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1 Background

Additive manufacturing technologies (AM) have gained significance as production
technologies during the last years. According toWohlers Report as of 2017 (Wohlers
Report 2017) total additive manufacturing market volume has exceeded the 6 billion
US$ mark in the year 2016. As a result, total market volume has increased sixfold
within 7 years, referred to 1 billion US$ in the year 2009. Several institutions pro-
vide forecasts for the additive manufacturing market growth. A summary is provided
in Fig. 1. Based on Fig. 1, a compound annual growth rate of 31% until the year
2020 appears to be the most probable forecast for the development of the total addi-
tive manufacturing market volume, because this equals the average of all forecasts
provided in Fig. 1.

Originally, the only field of application for AM was the time-efficient production
of prototypes—also known as Rapid Prototyping. During the last 5 years, a signifi-
cant increase in applications for direct part production can be observed, especially in
Aerospace industry, Medical industry and in General Engineering (Wohlers Report
2017). This extension in application from prototyping to manufacturing is crucial
to realize the forecasted growth rates provided in Fig. 1, because prototyping does
often not require the production of more than one or ten parts. However, for realizing
a compound annual growth rate of 31%, it is necessary to identify and exploit busi-
ness cases within small- and medium-scale series. As a result, machine and material
sales will increase and additive manufacturing technologies will further establish as
production technologies. Today, skilled workers are, alongside some technological
challenges, such as process robustness, etc., a bottleneck for this development. So,
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Fig. 2 Puzzle of skills and relevant institutions needed for further growth in additivemanufacturing

there is a need for specialists in, e.g. design (Computer-Aided Design) and dimen-
sioning (Computer-Aided Engineering) for additive manufacturing, process devel-
opment, quality assurance but also for skilled workers to, e.g. operate the machines.
Figure 2 illustrates a puzzle of skills and institutions needed to enable strong future
growth in additive manufacturing with a focus on personnel.

Today, challenges in terms of skilled labour exist on two different levels: On
the one hand, there is a lack of professionals on all qualification levels, such as
machine operator, engineer incl. designers or management. This is because today’s
professionals typically have not had additive manufacturing covered during their
education. On the other hand, the education of our ‘next generation’ professionals is
a challenge because for example setting up a new curriculum for a university degree
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does take a lot of time and effort. Consequently, it can happen even today that a recent
graduate engineer has hardly had any lectures on additive manufacturing. For this
reason, there is a need to set up new curriculums that consider additivemanufacturing
on all qualification levels (school, apprenticeship, universities, etc.) so that our ‘next
generation’ work force is knowledgeable about additive manufacturing. Obviously,
this will take several years to be in place. For immediate assistance, continuing
education can be seen as key enabler tomeet the current demand for skilled employees
in additive manufacturing.

Continuing education or further education is the generic term for post-secondary
learning activities and programs for adults. In Germany, there is a more specific
term called quaternary education. It comprises all learning activities after the first
education phase, which includes school education and university or a first qualifying
professional training. In the context of this chapter, the focus is on a specific aspect
of continuing vocational education: part-time training after a first professional qual-
ification, what is defined in the following paragraph. Part-time training comprises
courses that professionals can join alongside their regular job in order to support
lifelong learning and development on the job. The learners are already working with
a company and sign up for extra classes to boost their skills in a specific field. In this
context, part-time trainings are typically 0.5- to 4-day programs but can be combined
to form a whole certifiable program, such as a Master of Engineering for additive
manufacturing. The general advantage of part-time training is more flexibility for the
participants to combine learning activities with their professional and family obli-
gations. The employer has also the benefit that employees have briefer absences on
their job.

In summary, continuing education can contribute, in synergetic coexistence with
AM conferences, forums etc., to an economic sustainable growth and application of
AM in industry. However, one should clarify any dependencies of the provider of
continuing education before joining a program in order to enjoy a comprehensive
and unbiased learning experience. Summarizing, twomain drivers for the exceptional
relevance of continuing education for AM can be derived:

• Strong demand for experts in AM
AshortageofAMexperts on the labourmarket canbeobservedwhich canhardlybe
met by, e.g. university graduates as AM has, most of the time, not been represented
in their curriculum, see explanations above. Consequently, continuing education is
a powerful tool for, e.g. mechanical engineers focused on production technology
to develop further. Obviously, this is not only true for university graduates but also
transferable on apprenticeship, etc.

• Rapid and manifold progress in AM technologies
AM industry is highly dynamic which leads to a significant amount of new knowl-
edge and relevant progress every year, month, or even day. Hence, continuing
education and part-time training on AM for people in employment can be crucial
to keep up-to-date reducing the need to provide cost-intensive capacity for internal
forces to operate, e.g. a technology radar.
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2 Fundamentals of Part-Time Training in Continuing
Education

2.1 Relevance of Continuing Education for Today’s Industry

Recent analyses of the jobmarket show a rising lack of qualified personnel. Technical
jobs are particularly affected (Bundesagentur für Arbeit 2017). The time of vacancy
increased from 90 to 100 days in the last year. The rising need for qualified employ-
ees is also visible in other European countries (Cedefop 2011). This is caused among
others by the demographic change, a positively improving economic situation, and
technological innovations. Especially, small and medium-sized companies are con-
cerned by the lack of qualified personnel, because they are often not well versed
in employer branding compared to big companies. One important approach to meet
the need of qualified employees is continuing education. The results of the adult
education survey confirm that the participation increases at continuing vocational
training in the European average between 2007 and 2011 with 6 percentage points
(Cedefop 2015) and in Germany between 1991 and 2014 with 14 percentage points
(BMBF 2015). That is a clear hint for the increasing relevance of continuing educa-
tion. Employers have a measurement against the rising lack of qualified employees
by training their own workforce and they are able to strengthen their innovativeness.
Furthermore, companies will get more attractive in the ‘war for talents’, if they offer
their personnel opportunities for continuing education.Workers have the opportunity
to secure their employability over their lifespan and they are enabled to make the
next step in their career with learning and qualification.

Summarizing the arguments above, there is no discussion that continuing educa-
tion is important and contains benefits for all parts involved. The question is whether
all goals and demands connected with continuing education for professionals can be
reached. Different authors claim that only 10% of training content can be transferred
into practice and most of the trainings are bad investments (Ford et al. 2011; Gris
2008). The taught knowledge often stays inert and cannot be applied in the profes-
sional context. Following (Renkl et al. 1996), these phenomena of inert knowledge
can be explained by three different reasons: The acquired knowledge has not an
appropriate structure to put it into practice (structure deficit). The relevant knowl-
edge is acquired in a suitable structure, but it cannot be transferred into practice
because of accessibility problems (metaprocess deficit). The acquired knowledge is
situated and connected to the learning situation. To apply knowledge it is necessary
that the learning situation is quite similar to the application situation (situated cog-
nition). Following these basic assumptions about practicable knowledge, learning
settings and continuing education need to follow certain requirements to reach their
goals. These requirements are explained in the next paragraph.
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2.2 General Requirements of the Learning Psychology for
Part-Time Training in Continuing Education

Against a background of part-time training and knowledge transfer in a job-related
context, the learning psychology provides a relevant theoretical approach about learn-
ing and the design of learning environments: a moderate constructivist view of learn-
ing (Gerstenmaier and Mandl 2001). The moderate constructivist view of learning
defines learning as process, in which the learner receives information and constructs
his/her own knowledge based on his/her experiences, previous knowledge, emotional
and motivational situation. Knowledge is not transportable from one person to the
other. Knowledge has to be constructed by the learner individually (Mandl 2010).
Furthermore, the learning process is characterized by six different aspects:

• Active process: Learning is only possible with an active learner, who needs a min-
imum of motivation. Furthermore, cognitive activities but also motored operations
are necessary by doing exercises or tasks.

• Constructive process: Knowledge has to be integrated in available cognitive struc-
tures and prior knowledge. Existing experiences help to interpret and evaluate the
new content.

• Self-regulated process: Parts of the learning process need the engagement of the
learner him-/herself to organize and monitor the own activities.

• Emotional process: The learning process is influenced by emotions. Especially
performance-orientated emotions (i.e. exam nerves) and social emotions (i.e.
proud) are relevant. To foster learning processes, positive emotions have to be
strengthened and negative emotions have to be avoided.

• Social process: Knowledge acquisition always takes place in a social context with
interaction between several persons. Besides facts and contents, attitudes and val-
ues are negotiated.

• Situated process: Knowledge is always connected to a specific situation. If you
learn, the acquired knowledge will be linked with the context.

To facilitate such an ideal learning process, which takes all various aspects men-
tioned above into account, it is necessary to design a learning environment with a bal-
ance between construction and instruction (Reinmann and Mandl 2006). Traditional
learning environments emphasize the role of the teacher as instructor, who teaches
the relevant knowledge. S/he has the most active part in the learning setting and
passes on the content to the learners by explanations, instructions and presentations.
The learners are first of all in a receiving role and less active. A learning environment
oriented on the moderate constructivist view pays attention to the balance between
construction by the learners and instruction by the teacher (see Fig. 3). Induced by
a problem-based approach, the learners have an active role. They construct their
knowledge in a social group; they are emotionally involved and act self-regulated.
The teacher is more reactive by supporting, coaching, counselling and encouraging
the learners. S/he has the task to switch between reactive and active parts depending
on the situation and learning phase.
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Fig. 3 Balance between construction and instruction (based on Reinmann and Mandl 2006)

To design such a problem-based learning environment which facilitates a balance
between construction and instruction four aspects have to be noticed:

• Authentic context: Ideal learning environments are authentic situations, in which
the learner needs new knowledge and skills to master the situation. In order to
design such situations real problems, cases and simulations of authentic situations
should be used. The authentic context creates relevance for the learner, motivates,
generates interest and produces relevance to practical application. Consequently,
it is one important factor for successful knowledge transfer since the learning
situation is quite similar to the application situation at the job.

• Multiple contexts: As knowledge is acquired in a specific situation, it is also linked
to the situation in its cognitive representation (Renkl et al. 1996). To get flexible
and more general available knowledge, it has to be put into multiple contexts. The
learner should get the opportunity to use andpractice his/her knowledge in different
situations. Taking different perspectives into account supports the acquisition of
flexible and applicable knowledge, too.

• Social context: Although learning looks like an individual process, social aspects
are really relevant. Knowledge acquisition happens in interaction between several
persons. Learning environments should enable collaboration and problem solving
in groups. The contact to experts and a community is an important aspect, too.

• Instructional context: Besides authenticity, multiple contexts and social inter-
actions, teacher’s instruction and support are also significant. The instructional
context should be adaptive to the learner’s needs to support him/her mastering
authentic problems in multiple contexts with other learners. Learning environ-
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ments without suitable construction are threatened to fail because of overtaxing
and a missing structure.

A meta-analysis of 43 empirical studies shows robust effects from problem-based
learning environments on learners’ skills and their practical knowledge (Dochy et al.
2003). That endorses the theoretical assumptions about knowledge transfer men-
tioned above. In summary, the balance between construction and instruction with
problem-based learning settings enables the application of knowledge to job-related
contexts. Further results confirm that learners acquire a smaller amount of knowledge
in problem-based learning environments in comparison to traditional settings. But
the sustainability and the applicability are higher (Dochy et al. 2003). An additional
factor is the learners’ previous knowledge. The more the learners know before the
more they profit from problem-based learning scenarios. Consequently, the learners’
preconditions have to be taken into account. For beginners, the instructional con-
text should predominate. The authentic context can be realized with examples and
realistic cases to provide more details and starting points for learners.

2.3 Design of a Part-Time Training in Continuing Education

Taking the theoretical and empirical considerations above into account several
aspects for designing a part-time training is relevant. First of all, the input of the
training has to be analysed. In the context of training conception input means the
target group or the potential learners and their preconditions. Relevant questions to
investigate the input are related to previous knowledge and experience with the topic,
motives to participate, former learning experiences, demographical characteristics
and job-related context. Second, the output of the training has to be defined. The
output can be described with learning goals or competences the participants acquire
(Bloom and Krathwohl 1956). Learning goals give an important orientation during
the design process. They describe, what participants should know, understand and
can apply in different fields, for example, cognitive and motor goals. Bringing input
and output together, the produced gap determines the content of the training. Tak-
ing the concept of part-time trainings into account, the challenge is to structure and
reduce the content suitable to digestible snacks. The selection and arrangement of
content use different heuristics. Following the idea of brief part-time trainings with
content-related excellence, the horizontal reduction is a relevant heuristic by focusing
on one topic and neglect familiar topics.
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3 Fraunhofer’s Modular Network Approach for
Continuing Education and Part-Time Training in the
Field of Additive Manufacturing

3.1 Introducing Fraunhofer IGCV and Fraunhofer Academy

Fraunhofer IGCV, Fraunhofer Research Institution for Casting, Composite and Pro-
cessing Technology IGCV, is a production-focused research institution with head-
quarter in Augsburg and an additional location in Garching (both Munich Area,
Southern Germany). Fraunhofer IGCV has a strong focus on additive manufacturing
and conducts research onboth direct processes, such as laser-based powder bed fusion
of metals, Directed Energy Deposition—processes or extrusion-based processing of
fibre-reinforced plastics, and indirect processes, such as binder jetting-based printing
of moulds and cores for sand casting. In its so-called ‘AMLab’ (cf. www.amlab.de),
a joint laboratory between Fraunhofer IGCV and the Institute for machine tools and
industrial management of the Technical University of Munich, one of Germany’s
largest additive manufacturing machine parks has been available for wide-ranged
research on additive manufacturing since more than 20 years.

Fraunhofer Academy is the Fraunhofer-Gesellschaft’s specialist provider of con-
tinuing education and part-time training for people in employment. The Fraunhofer
Academy offers specialists andmanagers several courses of study, certificate courses
and seminars based on the research activities of the Fraunhofer institutes in col-
laboration with selected and prestigious partner universities (https://www.academy.
fraunhofer.de/en.html). InOctober 2016, Fraunhofer IGCVandFraunhoferAcademy
decided to join forces in order to set up a modular framework for part-time training
and continuing education in additive manufacturing.

3.2 Modular Framework for Continuing Education and
Part-Time Training Within Fraunhofer Gesellschaft
Under the Umbrella of Fraunhofer Academy

According toDINEN ISO/ASTM52900:2017-06, seven process categories for addi-
tive manufacturing exist today, Fig. 4.

They exhibit significant differences in terms of their technological principle to
generate parts. Within each process category, several processes are available on the
market. Processes described in VDI-guideline 3405 (2014), such as polymer-focused
laser-sintering, ormetal-focused laser or electron beammelting are all part of process
category ‘Powder Bed Fusion’. Hence, it can be concluded that additive manufactur-
ing covers a wide range of different technologies to generate parts out of polymers,
metals, ceramics, paper, concrete, etc. via different technological principles (e.g.
melting, chemical bonding). For that reason, a modular approach for part-time train-

http://www.amlab.de
https://www.academy.fraunhofer.de/en.html
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Following
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Extrusion Material Jetting Binder Jetting Sheet Lamination

Vat Polymerization

Fig. 4 Seven process categories for Additive manufacturing following DIN EN ISO/ASTM
52900:2017-06

ing and continuing education exhibits two core advantages: Participants can choose
courses that have a focus on their relevant topics. For instance, if one were interested
inmetal processing technologies, a comprehensive course,which covers technologies
for ceramic, polymer and metal processing, would not be a perfect fit. In contrast,
a course on all metal processing technologies out of the seven process categories
might be a perfect fit. Through modularization, the institution responsible for certain
modules can have in-depth practical experience in the technology or topic covered
by the course. For a certain combination of modules, knowledgeable institutions can
join forces in order to ensure best possible quality of the offered continuing educa-
tion. For that reasons, Fraunhofer IGCV developed a modular network approach for
continuing education for additive manufacturing as shown in Fig. 5.

The ‘Input’-element covers an analysis of participants’ existing skills and field of
work needed to enter the modular network. If there is no prior knowledge on additive
manufacturing, a participant should enter the network by joining the ‘Basic module’,
which covers fundamentals of additive manufacturing. The ‘Basic module’ will be
explained inmore detail below. If there is sufficient prior knowledge, a participant can
directly join one or more of the ‘In-depth modules’. The ‘Output’-element highlights
the importance of having SMART (specific, measurable, accepted, reasonable, time-
bound) learning objectives for every course module and path through the network.
So far, three modules have been developed: First, the ‘Basic module’ which covers
fundamentals of additive manufacturing and is provided by Fraunhofer IGCV in
Augsburg, second an in-depth module on laser beammelting, which is also provided
by Fraunhofer IGCV, and third an in-depth module on electron beam melting, which
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Fig. 5 Fraunhofer’s modular network approach on courses for additive manufacturing

is provided by Fraunhofer IFAM in Dresden. According to the definitions provided
in the section above, the current focus of the developed network is to provide high-
quality part-time training. For this reason, the content of the three modules is free
of overlap and follows a similar and by Fraunhofer Academy approved structure.
As a result, participants can join every module and will thereby continuously add
new knowledge in the field of AM. The objective for the years 2018 and 2019 is
to integrate more Fraunhofer Institutes and possibly excellent universities into the
network illustrated in Fig. 5 to be able to provide more part-time trainings within
element ‘In-depth modules’. In collaboration with designated certification bodies
and universities, it will then be possible to issue both certificates such as an ‘Additive
Manufacturing Specialist’ on design, metal/polymer/ceramic processing, etc. and
Master degrees on additive manufacturing.

3.3 Developed Modules

Within this section, the general idea of the developed part-time trainings is presented.
On the one hand, the set-up of the ‘Basicmodule’will be described, on the other hand,
the common set-up of both the laser and electron beam melting part-time training
will be presented. An example for an input–output chart for part-time trainings is
shown in Fig. 6. This chart has been developed for the ‘Basic module’.
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Participants will be enabled to establish a team within their company that is able to systematically identify company-specific potentials for 
additive manufacturing and to derive corresponding exploitation plans.

Fig. 6 Brief input–output chart for the ‘Basic module’ on additive manufacturing

To participate in the part-time training ‘Basic module’, learners shall have a spe-
cific education, whichmeans they should hold a university degree on a, at least partly,
technical subject. Alternatively, participants should have been foremen or equivalent
in the production environment for more than 3 years. Hence, a technological basic
knowledge of the learners is guaranteed. As the content of the ‘Basic module’ is cho-
sen very broad, learners active in development, production, business development
and innovation, as well as technically focused management can participate in this
course, given that the educational prerequisites are fulfilled. The overall objective
of the part-time training ‘Basic module’ is to enable participants to establish a team
within their company that is able to systematically identify company-specific poten-
tials for additive manufacturing and to derive corresponding exploitation plans. To
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Production planning

Production development
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How to qualify the process for new materials

Knowledge on possible applications 
Business models
Case studies

Understanding of potentials and limitations

Design rules 
Post processing

Overall objective of course module:
Participants will be enabled to optimize the technology, which is in scope of the part-time training (either laser or electron beam melting) in 
terms of technological targets, such as achievable surface roughness, minimal wall thicknesses etc.

Fig. 7 Brief input–output chart for the ‘In-depth modules’ on laser/electron beam melting
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achieve this overall objective after a 2-day part-time training, the output as described
in Fig. 6 needs to be achieved.

Figure 6 gives an overview on the input–output chart for the ‘in-depthmodules’ on
laser or alternatively electron beam melting. As there is a certain similarity amongst
this twopowder bed fusion technologies, a similar set-upwas foreseen for the two-day
part-time training. As described in Fig. 7, learners who want to join this ‘in-depth
modules’ need to fulfil more demanding requirements in terms of their education
level compared to the ‘Basic module’. Also, required department affiliations are
more precise compared to the ‘Basic module’. This is necessary to reach the overall
objective that participants shall be enabled to optimize the technology, which is in
scope of the part-time training (either laser or electron beam melting) in terms of,
e.g. achievable surface roughness, minimal wall thicknesses etc.

Besides input–output charts, which are supposed to give a brief overview on what
is going on in each element of the modular network (Fig. 5) more detailed class
schedules need to be developed in order to maximize the quality of the part-time
trainings. Within these class schedules, it shall be specified:

• What is the market-driven motivation to set-up this part-time training?
What are the objectives in terms of cognitive, affective or hands-on skills?

• What are the prerequisites for participation? (This question is basically sufficiently
answered with the input section of an input–output chart.)

• What is the qualification needed for the teachers?
• What are the boundary conditions of the part-time training and howdoes the overall
concept look like?

• Duration
• Proportion of theory and practice

Table 1 Objectives of Fraunhofer IGCVs ‘Basic module’

Content First day Second day

Cognitive • understanding of terminology used
within AM industry/‘being able to
communicate!’
• knowledge on relevant AM processes
and their underlying technological
principle
• basic knowledge on functionally
driven design

• understanding the main challenges
along the process chain
• being familiar with tools for
implementing AM in the company of
the learner
• sensitivity and awareness for the main
challenges when implementing AM
• knowledge on available standards and
current discussions on legal issues

Affective • creating fascination for AM • Creating the spirit to implement AM
in the company of the learner
• Willingness to be further educated in
AM, e.g. through joining one of the
in-depth modules

Motoric • creating a simplified bionic part
design

• removal of support structures
(structures only needed for the
build-up)
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Table 2 Class schedule of the first day of the ‘Basic module’, including didactical methods applied

Start End Title Didactical methods Description (AM: Additive
manufacturing)

09:00 09:45 Hands-on 1.1 Guided dialog • start of the training and
presentation of class schedules
for the two days
• Roll call of participants and
collection of expectations from
the training
• Demonstration of AM-use
cases

09:45 10:45 Theory 1.1,
Hands-on 1.2

Lecture, group work • history of AM in a nutshell
and classification within
production technologies
• collecting general
characteristics of AM (group
work)
• general characteristics and
AM-terminology (lecture)

10:45 11:15 Coffee
break

11:15 12:00 Theory 1.2 Lecture, including
switch from presentation
to flip chart

• overview on process
categories following
terminology standards (e.g. EN
ISO/ASTM 52900) and
guidelines (e.g. VDI 3405:
2014)
• introducing process categories
‘Extrusion’ and ‘Material
Jetting’ as well as
corresponding commercially
available processes

12:00 13:00 Lunch
break

13:00 13:45 Hands-on 1.3 Lecture, practical work,
demonstration

lightweight design for AM
• introduction by the teacher
• problem-based learning of
lightweight design by
designing a bottle opener,
whereas every learner creates
his/her own design
• discussion and analysis of
results

13:45 15:00 Theory 1.3 Lecture, guided dialog • introducing process categories
‘Binder Jetting’, ‘Sheet
Lamination’, ‘Vat
Polymerization’, ‘Powder Bed
Fusion’ and ‘Material Jetting’
as well as corresponding
commercially available
processes

(continued)
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Table 2 (continued)

Start End Title Didactical methods Description (AM: Additive
manufacturing)

15:00 15:30 Coffee
break

15:30 16:00 Theory 1.4 Lecture • introducing process categories
‘Directed energy deposition’ as
well as corresponding
commercially available
processes
• summary on introduced
processes as
material-process-matrix

16:00 17:00 Hands-on 1.4 Demonstration ‘AM live’
• preprocessing for a build job
for personalized lightweight
bottle openers (cf. Hands-on
1.3)
• safety instructions before
entering the laboratory
• start of the build job (in this
module, machine set-up is done
by the teachers)

• Actions before the part-time training, such as app-based preparation of learners
• Actions after the part-time training, such as control of learning progress by means
of regular tests during the first 6 months after the completion of the part-time
training

• What is the theoretical and practical content of the part-time training?

Following Table 1 gives an overview on the objectives, which were defined for
Fraunhofer IGCVs ‘Basic module’.

Tables 2 and 3 give an overview on the timetable developed for the first and second
day of the ‘Basic module’. Tables 2 and 3 do also include didactical methods, which
are defined in the following for clarification reasons:

• Demonstration: something is demonstrated by the teacher, such as how to prepare
an additive manufacturing machine for a build job.

• Discussion: a certain topic is discussed within the group; the teacher can be part
of the discussion or only the moderator.

• Group work: teams of, e.g. three participants are formed to solve a given problem.
The teams should not remain the same for all group works.

• Guided dialog: in contrast to a lecture, slides are presented by utilizing questions,
such as ‘Why is this aspect important and therefore mentioned on this slide?’.
Obviously, slides need to be prepared in a way that this didactical method can be
applied.

• Lecture: giving a presentation to inform about a certain topic.
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Table 3 Class schedule of the second day of the ‘Basic module’, including didactical methods
applied

Start End Title Didactical methods Description (AM: Additive
manufacturing)

08:00 08:15 Hands-on 2.1 Demonstration • start of the day directly at the
laboratory in order to
experience what was built
overnight

08:15 09:00 Hands-on 2.2 group work first test of learn progress
• group work on AM processes
• group 1: Prepare a 10 min
presentation on available
polymer processing
AM-processes as described
during day 1
• group 2: same task, but for
metal processing AM-processes

09:00 10:00 Theory 2.1 Lecture, guided dialog • process chains for additive
manufacturing
• analysis of two exemplary
process chains from aerospace
and medical industry, guided
dialog on the relevance of each
element within the process
chain

10:00 10:30 Hands-on 2.3 Demonstration, single
work

experience on post-processes
• removal of support structures
from the build job on
personalized bottle openers
• exemplary manual deburring
procedure
(note: built bottle openers serve
as give away for the
participants)

10:30 11:00 Coffee
break

11:00 12:00 Theory 2.2 Lecture • systematic presentation of use
cases from selected industries
• AM-Business model

12:00 13:00 Lunch
break

13:00 13:45 Hands-on 2.4 Group work Implementing AM
• group work: identify the three
most important aspects for
implementing AM in your
companies.
• common categorization of
group results, moderated by the
teacher

(continued)
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Table 3 (continued)

Start End Title Didactical methods Description (AM: Additive
manufacturing)

13:45 14:45 Theory 2.3 Lecture • Fraunhofer
IGCV-implementation model
• overview on legal aspects,
standardization activities and
health issues

14:45 15:00 Coffee
break

15:00 16:00 Hands-on 2.5 Group work second test of learn progress:
• business game (groups of e.g.
three learners): prepare a 5 min
pitch on how to implement AM
in your company

16:00 16:30 Closure Discussion • questions and answers
• feedback

• Practical work: something is created by the learners.
• Single work: each participant has to solve the same problem on his/her own.

It is obvious from Tables 2 and 3 that both training days start with a hands-on
activity. This is recommendable to ‘awake’ learners and highlight that they are a
crucial part of the event. On the first day, all AM processes are introduced to the
learners, which means a significant amount of information. This is both tough and
relevant. However, in order not to give a 3-h lecture on AM-processes in a row,
a lightweight design hands-on training was foreseen to interrupt this set following
the principles of learning psychology described in Sect. 2.2. In general, by utilizing
varying didactical methods, the attention of the learners can be kept on a high level.
By foreseeing test for the learn progress during the training, teachers get feedback,
which content should be repeated and to which extent. Also, these tests do help
learners to independently repeat the content and to put it into a new context by
themselves. More details and most recent information on the modules are available:
www.academy.fraunhofer.de/additivefertigung

Fig. 8 Results of pilot evaluation

http://www.academy.fraunhofer.de/additivefertigung
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So far, in total 5 runs with the three developed part-time training modules have
been performed. Overall, 16 person have been educated (1 run ‘Basicmodule’, 3 runs
‘In-depth—laser beam melting’, 1 run ‘In-depth—electron beam melting’) resulting
in an average evaluation of 4.6 points, whereas 5 is the upper end (excellent) and
1 (very poor) the lower end of the applied range. For the pilot evaluation, a more
detailed feedback from the four participants (n � 4) was collected which is shown
in Fig. 8. It can be concluded that both the didactical design and the content received
very good grades. The didactical design including the idea of problem-based learning
could be put into practice very well and the participants estimated it as suitable. The
output was estimated above average by the participants themselves immediately after
the training.

It is assumed that the weaker results for the output are caused by a heterogeneous
prior knowledge of the participants. Possibly, learners with a more profound pre-
knowledge rated the output rather average. Therefore, a pre-knowledge-test should
be done beforehand to prove this assumption.Measurements to handle heterogeneous
prior knowledge, what is quite common in continuing education, are identified in the
following fields:

• Try to find out asmuch as possible about prior knowledge onAMof the participants
and their special interests in the field of AM before the part-time training takes
place. This can be done by providing an online questionnaire before the event.
Expectations should be collected, too. If a questionnaire is not possible before the
training, at least the participants’ expectations and experiences should be collected
at the beginning of the training. The trainer can carry out a fine tuning concerning
content by integrating suitable examples or by shifting priorities between topics.

• Prepare extra modules on certain topics as a back-up in order to be responsive if
participants want to also learn about something, which is not completely included
in your course material. Foresee time slots in your timetable for these extra topics.
The training concept should be flexible for adjustments.

• Group work is a suitable didactical method to handle heterogeneous prior knowl-
edge. Two scenarios are possible: Groups with different knowledge and expe-
riences work together, therefore the participants learn from each other and the
principle of multiple perspectives is realized (see Sect. 2.2). In the second sce-
nario, groups are built with similar knowledge and experience. Then the groups
can work on different tasks related to their skills.

Besides a Continual Improvement Process, further investigations could focus
on the knowledge transfer into job-related contexts. This could provide evidence
for more improvements of the didactical design and also the content. Additionally,
insights would be collected for future developments in the field of AM and the need
for training.
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