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Abstract
Additive manufacturing represents one of the most promising and innovative technologies of the moment. In fact, it is
considered among the nine technological pillars on which Industry 4.0 is based. In particular, it has received a lot of interest
from industries, educational institutions and government agencies. For these reasons, it is necessary to develop and train a
specialised workforce and to prepare it for these new opportunities. This work aims to investigate, through the completion of a
survey based on a systematic review of the literature, the current state of education and dissemination of educational practices
related to the training of young engineers at university on the issues of additive manufacturing and related to Industry 4.0. The
results show that the introduction of additive manufacturing education represents an important leverage in the preparation
of young engineers who benefit from it both in terms of personal preparation and in terms of learning and refining different
skills. However, certain aspects, linked to the need to have adequate equipment and a properly trained teaching staff, should
not be overlooked.
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1 Introduction and background

Additive Manufacturing—AM—is formally defined as the
“process of joining materials to make parts from 3D model
data, usually layer upon layer” [1]. It represents one of the
most promising and innovative technologies at the moment.
In fact, it is considered among the nine technological pil-
lars on which Industry 4.0 is based [2]. Previously perceived
only as a rapid prototyping technique, AM has now evolved
into a real production process for the production of fully
functional objects with an increasing diffusion in different
industrial sectors [3–5]. In particular, of vital importance,
from the point of view of the evolution of the production
system, and considering the spread of digitalization prac-
tices inherent to Industry 4.0,and the need to train technical
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professionals with new skills and in step with the times, is
the proper education in the use of these new technologies [6].

This work wants to investigate, through the completion
of a survey based on systematic literature review, the current
state of the dissemination of the educational practices related
to the training of young engineers in university onAM issues.

The document is organized as follows. After the introduc-
tory section, Sect. 2 describes the research method adopted.
Then, in Sect. 3 a meta-analysis of the data is reported, while
in Sect. 4 the observations on the research questions asked
are reported. Finally, conclusions and possible future devel-
opments are presented.

2 Researchmethodology

Systematic literature reviews (SLR), represents a widely
adopted review method in the medical sector [7]. Now, it has
been successfully applied to other scientific fields, in partic-
ular to many researches related to Industrial Engineering and
management andother technical sectors [4, 5]. Theoverviews
of the results of the SLRs have the potential to develop
research issues that are not very detailed or completely new,
and to draw objective conclusions. Usingwell-defined search
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Fig. 1 Flowchart of the SLR used approach

criteria, carefully selecting keywords and setting inclusion or
exclusion criteria for the documents to be analysed, review-
ers can filter their corresponding search documents to get
a final sample of documents that can address their problem
under investigation. Awell-defined research strategy ensures
transparency and replicability, making it less likely that the
results of the review are less objective.

For this research, the question posed is defined as fol-
lows: RQ1: “What are the educational strategies adopted at
university level, in the preparation of young engineers, that
involve the use of Additive Manufacturing techniques or 3D
printing in general?”. The term 3D printing has also been
introduced as it is often used as a synonym for AM. Con-
sequently, the search string used is as follows: (industry 4.0
AND 3dprint* OR additive manufacturing) AND engineer-
ing AND education. It was left intentionally vague to allow
for a wide coverage and it was searched across all fields in
published papers. The search was carried out in the Scopus
DB. In Fig. 1 is illustrated the flowchart of the SLR approach
used. The search protocol matched 256 documents. The fol-
lowing exclusion criteria were applied: documents written
not English; document without full text available; documents
written before 2012; editorials documents.

After this selection the numbers of matching documents
has dropped to 248. Two other series of filters were carried
out: an analysis of the title and an analysis of the abstract,
which brought the number of documents to be fully analysed
to 30.

3 Results of meta-analysis of the documents

This extended abstract highlights the data related to themeta-
analysis of the selected documents. Considering the year of
publication, the distribution of the articles analysed is con-
centrated in 2019 with 17 documents, followed by 2018
with 8 documents, in 2017 and 2020 we have respectively
2 documents and in 2016 only 1. Considering the type of
publications, they are mostly journal papers (15) and con-
ference proceeding or book chapters (15). The geographical
distribution of the corresponding authors sees the predomi-
nance of the provenance of the studies from the USA with 6
documents, followed by Germany with 5, then Italy, Mexico
with 3 documents each. Considering the educational field,
these courses are mainly offered for mechanical and materi-
als engineering.

4 Answer to research question
and discussion

To answer the research question RQ1: “What are the educa-
tional strategies adopted at university level, in the preparation
of young engineers, that involve the use of additive manufac-
turing techniques or 3D printing in general?” The following
considerations can be made.

From the complete reading of the full texts of the 30
selected documents, what emerges is a strong interest in
improving the education of engineering students through the
introduction of courses or workshops dedicated to Industry
4.0 subjects, in particular tomanufacturing improvement and
to the use and deepening of AM techniques for production.
In all the documents it is pointed out that also the advent of
the fourth industrial revolution implies, as for the previous
ones, a transformation of the different work roles, especially
technical, and how there is the need to introduce new skills.
In particular, this change is required starting from training
institutions, schools and universities that will have to pre-
pare the new workers and allow their constant updating also
in lifelong learning.

From a more strictly educational point of view, and to
better answer the research question, the most representa-
tive articles are as follows. In [8–10] reviews on the state
of AM education are presented. What emerges is a funda-
mental importance of this type of teaching for the adequate
preparation of young engineers, especially in the mechani-
cal and manufacturing fields [9] In addition, the presence of
dedicated courses and entire specialization courses in AM
(in countries such as the USA, UK and Spain) starts to be
noted [8]. What we can deduce is a great interest in the dis-
semination of knowledge related to these issues, also dictated
by specific company requests or government incentive pro-
grams [11]. Another significant point is the belief that AM or
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3DP is a fundamental competence for students of mechanical
and industrial engineering as it is related to product design
and development and production/manufacturing in general
[9, 10]. Among the main advantages of learning and using
AM and 3DP methods and techniques, there are the better
understanding and deepening of problems, the improvement
of design and visualization skills and the increase in the abil-
ity to use computer-aided design applications. In addition, the
use of learning by making or Do It Yourself modes involve
studentsmore closely by facilitating the understandingof the-
oretical topics and stimulating independent learning [12–14].
However, there are also some disadvantages represented in
particular by the need to have teachers trained on these issues
and with a good level of knowledge of the particularities of
these techniques [9, 10]. Another disadvantage is represented
by the cost of equipment that is not always irrelevant and/or
the realization of laboratories, FabLabs or Learning Facto-
ries [13, 15, 16] Not least, the change in the type of teaching
approach, more oriented in this case to active learning and
direct participation of students with project-based learning
methods is not always well seen by the teaching staff. In
conclusion, what emerges, however, is the need for change
and revision of the whole programs of engineering courses
according to these newneeds. In particular, it is perceived that
these skillsmust absolutely enrich the training of engineering
students to make them more and more prepared for insertion
into the current world of work where skills related to all the
enabled technologies of Industry 4.0 are in great demand. In
fact, regarding AM, it allows students to learn design and
manufacturing through direct interaction with the results of
their efforts, improving learning and training and helping to
develop their soft skills. Another interesting finding is the
considerable interest that can be perceived in this knowledge
in all countries in Europe, and especially in emerging coun-
tries worldwide.

5 Conclusions

In conclusion, the following considerations can be drawn on
the SLR investigation method used and the results obtained.
The SLR method is very promising as it allows us to
highlight the developmental and evolutionary trends of the
various research strands investigated. This method lends
itself particularlywell to highlight underdeveloped themes of
investigation and for this reason the practice of using SLRs is
becoming increasingly popular also in the field of industrial
research. As far as the investigation of educational practices
related to AM it is planned to extend the current research to
other DBs and to use also the so-called snowball approach
starting from the references of the most cited articles. As
far as the answer to the research question is concerned, what
emerges is a particular ferment and interest for AM in general

both as a technical subject and for the working methodology
that it involves, especially in recent years, given its strong
link with the Industry 4.0 framework.
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