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1. State of the Art of the Education and Training on Digitalisation,

Industry 4.0, Entrepreneurship and 3D Technologies in VET Schools

The Netherlands is fostering 3D printing overall, especially in education. There are several VET studies
which focus on 3D printing, making their students future professionals in 3D printing. There are several
fablabs existing, which have the facilities to make sure 3D printing is accessible for everybody. Below,
there will be described how the VET education in The Netherlands aims to include digitalisation, Industry

4.0, entrepreneurship and 3D technologies.

1.1 Digitalisation in VET Schools

VET schools are trying to integrate digitalisation in their programmes and courses as much as possible.
Especially now in the COVID-19 times, it is extra needed in Dutch VET education. ROC van Twente (an
umbrella of different VET schools in the region of Twente) is focusing on digital citizenship for example.
They also pay attention to data-profiling. They ask their students relevant questions in order to make sure
they have well developed digital literacy. Another example is that of ROC Friese Poort (an umbrella of
different VET schools in the region of Friesland). They try to educate their students about digital
distraction. Also, an example is the one of ROC Noorderpoort (an umbrella of different VET schools in the
region of Groningen), where the students get to learn about ethical boundaries when obtaining education
supported by data. All these ROCs have recorded podcasts about this, which are available online (in

Dutch).

1.2 Industry 4.0 in VET Schools

Still in the beginning phase, but Industry 4.0, in Holland also known as Smart Industry, is integrating in VET
schools in The Netherlands. There is more and more equipment, like robot arms, which are being offered
to VET schools (see image below). A couple of VET schools are offering education, which involve Industry
4.0. Thus, it can be said that there is still some time needed before more VET institutions (especially the
regional umbrellas ROCs) will offer education, where Industry 4.0 is involved and will be more present.
This is quite needed, as a demand and interest in Industry 4.0 in The Netherlands is growing and some

even would like to see 4 out of 10 VET students, receiving the education involving Industry 4.0.
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Figure 1: : A robot arm offered to education, among others VET institutions

1.3 Entrepreneurship in VET Schools

Entrepreneurship education is very much integrated in the Dutch VET institutions. There are specific
programmes which focus on starting own enterprise. This can be a programme with a focus on
entrepreneurship in certain sectors/areas. There are minors available that provide education on
entrepreneurship. There are plenty of these minors, which is a great addition to VET entrepreneurship in
The Netherlands. It has been proved with research (Niek van den Berg en Femke Timmermans, 2017), that
The Netherlands is doing quite well regarding entrepreneurship education in VET. The results and carriers
of the students are positively influenced by entrepreneurship education they receive at their VET

institutions.

1.4 3D Technologies in VET Schools

3D printing is becoming more and more relevant and needed. Thus, nowadays the focus on 3D printing in
education, especially VET education is present. Even in construction there is 3D printing used on a more
regular basis than before. However, at first there were some doubts whether education should focus on
3D printing this much (it was not proved that it is that necessary for our future), there are at this moment
lots of VET programmes offering education in 3D printing. This shows that 3D printing is not only some

trend, it is really needed in different areas.

1.5 Industry 4.0 in SME’s
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In 2017 TNO (Dutch Organization for Applied Scientific Research) published a research report about the

impact of Smart Industry on rural industry. In contrary to large companies, it appears to be difficult for
SMEs to find suitable technical personnel with a mechanical or electrical engineering training at VET 3-4

level. The so needed skills are:

1 More ICT knowledge and skills are needed to be able to use advanced machinery and keep up with
the complexity

2 Understanding of the process. Digitalization and robotization of the production process shortens lead
times. To keep up with that employees need broad, technical training in all phases of the production
process in order to deploy them throughout the production process

3 Quality management: Smart Industry places an emphasis on the quality of products, for example
through first-time-right manufacturing, where material loss and production errors are avoided as
much as possible

4  Pro-activity and entrepreneurship. The demand for flexible deployment, process insight, and the
trend toward continuous (24/7) production requires that production employees be expected to
intervene in the production process when necessary

5 Collaboration and knowledge sharing: Smart Industry also means social innovation in the factory:
employees need to organize themselves differently

6 Safety and safety management

7 Coaching / Lean leadership: Working in self-managing teams changes the way of leadership.
Respondents from SMEs indicate that the arrival of Smart Industry has made the organizational

structure flatter: fewer managers are needed if teams take on management tasks themselves.

In order to fulfil this large package of tasks, good training beforehand (at MBO schools) and training on
the floor is of great importance. SMEs cannot hire a man for every task, so people must be able to be

deployed flexibly.

One of the key strategies to close the skills gap is to work closely with regional education providers.
Scarcity of good technical personnel is experienced to a lesser extent by companies that work closely with

educational institutions (VET and HE) or that offer their own training.
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2. Open-Source Statistics Available Online: Main Trends in the

Netherlands

There are some recent statistics on ICT in VET. 5% of VET students choose a study in the area of
"Information and Communication Technology". In 2018-2019 there were 7,149 new VET students in ICT,
which is quite a large number compared to recent years. Looking at the proportion, it can also be said that
thisis larger. Unfortunately, there are still too little women that take part in ICT studies at VET institutions.
In 2018-2019, 9.1% of male students chose a programme in this domain, while only 0.4% of female
students did so. Below there are some figures visible, which represent the statistics of ICT programme

choices in VET.

RELATIEVE INSTROOM MBO ICT
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Figure 2: Statistics on relative inflow in ICT studies (VET). Yellow line, represents female students and the blue one, male students
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Figure 3: Statistics on absolute inflow in ICT studies (VET). Yellow line, represents female students and the blue one, male students
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3. Main National Policies and Institutional and Legislative Framework

Regulating the Fields: The Legal Backbone in the Netherlands

The creation or adaptation of a 3D model based on an existing model or design is, in principle, reserved
to the copyright holder of that model or that design. When looking at the copyright issue, the creation of
a 3D print based on work that is protected by copyright (for example action figure toys) - can be seen as
reproduction (Section 13 of the Copyright Act). Offering or distributing such a model, which could be a
physically printed product or a 3D scan or an online file through websites, is a disclosure (Section 12 of
the Copyright Act). The Copyright Act has also exceptions, like the home copying exception. The large-
scale copying of objects with the use of 3D printers for industrial use and offering of these objects (to
make profit) will be unlikely seen as an exception. Incidentally, copyright levies on 3D printers are not
excluded. There is an example form USA known, where a copyright claim was made to a Warhammer

game figure.

Three-dimensional printing can have relevance in trademark rights in two ways. Firstly, people can print
models that are protected as trademarks. Secondly, people can print all kinds of products and add to them
a brand name or logo. This is being defined as a trademark infringement: the trademark owner can claim
the products and even make sure that the products will be invalidated. Not only if the product is an
imitation of the real brand product, but also if a person has invented the model him/herself, like a Puma

drinking cup for example.

Vakmensen
FM E TEgH;gEOGY 2‘;‘& m;::s;lr;;:; jd»ciale zakenen

Figure 4: Institutions that support the agenda belonging to ‘Smart Industry. Dutch Industry fit for the future’
In 2014 FME, TNO, het ministerie van Economische Zaken, VNO-NCW en de Kamer van Koophandel
presented a report on the Hannover Messe called: ‘Smart Industry. Dutch Industry fit for the future.” This
study shows how important developing Smart Industry is for Dutch Economy and emphasizes the
importance of continuous learning, which focuses on lifelong learning from young to old, for newcomers
to the labor market but also for today's employees, in order to take advantage of the rapid advancement

of technology.
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The Smart Industry agenda provides development within field labs (testing grounds). It creates a new

(virtual) living lab, a regional network of companies, knowledge institutions and governments that focuses
exclusively on people in the organization. The living lab is followed by 'science'. Experiences of the

participating companies, the insights acquired in the living lab can be transferred to other companies.

Learning and development can take place in many ways. Both formally (in the classroom) and informally
(on the job). The knowledge and experience of experienced colleagues should be used for this. Many
didactic methods and resources are available to employees with which learning objectives can be
achieved. Educational institutions play an important role within Smart Industry Field Labs. Educational
institutions of MBO, HBO and universities have an adequately equipped physical learning environment
and knowledge.

The report is written in English and can be downloaded.
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In the Techniek Innovatiehuis, students learn by doing. Projects related to 3D printing, virtual reality and
alike, are carried out in cooperation with the business community. This is very impactful as, there
mismatch between education and the labor market is being minimized as much as possible, this way.
Using the latest techniques and innovations such as robotization, serious gaming and earlier named 3D
printing and virtual reality, students can solve certain problems that may rise in their working life.
Companies let students work out a real issue, so that the students can develop themselves for the

situations that might occur after they start working.

D’Lab

A fablab, which is a part of a VET institution Friesland College, in the Friesland province, is offering its
students a place, facilities and equipment to work on their project. D'Lab was created to form a bridge
between the business world and education. Students can work here on 'real' innovative customer

assignments. Companies have access to the latest techniques and methodologies in D’Lab.

Smart Makers Education

The idea for the Smart Makers Education project started to develop in the 3D Makers Zone, a centre for
innovative techniques in Haarlem. In the 3D Makers Zone, Smart Technologies such as 3D printing,
robotics and big data are accessible to use for the business community. Smart Makers Education is a
cooperation between companies and ROC Nova College in Hoofddorp to motivate young people to
eventually make ICT or technology the focus of their careers. Thus, future-oriented education is being
developed. Teachers and students are being trained according to the latest developments in the field of

Smart Technology.

Eapril conference

The Eapril conference will take place in Nijmegen, the Netherlands from November 23 - 25, 2022. This

conference will be jointly organised by EAPRIL and HAN University of Applied Sciences.
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At the EAPRIL conference they aim to bridge the gap between formal education and continuous learning

which is needed to keep up with smart industry/Industry 4.0 by giving participants from various
educational cultures and school types the opportunity to inspire each other. The mission of EAPRIL is to
improve learning and professional development in a variety of contexts by promoting practice-based
research. EAPRIL supports all research that has significant impact for learners and practitioners by bridging

the worlds of practice, research and policy.

‘Middenkaderfunctionaris Smart industry’

This study introduces students to the promising and future-oriented world of robotics, control technology,
Internet-of-Things, embedded systems and many other techniques. They learn to program in different
programming languages and are taught how to use the Raspberry Pi. Above that they learn everything
about controlling, reading and making smart devices. It offers knowledge and skills that you need in the

Industry 4.0 era.

Middle Management Officer is a pretty new official course of study and is included in the official VET
curriculum level 4 in the Dutch education system. It gives you the opportunity to continue studying on the

level of Higher Vocational Education.
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5. Feasibility and Requirements Analysis on Current Needs and Gaps in

the Teaching and Learning Opportunities Available

Inqubator Leeuwarden has invited teachers from VET schools to complete an online survey, so that the
needs of the target group (teachers from VET Schools) concerning digitalisation and the use of 3D
technology in VET schools can be identified. Thus, Industry 4.0 and Entrepreneurial Skills, about which the

survey also included a number of questions, can be supported in VET schools.

A total number of 25 answers were gathered from 5 different VET centres located in the northern part of
The Netherlands (Friesland and Groningen provinces). The schools that took part were the following:

1. Friesland College

2. Friese Poort

3. Noorderpoort College

4. Nordwin College

5. Alfa College

The majority of the questionnaire respondents are men (52%) compared to 48% women. Most of the VET
teachers that have filled in the survey are in the age range 31-40 (48%), followed by the age range of 51-
60 (24%) and 41-50 (12%). The age ranges of 20-30 and over 61 are represented with 8% each.

Most of the participating VET teachers teach less than 10 years (48%), followed by 21-30 years of teaching
practice, represented by 28% of the respondents. 24% of the VET teachers indicated to work 11-20 years

as a teacher.
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Gender Age

24%
S99 48%
0
48%
12%
m Male = Female m 20-30 = 31-40 = 41-50 = 51-60 = Over 60
Years Worked

28%

48%

24%

®m lessthan 10 = 11-20 = 21-30

As for the subjects taught by the 25 educators, most of them are teachers in Practical and vocational skills.
They are followed by the 6 teachers in Technology. There are 4 respondents that teach Arts, 3 teachers
that provide education in Social studies, 2 teachers that teach Modern foreign languages and 1 that

provides education in Physical education.
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m Practical and vocational skills m Technology
= Arts Social Studies

m Modern foreign languages  m Psysical education

The assessment given by educators on the level of digital tools in their VET institutes is as follows:

Level of digital tools
18
16
14
12
10

A O o

15|Page



I APY MA

3 R ko Co-funded by the ot
3 D 2 '/ CT T Rres Erasmus+ Programme Xk

I KY of the European Union [

The Dutch VET teachers consider the computer skills level of their colleagues to be:

Level of computer skills
16 15
14
12

10 9

; 0 —

o
\0’6 Q,’b
qe‘* 1’
N %

Most of the VET teachers (20 out of 25), have indicated that digital tools in schools are a must. The rest of

them (5 teachers) believe that digital tools are a way to improve teaching.

According to the VET teachers' experience, by using digital tools, the learning process has improved for
15 of them. There are 9 of the responding teachers that believe there is significant improvement in the
learning process. There is one respondent that has noticed no change in the learning process while using

digital tools.
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Learning process with digital tools
4%

36%

m Significantly improved ® Improved = No change

Most of the teachers think that their students would like to use digital tools during their learning process
(7 of the teachers believe they would really like that and 14 teachers believe the students would prefer
that). There are 4 of the 25 teachers that think that the students would be neutral about their preference

(using digital tools or not).

From all responding teachers 3 strongly believe that VET institutions should be involved in Industry 4.0,
while 18 of them believe that as well, but not that strongly. There are 4 responding VET teachers that are

neutral about this statement.

Also, most of the teachers (23) believe that STEAM (Science, Technology, Engineering, Art and
Mathematics) subjects need to be strengthened and 2 teachers think that there is no need to strengthen
STEAM subjects. Those numbers are exactly the same when speaking about the introduction of additional
STEAM subjects. There are 23 teachers that have indicated that STEAM subjects could play a crucial role
for future employment prospects, while the remaining 2 have indicated for these subjects not to play a

crucial role for future employment prospects.
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When it comes to entrepreneurship education, 21 of the teachers have indicated that their schools invest

time in entrepreneurship teaching, 4 of them have indicated that their VET institution is not doing it. Most
of the VET teachers specified that their institution spends more than 2 hours on entrepreneurship
education, this concerns 15 VET teachers. There are 4 VET teachers that have indicated that 1 hour is
spent on entrepreneurship education in his/her VET school and 2 of the VET teachers say that it is 2 hours

at their VET school.

Most of the teachers say that their schools have projects focusing on entrepreneurship education (18 VET
teachers), 6 of the 25 VET teachers do not know this for sure and 1 VET teacher has indicated that his/her

VET institution does not have such projects.

Almost all the responding VET teachers (23 out of 25) have said that their VET institution has a 3D printer,
however, most of them has stated that it is not being used as a part of their educational program. There
is 60% of the VET teachers that indicate not using 3D printers during their education activities. There is
16% that indicates of using 3D printers during teaching, though and 24% says to do so occasionally. Most
of the teachers have indicated that they have participated in at least one course or seminar on the use of

3D printing.

Also, most of the teachers have said that their students have used 3D printers at least once. This concerns
68% of the responding VET teachers. There is 32% of the VET teachers indicating, that their students have

never used a 3D printer.
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Evaluation of 3D printers by students
14
12
12

10

The VET teachers in the northern part of the Netherlands have indicated that this is the opinion of their

students on 3D technology use during their classes:

Use of 3D technology in the classroom

16 14
14

12
10

o N B OO 00
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The main advantages of 3D printing in education according to the VET teachers are especially:

e Promoting active learning
e Encouraging creative/design thinking
e Collaboration/teamwork

e Improvement of student participation/involvement

There are also some factors that hold back the use of 3D printers in education:
o Not sufficient knowledge on technology of 3D printing

e Lack of methodologies and guidelines using 3D printing in education

e Rigidity of curricula

e Lack of skills in the use of 3D printers

e The cost of 3D printers

There were also some comments made by the teachers, which provide a fuller scope on why the printers

are not being used in their VET institutions:”

e “Ignorance, VET teachers that are not curious to learn or use something new”.

e “There are some enthusiastic teachers that make use of 3D printing technologies. There should be a
larger group that will do so.”

o “There are no factors that hold back the use of 3D printers in our institution, we use them a lot”.

According to Dutch VET teachers, the main sectors that can benefit from the use of 3D printing in
education are arts, engineering, math, mechanics/industrial technology, information and communication
technologies, computer-aided design and the culinary sector. One comment was added by a teacher: “I

think in every sector, but in different ways”.

This is how important the following elements related to the use of 3D printers in education are for

teachers:

20| Page



3D2CT

Creativity

4%

40%
56%

= Not important, not unimportant
= [mportant

= Very important

3D modeling

4%

8%

24%

64%

= Not important
= Not important, not unimportant
= Important

= Very important
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Drawing/Design

12%

68%
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= Not important, not unimportant

= Important

= Very important

Problem solving

24%

56%

20%

= Not important, not unimportant

= |[mportant

= Very important
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Programming Knownledge of production
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16% 24% "

44% 68%

m Not important at all

= Not important = Not important

= Not important, not unimportant = Not important, not unimportant
= Important = Important

= Very important = Very important

Knownledge of materials
8% 8%

28%

m Not important
m Not important, not unimportant
® [mportant

= Very important
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