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Abstract—This study presents the development of a new pedagogical
method, namely the model of technical pedagogy, for learning additive manufac-
turing (AM) due to the speed of the technological development. The speed of the
technological development of AM is faster than of the educational one; curricula
and teaching methods have to evolve all the time in order to keep up with the
development. The implementation of AM into the mechanical engineering cur-
riculum in Lapland university of applied sciences (Lapland UAS) in Finland is
used as an example in this study. The aim and purpose of this study is to create a
model of technical pedagogy which gives universities the possibility to integrate
AM into their curriculum more efficiently. This happens by combining traditional
pedagogy into technical subjects in curriculum development work. This study
also presents the learning concept of AM which shows the learning to be in-
versely proportional to the requirements of AM. Identification of the learning
process of AM help the educators to plan AM education more efficiently.

Keywords—3D printing, additive manufacturing, pedagogy, technical peda-
gogy, curriculum, knowledge transfer

1 Introduction

Additive manufacturing (known also as 3D printing) is a technology where an object
is built layer by layer from 3D CAD model with 3D printer [1]. 3D printing technolo-
gies are divided into seven different process categories according to the technology type
and name according to SFS-EN 1SO / ASTM 52900:2017 [2]. The process categories
are binder jetting, directed energy deposition, material extrusion, material jetting, pow-
der bed fusion, sheet lamination and vat photopolymerization. Material extrusion is the
most used one due to its relatively low price and easiness of use compared with other
technologies [1]. 3D printing started in 1984 when Charles Hull invented and patented
the stereolithographic principle where UV light was used in curing photopolymer liquid
layer by layer. This was the origin of vat photopolymerization technology. It was soon
followed by powder bed fusion in 1989 where selective laser sintering (known as
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powder bed fusion of polymers) was used to sinter polymer particles together. Scott
Crump from Stratasys patented fused deposition modeling technology in 1992 which
was the start of material extrusion technology. Material jetting technology has its roots
from the middle of the 1990°s but the principle of jetting grew stronger especially by
the development by the Objet Company in the 2000°s [1], [3]. These construct the basis
of polymer printing technologies discussed in this study.

Perhaps the largest impact on modern desktop size 3D printing happened in 2009
when the patent for material extrusion expired. This was the start for a new generation
of 3D printers and to the development of desktop size printers. This ensured AM to be
a solid part of engineering and other types of applications [3]. For example, in engi-
neering education, this meant that AM could be reckoned as one manufacturing alter-
native within the traditional ones such as milling and turning. This happened through
the increased variety of AM machines, especially by cheaper desktop size 3D printers
which could be acquired for educational purposes more easily.

In the field of mechanical engineering, 3D printing opens up a broad area for learning
since education and proper training is a necessity especially for the students and experts,
who work with 3D printing [4]. One main function of universities of applied sciences
(UAS) in Finland is to produce professionals according to the work life demands and
demands [5]. Therefore, 3D printing offers the possibility for UAS to offer proper and
practical AM education for work-life purposes through the graduated engineers.

One key component in learning the required skills (e.g. AM) is to operate with prob-
lem-solving processes. This is because work-life consists of different phenomena and
problems which have to be handled with using the skills. The reality which work-life
demands brings to learning can be implemented through problem-based learning ad-
dressing the problems and situations. The problem-solving process is based on finding
information from the problem and constructing possible answers to the problem [6].
According to the experience of main author, 3D printing presents an excellent way to
learn technology since learning by doing and handling problems during the AM process
produces knowledge that the students can exploit in work-life situations. For example,
the mechanical engineering students at Lapland UAS have described the learning of 3D
printing, which includes the theoretical and practical part, to be efficient especially
when the student can perform independent tasks with printers. Finding the reason to
some problem makes the learning more versatile.

The aim and purpose of this study is to create a model which will combine the tradi-
tional pedagogical aspect of learning into the technical factors that need to be consid-
ered when arranging technical education through curriculum development. Based on
the experience of the authors, the practices for learning AM in engineering are generally
unorganized, every university performs AM teaching in their own way. Therefore, a
need exists for a pedagogical model based on AM learning. This forms the problem
statement identified in this study.

The literature considering learning AM in engineering education does not provide a
solid model which would take the technical aspects into consideration in the pedagogi-
cal arrangements. The model created in this study is called the model of technical ped-
agogy. This model works as a guide for educators when planning or developing educa-
tion around certain technology with more detailed technical issues. In addition, this

96 http://www.i-jep.org



Paper—Implementing 3D Printing Education Through Technical Pedagogy and Curriculum Development

study presents the implementation of AM into the curriculum of Lapland UAS mechan-
ical engineering students and offers a view to inversely proportional learning of AM,
which forms the foundation for understanding the implementation of AM education.
The theoretical information presented in this study work as a background for the
model by justifying the usage of desktop size printer technology in engineering educa-
tion due to its benefits (such as availability, price and suitability). Methodology used in
this study is based on literature review and on the 13 years” experience of the main
author as an educator of mechanical engineers and to the student feedback received
from past 3D printing courses in Lapland University of Applied Sciences in Finland
(Lapland UAS). The implementation of AM to the curriculum is based on to the me-
chanical engineering curriculum development work done in Lapland UAS between
2014-2017. The technologies under discussion in this article are material extrusion, vat
photopolymerization and powder bed fusion which present the most used technologies
in the polymer/desktop size printer area. In addition, these represent the AM technolo-
gies used in current Lapland UAS mechanical engineering 3D printing laboratory.

1.1 Background for the study

This overview creates the background for the study since the classification of 3D
printing equipment is important when planning AM education especially in engineer-
ing. This section separates industrial printers from office/desktop size printers since
concerning AM education, the price and usability of the equipment are important in
acquiring equipment for educational purposes.

A division between the printer types according to their size and usage can be seen in
Figure 1 [7].

INDUSTRIAL TYPE DESKTOP TYPE
PRINTERS PRINTERS

- high skill level - easy tointroduce

- expert-level - easy access and
operation usage

- 5100k to 5250k - $500 to $17000

- high operating - no need for expert
costs level on knowledge

- high level of - especially suitable
capability for educational

- research and purposes
industrial level - suitable also for
production production

Fig. 1. AM printer type division [7]
This kind of division (see Figure 1) from the knowledge point of view is required in

order to understand the requirements for using 3D printers. It is important to understand
the requirements for educating engineers with AM contents. For example, it is
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important to make this division in engineering education when planning AM education
from learning, usage or budget point of view. The technology should be accessible for
the students and the threshold for learning and using it should be low in the beginning.
This will be discussed later in this study as it presents the learning process in AM with
respective to the requirements from the technology. This division (see Figure 1) helps
in decision making when acquiring AM technology to the education. The differences
between the types (see Figure 1) are discussed in following.

First group are so called conventional industrial type printers which are meant for
professional use. Introduction of these printers requires a high skill level and the users
are usually labeled as AM experts in their area. This higher level of technology cannot
be used in the basic AM education of engineers due to the lack of experience of the
students. The types of machines are not usually available for e.g. in student projects
widely since it requires more knowledge, time and expertise to use these. These are
very expensive, ranging from $100000 up to $250000 when discussing the base price
of polymer printers. These devices need accessories so in total the price can reach
$350 000. The operating costs are high and the machines are capable of industrial level
of operation. The application is usually research, industrial level manufacturing or part
of a manufacturing process. This shows that these types of machines are not necessarily
the best option for adopting AM to engineering education. Especially when learning the
basic principles of the technology is in the center. Therefore, the industrial type printers
should be used in the final semesters of engineering and in more advanced student pro-
jects. The 3D printing projects are usually under a close inspection and reviewing which
limits the user base. This means that the printing work is supervised and it cannot be
used e.g. in independent student projects in earlier semesters. Therefore, the typical user
is a last stage student with good experience with the machine, making his/her BSc
(Bachelor of science) thesis or other research work. The 3D printers are usually placed
in some sort of center of research or excellence [7].

Desktop level printers (see Figure 1) are targeted to normal consumers and regular
users. This makes these types of 3D printers more suitable for engineering education
when e.g. adopting AM to curriculum due to the lower use threshold of the technology.
The lower price enables the acquisition of multiple printers and through this more stu-
dents can be reached in courses. Desktop level printers are easy to use and they require
low skill level in the beginning. Some printers such as the vat photopolymerization
printer Form 3 from Formlabs require only a couple of minutes for start the printing
work, even without less experience. Since the purchase price of desktop level printers
is usually around 10% compared with the industrial type printers, user can acquire more
than one printer. If one printer fails or has downtime, the work will not stop due to
failure or maintenance etc. [7]. The price range is very wide for the desktop type print-
ers: the cheapest material extrusion printers start from $500 and more advanced selec-
tive laser sintering printers are around $17000. This means that in education multiple
printers can be used simultaneously and the entire student group can learn by doing at
the same time without having to wait for available printer. This is important especially
in the courses where AM in introduced to students; by connecting the theoretical lec-
tures with practical work with the printers as soon as possible, the students are capable
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of connecting the AM knowledge into practice more efficiently. The development of
AM technologies can be seen in Figure 2 [8].
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Fig. 2. Gartner hype cycle for 3D printing [8]

Gartner hype cycle (see Figure 2) for 3D printing presents the maturity and potenti-
ality of certain technology. It explains the evolution of 3D printing technologies in five
stages and gives an insight about the business potential of the technology. It helps com-
panies to build their investment strategies and reduce risks in investments [9]. The hype
cycle shows “consumer printing” to be passed the peak of expectations and is beginning
to stabilize itself as one of the normal innovations in society [8]. Gartner hype cycle
(see Figure 2) presents the basic polymer printing technologies to be already common
and proved technologies in AM sector (such as material extrusion and stereolithography
which can be listed as a part of the consumer printing term). These technologies belong
to the desktop size printer category (see Figure 1) and therefore Gartner hype cycle
proves that these technologies are suitable for educational purposes also.

The division between printer types (see Figure 1) form the starting point when plan-
ning AM education in this study especially from the user and application point of view.
Even though the division may be steep, it helps to target the topics and issues in this
paper through desktop size printers and their importance in AM education.

There are still a lot of differences, especially in integration and in functions between
these two divisions (see Figure 1) (e.g. in educational environments containing ma-
chines from both categories) but these two are the main categories currently in AM.
The same division can be seen in the terminology; the term “additive manufacturing”
is used when discussing industrial applications and the term “3D printing” is used when
the consumer point of view is discussed even though they mean the same thing. 3D
printing is starting to be the regular term when discussing the technology [10]. For ex-
ample, 3D printing is more commonly used term in engineering education especially in
the name of the courses but when teaching the theoretical basis, additive manufacturing
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and other standardized terms are used. 3D printing term reaches more people and espe-
cially the students who are at the beginning of learning AM.

2 Literature Review

The topics presented in this literature study present the connected literature in the
light of different applications in 3D printing that are used in education. The connection
between AM education and industry and companies is important since it is the key
component in planning AM education based according to work life demands. This re-
view presents the challenges in AM education which present the identified problem
statement in this study; a comprehensive pedagogical model is needed to develop AM
education in engineering.

2.1  Applications of 3D printing

3D printing as a technology has rooted itself to the society and media; quite many
people assume themselves to be 3D printing experts when they have seen or used such
a device; usually only one type of machine has been used [11]. This seems to be some-
times the general assumption but in spite of this, 3D printing has its applications and
experts who are using the technologies in far more advanced situations, which is the
reality of AM. To understand better the different applications and the implementation
of them in education, a detailed categorization of the applications must be created. This
categorization can be presented through three main applications as seen in Figure 3 [1],
[10], [12].

Medical and
dental -
Final part
Manufacturing production

100

END-USE parts
pRaBIXTs
USER GROUPS:
Consumer-made
- ARCHITECTURAL parts
- MEDICAL PRODUCT _
Prototypes
_ DEVELOPMENT
EDUCATION VELO Fit, function and
- INDUSTRIES assembly
- COMPANIES
- CONSUMERS Indirect approach (molds, dies) ‘
PRODUCTION
(tooling) Direct approach (tools, inserts, guides,
jigs, fixtures)

Fig. 3. Categories of AM applications and the possibilities to use them
e.g. in education [1], [10], [12]
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Figure 3 shows how the main user groups can be divided into the industry, compa-
nies, educational sector, research and to people, who use it e.g. for their own purposes
or as a hobby. The figure can be used in education since the examples of the applications
can be used directly e.g. as activities in 3D printing courses. These user groups include
several different areas where 3D printing brings extra value or is sometimes the only
reasonable solution to achieving desired educational goals.

Dividing the AM applications into different categories (see Figure 3) can be done in
different ways and there is no standard for the presentation. This model is meant to be
universal for many of the user areas of additive manufacturing. Different sources use
categories such as prototyping, visual aids, final part production, just a few to mention.
For example, for learning assignments with a certain goal, the categories offer a good
way to target the assignment to certain area of engineering. In this study the applications
of AM have been divided into three main categories (see Figure 3), which represent the
most common way to define the usage of AM in different sources [1], [10], [12]. When
developing AM education, these three categories serve as a starting point e.g. in drafting
the learning objectives for courses from AM knowledge point-of-view. The main cate-
gories of different AM applications (see Figure 3) are end use products, product devel-
opment and production (tooling).

End use products (see Figure 3) was the continuation from the original idea of rapid
prototyping. As the technology developed in the 2000s, the machines were capable of
produce products and components that were suitable directly to a selected application
(so called direct manufacturing). This was especially one start point for the term addi-
tive manufacturing instead of rapid prototyping, which was the previous used term [1].
Many of the fabrication types, such as functional parts and spare parts, fall into this
category. For example, one main point to learn manufacturing methods is to produce
objects that can directly be used in desired application. By investigating and imple-
menting this possibility with 3D printing, the students will learn that AM is one con-
siderable manufacturing method among the traditional ones such as turning and milling.

Product development (see Figure 3) is probably the best-known application for the
technology. 3D printing brings extra value to the design process by offering more pos-
sibilities in creating complex geometries and keeping the design work versatile [13].
This includes making visual hand-held versions of the design instead of 3D CAD mod-
els to help the designers and users to visualize the product better [1]. For example,
product development is one of the main areas in Lapland UAS mechanical engineering
education is and 3D printing offers flexible, affordable and logistically easy way to
visualize the products and e.g. make prototypes for testing and viewing the product
features.

Production (tooling) (see Figure 3) offers the possibility to produce tools and tooling
aids for production. Molds and dies are used when casting or injecting products and
different inserts, fixtures and jigs ease the manufacturing process when producing even-
quality products [10], [12]. For example, when learning casting methods, 3D printing
offers the possibility to learn tool production without the need for manufacturing them
with traditional methods. This improves e.g. the understanding and learning of produc-
tion planning.
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2.2 Impact on companies and industry through education

3D printing has become a trend word and it can be noticed in everyday life and even
in daily talks. 3D printing has rooted itself to the daily life since it has increased its
visibility in the media, especially through its increased possibilities in the manufactur-
ing area [14]. This sets demands and expectations for engineering education. For ex-
ample, courses in engineering education are expected to contain 3D printing as default.
Depending on the degree of education, the demands for the technology (e.g. equipment
types) come from the required level of AM knowledge. Engineering education have to
keep up with the demands from work-life representatives who are using AM in their
functions and employ graduated engineers.

As the standardization of AM is progressing, some parts of the AM process can be
validated but still the heterogeneity of printed parts and production time limitations
present challenges for raising AM to the same level with the traditional manufacturing
methods [15]. This means for education that AM must be researched in order to increase
knowledge about AM and to decrease the gap between AM and the traditional methods.
This is important since the graduated engineers export the information to the work-life.

The direction is correct; the manufacturing sector is becoming more and more aware
of the possibilities of the technology since AM is used in many sectors such as indus-
trial, medical and military, just a few to mention [10]. This means that AM must be
implemented e.g. in engineering education firmly to the engineering curricula in order
to fulfil the demands of the manufacturing sector. One key issue to address is how to
ensure that AM knowledge reaches the manufacturing industry in a way which helps
them to solve these challenges in adopting AM into the production processes. In Lap-
land UAS, the AM knowledge reaches the manufacturing industry through graduated
students, R&D-functions and through separate continuing education courses planned to
be held for work-life representatives in the future. However, this study concentrates in
implementing AM in Lapland UAS mechanical engineering studies and R&D-func-
tions, continuing education issues are not discussed here.

According to the experience of the main author as an educator, one important key
factor enabling this is the principle of knowledge transfer, which is illustrated in Figure
4 [6], [16], [17]. This is based on the long collaboration between the main author’s
university (Lapland UAS) and the industry around the university’s area (mainly paper,
pulp and steel industry). This collaboration covers research projects, BSc theses and
student employment (during the studies as internships and after the graduation) to the
industry, just a few to mention. The dialog between the university and industry gives
valuable feedback about the engineering education provided in the university.

Technical .
Professionals

_Industry and . Innovations and Change in society and
education g /companies productivity

technological level

Fig. 4. Knowledge transfer principle [6], [16], [17]
Figure 4 presents the idea of knowledge transfer, which shows the path from tech-

nical education to the required target (in this case the companies and manufacturing
industry). As mentioned in this study before, the main function of universities of applied
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sciences is to produce professionals and experts to industry and companies, who pos-
sess the latest information about modern manufacturing technologies, for instance [6].
For example, the information provided for the students must reply to the requirements
of companies and manufacturing industry in order to strengthen the collaboration.

According to the experience of the authors, the requirements from companies and
industry usually derive from the need for innovations and improvement in the operation
of the enterprises. Their relationship to universities is based on collaboration. Compa-
nies and industry can benefit through common projects based on a need, for instance to
develop something, which is one of the most common ways to do collaboration. This
means that the curriculum in engineering education must be capable of intake topics
from collaboration partners and enable students to function in work-life projects.

If this is looked e.g. from knowledge point of view, the information produced in
engineering education is not always easy to adapt to the demands of companies and
industry. Reason for this is usually the professional link missing between the education
and work-life; the collaboration requires active people who work in the interface. If the
teaching personnel is not involved e.g. with R&D projects, the low level of contact to
work-life may complicate the adaptation of information. One way to solve this is to ask
project work topics directly from the companies and industry and use contacts the per-
sonnel have.

Therefore, the employment of educated professionals is an important key factor in
transferring the knowledge [16]. The role of the universities is to support and contribute
to the development of innovations and sustainable economics in enterprises. As the
companies and industry employ the educated professionals, it leads to new innovations
in the companies and industry since universities can be seen the producers of the re-
quired knowledge [16], [17]. This sets demands and pressure e.g. to engineering edu-
cation since the content of the learning must be modern and meet the requirements from
work-life. The UAS sector must apply the modern practical methods in the learning and
the didactical methods must bend to these. Based on the experience of the main author,
this ultimately leads to positive change in society as viability increases through eco-
nomic growth and technology advances through the knowledge transfer in companies
and industry.

2.3 3D printing and engineering education — Challenges and possibilities

The growth of 3D printing has been enormous since the popularity of desktop size
3D printing is increasing all the time due to its relatively low price and easy accessibility
(e.g. material extrusion technology). Desktop size 3D printing is closing the gap be-
tween industrial type printing from quality and machine reliability point of view. This
has boosted the usage of AM in the educational sector since these factors facilitate the
acquisition of AM to different purposes [1], [10]. Looking from educational perspec-
tive, this benefits e.g. the engineering education since now it is possible to acquire more
sophisticated and accurate desktop size printers (e.g. vat photopolymerization and pow-
der bed fusion of polymers) for teaching and learning.

In this study, the Lapland UAS mechanical engineering BSc level is used as an ex-
ample. The need for developing the connection between 3D printing and engineering
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education derives from the 13 years’ experience of the main author as an educator of
engineers and from the collaboration with the industry of Lapland UAS area (paper,
pulp and metal industry). The usage of 3D printing in the manufacturing industry in the
area of Lapland in northern Finland is not yet very widely used (or partially at all). By
connecting 3D printing to the Lapland UAS mechanical engineering education, it in-
creases the awareness in Lapland area to utilize 3D printing in the manufacturing pro-
cesses through knowledge transfer. Figure 5 (derived from Figure 4) presents the de-
mands that the knowledge transfer model (see Figure 4) brings to engineering educa-
tion.

Technirfal P, Industry_and N Innovati.ops and Change in_soeiety and
education companies productivity technological level
- Continuous || - Skill-level of || - University — - Education must || - Change in education
curriculum students work-life correspond to the level
development || - Amount of contacts level of innovation - Continuous
- Work-life graduated - Work-life skills - Collaboration development of
requirements students of students projects educational content
- Changes in
educational operations

Fig. 5. Demands set to education by knowledge transfer factors. Modified from [6], [16], [17]

The arrangement of technical education (see Figure 5) requires continuous curricu-
lum development in order to keep up with technical evolution. The requirements from
work-life must be met through curriculum in different courses and learning events. The
knowledge is transferred through educated professionals and therefore graduated stu-
dents must possess required skill and knowledge level. The university must be able to
produce sufficient amount of these skilled graduates every year. When finding employ-
ment in companies and industry, the university’s work-life contacts are important and
the students must possess required work-life skills learnt during studies (usually in prac-
tical internship periods). As the graduated students are working in companies, they pro-
duce innovations and participate to the increasement of productivity. This means that
during the education they should learn to make innovations and know the meaning of
productivity (hence the studies related to business and economics are important). Ulti-
mately, the change in society and technological level means that the education must
change in order to keep up with the social and technological evolution.

If the industry or companies do not recognize the AM possibilities, one function of
universities is to encourage them to use AM. The collaboration between the university
and industry / companies is the most active in internship possibilities in companies, BSc
these processes, common development projects and in continuing education [18]. This
indicates that the foundation of engineering education is vital and by including AM in
the educational core, the knowledge transfer possibilities of AM will increase.

Based on the main author’s observations, the manufacturing experts who have had
their professional education 10-30 years ago, the studies did not include AM. This in-
dicates that the future experts possessing necessary skills, need a curriculum that takes
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the principles of additive manufacturing (also in practice) into account at many levels
of qualification, especially in under- and postgraduate level [19]. Based on the obser-
vations of the main author, the education of engineers in northern Finland has always
leaned more to the requirements of the industry based on the features of the manufac-
turing processes. Therefore, one function of the Lapland UAS mechanical engineering
degree is to increase the AM knowledge in the area although the traditional bulk product
manufacturing industry the main focus. Bulk products consist of stainless-steel strip,
paper and packaging products such as cardboard. There are several companies, which
perform e.g. product development, who could benefit from AM in northern Finland.
According to the main author’s experience, there are also many companies who func-
tion as a subcontractor to the industry so by implementing AM into the engineering
education, the possibilities and benefits of AM can be detected in the subcontracting
companies. This can be seen in Lapland UAS from the lack of AM topics which could
be used in student projects. The engineering education should encourage companies to
use AM through common projects (e.g. through prototype production for some part that
need to be designed). This way the knowledge about AM would increase in Lapland
area of Finland.

When looking at the recent development of additive manufacturing, especially the
speed of it, the educational sector is facing a challenge adopting the AM knowledge to
the curricula [19]. According to the experience of the main author, the turnaround of a
curriculum takes four to six years (under-graduate / post-graduate level) and during this
time, the technology (e.g. AM) might have developed greatly already. The adaption of
curriculum development into the speed of technological development of AM presents
a challenge. Some educational institutions have solved this by arranging continuing
education in the form of part-time training or short courses [19]. These are very good
methods to implement a modern view into practice and this way the education can be
targeted to a specific group of users. According to the main author’s experience, cur-
riculum is usually tied to a certain timetable and the course contents are planned at least
half a year or even one year beforehand. Therefore, the curriculum should be flexible
and intake “last-minute” topics e.g. through free elective courses but also fix the topics
to the mandatory courses concerning the most important modern technologies. This is
the reason why the curriculum development must be inspected according to the desired
technology (e.g. AM).

3 Results

3.1  Creating curriculum considering AM education

The implementation of AM into the engineering education can be approached by
opening up the basic process of developing a curriculum in Lapland UAS. The main
author has acted as the main responsible teacher (guiding a team of teachers and R&D
personnel during the development work) in renewing Lapland UAS mechanical engi-
neering curriculum in 2014 — 2017. As a result, Lapland UAS mechanical engineering
degree started in 2017 with new curriculum. The previous curriculum leaned more to
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separate courses targeting in specialization areas together with basic studies. There was
no specific plot implemented in the curriculum besides addressing the main areas of the
degree such as engineering design or maintenance through specialization studies. The
professional studies were divided into special areas and part of them were elective for
students to choose from. A new structure for the curriculum was introduced to enhance
the concentration to the skills of a student and knowledge-based learning as presented
in Figure 6 [20].

SEMESTER PROIJECT, 5 ECTS
Evaluation 1-5

FAN AN P Know-how
| Evaluation, feedfl:ack and guidance of learning djring the prc>ce.jsT > Lt
! - after the
Ll [ ~ \ ‘ ~ I semester
Course Course Course Course || Course
5 ECTS 5 ECTS SIECTS 5 ECTS 5 ECTS
Evaluation Evaluation Evaluation Evaluation Evaluation
1-5 1-5 1-5

15 )| 15

Fig. 6. Semester structure of the new curriculum [20]

Figure 6 presents the new curriculum dividing the four-year studies into eight se-
mesters. In the center of each semester is a project, which collects the skills and
knowledge acquired during the semester. The other courses during the semester work
as supportive elements to the project offering information e.g. from mathematics, engi-
neering design or other subjects. The know-how increases during the semester and the
student achieves required skills after the semester [20].

The curriculum development followed Lapland UAS curriculum process which uses
core content analysis in defining the central themes, contents and learning objectives.
Core content analysis aims to define the themes, contents and learning objectives,
which are derived from competences. Competences are partially pre-defined (general
competences which are common e.g. for every mechanical engineering degree in Fin-
land) and partially created to a specific degree. The process aims at balance the scope
and requirements of the degree in relation to the pursued know-how [20]. During the
curriculum planning work, the main author noticed that the process could also be used
in implementing a certain technology into the curriculum since curriculum is the main
tool for arranging engineering education. The curriculum model does not have to be
generic (as it usually is) but a certain set of studies (e.g. AM) can be planned through
the model by making it more accurate to match the AM technology as an example here.
Through this, it is easier to notice where, when and how AM must be included in the
process. This is one of the main observations of this study and it works as a background
for the model of technical pedagogy developed in this study.

Even though the curriculum development process seems to be quite straightforward,
it gives freedom to define the specific learning objectives and competences, which are
included in the implementation plans of courses. After the startup of the new curricu-
lum, an idea started to brew to implement AM more efficiently into the curriculum and
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to develop improved curriculum process for this purpose. In this study, AM presents
the technology to be included in the curriculum.

The process of creating the curriculum can be divided into stages where certain ac-
tions are taken in order to produce necessary information. The basic structure of the
process is presented in Figure 7 [20].

ACTIONS OUTCOME
i - anticipation - core contents RESULT =
B.aSIC analyses - - learning ‘ CURRICULUM
curriculum - drafting objectives STRUCTURE
process outcomes - course
contents

Fig. 7. Basic structure of the curriculum process with added technology. Modified from the
Lapland UAS curriculum process [20]

The actions (e.g. core content analysis) (see Figure 7) are done in order to produce a
certain outcome. The outcomes, such as learning objectives, work as the platform for
creating the course contents. The technologies to be included (e.g. AM) are the ones
that will be implemented to the curriculum. As an output (see Figure 7), the result pre-
sents the final structure for the curriculum containing the courses, timing of the courses
during the semesters etc.

The basic curriculum process (see Figure 7) is used in implementing AM to Lapland
UAS mechanical engineering degree. The following Figure 8 presents a detailed model
of the curriculum process (see Figure 7), which includes the AM perspective. The
model structure comes from the Lapland UAS curriculum process model [20].
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Fig. 8. Curriculum process with AM perspective. Modified from the Lapland UAS
curriculum process [20]

Figure 8 shows the modified Lapland UAS curriculum process where the AM per-
spective has been included. The model shows where and how AM perspective must be
included in the planning work. AM is the technological key point here since when de-
signing a “technological” curriculum, skills and different perspectives are required in
order to produce engineers who are capable of creative and versatile problem solving
[21]. The following presents the description of the curriculum process first without AM
perspective:

1. Anticipation (see Figure 8). The process starts from general competences, which are
recommendations from the NQF in Finland (National Qualifications Framework).
These include factors such as learning skills, ethics and international expertise [22].
Professional competences come from the demands of the industry and companies
but also from the experience and results from previous curricula. These competences
are meant to describe factors needed to perform certain work tasks such as potential,
ability and qualification [20]. One important factor in planning the professional com-
petences is to include the views of the industry and companies, which represent the
“customer” in the process [20]. This happens by making a questionnaire to several
partners from work-life and asking, what kind of skills and learning objectives are
needed and expected in their operations.

2. Core content analysis, learning objectives (see Figure 8). The competences are ana-
lyzed and formed into core contents; this stage transforms the competences into
learning objectives [20]. For example, in Lapland UAS mechanical engineering de-
gree learning objectives such as the “ability to do mechanical measurements” or “un-
derstanding the failure mechanism of a certain machine” presents the skills the stu-
dents will achieve during their studies.

3. Core content analysis (see Figure 8). These learning objectives are analyzed and
categorized into three in the second core content analysis according to their im-
portance; must know, should know and nice to know (e.g. must know: the student
will know the basic rules of tolerances in technical drawings). These learning objec-
tives are integrated into the course implementation plans, which act as a manuscript
for arranging the course [20]. This stage forms an order of importance to the skills
and helps to arrange the teaching for the subjects.

4. Implementation (see Figure 8). The implementation of these learning objectives hap-
pens in different learning and development environments such as laboratories, pro-
ject work situations or in student projects [20].

As an output (see Figure 8), the statutory structure of curriculum is created present-
ing the four-year content of studies and learning objectives [20]. The structure comes
from the University of Applied Sciences law in Finland and Lapland UAS degree reg-
ulations including basic, professional and free-choice elective studies, practical training
and thesis [20]. This way the graduates will have the required expertise based on the
demands of the same field in which they will be working after the graduation. The type
of the new curriculum is knowledge-based and it forms the foundation of organizing
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learning [6], [20]. Problem-based learning forms the core of the learning process where
the issues, phenomena and problems from real-life situations (such as an assignment
from certain company) are handled and solved [6].

This kind of curriculum process will be used for implementing required AM skills
into learning in Lapland UAS. According to the main author’s experience, this is an
efficient and organized methods to arrange engineering education and it offers a good
way to view the engineering from broad perspective. Especially one of the most im-
portant part, the feedback from the companies and industries, can be included in the
implementation plans of courses through partner questionnaires and work-life projects
during the four-year period. This enables the equivalency of the engineering education
to work-life demands.

Besides the regular engineering skills, the AM perspective must be included in the
curriculum when the knowledge from AM will be transferred to companies and indus-
try. When implementing AM principles into a curriculum process (see Figure 8), the
following key factors should be considered according to the curriculum stages:

1. Anticipation (see Figure 8). This includes the demands of the industry and compa-
nies regarding additive manufacturing. First, the AM usage should be mapped in the
area of the university by mapping the companies that are using or planning to use
AM in their functions. This requires active conversation with key partners from
work-life through e.g. BSc theses, common projects or R&D operations. A separate,
targeted questionnaire can be sent to selected work-life representatives if there is no
information available about the AM requirements and usage of the partners. The
university should develop a strategy for implementing AM into their curricula; what
the goals are for AM teaching and learning in the long run, what AM technologies
are used, what skills must be acquired, what kind of collaboration could be done with
the companies etc. When analyzing the competences, the companies should be taken
with to the review process so that they can give comments. From an educational
point of view, the quality of the education can be ensured this way since the compe-
tences can be targeted more detailed. This can be seen in education as increased
connection to work-life topics.

2. Core content analysis, learning objectives (see Figure 8). The core content descrip-
tions should be created in a way that they could be implemented e.g. into laboratory
courses and they would match the requirements from industry/companies. Espe-
cially, when the learning objectives are drafted into sentences describing the learning
objectives, they should include the required AM technologies as well as materials.
The objectives such as “the student knows the principles of AM technologies” and
“the student is capable of working independently with material extrusion technol-
ogy” are the same descriptions for learning outcomes and work-life demands.

3. Core content analysis (see Figure 8). These AM skills and learning objectives drafted
in stage 2-3 are analyzed and put into order according to their importance. The im-
portance is defined from the basis of the demands (e.g. comments from work life)
and according to the AM strategy of the university.

4. Implementation (see Figure 8). Functional curriculum needs modern AM environ-
ment; the equipment must meet the demands set by the competences. If a company
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already uses a certain AM technology, it should be addressed in the learning situa-
tions of the topic. This can present a challenge to the education since the industry
and companies use usually industrial style AM machines which can be too expensive
to be acquired for the school. Therefore, the desktop size and reasonably priced al-
ternatives are important. The work done in the AM environment should match the
knowledge-based foundation of the curriculum; this can be achieved by having as-
signment topics from the work-life. If the learning requires more advanced equip-
ment, one way to solve the problem is to arrange projects or collaboration with com-
panies or other universities with industrial-type printers. The students could then
work with equipment that is more advanced and the company and university would
receive results through student work.

As an output (see Figure 8), the curriculum is constructed containing the courses and
their timing within semesters. The placement of the courses and AM information must
be planned carefully since the AM knowledge must grow during the four-year curricu-
lum and cut through the required areas of mechanical engineering. This way the curric-
ulum produces study content from AM, possibilities for practical training in AM learn-
ing environments and free-choice electives concerning AM. It can also act as a substrate
for BSc theses producing research and development topics from AM.

3.2  Thelearning of AM in engineering

This type of curriculum structure (see Figure 6) fits very well for AM education
purposes since the learning of AM consists of a theoretical basis and practical work.
Practical part of the learning happens in laboratories (e.g. in laboratory courses) and
learning environments with the AM machines [23]. For example, this enables the plan-
ning of semesters that are more targeted to AM through the curriculum. When a project
(see Figure 6) is in the center of the semester, the project topic can contain AM per-
spective. The courses during the semester (including AM) support the realization of the
project. This way the whole semester can be AM oriented.

According to the main author’s experience, the production of 3D printed part is rel-
atively easy at its best but the AM still has a lot of challenges such as the versatility of
3D printer software, unexpected problems in the printing process and the lack of stand-
ard for the safety of 3D printing (e.g. particle emissions, material handling). In different
3D printing courses held in Lapland UAS, the process of learning has usually followed
the same kind of path, which derives from facing challenges in the actual printing pro-
cess along with the theory connected with the subject (e.g. finding out the reason for
nozzle collision to the part during material extrusion). Based on the experience from
the courses, usual reason is the insufficient adhesion of the first layer with the printing
platform causing the separation of the print from the platform. This leads to the nozzle
collision with the part and to the print failure.

This happens usually in the beginning of the learning process, where the amount of
problems is inversely proportional to the experience with the printers. Without suffi-
cient experience from the common problems and failures, the student is the most likely
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to face them in the beginning without the ability to prevent them before they happen
(e.g. with correct design or machine settings).

According to the main author’s experience, 3D printing is a technology which cannot
be learned through plain theory. Therefore, problem-based approach is an efficient way
to learn AM. This principle of comparing the amount of problems with the user’s ex-
perience can be seen in Figure 9.

/ AM REQUIREMENTS
REQUIREMENTS

FROM KNOWLEDGE

/
LEVEL OF DIFFICULTY
IN AM APPLICATIONS

Raising the | Basic : Multiple AM | Advanced
interest, | training; | technologies, | applications
basics . one | AM process |

" technology ' selection

Fig. 9. Inversely proportional learning of AM

Figure 9 presents the idea concerning AM learning and its requirements. The lighter
green curve presents the inverse learning process; due to the lack of knowledge and
experience, problems appear more easily in the beginning. This is a result from the
student’s understanding about his/her own problem-solving skills and from the amount
of education related to the problem-solving skills [24]. Therefore, successful adoption
of new technology requires education from the area. Education usually starts from the
theoretical aspects but learning by doing has presented to be an important part in sup-
porting the education. As the experience develops, the user is capable of handling the
more difficult situations independently. According to the experience of the main author,
the darker red line (see Figure 9), is used to describe the requirements that users face
from AM technology. The line is steep since the further the students proceeds in learn-
ing certain AM technology, the more experience and knowledge it requires.

According to the experience of the main author, based on 3D printing courses held
for Lapland UAS mechanical engineering students, the AM requirements in the learn-
ing process can be described at four levels (see Figure 9): 1) raising the interest, 2)
basic training, 3) multiple AM technologies and 4) advanced applications.

At the first level (see Figure 9), requirements from AM technology point of view are
low (e.g. introducing material extrusion printing is rather simple) but as the situations
progress into more advanced situations (e.g. more complex situations in the printing
process with the powder bed fusion of polymers), the requirement level rises. The learn-
ing should be based on simpler things at the beginning of the process; this stage is meant
to raise the interest and familiarize the user with the technology. This includes the
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introduction of the technologies and design principles, showing different cases from
AM technologies. This lays the ground for the AM learning and raises the motivation
to learn.

The second level (see Figure 9) introduces the user into the practical work. One good
way is to do this through material extrusion technology since the threshold using it is
lower than with the other technologies. This is usually the point where most of the reg-
ular users are; they use material extrusion in producing printed parts and at the same
time the knowledge increases about the design principles and technology. This is the
point where many educational units stay in their AM education and it is completely
reasonable and accepted since using material extrusion offers many advantages with
relatively low usage and maintaining costs. This level can be taken forward with just
one technology but at some point, the limitations of one technology become an obstacle
and prevent the student in progressing concerning the AM spectrum.

The third level (see Figure 9) is where several AM technologies are introduced (e.g.
material extrusion, vat photopolymerization and powder bed fusion of polymers). The
students have to reflect the product idea on the actual usage purpose and think (through
AM process selection methods), which AM technology is the most reasonable to be
used in this situation. This is the threshold that separates the regular users from ad-
vanced/expert users since using multiple technologies enables the possibility to define
specific product features (e.g. material properties, accuracy, surface finish and usabil-
ity).

The final fourth level (see Figure 9) is the advanced level; the student can work in-
dependently with multiple technologies and learn new AM technologies. The learning
threshold is lower in this stage (the student possesses sufficient experience already from
AM in order to learn new technologies more easily). This leads into advanced AM ap-
plications, where the possibilities of AM can be fully used and understood. This level
is so called the industrial level, which has to be achieved in order to produce experts
for the industry and companies.

Based on the experience of the main author, this model (see Figure 9) help in iden-
tifying the phases of the AM learning process and to create AM strategy through iden-
tifying the desired target level of expertise for the education.

3.3 Creating the technical pedagogy model

The term technical education is the de facto term usually used when discussing edu-
cating professionals and producing knowledge to different technical areas, especially
when viewing the education of engineers [25]. It covers most of the technical areas but
does not offer a clear solution for the pedagogy of certain technical area. This is because
every university uses their own curriculum and methods in arranging the education.
Most of the professional competences are not standardized in Finland in the University
of Applied Sciences sector. This reflects on the main author’s experience in educating
mechanical engineers; the traditional pedagogical education of teachers offers good
tools for arranging the learning process but is does not handle the technical details.
Usually, the details are left for the teacher to apply in the best possible way according
to the curriculum of the degree.
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When looking at the education of engineers more detailed, the term engineering ped-
agogy define the pedagogical arrangement of educating engineers. It operates in the
interface between the technical side of engineering and traditional pedagogy and edu-
cation [26]. This offers a detailed way to view the technical education but more accurate
model is required when learning a certain technology (e.g. arranging AM education).
This shows the gap in the current literature since teaching technical and detailed subject
such as AM, there is a need for this kind of pedagogical model.

In order to identify the construction of AM based education and curriculum, a de-
scription of more targeted pedagogy must be created. This derives from the main au-
thor’s experience in curriculum development and from the gap in the current literature.
The implementation of curriculum with AM perspective (see Figure 8) form the foun-
dation for the structure of engineering education and gives the core content to courses
[20]. For the actual implementation of AM education in different courses and learning
events, teachers and educators need more detailed model for arranging AM education
from a pedagogical point of view. A starting point for identifying the factors for the
model can be seen in Figure 10.
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Fig. 10. Factors for the model

Figure 10 presents three foundations for the model; traditional pedagogy, technolo-
gies and university and its R&D environments. Traditional pedagogy is included in the
professional teacher skills needed through the proper pedagogical education of a pro-
fessional teacher. Technologies (e.g. additive manufacturing) present the topics that
need to be learnt and integrated into the learning process. This includes the usual tech-
nological development (learning of the new technologies) and different innovations.
University and R&D environments present different places (e.g. laboratories and learn-
ing environments) where practical learning can take place. The overlapping areas (see
Figure 10) between the three foundations presents the functions which the overlapping
enables. Pedagogy and technologies enable the learning of the necessary theoretical
background for the desired technology. Pedagogy and environments enable the

1JEP — Vol. 10, No. 6, 2020 113



Paper—Implementing 3D Printing Education Through Technical Pedagogy and Curriculum Development

practical learning, especially through learning by doing. This can also be a substrate for
research projects when the university R&D-functions are involved. Technologies and
environments enable the development of the technologies. This shows that the learning
process can also lead to new innovations. In the middle of all is the birthplace for the
idea and model of technical pedagogy (see Figure 10). It combines the three foundations
and the overlapping areas by giving the space for new kind of teaching and learning
model. According to the experience of the author, by recognizing the so-called building
blocks for any pedagogical model, it helps to orientate the planning to right direction.
In this case, these three factors are the most important starting points.

By identifying the factors behind engineering education, pedagogy and the crossing
point between the factors (see Figure 10), the model of technical pedagogy is created
with AM as the target technology. Figure 11 presents the structure of technical peda-
gogy with AM perspective.
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systems production

Fig. 11. The model of technical pedagogy

Figure 11 presents a model for arranging technical education in different areas con-
cerning certain technology, in this case AM. The model:

o Consider necessary factors for implementation the teaching of AM
o Helps to draft the strategy for arranging the education of the technology
o Works as a checklist for planning the actual implementation (e.g. course)

It offers a platform for understanding what technical education requires and it can be
applied to different areas of engineering technologies.

The model of technical pedagogy (see Figure 11) is based on the relationship of
inputs and outputs which are the factors the education requires in order to produce a
desired result. In this case, the advanced AM education is the target. The inputs (see
Figure 11) are the factors that need to be arranged when planning to teach and learn
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certain modern technology such as AM. The inputs (see Figure 11) combine the curric-
ulum work and competences to the learning environment arrangement and they include
the need for arranging education and training to the educators (teachers). This includes
the demands from work life (through curriculum work and work-life connections). The
modern aspect of technological evolution especially from the smart manufacturing per-
spective is also included through industry 4.0 [27]. This is connected to the on current
Lapland UAS digital laboratory environment which concentrates on smart manufactur-
ing systems. Technical evolution (see Figure 11) factors in the model work as enablers
in giving the possibility to include them in the education. Based on the experience of
the main author, this description of the technical pedagogy must contain the upbringing
aspect. The educational provider must enable a positive atmosphere towards the subject
at hand. By creating a learning environment or event that motivates the student to use
technology in the studies, it will boost their level of technical skills.

In the middle of the model (see Figure 11) are the operators. The operators are the
students, teachers, the R&D department of universities and collaboration partners, who
function within the model. Collaboration partners are e.g. work-life employers, research
partners or certain technology collaborators (such as AM equipment manufacturers).
These operators enable the model (see Figure 11); teachers and R&D department func-
tion mainly as the builders of the infrastructure for the inputs. The students are the
target group for this model, collaboration partners function on both sides; they partially
enable the substrate for the inputs but are also the customers since graduating students
take their expertise from the technology to companies and industry.

The outputs (see Figure 11) are the factors need to be considered when arranging the
education. The outputs present the desired competences and targeted learning objec-
tives which can be integrated into the implementation of AM courses. When these are
in order, the model produces solutions to introduce new technology to students. These
solutions (outputs) help to identify the desired learning objectives in broader perspec-
tive than just as learning objectives in individual courses. By using this model, the ed-
ucators and institutions can:

o Implement desired technical subjects into the engineering curriculum (model work
as a checklist for planning the education)

¢ Understand what is required to implement technical subject to engineering through
traditional pedagogy (inputs)

o Understand what is required to arrange the practical learning situation (e.g. courses,
laboratories) (outputs)

o Create technology-based competences and learning objectives (outputs)

o Find out solutions to be used in introducing new technologies to students (outputs)

o List all the operators that work within the model

Technical pedagogy is an important tool especially for engineering education since
it can be used to keep the education up to date according to the general technical devel-
opment. The development of education through a traditional curriculum process does
not always consider the details in certain technology. For example, [28] emphasizes the
importance of curriculum development to reach the required quality of traditional en-
gineering education set by the needs of work-life and industry. With this model, the
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technical details can be considered and implemented, especially when drafting the com-
petences and learning objectives in curriculum work.

4 Conclusion

Implementing engineering education has always leaned to the usage curriculum,
learning objectives and competences. This has been the main guideline always since
curriculum offers some kind of standard how to produce experts in their own field. 3D
printing has already shaken the manufacturing and educational sectors with the versa-
tility of the technology and fast development pace. The sectors are now detecting the
real possibilities of the AM technology. Narrowing the gap between the technological
development and education is the most important when knowledge about AM is trans-
ferred to industry and companies. The change is already happening but it must be en-
sured that the quality of the knowledge is sufficient and better targeted to certain areas
of the society (e.g. certain manufacturing sector).

Creating and updating curriculum, competences and learning objectives are the most
important task to be done when the AM knowledge is transferred to work-life from
engineering education. When planning and updating a curriculum, the basic curriculum
process can be used for including certain technology in it through implementing the
features of the technology to the planning process stages properly. The curriculum
process with AM perspective presented in this study can be used in in implementing
AM into any engineering education since it offers a clear process model for the curric-
ulum work. This helps the educators in their curriculum development work when tech-
nical aspects (e.g. AM) are implemented into the curriculum.

In order to implement the learning of AM in practice, the nature of the learning must
be understood. The inversely proportional learning path of AM presented in this study
show how to arrange AM courses taking the nature of AM requirements into consider-
ation with respective to the learning process of a student. This presentation of AM
learning helps the educators to plan the pedagogical path in AM courses in order to
achieve efficient learning for the engineering student.

The model of technical pedagogy presented in this study shows a tool for bringing
the traditional curriculum work and the introduction of new technologies together. The
model brings the three most common factors of engineering education (traditional ped-
agogy, technologies and the environments of the university and its R&D operations)
together. Educators can use the model as a checklist when planning the education of
technical subject, such as AM. This model helps to develop a strategy implementing
AM into the technical education program by showing which factors must be considered
in the implementation stage of the education. The results of this study can be used in
planning engineering education, especially through curriculum development with spe-
cific technology such as AM.

3D printing can be seen as the next industrial revolution but it must also be seen as
a reformer of technical education. This requires the change of attitudes, investing in
modern learning environments with several AM technologies and the motivation to
change curricula.
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