• Upon successful completion, graduates will be able to:
• apply self-motivation and peer-motivation techniques;
• set achievable but challenging goals for themselves.
• Emotional intelligence
• Upon successful completion, graduates will be able to:
• put themselves in the position of the counterpart (salesperson) in the negotiation process;
• apply relationship management techniques in negotiation processes.

3.1.4. Methodological Competencies

Methodological competence refers to the ability to work in a goal-oriented manner,
analyze processes, react flexibly to general conditions, and reflect on work steps [49]. Some
examples would be:

• Problem-solving skills
• Upon successful completion, graduates will be able to:
• know and effectively apply problem-solving techniques;
• systematically develop solutions to problems.
• Presentation skills
• Upon successful completion, graduates will be able to:
• apply presentation techniques effectively;
• systematically create professional presentations.
• Decision-making techniques
• Upon successful completion of the course, graduates will be able to:
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• apply decision-making techniques effectively;
• carry out structured decision-making in practice.
• ICT skills
• Upon successful completion of the course, graduates will be able to:
• Incorporate modern ICT tools into the work process;
• Understand the importance of ICT in inbound logistics.

3.1.5. Interpersonal Competencies

Interpersonal competencies, or social competencies, are the abilities to understand,
cooperate, and act responsibly with other people. When cooperating with other people,
conflict and communication skills and leadership are important [49]. Essential components
of social competence in manufacturing enterprises include respect, acceptance, appreciation
as well as acting professionally in and with groups. Social competence plays an essential
role in all areas of interaction—language, communication, and teamwork. Purchasers
must have a high level of social competence to consider the heterogeneous needs and
expectations in the buyer-supplier relationship respectfully and appreciatively, to support
the ability to learn and to awaken and develop the respective potentials. In addition,
stimulating presentation methods must be incorporated into everyday professional life,
while at the same time creating the conditions for a successful negotiation and working
atmosphere [55,56]. The following sub-aspects of interpersonal competence should be
(further) developed in industrial logistics studies.

• Teamwork

Upon successful completion, graduates will be able to:

• reflect on the phases of teamwork;
• work together in interdisciplinary teams in everyday professional life.
• Conflict Management skills

Upon successful completion, graduates will be able to:

• apply conflict management methods and techniques effectively;
• resolve conflicts appropriately for the situation at hand.
• Communication skills
• Upon successful completion, graduates will be able to:
• Understand and explain communication techniques;
• Communicate appropriately in negotiations and be able to adapt to the situation.
• Negotiation skills

Upon successful completion, graduates will be able to:

• describe negotiation techniques;
• carry out systematic negotiation processes in everyday professional life.

4. Empirical Investigation on the Impact of Competencies on Job Performance and
Job Satisfaction

As outlined in Section 2.4 of this paper, research for Industry 5.0-related vocational
education and training should focus on the investigation of adequate competence profiles
for engineers in modern manufacturing enterprises and their cause-effect relation to various
performance measures. Since, to the best of the authors’ knowledge, no studies have yet
been conducted in this field, this empirical investigation aims to explore the impact of
employees ’competencies on job performance and job satisfaction by using secondary
data from a large-scale field study. Thereby, the authors use a dataset from a field study
by Woschank (2018), who focused on the investigation of decision-making processes in
strategic supplier selection decisions in manufacturing enterprises in Central Europe [57,58].
Therefore, in this section, the research methodology, the hypotheses, the operationalization
of the variables, and the research results will be briefly described. The overall target of
this empirical investigation is to investigate the impact of competencies, operationalized
based on the level of education of the key respondents on job performance, measured by a
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set of economic indicators and job satisfaction, measured by a set of socio-psychological
indicators, by using secondary data from a large-scale field study. Based on the theoretical
analysis, the basic hypotheses of this study can be formulated as follows:

Hypothesis 1 (H1). There is a positive relationship between competence and job performance.

Hypothesis 2 (H2). There is a positive relationship between competence and job satisfaction.

According to previous studies such as that of Woschank et al., the variables will be
measured as follows: (1) Competence will be measured as a result of formal education
by dividing the participants into the following four groups: apprenticeship certificate,
high school education, university education, and other supply management-oriented
education. (2) Job performance will be measured by using a validated construct for the
strategic supplier performance which measures the cost-, quality- and time performance
of the selected supplier based on a 5-point Likert scale [59–62]. (3) Job satisfaction will be
measured by using a validated construct for the purchaser satisfaction based on a 5-point
Likert scale [63–65]. The indicators of job performance and purchaser satisfaction are
displayed in Table 1 [57,58].

Table 1. Operationalization (variables and indicators).

Indicator Measurement

Competence Test Groups: Apprenticeship certificate, high school education, university
education, and other supply management-oriented education

JP1 Job Performance: Development of total costs since the beginning of the SSP
JP2 Price stability since the beginning of the SSP
JP3 Comparison of actual costs to costs at the beginning of the SSP
JP4 Adherence to quality standards
JP5 Frequency of quality complaints
JP6 On-time delivery performance
JP7 Reliability in terms of complete deliveries
JP8 Reliability in terms of on-time deliveries

Job Performance Mean (JP1 . . . JP8)
JS1 How satisfied are you with the supplier selection decision
JS2 How do you commit to the selected supplier
JS3 How satisfied are you with the process of supplier selection

Job Satisfaction Mean (JS1 . . . JS3)

For the field study, a standardized questionnaire in the form of an online survey,
based on the state-of-the-art guidelines for empirical research studies, was the selected
method of data collection. The questionnaire was re-viewed and pre-tested by specialists
working in the field of strategic supplier selection processes to ensure their applicability
in the field study. The objectivity of the research method is ensured by the standardized
research process guaranteeing the objective processing of the required procedures, a stan-
dardized method for the evaluation of the research results (including the evaluation of the
descriptive results, the evaluation of both the measurement model and the structural model,
the structural analysis, the hypothesis testing processes) and standardized guidelines for
the interpretation of the research results. The participants were selected by using the
following three membership directories: BVL (Bundesvereinigung Logistik Österreich),
BMOE (Bundesverband Materialwirtschaft, Einkauf und Logistik Österreich), and MUL/IL
(Montanuniversität Leoben/Lehrstuhl für Industrielogistik) for the identification of “appro-
priate” key informants. Content validity can be ensured by the structured research process
which is based on theoretical analyses and a systematically deduced conceptual frame-
work. The underlying indicators are objectively generated during the operationalization
procedures. Most of the selected indicators were used in previous studies within a similar
context, which further contributes to the enhancement of content validity. Furthermore, the
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authors tested for the non-response bias as suggested by Armstrong and Overton, which
evaluates the representability based on significant differences in earlier and later responses.
The conducted non-parametric Kruskal-Wallis test showed no significant differences in all
indicator values between “earlier”, “average”, and “later” received survey responses. This
can be seen as another indication of the representability and the external validity of the re-
search results [57,58]. The final sample includes 206 fully completed questionnaires leading
to a response rate of 5.2% for the subsequent statistical analyses. The 206 participating man-
ufacturing enterprises pertain to the following branches: 6.3% “Chemicals/Pharma”, 6.8%
“Wood/Paper”, 6.8%, “Automotive”, 4.9% “Plastics/Glass”, 20.9% “Mechanical Engineer-
ing”, 17.0% “Metal”, 2.9% “Food/Clothing”, 13.1% “Optics/Electronics”; the remaining
21.4% are assigned to other product-manufacturing branches. Most of the responders
(66.1%) had more than 10 years of experience in supply management-related tasks [57,58].

Table 2 shows the descriptive results of the field study.

Table 2. Descriptive results.

Competence Job Performance Job Satisfaction

N (valid) 206 206 206
N (missing) 0 0 0

Mean 1.75 4.12 4.34
Std. Deviation 0.85 0.81 0.75

Minimum 0 1 1
Maximum 3 5 5

For the evaluation of the aggregated variables, the authors computed Cronbach’s
alpha (CBA) values, resulting in 0.920 for job performance and 0.854 for job satisfaction.
Both are above the recommended values of 0.600 and 0.700, respectively, and thus ensure
internal consistency reliability [66,67].

To test the proposed hypotheses, an ANOVA was computed to investigate potential
differences in the variables job performance (H1) and job satisfaction (H2) between the test
groups of competence. The results of the ANOVA analysis are displayed in Tables 3 and 4.

Table 3. Descriptive of the ANOVA analysis.

N Mean Std.
Dev. Std. Error 95% Confidence Interval

for Mean Minimum Maximum

Lower
Bound

Upper
Bound

Job
Performance

Apprenticeship 21 4.40 0.34 0.07 4.25 4.56 3.63 5.00
High School 43 4.27 0.78 0.12 4.03 4.51 1.00 5.00
University 108 4.11 0.84 0.08 3.95 4.27 1.13 5.00

Total 172 4.18 0.79 0.06 4.07 4.30 1.00 5.00

Job
Satisfaction

Apprenticeship 21 4.52 0.49 0.11 4.30 4.75 3.67 5.00
High School 43 4.51 0.68 0.10 4.30 4.72 2.00 5.00
University 108 4.28 0.82 0.08 4.13 4.44 1.00 5.00

Total 172 4.37 0.76 0.06 4.26 4.48 1.00 5.00

Table 4. Detail results of the ANOVA analysis.

Sum of Squares Df Mean Square F Sig.

Job Performance
Between Groups 1.99 2.00 1.00 1.63 0.20
Within Groups 103.46 169.00 0.61

Total 105.45 171.00

Job Satisfaction
Between Groups 2.16 2.00 1.08 1.89 0.15
Within Groups 96.39 169.00 0.57

Total 98.55 171.00
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As a result, the ANOVA indicated no significant differences in job performance (H1)
between the test groups of competence (F: 1.63; p-value: 0.20). Therefore, H1 must be
rejected. Moreover, the ANOVA indicated no significant differences in job satisfaction
(H2) between the test groups of competence (F: 1.89; p-value: 0.15). Therefore, H2 must
be rejected. Surprisingly, in contrast to the theory-based assumptions, the results of this
empirical study indicate that there are no significant differences in job performance and job
satisfaction related to different levels of competence. This can be explained by the fact that
in this explorative study, the level of competence was measured only through the four test
groups (apprenticeship certificate, high school education, university education, and other
supply management-oriented education); therefore, the respective competencies (abilities,
skills, and knowledge) were not dealt with in more detail. Thus, according to the results of
this study, the “pure” level of education does not influence job performance and job satisfac-
tion. However, a multitude of comparable studies shows that, for example, target-oriented
training measures can significantly increase job performance and job satisfaction [68–71].
Based on these results, further studies should operationalize the competence of the par-
ticipants more comprehensively by, for example, recording training content in the form
of a competence profile. This would also allow a deeper investigation of possible causal
relationships between different performance variables.

5. Conclusions and Outlook

Currently, the implementation of competence profiles at tertiary educational institu-
tions are still in their infancy and only gradually being completed. Therefore, the aim of
this paper was the exemplary creation of a competence profile for industrial logistics engi-
neering education. For this purpose, the theory of competencies in vocational education
and training was elaborated step by step, and possibilities of competence assessment and
measurement were discussed. An exemplary competence profile for industrial logistics
engineering education was presented and described in detail. This is an essential step
toward improving engineering education in the field of industrial logistics. For the deriva-
tion of this competence profile, in addition to consulting current literature on the topic of
competence orientation in engineering education, data collection with subsequent descrip-
tive and multivariate analysis methods was carried out to be able to create a competence
profile based on statically robust data. Thereby, the preliminary empirical study showed no
significant differences in job performance and job satisfaction concerning different levels
of education, which underlines the importance of sharpening the training content based
on competence profiles. For the further (re)orientation of the competence profile, however,
further efforts are necessary, such as a primary data collection of the current competencies
of alumni and their effect on individual performance for the erudition of the respective
handling competence. In addition, qualitative data collection methods, such as interviews
or focus groups, should be conducted with all involved stakeholders to support the static
data on the one hand and to refine it on the other hand. Megatrends such as digitalization
and sustainability will change the way engineers work in the manufacturing industry in the
long term. To keep pace with this, professionalized training and continuing education are
necessary, which is empirically founded, based on competence profiles, and that teaches the
necessary training content using the latest teaching and learning methods [72]. Therefore,
educational institutions are now challenged to successfully implement the trends and
requirements outlined above and thus to ensure the workability, role understanding of
engineers, and competitiveness of future engineering graduates. The focus on competence
orientation regarding the further development of the competencies of engineering students
must be implemented holistically in the respective tertiary educational institutions so
that a competence expansion can take place both on the organizational level and on the
individual level. To promote the implementation of competence profiles in engineering edu-
cation, a first draft of a competence profile was developed. Especially in tertiary education,
the cooperation of all actors—Dean of Studies, Students, Company Representatives, and
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Professors—is essential for the creation and permanent reflection of competence profiles
for the success of future engineers.
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