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ABSTRACT 

3D printing is a great revolution, and its presence is getting 

stronger in industry and education. The three-dimensional 

printing process starts by feeding the 3D printer with print 

material, making sure that the material is chosen to suit the 

needs of the print object. It then prepares, adjusts and clears 

the print surface, and once the digital 3D drawing is 

transferred to the printer, the machine automatically creates 

the desired 3D object. Three-dimensional printing and the 

surrounding environment make it easier for learners to learn 

more complex concepts and provide them with new "tools". 

Finally, the proposed Education Program for Educators was 

based on the philosophy of adult education programs.   
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1. INTRODUCTION 
The adoption of additive manufacturing (AM) and 3D printing 

(3DP) technologies in industry is growing as new applications 

are found that take advantage of their functionalities [1-3]. In  

this paper we present the technology of 3D printing and its 

application in education. In particular, the pedagogical design 

of an instructor training program for three-dimensional 

printing.  

2. BACKGROUND 

2.1 3D Printing 
3D printing is an emerging technology that many believe will 

revolutionize manufacturing, supply chains and global 

product consumption. 3D printing, or additive manufacturing, 

is a process of making 3D solid objects from a digital file by 

building layer upon layer of material. This type of 

manufacturing process has many advantages over traditional 

manufacturing in that 3D printed designs do not become more 

expensive with complexity, it is very cheap to customize the 

designs and you can print shapes that are impossible to 

manufacture through subtractive manufacturing techniques 

[4]. If the technology develops as many hope, the unique 

advantages of 3D printing could have a dramatic impact on 

the economy [5]. 

One effect of widespread 3D printer adoption is that it will 

completely revolutionize business models and global supply 

chains [6]. Currently, most products are mass produced in a 

central location and then shipped around the world. If 

consumers can directly print an object on demand, then 

traditional manufacturing and supply chains will dramatically 

change. 

Second, 3D printing will change the nature of warehousing 

and commerce [6]. Manufacturers and retailers will no longer 

need to maintain backup supplies and consumers will not need 

to go the store as often to buy products. Rather, if a person 

needs something, they can simply download and print the item 

from home. Currently, retail sales people and cashiers are the 

two largest occupations in the USA accounting for about 4.5 

million and 3.5 million jobs respectively. Supply chain jobs, 

like freight and movers, make up about 2.5 million jobs. 

Together these occupations are about 7% of the USA 

workforce [7]. If 3D printing replaces some of these jobs, that 

will lead to major economic disruptions around the country. 

Third, 3D printers can be more environmentally sustainable 

than other manufacturing techniques because they use less 

raw materials, generate fewer wasted byproducts, and is a less 

energy intensive process [8, 9]. Developing environmental 

friendly technologies is especially necessary because as the 

world's population grows, gets wealthier and demands more 

goods, there will be an increasing desire for limited resources. 

Without making a dramatic change to manufacturing, the 

world will quickly run out of raw materials for new goods. An 

additional benefit of generating less waste is that the lives of 

poor and marginalized communities, which suffer the majority 

of ill consequences from waste generation [10-12], will 

improve. 

Specifically, 3-D printing is an additive manufacturing (AM) 

technique for fabricating a wide range of structures and 

complex geometries from three dimensional (3D) model data. 

The process consists of printing successive layers of materials 

that are formed on top of each other. This technology has been 

developed by Charles Hull in 1986 in a process known as 

stereolithography (SLA), which was followed by subsequent 

developments such as powder bed fusion, fused deposition 

modelling (FDM), inkjet printing and contour crafting (CC). 

3D-printing, which involves various methods, materials and 

equipment, has evolved over the years and has the ability to 

transform manufacturing and logistics processes. Additive 

manufacturing has been widely applied in different industries, 

including construction, prototyping and biomechanical. The 

uptake of 3D printing in the construction industry, in 

particular, was very slow and limited despite the advantages 

e.g. less waste, freedom of design and automation [13]. 

A wide range of materials that are currently used in 3D 

printing include metals, polymers, ceramics and concrete. 

Polylactic acid (PLA) and acrylonitrile butadiene styrene 

(ABS) are the main polymers used in the 3D printing of 

composites. Advanced metals and alloys are typically utilised 

in the aerospace sector because traditional processes are more 

time-consuming, difficult and costly. Ceramics are mainly 

used in 3Dprinted scaffolds and concrete is the main material 

employed in the additive manufacturing of buildings. 

However, the inferior mechanical properties and anisotropic 

behaviour of 3D printed parts still limit the potential of large-
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scale printing. Therefore, an optimised pattern of 3D priming 

is important to control flaw sensitivity and anisotropic 

behaviour. Also, changes in the printing environment have an 

influence on the quality of finished products [14]. AM is 

capable of fabricating parts of various sizes from the micro-to 

macro-scale. However, the precision of the printed parts is 

dependent on the accuracy of the employed method and the 

scale of printing. For instance, micro-scale 3D printing poses 

challenges with the resolution, surface finish and layer 

bonding, which sometimes require post-processing techniques 

such as sintering [15]. On the other hand, the limited materials 

available for 3D printing pose challenges in utilising this 

technology in various industries. Hence, there is a need for 

developing suitable materials that can be used for 3D printing. 

Further developments are also needed to enhance the 

mechanical properties of 3D printed parts [13]. 

Finally, the next figure shows the four main methods of 

additive manufacturing: (a) fused deposition modelling; (b) 

inkjet printing; (c) stereolithography; (d) powder bed fusion: 

 

Fig 1: The basic methods of AM 

2.2 Educational Applications 
The sections that follow summarize the four main pedagogical 

environments in which 3DP is being used: (1) schools; (2) 

universities; (3) libraries; and (4) special education settings. 

Specifically: 

 3D printing in schools: Τhe 3DE with prototype design 
can provide the basis for improving understanding of 

science and mathematics [16]. Τhe 3DE is used to 
support STEM education in schools. 

 • Higher Education: Higher education, higher 

education is higher in universities (Table 3), and there 

are relatively few reports on the adoption of technology 

in other continuing education and training institutions. 

The international literature cites 3DE applications at 

universities that have to do with the creation of three-

dimensional printer systems, scientific models and test 

models. It is also used during project-based learning, in 

the introduction to 3DE development curricula by 

integrating it into existing courses or by creating new 

courses. In particular, 3DE can be used to create test 

models for experiments. This also includes test 

specimens for learning the mechanical properties of 

materials [17]. There are generally undergraduate and 

postgraduate courses for 3DE in many universities 

around the world as an independent field of knowledge 

or as a supportive tool in other related subjects [18,19]. 

 Libraries: in the international literature, it seems that the 

use of 3DE in school libraries, universities, vocational 

colleges, public libraries, medical libraries and libraries 

in general are positive. The issue of adopting 3DE in 

libraries lies within a wider debate on the nature of 

libraries in a digital age. Some criticize 3DE for being 

used in libraries, since they claim to be an "exotic cutting 

edge technology based on technology and a simple 

extravagance that requires unnecessary expenses ..."[20-

22]. However, the majority of scholars have a positive 

attitude towards the incorporation of 3DE into library 

services. A more representative statement is that "... in 

most organizations, the library is a rational choice to host 

technology. Providing space and expertise for 3D 

printing, it can provide a valuable service to its 

organization while also upgrading its other services ....". 

As a physical space, libraries offer opportunities for 

collaboration and knowledge sharing among library 

users, librarians and trainers, and reduce barriers to 

participation. This accessibility has become apparent in 

libraries as creative sites, where 3D printers, among other 

digital technologies, are available to library sponsors that 

encourage creativity and experimentation [17]. 

 3D Printing in Special Educational Environments: Used 

in special educational environments for those with visual, 

motor and cognitive disorders, kinetic and cognitive 

impairments, along with combinations of the previous 

ones. The use of 3DE involves the creation of 

customized devices and training aids that provide greater 

participation of these students in STEM objects. The use 

of the 3D printer in special educational environments is 

not without its challenges as described in various studies. 

Students' interest in finalizing designs with a 3D printer 

seems to be diminishing due to the challenge of using the 

software. In addition, three-dimensional design 

capability is difficult for students with high support 

needs. Several professional therapists who worked with 

students in some research while delighted with the 

potential of 3DE were worried about the effort needed to 

learn how to use the software [17,23,24]. 

There are six main ways in which 3DP is being used: (1) to 

teach students about 3DP; (2) to teach educators about 3DP; 

(3) as a support technology during teaching; (4) to produce 

artifacts that aid learning; (5) to create assistive technologies; 

and (6) to support outreach activities.  The curricula into 

which this 3DP teaching has been actively integrated is 

summarized in Table 1. In these accounts, the stated learning 

objectives of the introduced 3DP teaching content ranges from 

the very brief and general to the more detailed and specific 

[17]. 

Table 1. Summary of university courses into which 3DP 

teaching has been actively integrated 
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In broad terms, 3DP courses are being introduced to 

encourage creative experimentation; enable product 

innovation and entrepreneurship; support the integration of 

technical knowledge from other courses; and facilitate multi- 

and interdisciplinary approaches. More specifically, the stated 

objectives of these courses is to develop a range of technical 

and nontechnical 3DP-related skills [17]. These learning 

objectives are summarized in Table 2. 

Table 2. Summary of university courses into which 3DP 

teaching has been actively integrated 

 

Finally, 3DP is frequently used in design projects. The range 

of artifacts created during such projects is highly diverse and 

examples are included in Table 3. In addition of these 

artifacts, 3D printers themselves have been built during 

integrated engineering design  and mechatronics and 

instrumentation  projects [17]. 

Table 3. 3D printed artifacts created during design 

projects 

 

3. PROPOSED EDUCATIONAL 

PROGRAM  
The general educational aim of the proposed program is to 

train people as adult educators in the subject of 3D printing 

and their applications. In particular, adult learner and adult 

educators, after monitoring the program, will be able to: 

 to train in an innovative, creative and efficient way, 

 coordinate the actions of the trained team, 

 design, execute and evaluate the teaching and learning 

process, 

 develop a positive emotional climate in the learning 

group, which will guarantee communication and 

collaboration, 

 to provide specific knowledge in the field of 3DE, and 

 provide specialist knowledge in the design and 

implementation of three-dimensional printing 

applications 

The teaching objectives of the program are divided into three 

levels according to the literature [25-27]: 

 knowledge that learners will receive from the program, 

 skills / skills that learners will develop after the end of 

the program, and 

 Attitudes that learners will adopt for the subject in which 

they are trained (3DP). 

The target population of the program is graduates of higher 

education, positive and technological sciences, with adult 

education experience, without the latter being a mandatory 

criterion.  As far as the content of the proposed curriculum is 

concerned, following the educational purpose and objectives, 

it can be divided into two levels (Figure 2): 

 pedagogical training: this includes the knowledge / skills 

and attitudes related to the teacher's context from a 

pedagogical point of view, and includes the following 

modules: 

o Theoretical framework of Adult Education & STEM 

o Adult Education Planning 

o Educational Techniques and Team Dynamics 

o Teaching-practice 

 technical training: this includes the knowledge / skills 

and attitudes related to the 3DE cognitive field and 

includes the following modules: 

o Introduction to 3D Printing 

o Technology of 3D Printer 

o 3D Design 

o 3D Printing Applications 

 

Fig 2: Adult Education Program Content Structure 
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The structure of the modules is configured so that the 

educational material can: 

 guides the trainee in his study, 

 promotes learner interaction with learning material, 

 Explains difficult concepts and issues, 

 Evaluates and informs the learner about progress / 

improvement, 

 Specialize in theoretical knowledge with the appropriate 

use of practical exercises / applications. 

In particular, for the proposed program, each trainer can use 

whatever method he considers useful so that the greatest 

learning outcomes can be achieved (lecture, simulation, case 

study etc.). Also, in the program, the type of rectangle is 

chosen because it facilitates enough the use of educational 

techniques (even collaborative-team to some extent).  In 

addition, the proposed educational / supervisory tools are as 

follows: 

 books, etc.), 

 audiovisual material (slides, charts, etc.), 

 computers and internet. 

 Finally, as far as the evaluation is concerned, it includes 

two areas (Fig.3): 

 learners' assessment; 

 evaluation of the program. 

 

Fig 3: Adult Education Program Content Structure 

4. CONCLUSION 
The review of the literature, as well as the pedagogical design 

of the proposed program, showed that: 

 Three-dimensional printing is a major revolution and its 

presence is becoming more intense in industry and 

education. 

 The three-dimensional printing process starts by feeding 

the 3D printer with print material, making sure that the 

material is chosen to suit the needs of the print object. It 

then prepares, adjusts and clears the print surface, and 

once the digital 3D drawing is transferred to the printer, 

the machine automatically creates the desired 3D object. 

 Low-cost innovation is facilitated as the cost of 

redesigning and reprinting is very low. 

 Three-dimensional design already exists in the 

educational process, so trainees already have a relevant 

experience. 

 Three-dimensional printing and the surrounding 

environment make it easier for learners to learn more 

complex concepts and provide them with new "tools". 

 STEAM is a growing educational methodology that is 

increasingly used worldwide, based on its 

interdisciplinary approach and utilizing different fields of 

science (Physics, Technology, Engineering, Arts and 

Mathematics). 

 The proposed curriculum was based on the philosophy of 

adult education programs. 

5. SECTIONS 
The heading of a section should be in Times New Roman 12-

point bold in all-capitals flush left with an additional 6-points 

of white space above the section head.  Sections and 

subsequent sub- sections should be numbered and flush left. 

For a section head and a subsection head together (such as 

Section 3 and subsection 3.1), use no additional space above 

the subsection head. 
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