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Introduction 
 

BRAVE NEW WORDS is a project aimed to create innovative learning pathway that increase the quality 
of the work of educators and staff members dealing with students with Special Learning Disorders 
(SpLD), using 3D Printing and Augmented Reality (AR).  

 

Projects team is composed by 4 partners - organization with different profiles from 4 different 
European countries: CEIPES from Italy and Skills Divers from Spain, which are close to the academic 
and business sector, Collegium Balticum from Poland which is an higher education institution and play 
an important role on the educational market in terms of additional thematic courses for 
disadvantaged groups and PARVI from Bulgaria, which is specialized center that deals with people with 
SpDL and in particular with dyslexia disorder. 

 

The main target group of the project is the people with Special Learning Disorder (SpLD). SpLD is a 
type of Neurodevelopmental Disorder which refers to a difference or difficulty with particular aspects 
of learning or use specific academic skills in one or more areas of reading, writing, math, listening 
comprehension, and expressive language, which are the base for other academic learning. For this 
reason, students with SpLD need special and inclusive learning pathway and tools for increasing their 
opportunities to reach proper learning outcomes. These learning difficulties are "unexpected", 
whereas other aspects of the patient development seem to be fine. SpLD is a cross-cultural and chronic 
that typically persists into adulthood, albeit with cultural differences and developmental changes in 
the way the learning difficulties manifest. SpLD (like all the learning difficulties) is included in the 
framework of the Special Education Needs, which students need special and inclusive learning 
pathway and tools for increasing their opportunities to reach proper learning outcomes. 

 

Students with SpLD typically have differences in one or more areas of reading, writing, math, listening 
comprehension, and expressive language. For this reason, they need to use specific strategies. One of 
these strategies is the Multisensory strategy and technique, which enable students to use their 
personal areas of strength to help them to learn. For the development of Multisensory methods, new 
technologies can be very useful tools for developing new inclusive tools: 3D Printing and AR. 

 

3D printing is a technology that allows to the user to produce prototypes of objects that cannot be 
found in the market, only with the limitation of the technology. For that, through the 3D printing is 
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possible to produce different kind of tools useful for supporting the development of specific cognitive 
function, especially for Tactile Teaching Methods. 

 

AR - Augmented Reality is an interactive experience of a real-world environment where the objects 
that reside in the real-world are enhanced by computer-generated perceptual information. This 
technology can be useful for supporting visual and audio teaching methods. 

 

Real and hand-on experience with these two technologies will inspire students with SpLD to pay 
attention to details, get more creative and see the physical realization of their work. 

 

The specific aims of the Brave New Word project are to create innovation learning pathways in order 
to: 

• Increase the quality of the educational and care giving process of staff working with people 
with SpLD trough provide proper tools to teachers, trainers and other staff members. 

• Increase the quality of the learning process to people with SpLD. 

• Increase the quality of the adult inclusive education in the countries involved. 

• Increase the cooperation among European different entities working in field of inclusive 
education, and technology development. 

 

To achieve these goals, the consortium has defined several activities and results where is included a 
guideline for teachers and trainers about the use of 3D Printing and AR. This guideline will be an 
important tool for the staff related to educational work (trainers, teachers, etc.) with people with 
SpLD, in order to understand the theoretical aspects of the technology that they are going to apply 
within the framework of Brave New Words’ Project. This guideline will be very user-friendly for people 
without high technical skills, and it wills give a basic knowledge 3D Printing and Augmented Reality: 
theory, story, types, main use, etc.) 

 

For educators and teachers, the biggest difficulty is how to use new technologies, which are available 
to help students to learn and solve their problems. The adoption of these new technologies in the 
learning curriculum is often stifled due to fact that 3D printers and programming frameworks and 
libraries of AR are considered too difficult to use. Moreover, if the trainer has no high skills in design 
and programming. This is the reason why it is very important to create and disseminate good practices 
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in the implementation of new technologies, such as 3D Printing and AR to and encourage educators 
to use them. 

 

3D Printing and AR that are definitively supporting education and this project aims to promote 
innovative practices to support a wide number of educators that daily deal with students that can 
theoretically reach the same learning goals but need specific and personalized learning plans.   

 

Brave New Words 100% addresses the philosophy that, in the learning process the starting point may 
change, but the arrival point can be the same for all the learners. Through these goals the project is 
willing to promote the inclusion equity in teaching and education to learners with and without learning 
disorders and special needs.  
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Special Learning Disorders (SpLD) 
 

1. Specific educational needs – clarification of terminology. 
We are who we are, and we are different from each other. These differences shape our individuality 
and uniqueness.  

In order to clearly identify a child with a developmental disorder, the latter needs to be properly 
defined. In many cases, there are different definitions of the same difficulty or disability. This can be 
clearly observed in the Specific learning difficulty (SpLD). 

Learning disorders and their characteristic symptoms began to be studied at the end of XIX - beginning 
of XX century. Public schools were opened during this period and education became compulsory. Then 
you could distinguish children with normal intellectual development and adequate behaviour, but 
who could not fully master and develop reading, writing and calculus skills. 

In specific learning difficulties / SpLD / the symptoms manifest themselves during the educational 
process itself, i.e. from the very beginning of learning how to read and write. 

The term "specific" emphasizes that the disorder is the only /primary/ and that the student has great 
difficulty reading and writing, despite their normal intellectual abilities, appropriate teaching and good 
socio-cultural conditions /A. Kornev, 1997; V. Matanova, 2001; E. Todorova, 2005; A. Atanasova, 2006 
/. The reason is the defective functioning of the brain structures involved in the mechanisms of written 
speech. 

Another category of reading and writing disorders is defined as non-specific /secondary/. They are the 
result of another leading disorder - mental retardation, emotional and/or sensorimotor disorders. 

 

Difficulties/disorders are defined through two models - the social and the medical model. 

The medical model is described and classified in ICD-10 and is called Specific learning disorder. 

In ICD-10 under code F81 the following term is used: “specific developmental disorders of scholastic 
skills”. It includes ‘specific spelling disorder, “specific disorder of arithmetical skills”, “specific reading 
disorder”, and “mixed disorder of scholastic skills”. 

Specific reading disorder / F81.0/- dyslexia, is often accompanied by errors and trouble with 
reading that are present even after improving reading skills. Except being basic diagnostic 
criterion, this disorder is a significant impairment in reading skill that is not explicable in terms 
of general intellectual retardation of a child, significant problems or inadequate teaching. Both 
reading comprehension and letter and word recognition skills may be affected. 
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Specific spelling disorder / F81.1/ - dysgraphia, is defined as an isolated disorder in which 
reading and comprehension skills function normally, although experience in clinical practice 
shows that it can often be accompanied by reading disorders. 

In the context of Specific disorder of arithmetical skills / F81.2/- dyscalculia, specific disorders 
in the reading and writing processes are considered as excluding diagnostic criteria; i.e. it is 
an isolated disorder of basic arithmetic skills. The concept of "arithmetic habits" includes 
recognizing numbers and signs, memorizing mathematical operations /multiplication table/, 
learning abstract concepts as a whole and part, comparing and manipulating objects, reading 
and writing mathematical symbols. 

Mixed disorder of scholastic skills / F81.3/ includes serious impairments of arithmetical and 
reading or spelling skills, while intelligence and adequate behaviour are preserved.   

 

The social model uses definitions such as Specific Learning Difficulties (SpLD) and Specific learning 
disabilities.  

When a person has difficulties or weaknesses in only one or two areas in the process of 
acquiring and developing cognitive skills, the term Specific Learning Difficulty is used. 

When a person has difficulties with most of these skills, which is reflected in learning and daily 
life, they are considered to be disabled and the term Specific learning disabilities is used. 

 

 

2. Specific learning difficulties of people with SpLD and SpLDs. 
SpLD is an umbrella term used to cover a number of common difficulties: 

• Dyslexia 

• Dyspraxia / DCD 

• Dyscalculia 

• ADD / ADHD 

 

SpLD can occur together with autism spectrum disorders, such as Asperger syndrome. Some common 
characteristics include: 

ü difficulties in memorizing, 

ü disorganization, 
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ü difficulties in writing, 

ü difficulties in visual processing of information, 

ü difficulties in reading, 

ü difficulties in auditory processing of information, 

ü difficulties in time clock recognition and time management, 

ü poor concentration, 

ü disorders of vestibular system, rhythm and spatial orientation,  

ü auditory processing disorder and wrong interpretation, 

ü inability to accurately express oneself verbally, 

ü increased sensitivity to visual stimuli and sound; inability to cope with the busy environment, 

ü hyper- or hypoactivity, 

ü inadequate emotional manifestations (reticence or outbursts), 

ü poor concentration. 

 

We will use the umbrella term Specific Learning Difficulty and in particular dyslexia, dyscalculia, 
dyspraxia, dysgraphia, etc. 

 

 

3. Causes of specific learning disabilities / difficulties / SpLD, 
SpLDs/. 
Everyone has their own cognitive profile.  

One simple way to define this cognitive profile is to describe the basic brain skills that allow us to 
think, remember and learn. 

These are the skills that allow us to process the huge flow of information we receive every day at work, 
at school and in life. We all have relative strengths and weaknesses in our cognitive profiles, but overall 
most of our skills will fall within the normal range. 

Specific learning disabilities/difficulties /SpLD, SpLDs/ are one of the most commonly diagnosed 
learning difficulties. The reasons for this are delays or impairments in the development of cognitive 
skills. 
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Biological factors are considered to be one of the deciding factors. They include genetic background 
(Pennington and Olson 2005; Demone et al. 2004), delay in nervous system development (Habib 
2000), nervous system damage (minimal brain dysfunction) (Habib 2004; Demone et al. 2004). 

Along with the research on the aetiology of specific educational needs, pedagogical therapies are 
being developed. 

Cognitive function trainings and various sensory stimuli (mostly auditory perceptions) are most 
commonly used. 

 

3.1. Dyslexia. 
Dyslexia is a communication disorder. The term "dyslexia" comes from the Greek language and means 
"difficulty with words" /dys-difficult, lexia-word/. 

For the first time the term ‘dyslexia’ was used by Berlin /1887/ and was introduced by Orton /1937/, 
replacing the term ‘blindness for words’. 

“... Dyslexic syndrome is a collection of multiple symptoms that affect the teaching process 
regarding reading, writing, spatial-time organization” /Chanavoma M., 2001/. 

During diagnosis and consultation, it should be taken into account that dyslexia is presented as 
difficulty in: 

• the process of visual and auditory perception of information; 

• integration of information on different levels: sorting out, separating, organisation;  

• information processing; 

• Storing information mainly in short-term memory, which prevents the processing of stimuli 
and their storage in long-term memory; 

• Ability to reproduce the information at linguistic and motor level; 

 

People with dyslexia have average and above average IQ; delayed reading abilities are present during 
the early school years; vision and hearing are normal; they have motivation to read; they also have 
good educational potential; they have neither physical disabilities nor emotional problems connected 
to reading /Pavlidis, 1999/. 

Dyslexia is genetically determined and inherited.  

The most common dyslexia symptoms include the following: 

• Interchanging or mixing of phonetically or graphically similar characters; 
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• Reading letter by letter or syllable by syllable; 

• Interchanging the sounds or syllables of a given word;  

• Misunderstanding the texts while reading;  

• Agrammatism while reading correct texts.  

 

Dyslexia is a condition that is also evident when reading Braille font.  

Depending on the difficulties, we can divide them into two big basic groups. The first group refers to 
the inability or difficulty of learning the letters, and the second refers to the difficulties in reading the 
words and understanding the meaning of texts. 

The European Dyslexia Association provides the following definition:  

This is the definition of the European Dyslexia Association (EDA): 

“Dyslexia is a difference in the acquisition and use of reading, spelling and writing skills that 
are of neurological origin.”  

International Association of Dyslexia (IAD, 1994) determines the following definition of this learning 
difficulty: “Neurologically-based, often family-related predisposition that interferes with language 
acquisition and processing. It manifests itself as difficulties in the perception and expression of 
language, including phonological processing of reading, writing, spelling, handwriting and sometimes 
even calculus. Dyslexia is of neurological origin and is not the result of lack of motivation, sensory 
impairments, inadequate teaching or abilities connected with the social environment. Even though 
the Dyslexia is a life-long disability, people with dyslexia often react positively to a timely and adequate 
intervention.”  

“Dyslexia is a specific learning disability that is neurobiological in origin. It is characterized by 
difficulties with accurate and/or fluent word recognition and by poor spelling and decoding abilities. 
These difficulties typically result from a deficit in the phonological component of language that is often 
unexpected in relation to other cognitive abilities and the provision of effective classroom instruction. 
Secondary consequences may include problems in reading comprehension and reduced reading 
experience that can impede growth of vocabulary and background knowledge.” 

Adopted by the IDA Board of Directors, Nov. 12, 2002. Many state educations codes, including New 
Jersey, Ohio and Utah, have adopted this definition. Learn more about how consensus was reached 
on this definition: Definition Consensus Project 
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3.2. Dysgraphia and dysorthography. 
The term “dysgraphia“ refers to difficulties in writing. Dysgraphia (dys- disorder, grafo – to write) is a 
specific difficulty in the ability to write in both children and adults.  

Very often all sorts of problems appearing during the writing process are considered dysgraphia. From 
diagnostic point of view, the following cases should not be mistaken to be dysgraphia: 

- slow writing; 

- writing with inconsistent letter size; 

- lazy writing; 

- lack of writing experience; 

- lack of concentration while writing. 

 

Some of the above-mentioned manners of writing could appear in someone affected by dysgraphia, 
but they are not specific.  

Specific symptoms of dysgraphia are: 

- spasms of the fingers while writing; 

- mixing both very large and very small graphic characters in a written text; 

- mixing printed and handwritten letters, due to inability to learn the handwritten letters; 

- decreased speed of writing longer texts; 

- need to constantly repeat words while writing them down; 

- inconsistent direction of writing; 

- incorrect grip of a pen or a pencil; 

- inability to spatially determine the layout of the page; 

 

Every country determines its own criteria for „dysgraphia” in accordance with: 

- the type of graphic elements or symbols used in writing in the relevant language;  

- the type of the most common mistakes in the writing process;  

- the peculiarities of the spoken language; 
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- the impact of the person with problems in the written speech on the socio-cultural 
functioning.  

 

Dysorthography is a disorder of spelling. It commonly occurs together with dyslexia but sometimes it 
can also be isolated. Dysorthography occurs mostly due to lack of spatial orientation (confusing left 
and right, up and down) and sometimes due to affective disorders in children.  

 

3.3. Dyscalculia. 
Specific disorder of arithmetical skills (code F.81.2 in ICD-10), commonly referred to as dyscalculia 
(MD) or developmental dyscalculia (DD), applies to roughly 3-6% of students (Kucian & von Aster 
2015). 

Some claim that the symptoms of dyscalculia are related to age and educational stage. With regard to 
youth and young adults, the most common symptoms are: 

• difficulty in calculation in mind (even youth and high school students count on fingers, 
imagined or drawn objects, etc.), differentials and algorithms,  

• difficulty in operating mathematical concepts, such as time, integers, variables, etc.,  

• difficulty in operating in space (i.e. 3D), 

• difficulty in any task involving writing down numbers or manual programming of electronic 
devices, 

• difficulty in correct reading of numbers, 

• difficulty in proper usage of number lines and spatial representation of numbers (i.e. 
determining position of positive and negative numbers on the number line, position of 
increasing and decreasing numbers, etc.) 

• difficulty in comparing numeric value of Arabic numerals in contrast to flawless comparison 
of number of elements in sets, 

• difficulty in dealing with everyday situations, such as calculating money, estimating cost of 
purchase, confusing bus numbers, remembering important dates (birthdays, anniversaries, 
etc.), spatial and time orientation, estimating time necessary for a given task, remembering 
and predicting future steps, taken cards in card games, board game results, etc. (Rousselle, L., 
Noel, M.-P., 2007; Fradkin 2010; Plerou and co. 2013; Purohit and others. 2008; Andres, Seron 
i Olivier 2007; Kaufmann 2008; Sato and co. 2007: Thompson and co. 2004).  
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3.4. Attention deficit hyperactivity disorder (ADHD) 
ADHD disorder is classified in the American Diagnostic and Statistical Manual of Mental Disorders 
DSM-IV and in the International Classification of Diseases ICD-X. Attention deficit hyperactivity 
disorder is a real existing emotional and behavioural disorder, in which attention deficit or 
hyperactivity disorder may be a leading symptom. According to the American Diagnostic and Statistical 
Manual of Mental Disorders DSM-IV, three main subtypes of ADHD are identified:  

• Predominantly inattentive ADHD - children get easily distracted even by the smallest irritants, 
noises and sounds. They fail to concentrate on their task, pay appropriate attention to the 
details and often make mistakes due to their distractibility. They fail to follow the instructions 
carefully and completely and often lose or forget to complete the task. 

• Predominantly hyperactive/impulsive ADHD - these are children with inexhaustible energy. 
They are tireless and are constantly jumping, running and climbing. They do not stay in one 
place when discipline is required, they give hasty answers to questions and find it difficult to 
wait or obey a line.  

• Combined type ADHD is the condition where all the above-mentioned symptoms go hand-in-
hand. 

 

Usually, ADHD occurs at preschool age (between 3-5 years old children). In practice, these children 
have endless reserves of energy and are constantly on the move, running or climbing in inappropriate 
places. When they have to stand still, they are constantly fidgeting or swivelling on a chair, even when 
they are talking, they do not stop fiddling and rotating objects in their hands. These children have 
rapid mood swings and are highly impulsive, which is characterized by the difficulty in mastering their 
emotional state, quick and thoughtless expression of opinion or answer to a question. 
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4. Specific deficits. 
 

4.1. Visual spatial deficit.  
Visual spatial deficit is the inability to interpret, organize, analyse or synthesize the spatial components 
of the visual message in the absence of visual impairment, accompanied by poor handwriting or works 
of art. The students lose their place when reading and skip important details or figures on the page. 

In the context of education and training, we can summarize the difficulties as follows: 

• The speed at which printed information is perceived as a result of difficulty in recognizing 
individual characters, missing words, repeated paragraphs, difficulty in focusing; 

• The speed at which auditory information is perceived, because the moment of distraction 
occurs faster than for the average person. 

• Some people have difficulty in abstract thinking, which in turn makes it difficult to understand 
the context of subjects such as philosophy, logic and psychology. 

• Difficulties in learning grammar rules, specific dyslexic errors, as well as the 
conversion/replacement of words in sentences, make it difficult to write and prepare written 
materials that are necessary for the learning or working process. 

• The implementation of mathematical operations causes difficulties in performing calculations 
in mind or in dealing with text tasks. These difficulties are easily overcome with the help of 
new technologies.  

• One of the very common difficulties is the planning and management of time - both leisure 
and school time. 

 

This makes it difficult to distinguish upcoming tasks, to solve problems at a specific time, and to meet 
deadlines. 

Table 1 summarizes the common difficulties and strengths that can be a good basis for unlocking 
students` potential. 

Common difficulties that lead to low 
possibilities 

Strengths that can help develop potential 

Problems with reading, writing, spelling, thinking Using creative thinking for learning different 
memorization and reading techniques. This will 
improve reading and writing, memorizing and 
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application of grammar rules at a satisfactory 
level. 

Following the sequence and remembering 
information 

Creative thinking and extraordinary ideas 
combined with the skill for development of 
concept cards will help follow sequence. 

Spatial and time orientation  Creativity and lateral thinking can assist in space 
and time orientation. 

Difficulties in everyday life organization  Through creative thinking and different auxiliary 
layout templates of daily tasks and personal 
commitments the set goals and desired success 
will be achieved. 

 

4.2. Problems with visual perception. 
The average reader reads approximately 200-240 words per minute. When we read, our eyes make 
small and periodic "jumps", pausing or "fixating" to absorb information. Eyes do not move smoothly 
in a continuous series on the page; they stop and move on to get information. 

The eyes can only see clearly when they "remain still": 

If the object is stationary, the eyes must be still in order to see it. If the object is moving, the eyes must 
move with the object to see it. 

Individuals with dyslexia often move their eyes "unevenly" across the page. This results in failure to 
recognize letters, misspelled words, and failure to understand and process information.  

 

4.3. Difficulty in following the sequence and remembering information. 
How can we help understand, learn and memorize information from the lecture? 

The human brain tends to notice, memorize and remember things that have had a profound effect on 
the senses (such as taste, smell, touch, sound or sight). It focuses on creating sequences and building 
pictures, but it needs help remembering facts, figures or other interesting information. 

One way to help our memory is to use the learning technique known as mnemonic. The word 
"mnemonic" comes from the Greek word mnemon, meaning "remembering." Mnemonic works by 
stimulating the imagination and using words or impressions to encourage the brain to make 
associations. 
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Imagination and creation of associations constitute the key elements of all memorization techniques. 

People think in two ways: linear (sequential) and nonlinear (holistic). People speak, write and read 
sentences. The sentences are composed of words that are logically related to each other and the 
words are composed of letters. This is a linear presentation and storage of information. 

The human brain is capable of receiving information that is not linearly organized and it does this on 
a daily and continuous basis: 

When we perceive the world or look at pictures and photos, when we read signs, keywords and key 
images play a major role. 

Keywords and key images are crucial. Together with the work of the senses, the associations between 
images, colours and ideas, they represent the complete brain activity. 

 

4.4. Difficulty in space and time orientation and organization of daily 
activities. 
Recognition of left and right, the correct determination of the positioning of objects in the 
environment are one of the obstacles that people with Specific learning difficulties (SpLD) have to 
overcome daily. The difficult orientation in regard to one`s body is also reflected in the recognition of 
the clock and the allocation of time to complete the tasks. 

For SpLD learners, the ultimate goal and stages of work must be clearly defined in order to achieve it. 
These students should be assisted in the clear definition of short- and long-term goals. A work calendar 
with marked dates will help young people complete their assigned tasks on time. For this purpose, 
standard calendars with free space for notes can be used or specially made with different programs. 

Organization of leisure time, activities and responsibilities is based on self-organization and self-
control. If a person with SpLD is unable to self-control, you can ask a close friend or family member to 
assist. 
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3D Printing 
 

1 What is additive manufacturing? 

Additive manufacturing is a production technique which, using different technologies, allows to obtain 
products from the generation and subsequent addition of layers of material. It is a clear reversal of 
the trend compared to traditional production technologies such as milling or turning which start from 
the technique of subtraction from solid. 

 

Figure 1 Processes and manufacturing techniques 

 

Thanks to this production tool, a digitalization of the manufacturing activity has been accomplished 
through the continuous dialogue between computers and production plants. 

 

The production process based on additive manufacturing starts from a three-dimensional CAD model, 
which is controlled by a machine management software that divides the model itself into several 

PROCESSES AND 
MANUFACTURING 

TECHNIQUES 
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layers. It is possible to use different materials for layering material, including metal powder, 
thermoplastics, ceramics, composites, glass and so on. 

 

Additive Manufacturing does not constitute a single technology; it is a set of manufacturing processes.  

 

Some of the most used additive manufacturing technologies that best suits to the educational area 
are: Fused Deposition Modeling (FDM), Stereolithography (SLA) and Selective Laser Sintering (SLS). 

 

Figure 2 Different types of additive manufacturing technology 
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2. Different AM technology  

Figure 3 Fused deposition modeling (FDM)  

Figure 4 Stereolithography (SLA) 

Figure 5 Selective Laser Sintering (SLS) 
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3. How does 3D printing work? 

The 3D printing process is very simple and consists of 5 basic steps:  

1) Obtaining a 3D file, through a CAD (Computer Aided Design) software or a repository where 
you can download the file. 

2) Exporting the 3D model file in STL. or OBJ. format.  

3) Elaborating the SLT file in G-code, that consists in setting up all those parameters that the 
machine (3D printer) can recognise and print the object. 

4) Printing in the 3D object. 

5) The post-production phase in which if necessary, the object will be cleaned of the excess 
material. 

 

Figure 6 3D printing process 

Some of the most common advantages of Additive Manufacturing compared to conventional 
processes are the following: 

• Fewer steps between the CAD model and the production of the part. 

• Generally, few human resource requirements due to a high level of automation. 

• A large number of geometrical forms can be manufactured, enabling for instance the 
production of parts which are topologically optimized, with internal channels, etc. 

• High-speed manufacturing for small, complex parts. 

• Generally, less material wastage. 

• Possibility to reconstruct damaged sections of existing objects, depending on the part 
material. 

• No special tooling required. 
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4. How many types of 3D printing technologies exist? 
3D printing is actually an umbrella term that encompasses a group of 3D printing processes 
distinguishing between the different processes and materials available on the market. There are a lot 
of different acronyms that identify the different type of technologies for example: FDM, SLS, DLP, 
EBM, DMLS, etc. 

 

The ISO/ASTM52900 standard1, which was created in 2015, aims to standardize all terminology and 
classify each of the different types of 3D printer. 

In total, seven different categories of additive manufacturing processes have been identified and 
established. These seven 3D printing processes brought forth ten different types of 3D printing 
technology that 3D printers use today. 

 

After a brief analysis carried out in the document “IO1A4-Identification of 3D printing most suitable 
technologies for special education”, the consortium identified the 1 printing technology described 
below as the most recommended for use in the educational field and above all with people with SpLD. 
This technology is the FMD, Fused Deposition Modeling. 

 

 

 
1 https://www.astm.org/industry/additive-manufacturing-overview.html 
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5. Fused Deposition Modeling (FDM) 

 Figure 7 FDM process 

Fused deposition modeling (FDM) is one of the most 
widely used additive manufacturing processes for 
fabricating prototypes and functional parts in 
common engineering plastics.  

The process is based on the extrusion of heated 
feedstock plastic filaments through a nozzle tip to 
deposit layers into a platform to build parts, layer 
by layer, directly from a digital model.  

The simplicity, reliability, and affordability of the 
FDM process have made the additive 
manufacturing technology widely recognized and 
adopted by industry, academia, and consumers.  

FDM is used for low-volume production and prototypes aimed at form, fit and function tests. It is used 
in the aerospace sector, in medical sector for anatomical models or for prototyping biomedical micro 
devices, and so on... 

 

The FDM process has also been widely used by research and development sectors to improve the 
process, develop new materials, and apply the FDM systems in a wide range of engineering 
applications. 

 

There are many different materials which can be used with FDM. The most commonly used are ABS 
(Acrylonitrile Butadiene Styrene), PLA (Polylactic Acid) and Nylon (Polyamide). 

 

In addition, FDM printers are very easy to use. Desktop 3D printers cannot be defined as "automatic" 
and plug'n'play machines, but they need less and less specific technical knowledge thanks to solutions 
that reduce user intervention to a minimum. 

 

Compared to their first introduction in the 1980s, filament 3D printers have become extremely 
accessible in terms of purchase costs, and especially in recent years it is increasingly easier to find 3D 
printers at low prices.  
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6. The production process 
In this section, will be explained the main steps to be able to print in 3D. The steps should be adapted 
to the type of piece, selected technology, type of machine, and even to the used software. 
Furthermore, the process that is described below is mostly intended for fused deposition modeling 
(FDM) 3D printers. 

 

Figure 8 Production process steps  



 
 

    28 

 

1st step: the digital model 
There are several possibilities for obtaining the 3D model or digital model to print. In particular, there 
are two possibilities: 

• 1st possibility: to model the piece using a CAD 
software. It is possible to model a three-
dimensional object thanks to a computer 
aided design (CAD) software. On the market 
there are a lot of available CAD software for 
modelling. The choice on using one of them is 
related with the user’ abilities with it. 

Figure 9 3D modeling software 

On the market there are both free and commercial software, some of them are listed below: 

LOGO 
      

NAME 

SketchUP Blender FreeCAD AUTOCAD AUTODESK        
INVENTOR 

AUTODESK 
REVIT 

LINK 
TO THE 
TUTORIAL 

https://ww
w.youtube.
com/watch
?v=pv7TrG
nZ17w 

 

https://ww
w.blender.
org/suppor
t/tutorials/ 

https://www.free
cadweb.org/wiki/
Tutorials/it 

https://knowl
edge.autodes
k.com/suppor
t/autocad/lea
rn?sort=score 

https://www.youtu
be.com/watch?v=lE
heFEer5Is 

https://www.youtube
.com/watch?v=PR08V
U9tSNo&list=PLzAQZF
R7SsdgX_v1enjjIesCk
MeMo8CON 

COMMERCIAL 
OR FREE 

Free Free Free Commercial Commercial Commercial 
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• 2nd possibility: today there are many online 
platforms on the World Wide Web from 
which it is possible to download and upload 
STL. files ready to be printed.  

These are digital archives, where users, 
professional and not 3D modelers, upload 
files for later use by other users. 

These files are easy to download and are also 
divided into thematic areas to facilitate the 
web research. 

 

Figure 10 Example of web repositor 

Each model has a small preview consisting of both images of each piece but also photos of 
the model printed in full scale. 

 

Some of these repositories are listed below: 

LOGO 
    

NAME 
Thingiverse GrabCAD Turbosquid Traceparts 

LINK 
TO THE 
PLATFORM 

https://www.thingiver
se.com/ 

 

https://grabcad.c
om/ 

 

https://www.turbosquid.c
om/Search/3D-
Models/free 

 

https://www.traceparts.co
m/en 
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2nd step: STL file 
When you are designing and printing 3D models, a wide range of formats or types of files are available 
for saving the 3D models. Some of them are thought for designing or scanning, but others are 
associated to 3D printing, such as: STL, OBJ, PLY or FBX.  

 

Depending on the modelled piece, on the software, on the 3D printer features, etc., one or another 
format must be used.  

In order to unify the criteria, below it is explained how to export and use the STL file. 

 

Figure 11 STL file 

In order to print a file with 3D printing technology it is 
necessary to export or save the file in STL format, if we 
will download 3D models from existing online 
platforms this conversion has already been done by 
the model creator. 

 

STL stands for "Standard Triangle Language", this 
format uses linked triangles for recreating the solid 
model surface. Depending on the model complexity, 
more or less triangles with different size are required 
for recreating it.  

 

In the file, each triangle is defined by a set of 
parameters, such us the normal vector to the triangle 
face, and the coordinates (x, y, z) of each triangle 
vertex.  

Normally, exporting a CAD design to STL format is as simple as going to the used software menu and 
clicking on "Save as..." or in "Export" and choosing STL. Also, depending on the software, some 
characteristics such as precision or tolerance must be chosen.  

 

Sometimes, there are problems during conversion to STL, either because the model is not thought for 
3D printing, either because the design in the CAD software has not being made correctly, or either 
other causes. So, the exported model may have some errors. These errors are very different: holes or 
gaps, reversed triangles, duplicated faces or triangles, faces or triangles that intersect, singular points 
or faces (out of the model), etc. It is possible to repair it thanks to some specific software. 
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3rd step: G-Code 
After getting the STL file. you need to import it into a G-code generation software. 

 

The STL file contains a series of information that characterises the shape, dimensions and physical 
attributes of the model created using the CAD software. In order to be printed, this file must undergo 
to the slicing process. This process, more correctly called Computer-Aided Manufacturing (CAM), is 
necessary each time that a 3D model should to be sent to print. 

 

The slicing process divides the model into many small slices and evaluates the printing methods 
necessary to make each single layer, taking into consideration both the material used, the type of 
printer, and other parameters described below that make the "printable" model. 

 

Specifically, the slicing file or the G-code file contains the information translated into the numerical 
control programming language. “G” codes are codes that position the device and realise the job. These 
codes are in opposition to the “M” code, which manages the machine. “T” code, on the other hand, 
stands for the code in relation to the Tool, “S” and “F” correspond to tool-Speed and tool-Feed 
(response-return). Finally, the “D” code is the code that contains compensation functions. 

 

In order to generate a file in G-code format, it is necessary a program that allows to switch from the 
exported 3D file in STL format to the G-code format, the language of the machine. This step as 
indicated above is very important because it allows to generate the instructions necessary for an 
optimal printing.  

 

The slicing software (G-Code) allows to convert the 3D model into a sequence of instructions that 
dialogue with the 3D printer, setting all the parameters necessary for printing, such as the speed and 
the path to be followed by the extruder.  
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  Figure 12 Example of G-Code software 

 

The performance and quality of a slicing software is important for setting and optimising the printing 
characteristics of the model, these factors will also greatly influence both to the quality and to the 
speed of printing, determining the success of the object to be made.  

 

Below are a series of parameters that play a relevant factor during the printing phase:  

• Layer Height  

• Shell Thickness  

• Fill Density  

• Support Type  

• Print Speed  

• Print Temperature  
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Once the parameters are set, it will be necessary to export the file to an SD card and then be inserted 
into the 3D printer.  

 

The choice of slicing software depends on how many printer profiles it contains. Each software lists a 
series of printer models with which it is compatible. It is therefore necessary to check the compatibility 
and if the slicer software used supports the 3D printer chosen.  

 

There are various G-Code generation software, the most common are listed below: 

LOGO 

    

NAME 

Cura  slic3r Simplify3D KiSSlicer  
 

LINK 
TO THE WEBSITE 

https://www.yout
ube.com/watch?v
=pv7TrGnZ17w 

 

https://slic3r.or
g/ 

 

https://www.simp
lify3d.com/ 

 

http://www.kisslicer.com/ 

 

 

In the following parts, on the other hand, some fundamental parameters to be set will be explained 
in depth. 

 

Analyzing the piece or the model 

The analysis usually is necessary when pieces are relatively complex, or when the origin of the pieces 
is not known, or it can be done just if you want to be one hundred per cent that the piece is suitable 
for being 3D printing.  

In addition, a good analysis can detect errors in the triangle mesh arisen from the STL conversion. This 
analysis can be implemented by some software, that also are useful for other purposes.  

 

Thickness 
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Recommended thickness depends on the 3D 
printing machine. Some machines allow to do 
bigger thickness than others. Generally, for fused 
deposition modelling (FDM) machines, should be 
considered approximately, thickness about 1 
millimetre. This parameter must not be confused 
with layer thickness. 

 

Figure 13 Software for repairing thickness 

 

Holes or gaps 

 

Figure 14 Software that shows holes and gaps 

The model to be print must be perfectly closed, or 
best said: it must be watertight.  

This means that the triangular mesh must not have 
holes or gaps, or vertex or triangle points not 
joined. 
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Angles and overhang 

By this analysis it can be found, depending on the 
selected technology and machine, if the model or 
piece needs support structures to be print. 
Generally, for FDM printers, the minimum 
inclination angle allowed is 45 degrees. 

 

Figure 15 Angles that could be printing 

Many of the used programs for analysing the piece allow, not just to detect errors or problems, but 
also allow to repair, or what is best, auto repair the model.  

 

Support structures 

Sometimes when we use FDM technology, it is necessary that, in order to beat the gravity and to print 
overhang parts (or with internal gaps), some support structures should be inserted on these zones. 
Usually, they are necessary when the piece or part is inclined more or less than 45 degrees. 

 

Support structures are usually done by the same material as the 3D object, although there are 3D 
printers that print two materials: the piece in one material and the supports in another ones. With 
these printers can be used soluble support materials that melt in certain liquids. 

 

Most of the available software, either analysis software or either the own software of the printer 
machine, allow two options: making a design of the support structures, or automatically calculating 
and inserting these structures. 
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Figure 17 How to remove support structure 

Figure 16 Support structures 
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Model infill 

The infill is related with the structure printed inside the object. For example, if it is necessary to print 
a parallelepiped, the six external walls will be printed in a solid way, with a certain thickness, but the 
internal part of the cube will not be solid because it will be necessary to choose the infill percentage 
and the geometrical shape of the infill. 

 

Figure 18 Different infills 

 

Percentage and pattern shape of the infill will be chosen according to several aspects: total weight of 
the piece, used material, resistance to be achieved, printing time and sometimes decorative features.  

 

More in general, the greater the infill percentage, the stronger the printed piece will be, but the longer 
will take to be printed. A percentage about 15% usually is enough. 

 

Figure 19 Different infill and different geometrical patterns 
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Positioning and orientation 

 

Figure 20 Position and orientation of the pieces 

To decide the position and orientation of the piece 
on the printing surface or printing bed is one of the 
most important part of the whole process. It is a 
decision that will have a great impact on the piece 
quality and properties. 

 

One of the most used criteria for choosing position and orientation is using the minimum amount of 
material (and spending less printing time). This is achieved by minimizing overhang parts. 
Consequently, less support structures will be printed, and the piece will be built in less time.  

 

However, sometimes the quality to achieve is more important, so that it can be chosen orientations 
that are not optimal in terms of material and printing time. 

 

 

IMPORTANT TIPS 

o Center the pieces in the printing surface or bed surface. This will reduce the movements of 
the printing head (and, consequently, the printing time). Furthermore, it will increase the 
quality and precision of the piece, because printing platforms are usually more calibrated in 
its central part, and also because if they are heated, heat is greater in the central part. 

 

o If there are curved or sloped surfaces, and these parts of the piece are desired to be printed 
with quality, piece should be positioned so that these surfaces are positioned on XY plane 
(horizontal plane), or as parallel as possible to this plane. So "stair-stepping" effect will be 
avoided, in which curved or sloped surfaces are not smooth. 

 

o If the piece has an inner hole, or a through hole, it would be adequate to put this hole with its 
axis perpendicular to the printing bed, if a great quality is required in the hole surface. 
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o A very long and plane section printed on the horizontal plane or XY plane may suffer 
deformation, which means that its outer borders get cold and shrink very quick, causing the 
piece to warp upwards. Sometimes, to print these pieces so their longest section is 
perpendicular to the building plate is convenient. 

 

o In a general way, the top surface of a printed piece will have the best finishing. 

 

o If we are printing functional pieces, that have to withstand forces and loads, it is much more 
likely for them to de-laminate and to break when the forces or loads are perpendicular to 
layers direction. 

 

 

4th step: Printing phase 
Now the G-Code has being obtained the process of 3D printing can be implemented.  

 

There are a few things to consider and to check before printing. For FDM printers, the temperatures 
of the bed or printing platform and of the extruder must to be checked (the software or the printer 
do that automatically when you start to print). To use some kind of lacquer or varnish is also 
recommendable in order to ease the extraction of the piece. It is advisable to read the instructions to 
also know how to load the filament on the printer. 

 

So, in the principal menu setting it is necessary to select the file from the SD card and starting to print. 
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Figure 21 3D printing step  
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5th step: Extracting pieces 
When the printer has finished to print, it is necessary extract the piece/s. Once again, depending on 
the machine and mainly, on the technology and used materials, the extraction processes will vary. 

 

For fused deposition modelling machines (FDM), pieces often are removed by hand, or with some tool 
like a blade. It is also possible to have flexible platforms that ease a lot the extraction. There are even 
other methods such as using a solvent or applying cold or with dental floss. 

 

 

6th step: Post-processing 
For a lot of pieces, a finishing process is needed, that varies both on the technology and on the 
machine used.  It is important also to note that some of the printed pieces may not need a post-
processing step or maybe some of them will need just to remove mechanically the support structures. 

 

 
Figure 23 Removing supports step by manual action 

Figure 22 Extracting pieces step 
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There are a lot of finishing processes and post-processes, some of them are listed below: 

- Remove support structures: this can be done mechanically or by the use of a solvent bath 
(even water), if the printing material is the adequate one.  

 

Figure 24 Removing supports step by liquid 

 

- Sanding: It is a process to apply when the support structures have been already removed. 
Several sanding grades can be chosen. 

 

- Polishing: If the piece is wanted to have a "mirror-like" surface it is necessary to polish the 
piece. It is needed to sand the piece with a sandpaper of number 2000, previously. Then, the 
powder should be cleaned, and the piece will be polished with a microfiber cloth and a special 
enamel, which will produce a lasting shine. There are also rotary sanders and polishers. 
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Figure 25 Different kind of polishing 

 

- Coatings: All the pieces are capable of applying a coating. In the case of paints, it is advisable 
to apply first a coat layer and then to paint with aerosol, acrylics or airbrushes. Epoxy gels, 
metal coatings, etc. are also available. 

 

 

7. 3D printing materials  
The materials available for 3D printing have always been a sector of research and development of this 
technology and nowadays included the variety of different types of materials, supplied in different 
states (powder, filaments, pellets, granules, resins etc.). Specific materials are generally assigned for 
structures that perform dedicated applications with the properties of the material that best suit the 
application.  

 

Nylon or Polyamide are commonly used in the form of filaments for the FDM or FFF process. It is a 
strong, flexible and durable plastic material that has proven reliable for 3D printing. Available in 
various colours this material can also be combined (in powder) with aluminium to produce another 
common 3D printing material for sintering. 

 



 
 

    44 

 

ABS (acrylonitrile-butadiene-styrene) is another common plastic used for 3D printing. It is a 
particularly robust plastic and is available in a wide range of colours. ABS can be purchased in a 
filamentous form. It is a very popular thermopolymer thanks to its lightness and rigidity but also to 
the fact that it can be both extruded and injection molded. It has good mechanical properties, is less 
friable than PLA and moreover withstands higher temperatures. 

 

PLA is instead a biodegradable plastic material. It can be used in resin format and in filamentous form 
for the FDM process. It is offered in a variety of colours, including transparent. It is not as resistant or 
flexible as ABS. 

 

Both ABS and PLA are thermoplastic polymers, i.e. polymers made up of mostly linear chains, not 
linked to each other, not crosslinked. The heating-flow-cooling cycle can be repeated several times 
since the transition between the plastic and the glassy state is physical and non-chemical, therefore 
reversible. This aspect is very important because it makes us understand that in reality the polymer 
must not be worked in the molten state but in the glass transition state which guarantees the 
permanence of the original mechanical properties of the material, once hardened. 

 

These materials are easily available on the market in the form of filaments and with a variable 
diameter (generally 3mm or 1.75mm). 

 

Other materials for the Fused Deposition Modeling (FDM) are: 

PETG: Easy to print & accurate, tends to string, good layer adhesion.  

TPU: Flexible polymer; good for printing, kind of like stiff rubber. Best used with direct-drive machines.  

 

8. Limitation of 3D printing technology 
As with any emerging technology, 3D printing has disrupted the markets by transforming product 
development.  

 

The 3D printing process eliminates many steps used in traditional manufacturing and facilitates the 
manufacture of complex structural components. These features have led to significant success in the 
areas of rapid prototyping and tool development. 
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As a result, 3D printing technology has opened new possibilities for industries by enabling faster 
product design, customization, cost reduction, tangible product testing, and more. For instance, its 
advances are increasingly becoming relevant in medical and dental industries where customization is 
essential. 

 

However, 3D printing technology has a dark side, there are limitations that make additive 
manufacturing technologies not widely implemented in many sectors.  

 

The current limitations are due both to the AM processes themselves, which can still be improved, as 
well as to auxiliary processes (previous manipulations of material, post-processing, quality control ...) 
that in many cases condition their viability. The lack of knowledge on how to design the products and 
how to reorient the companies to successfully integrate these new technologies also influences.  

 

These limitations are undoubtedly surmountable and constitute challenges for research, technological 
development and innovation, which are currently being addressed by teams of researchers and by 
many companies around the world.  

 

Some of these limitations are the following:  

Technologies in development: Many of the technologies are in continuous development. Some of 
them are still in early stages of development. In a few years, a machine may be outdated or outmoded.  

 

Availability and cost of the raw material: Getting the supply of materials at some points can be 
complicated. Also, some materials are quite expensive, if you are looking for very specific properties. 
The most basic and cheap material is usually plastic.  

 

Initial investment: Desktop FDM printers are usually cheap, but for other technologies, especially if 
larger machine sizes are sought, the initial investment can be very high.  

 

Size of the pieces: The size of the pieces to produce depends on the printing bed. While it is true that 
many large pieces can be chopped and then joined.  
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Non-profitable mass production: Additive manufacturing and 3D printing are designed for very short 
series of pieces (around 1 - 10 units). For longer series, production with these technologies is not 
profitable.  

 

Finishes and precision: In general, getting very good finish and very good precision will be expensive. 
That is to say, it will be necessary to resort to more expensive technologies and machines. In addition, 
the parts may require post-processes, other machines and special sub- processes.  

 

Obtaining digital files: If specific and highly customized pieces are desired, it is necessary to possess 
advanced CAD design knowledge. Most of the time, the repositories of CAD files are not enough. The 
same goes for the 3D scanner; they are expensive and using it requires certain knowledge.  

 

 

9. Limitations of Fused deposition modeling (FDM) 
FDM technology has also its own limitations. In the following part it is explained some of the most 
common limitations and some methods that can be implemented in the design stage to minimize the 
impact of these limitations when the user will print an object. 

 

VERTICAL AXIS HOLES  

FDM will often print vertical axis holes undersized. The general process for printing a hole diameter 
and the reason the reduction in diameter occurs is:  

1. As the nozzle prints the perimeter of a vertical axis hole, it compresses the newly printed layer 
down onto the existing build layers to help improve adhesion.  

2. The compressing force from the nozzle deforms the extruded round layer shape from a circle 
into a wider and flatter shape.  

3. This increases the area of contact with the previously printed layer (improving adhesion), but 
also increases the width of the extruded segment.  

4. The result of this is a decrease in the diameter of the hole that is being printed.  

 

This can be of particular issue when printing small diameter holes where the effect is greater due to 
the ratio of hole diameter to nozzle diameter.  
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The amount of undersize will depend on the printer, the slicing software, the size of the hole, and the 
material. Often, the reduction in diameter of vertical axis holes is accounted for in the slicing program, 
but accuracy can vary, and several test prints may be needed to achieve the desired accuracy. If a high 
level of accuracy is required, drilling the hole after printing may be required.  

 

Key design consideration: If the diameter of your vertical axis hole is critical, printing it undersized and 
then drilling the hole to the correct diameter is recommended. 

 

OVERHANGS  

Issues with overhang are one of the most common print quality problems relating to FDM. Overhangs 
occur when the printed layer of material is only partially supported by the layer below. Similar to 
bridging, the inadequate support provided by the surface below the build layer can result in poor layer 
adhesion, bulging or curling.  

An overhang can usually be printed with no loss of quality up to 45 degrees, depending on the 
material. At 45 degrees, the newly printed layer is supported by 50% of the previous layer. This allows 
sufficient support and adhesion to build upon. Above 45 degrees, support is required to ensure that 
the newly printed layer does not bulge down and away from the nozzle.  

Another issue that occurs when printing overhangs is curling. The newly printed layer becomes 
increasingly thinner at the edge of the overhang, resulting in differential cooling causing it to deform 
upward. 

Key design consideration: Limitations on overhangs can be eliminated by the use of support for wall 
angles above 45 degrees. For larger overhangs where support is needed, marks will be present on the 
final surface unless post processed.  

 

CORNERS  

Because the printing nozzle in FDM is circular, corners and edges will have a radius that is equal to the 
size of the nozzle. This means that these features will never be perfectly square.  

For sharp edges and corners, the first layers of a print are particularly important. As discussed above 
for vertical holes, as the nozzle prints each layer, it compresses the print material down to improve 
adhesion. For the initial print layer, this creates a flare often called an “elephant's foot”. This can 
impact the ability to assemble FDM parts as this flare protrudes outside the specified dimensions.  
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Another issue that is often present relating to the first print layer of an FDM print is warping. ABS is 
more vulnerable to warping due to its high printing temperature when compared to PLA. The base  

layer is the first layer to be printed and cools as the other hot layers are printed on top. This causes 
differential cooling and can result in the base layer curling up and away from the build plate as it 
shrinks and contracts.  

The addition of a chamfer or radius along the edges of the part that are in contact with the build plate 
will reduce the impact of these problems. This will also assist in removal of the component from the 
build plate once the print has been completed.  

Key design consideration: If assembly or overall dimensions are critical to the function of an FDM part, 
include a 45-degree chamfer or radius on all edges touching the build plate. For high precision form & 
fit testing, other technologies such as SLA or Polyjet are recommended.  

 

VERTICAL PINS  

Vertical pins are often printed in FDM when assembly of parts or alignment is required. Considering 
that these features are often functional, it is important to understand the size of vertical pins that 
FDM can print accurately.  

Large pins (greater than 5mm diameter) are printed with a perimeter and infill, affording a strong 
connection to the rest of the print. Smaller diameter pins (less than 5mm diameter) can be made up 
of only perimeter prints with no infill. This creates discontinuity between the rest of the print and the 
pin, resulting in a weak connection that is susceptible to breaking. In a worst case scenario, small pins 
may not print at all as there is not enough print material for the newly printed layers to adhere to.  

Often correct printer calibration (optimal layer height, print speed, nozzle temperature etc.) can 
reduce the likelihood of small pins failing. The addition of a radius at the base of the pin will eliminate 
that point as a stress concentration and add strength. For critical pins smaller than 5mm diameter, an 
off the shelf pin inserted into a printed hole may be the optimal solution.  

Key design consideration: If your design contains pins smaller than 5 mm diameter, add a small fillet 
at the base of the pin. If function is critical, consider including a hole in your design in the location of 
the pin, drill the hole to the correct size and insert an off the shelf pin.  

 

ADVANCED DESIGN  

Several key aspects to consider when printing with FDM are how to reduce the amount of support 
required, part orientation and the direction the part is built on the build platform.  
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Key design: splitting up your model. Often, splitting up a model can reduce its complexity, saving on 
cost and time. Overhangs that require a large amount of support may be removed by simply splitting 
a complex shape into sections that are printed individually. If desired, the sections can be glued 
together once the print has been completed.  

 

HOLE ORIENTATION 

Support for holes is best avoided by changing the print orientation. Removal of support in horizontal 
axis holes can often be difficult, but by rotating the build direction 90 degrees, the need for support 
is eliminated. For components with multiple holes in different directions, prioritize blind holes, then 
holes with the smallest to largest diameter, then criticality of hole size. 

 

BUILD DIRECTION  

Due to the anisotropic nature of FDM printing, understanding the application of a component and 
how it is built are critical to the success of a design. FDM components are inherently weaker in one 
direction due to layer orientation.  

The lack of continuous material paths and the stress concentration created by each layer joint 
contribute to this weakness. Since the layers are printed as a round-ended rectangle, the joints 
between each layer are actually small valleys. This creates a stress concentration where a crack will 
want to form.  
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10. Sources  

• 3D Printing and additive manufacturing. Source: 
https://books.google.it/books?id=RlEyDwAAQBAJ&printsec=frontcover&dq=additive+manuf
acturing&hl=it&sa=X&ved=0ahUKEwjyqfTo5PjmAhWR6aQKHQZuBTYQ6AEIKDAA#v=onepag
e&q=additive%20manufacturing&f=false 
 

• The state of creativity. The future of 3D Printing, 4D Printing and Augmented Reality. Source: 
https://books.google.it/books?id=ti6UDwAAQBAJ&printsec=frontcover&dq=3d+printing&hl=
it&sa=X&ved=0ahUKEwiigIbI5fjmAhWCCOwKHZQzB5wQ6AEIMjAB#v=onepage&q=3d%20pri
nting&f=false 
 

• How does 3D printing works?. Source: 
https://books.google.it/books?id=wHlmDwAAQBAJ&printsec=frontcover&dq=3d+printing&hl
=it&sa=X&ved=0ahUKEwiigIbI5fjmAhWCCOwKHZQzB5wQ6AEIWDAF#v=onepage&q=3d%20
printing&f=false 
 

• 3D Printing: A Powerful New Curriculum Tool for Your School Library. Source: 
https://books.google.it/books?id=qPxPCgAAQBAJ&pg=PA22&dq=3d+printing+in+school&hl=
it&sa=X&ved=0ahUKEwiYvr_C5_jmAhWK2qQKHRRdCtwQ6AEIMjAB#v=onepage&q=3d%20pr
inting%20in%20school&f=false 
 

• 3D Printing Techniques and Processes. Source: 
https://books.google.it/books?id=UipmDwAAQBAJ&printsec=frontcover&dq=3d+printing&hl
=it&sa=X&ved=0ahUKEwjL9sGW6PjmAhVGDuwKHbhCDx0Q6AEIPDAC#v=onepage&q=3d%2
0printing&f=false 
 
 

• Figure 1 Processes and manufacturing techniques. Source: CEIPES 
 

• Figure 2 Different types of additive manufacturing technology. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwivo9Td6vjmAhVNbVAK
HSPSA4IQjRx6BAgBEAQ&url=https%3A%2F%2Fformlabs.com%2Fblog%2Ffdm-vs-sla-vs-sls-
how-to-choose-the-right-3d-printing-
technology%2F&psig=AOvVaw3oGMuQaD3BMWj1BQHD4tLP&ust=1578738825028210 
 

• Figure 3 Fused deposition modeling (FDM). Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjAz7TJ6vjmAhXCfFAKHb
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hDD4EQjRx6BAgBEAQ&url=https%3A%2F%2Fformlabs.com%2Fblog%2Ffdm-vs-sla-vs-sls-
how-to-choose-the-right-3d-printing-
technology%2F&psig=AOvVaw3oGMuQaD3BMWj1BQHD4tLP&ust=1578738825028210 
 

• Figure 4 Stereolithography (SLA). Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjAz7TJ6vjmAhXCfFAKHb
hDD4EQjRx6BAgBEAQ&url=https%3A%2F%2Fformlabs.com%2Fblog%2Ffdm-vs-sla-vs-sls-
how-to-choose-the-right-3d-printing-
technology%2F&psig=AOvVaw3oGMuQaD3BMWj1BQHD4tLP&ust=1578738825028210 
 

• Figure 6 3D printing process. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwiDiOr_6vjmAhXLLlAKHX
ftDocQjRx6BAgBEAQ&url=https%3A%2F%2Fpick3dprinter.com%2Fhow-does-a-3d-printer-
work%2F&psig=AOvVaw2NdAVum3XTA1-O_UbxF2ST&ust=1578738934756256 
 

• Figure 7 FDM process. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjpx_Ts6_jmAhVFJFAKH
exuB4gQjRx6BAgBEAQ&url=https%3A%2F%2Fsubscription.packtpub.com%2Fbook%2Fhardw
are_and_creative%2F9781783550753%2F1%2Fch01lvl1sec11%2Fbasics-of-fused-deposition-
modeling&psig=AOvVaw3HegdVwPOQ-ss28JWBbREB&ust=1578739154037141 
 

• Figure 8 Production process steps. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwj42Oqz7PjmAhVSZVAK
HXmnBYgQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.pinterest.com%2Fpin%2F2222949315
88160827%2F&psig=AOvVaw2ah0lvSKiJ_YNGUJSDSvLA&ust=1578739251965579 
 

• Figure 9 3D modeling software. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwisq5XR7PjmAhUCU1AK
Hf21CmcQjRx6BAgBEAQ&url=http%3A%2F%2Fallpcworld.com%2Frhinoceros-rhino-5-free-
download-windows%2F&psig=AOvVaw05LV4fzJnK2huIZI7Km9I0&ust=1578739379652116 
 

• Figure 10 Example of web repository. Source: 
https://www.google.it/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjMma
vr7PjmAhUHfFAKHXx_CYIQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.zdnet.com%2Fpictures
%2Fi-3d-printed-a-tesla-cybertruck-because-why-not%2F2%2F&psig=AOvVaw3dPE_cHe-
DYnS4UZnxYmNt&ust=1578739402283159 
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• Figure 11 STL file. Source: 
https://www.google.it/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwilnLq
U7fjmAhUPI1AKHeffC4oQjRx6BAgBEAQ&url=http%3A%2F%2Fwww.cs.mun.ca%2F~omeruvi
a%2Fphilosophy%2FWireframeBunny.html&psig=AOvVaw3ArpXnf0dGmq1lEHDYy_3s&ust=1
578739475501594 
 

• Figure 12 Example of G-Code software. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwj57MbQ7fjmAhUMUlA
KHZi_DJYQjRx6BAgBEAQ&url=http%3A%2F%2Fwww.perpetualplasticproject.com%2Fblog%2
F2014%2F3%2F25%2Fthe-opening-of-perpetual-peters-
hub&psig=AOvVaw0cVUyAhXfW2m6pu9OOyRNN&ust=1578739645961535 
 

• Figure 13 Software for repairing thickness. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjYmqCl7vjmAhXQDuwK
HXeeAhwQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.glovius.com%2Fblog%2Fthickness-
analysis-of-parts%2F&psig=AOvVaw2h0FTnnBxo5Rb-sz-5_1zt&ust=1578739824463599 
 

• Figure 14 Software that shows holes and gaps. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwiLtdWD7_jmAhVByqQK
HZ11Bv0QjRx6BAgBEAQ&url=https%3A%2F%2Fdiscourse.mcneel.com%2Ft%2Fblendsrf-
doesnt-work%2F40225&psig=AOvVaw0A1hZ8gURP5FrWcPLLRVlR&ust=1578740021144281 
 

• Figure 16 Support structures. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwiH067E7_jmAhXvwAIH
HULsAhYQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.quora.com%2FDoes-an-unbalanced-
object-fall-down-while-3D-
printing&psig=AOvVaw0bargMpG0wRD0ZobDxc2GC&ust=1578740157371159 
 

• Figure 17 How to remove support structure. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjj-
bzW7_jmAhXEzqQKHWyeCTMQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.2kreviews.com%
2F3d-printing-tricks-for-
beginners%2F&psig=AOvVaw00Vgw1B_KaHESDTVyiETqO&ust=1578740196151398 
 

• Figure 18 Different infills. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjj7OPi7_jmAhURzaQKH
YT5BMoQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.rpspace3d.com%2Fshell-and-infill-in-
3d-printing%2F&psig=AOvVaw1hURdURWuHE0wL-jeIx7ES&ust=1578740222099115 
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• Figure 19 Different infill and different geometrical patterns. Source: 

https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjdhffv7_jmAhWF66QKH
XsjBW0QjRx6BAgBEAQ&url=https%3A%2F%2Fadditive3dasia.com%2Fnews%2F3d-printing-
cost-singapore%2Finfill%2F&psig=AOvVaw3KQAMY36MY-dPcN-
4k9nIv&ust=1578740249504484 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjQ4qP77_jmAhVB-
aQKHQpyBxQQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.xyzprinting.com%2Fen-
US%2Fnews%2FSWInfillTypeCellular&psig=AOvVaw0_goYqzCG2tYw9sTkF6stT&ust=1578740
273431550 
 

• Figure 20 Position and orientation of the pieces. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjxr7yJ8PjmAhVRKuwKH
dLKAjkQjRx6BAgBEAQ&url=https%3A%2F%2F3dprinter.ua%2Fblog%2Fpage%2F27%2F&psig
=AOvVaw145JEw41yitubALq7SI59k&ust=1578740302987273 
 

• Figure 21 3D printing step. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwjro-
O18PjmAhXKPOwKHbTQBPgQjRx6BAgBEAQ&url=https%3A%2F%2Fteletype.in%2F%40acum
enresearchmarket2019%2FBJDEEDznB&psig=AOvVaw1S8Cq8EeBJBCm3ifigpUCh&ust=15787
40364155573 
 

• Figure 22 Extracting pieces step. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwibv7vG8PjmAhVSjqQKH
ZC0A6cQjRx6BAgBEAQ&url=https%3A%2F%2Fultimaker.com%2Fen%2Fresources%2F36910-
how-to-remove-your-print-from-the-build-
plate&psig=AOvVaw3aT5xfrzDDoIy_hGcyxCOF&ust=1578740430897271 
 

• Figure 23 Removing supports step by manual action. Source: 
https://www.google.it/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwipzIii8
vjmAhXSiIsKHR2iCZ4QjRx6BAgBEAQ&url=%2Furl%3Fsa%3Di%26source%3Dimages%26cd%3
D%26ved%3D2ahUKEwia8_-o8fjmAhWsM-
wKHdwvB_oQjRx6BAgBEAQ%26url%3Dhttps%253A%252F%252Fwww.3d-
printer.com%252Fultimaker-
breakaway.html%26psig%3DAOvVaw1iw9KG9JOkyY6q3teAC5kf%26ust%3D1578740456933
453&psig=AOvVaw1iw9KG9JOkyY6q3teAC5kf&ust=1578740456933453 
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• Figure 24 Removing supports step by liquid. Source: 
https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwihkaKs8fjmAhXBDuwKH
YQBCW4QjRx6BAgBEAQ&url=https%3A%2F%2Fseptillion.co.th%2Fen%2F3d-printing-
supports-use-pla-pva-
breakaway%2F&psig=AOvVaw1iw9KG9JOkyY6q3teAC5kf&ust=1578740456933453 
 

• Figure 25 Different kind of polishing. Source: 

https://www.google.it/url?sa=i&source=images&cd=&ved=2ahUKEwib89K78vjmAhUCmIsKH
Tj2ATgQjRx6BAgBEAQ&url=https%3A%2F%2Fpinshape.com%2Fblog%2Ftop-10-most-
popular-3d-printing-articles-of-2015-on-
pinshape%2F&psig=AOvVaw2l8NgaOAL3qdq6fiZwrG0I&ust=1578740943806127 
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Augmented Reality 
 

1 Augmented Reality introduction 
The scope of this section is to show a brief overview about what Augmented Reality is and to answer 
the common questions we found people have about it. On following sections, we will explain the 
concepts in deep and will show the different Augmented Reality solutions. We will pay more attention 
to the solutions related with Educational sector that could be useful to Brave New Words project. 

 

The goal of Augmented Reality (AR) is to bring virtual information into the real environment in any 
possible format. As the person moves the device, the AR overlay will also move, allowing the user to 
view the projected information from different angles. 

 

Very often, AR is confused with Augmentative concept, this is an error. Augmented reality doesn’t 
make an existing object bigger but add extra virtual information to it. Just to help the reader to 
understand the concept: AR could be thought as extra virtual information placed on top of a real 
object.  

 

Figure 26 AR example 

 

How Augmented Reality works? 
We could simplify the process on these three steps: 

1- The user has a device with an scanner incorporated which is scanning inside an AR application. 

2- The scanner detects a trigger for Augmented Reality virtual information.  
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3- The Augmented Reality application displays the proper virtual information over the real trigger 
object/signal.  

 

Where could be projected this virtual information? 
There are different tools, for example, screens, monitors, handled devices, glasses… 

 

Which formats could the “Augmented” information be developed in? 
Usually, the augmented information are images, animations, videos, 3D models… but they must not 
be necessarily just visual; augmented information could be sounds, smells, tastes or vibrations. 

 

 

2 Other “Reality technologies”: Virtual and Mixed 
There are other technologies that could be confused with AR: virtual and mixed reality. On this section 
we will make a brief introduction to them, in order to clarify the differences between them. 

 

Virtual Reality 
The Virtual Reality is a realistic three-dimensional o artificial environment that is created with a 
mixture of interactive hardware and software. The user accepts the artificial (or virtual) environment 
as real and interacts with it on the same way that he/she interacts with real (or physical) world. 

 

Figure 27: Virtual Reality. 
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Augmented VS Virtual Reality  
There is a very notable difference between Augmented Reality and Virtual Reality. AR starts from a 
real situation or position then improves this reality and then helps the user in his/her real-life 
situations. In the other hand, virtual reality creates a different universe. 

 

Mixed Reality (MR) 
Mixed Reality is the result of blending the physical world with the digital world. There are two types 
depending of the types of reality technology which enhance: 

 

MR that starts with the real world  
Virtual objects are not just overlaid on the real world and the user can interact with it. In this 
case, a user remains in the real-world environment while digital content is added to it.  
Moreover, a user can interact with virtual object. It is an advanced form of Augmented 
Reality. 

 

MR that starts with the virtual world 
The digital environment is anchored to and replaces the real world. In this case, a user is fully 
immersed in the virtual environment while the real world is blocked out. It is an advanced 
form of Virtual Reality 
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Augmented VS Virtual Reality VS Mixed Reality  
The figure bellow summarizes the main different between the three “Reality technologies” 

 

Figure 28 Differences between VR, AR and MR. Concept. 

 

 

Figure 29 Differences between VR, AR and MR. Images. 

Source: https://medium.com/startux-net/the-differences-between-vr-ar-mr-27012ea1c5 
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3. Types of Augmented Reality 
 

Marked based 

First step is to know the definition of marker; it is an anchor that is 
connecting the virtual world with the real world. There are two 
main types of markers: Images or shapes. When a marker is 
recognized the content associated can be placed on top of it. 

It can be possible generate other kind of markers, for example any 
surface that is detectable by an app can be used like a marker. 

 

Figure 30 QR code marker 

 

Surface Tracking (Real world tracking) 
When writing this doc, this new type of AR took attention of AR platforms. This is the case of surface 
tracker that could be understood as a type of marker-based AR. Instead of using a QR code or an image 
to trigger the content. The enhanced content will be linked to a surface that is previously detected. 
The content will be placed on that surface and its works very well for large scale objects such as 
furniture, machines, etc. where the accuracy and size of the model are important.  

 

Object Tracking 
This type is also similar to image and surface tracking. In this case, it recognizes arbitrary real-world 
3D objects as a point of reference for the digital content. The object needs to be scanned before, so 
the software is capable of recognizing it.  It works well for applications in sculptures, building, 
industrial machinery, etc.  

 

Markerless 
This type of AR is based on location, position or GPS augmented reality. Some of the main uses are: 

- The picture of a camera +GPS + digital compass + velocity meter + accelerometer embedded. 
- In the devices to provide data.  
- Based on one’s location and sensors. 
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Nowadays this AR has been used for: 

- Mapping directions finding nearby companies. 
- Other purposes where location is primary. 

 
Figure 31 Device using markerless 
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Projection based 

Sends light onto a real-world surface and then senses 
human interaction, i.e. touching the projected light.  

This touching is detected by differentiating between the 
known projection and the changed projection (caused by 
the user’s interaction). 

 

Figure 32 - Numeric keypad projection. 

Other Projection-based AR use laser plasma technology to project three-dimensional (3D) interactive 
holograms into mid-air. 

 

Figure 33 Screenshot. Three-dimensional hologram projection. 

 

Superimposition based 
In this case, AR replaces the original view of an object with a newly augmented view of the same object 
either partially or entirely.  

Some examples in tourism sector can be:  

• Cathedral previous status, medieval cities recreates activity... 
• The view of a medieval city gate triggers an AR animation that recreates the activity at this 

gate 500 years ago. 
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Object recognition is crucial, as the app will not be able to replace the original view with an augmented 
one if it cannot detect which object it is. 

 

Outlining 
Outlining Augmented Reality recognizes boundaries and lines to help in situations when the human 
eye can’t. Uses object recognition to understand a user’s immediate surroundings.  

Examples: 

- Think about driving in low light conditions. 
- Parking in small space. 

 

 

4. Hardware in Augmented Reality 
 

Camera 
Augmented reality devices using a camera compare the information from the camera with the 
information in their databases. 

Light-capturing devices are generally used to capture objects. Others similar can be: 

- a light sensor 
- a barcode reader 
- a colour detector 

 

Microphone 
A sound capturing device record a sound, for example a bird song, it is compared to the record 
information contained in the application itself, then having found a similarity and information about 
that bird is displayed to the user. 

 

GPS 
GPS is used for determining location. When a device is placed on a location stored on the AR 
application the digital object is projected. 
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This hardware has an important constraint, GPS does not work well in underground buildings, inside 
buildings, around magnetic fields or field suppressors... 

 

Electronic signals 
Electronic signals that can be "caught" if they exist. In the presence of a signal, it is possible to assess 
the strength of the signal and either just "catch" the signal or transmit a signal itself. 

These signals are often used to evaluate the moving direction, trajectory and location of the user 
indoors. 

Types of signals are: Radio and other signals: Wi-Fi, Bluetooth, RF-ID, etc. 

 

 

5. Fields of application and uses 
 

Fields of application 

Some examples of fields that can be used 
augmented reality are:  

• Fashion and Retail 
• Real Estate 
• Tourism and Navigation 
• Training and Education 
• Architecture and Construction 
• Health Care 

 

 
Figure 34 - AR clock 

 
Figure 35 - Pokémon Go, AR game. 
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Information Overlay 
Types of information that can be overlayed: 

• Textual information that appears by the object, or could be related 
• 3D models  
• video animations.  

This application of AR is used by The British Museum. It has 
used its partnership with Samsung to create an AR app which 
can be used by visitors to view additional information about 
objects on display as part of its exhibition experience. 

 

Figure 36- Overlayed info 

Virtual objects 

One example of this application can be the IKEA AR campaign, 
which allowed users to view items from the furniture catalogue 
displayed as if they were in their own home. The app adjusted 
the size of products so they matched the dimensions of the 
room, offering a true-to-life sized view. 

 

Figure 37 – IKEA app 
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Digital Animation 

This application allows you to pass 
information onto the user while also having a 
little fun. In example, Starbucks used AR as 
part of a Valentine’s Day marketing 
campaign2. When customers downloaded the 
Starbucks AR app and pointed their 
Smartphone at their cup of coffee, it was 
brought to life with a digital animation. 

 

Figure 38 - Starbucks campaign for Valentine’s day 

 

6. Augmented Reality on education 
 

Potential 
Some reasons why augmented reality is a tool with great potential in education are: 

- Change the location and timing of studying 
- Introduce new and additional ways and methods 
- Make classes more engaging 
- Information more apprehensible.   

Educators know that the learning process should be all about creativity and interaction. That's where 
AR could come in handy. 

 

The 80% of young people own smartphones and they are active smartphone users that use to: 

ü Access social platforms 
ü Play games  
ü Be in connection with friends and relatives 
ü For studying purposes 
ü To do the homework 
ü Dig information about a subject 

 
2 https://www.youtube.com/watch?v=8nvqOzjq10w  



 
 

    66 

 

 

Classroom, homework, social 
Augmented Reality application on classroom let adding extra data, so students receive a wider 
understanding of topics. 

Use Augmented Reality while doing homework let to the students scan elements of book and they can 
receive text, audio or video tips from teachers. 

Students may find useful information about the course, a teacher or other students which could lead 
to better communication. 

 

Abstract and difficult concepts 
Render objects that are hard to imagine and turn them into 3D models, thus making it easier to grasp 
the abstract and difficult content.  This is especially good for visual learners and practically anyone to 
translate theoretical material into a real concept.  

 

Engagement and interaction 
By incorporating Augmented Reality into lessons teachers are able to involve students into the process 
with 3 dimensional models. It may be just a part of the lesson, like a teaser, or the support of the main 
topic with extra info from a different perspective. 

 

Figure 39- Interactive Gym Wall. 

 

Other advantages 
• Discover and learn 
• Objects modelling 
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Manual training, hand exercises, quiz solving etc. help to earn a better knowledge of any 
lesson. AR apps for medical students may be one of the ways to learn human anatomy, explore 
more deeply. Augmented Reality can interact with 3D models where you can set the rotation, 
transparency, colour scheme, styles etc. 

• Training  

In many cases, theoretical knowledge is not enough to obtain proper skills in professional 
areas. Students shouldn't be more listeners and passive observers. 

 

 

7. Applications, Software and platforms 
AR is a vibrant and changing technology that is constantly moving to new features. It can be observed 
in the market. During the project development and before it started, many updates (and downgrades) 
have been observed. For example, HP stopped to support “HP Reveal”3 (previously known as 
AURASMA) or the Spanish AUMENTATY4.  A move to Mixed Reality is intuited where the products are 
merging the physical and virtual worlds into one e.g. (KAI’s Clan5).  In the other hand, some interesting 
platforms have appeared during the last months. This section will describe some products that use 
AR, currently in the market, divided in different categories where the possibility of teacher’s 
interaction and content creation has been taken into account.  Some “closed” solutions will be 
listened. These apps are usually displayers of AR content related with pre-defined exercises. They 
usually come as a “kit” together with physical devices that work as markers and trigger those lessons 
for children or older students.  Also, some programmes that are thought to be used by the final 
student without teacher intermediation will be listened. We will call them “self-education apps”. The 
last category is probably the most interesting and encompasses the possibility of content creation and 
usually comes with pre-defined exercises.  

 

AR apps for kids 
These apps are usually found in Android or/and Apple markets. The come together with books or allow 
the user to download and print cards, templates etc. that works as markers. Usually, they are focused 
on a specific lesson and the target users are children that are supported by the teacher in the learning. 
The final aim is to enhance the motivation of the children and include gamification in classroom.  Some 
relevant examples can be shown here: 

 
3 https://www.hpreveal.com/  
4 www.aumentaty.com/  
5 https://kaisclan.ai/augmented-reality/  
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Math alive6, developed for kids in up to 3rd grades, connect a 
computer, a camera, and specially printed cards. Pupils under a 
teacher supervision place cards in front of a camera, practicing basic 
counting skills. 

 

Animal Alphabet AR Flashcards7. This AR app is aimed for learning letters and 
allows to the teacher to print some cards.  The application brings cards “into life” 
by showing live animals when the answer is correct (the student point the right 
card). 

Dr. Seuss’s ABC (Android / IOs). This app was released in March 2020. It connects the user with the 
teaching books for English idiom. Each virtual page describes the letter with the characters from 
the book. The student will be able to find the interactions to explore. Each letter has a different 
visual, character, and interaction. 

ZooKazam8. Teach about animal species offers animated 3D models 
and various infographics about mammals, insects, fish, birds, and 
reptiles.  

Bugs3D (Android)9. It helps kids to know more about insects, placing 
quests and questions about them and showing descriptions and images to 
play with.  

 
6 https://alivestudiosco.com/math-alive-kit/  
7 https://arflashcards.com/  
8 http://www.zookazam.com/  
9 https://play.google.com/store/apps/details?id=com.popartoys.bugsbook  
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Quiver10 and Chromville11. Apps for activities related with 
art and drawing.  

Arloon Plants12 (Android / iOS). App devoted to learn about 
plants and flora. 

Pete the Cat: School Jam13. This app in iOS is used in a 
collection of books. They have “pre-education” goals, like 
to teach empathy for live beings, as well as creativity. 

 

AR self-education apps 
These tools are developed with the aim of providing support or training to individuals in specific topics. 
The difference with previous section is that the participation of a teacher is not foreseen. Some 
examples of these apps are: 

Google Translate, Lens14 (Android / iOS) : The app supports the student to translate foreign 
languages without a dictionary. By using Google Translate special “AR mode” the user may instantly 
check-up unknown words. Also works well also for tourists, to navigate in cities abroad.   

https://www.youtube.com/watch?v=06olHmcJjS0&feature=youtu.be 

Amazing Space Journey15 and Star Walk16.  

All of them have one purpose which is to study the skies with all its 
secrets. Learn more about stars, constellations, planets of the Solar 
System, galaxies, etc.  

 

 

 

 

 
10 http://www.quivervision.com/  
11 https://chromville.com/  
12 http://www.arloon.com/apps/plants/  
13 http://www.petethecatbooks.com/songs/   
14 https://lens.google.com/  
15 https://amazingspacejourney.com/  
16 https://apps.apple.com/es/app/star-walk-mapa-del-cielo/id295430577  
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Platforms to create AR content 
In this category different platforms can be found. These systems usually are composed by the viewer 
in form of app for mobile devices or glasses and the content creator which will allow configuring the 
AR experience allocating the marker and the enhanced content to it.  The creator can be integrated 
into the functionalities of the viewer but in most of the cases come separated in a desktop application. 
One example of this category is AURASMA17 / HP REVEAL which was quite popular among the teachers 
community but unfortunately is not supported anymore by the enterprise “HP”. Nevertheless, other 
promising platforms have appeared in the last years/months which are listened here: 

Augment18 (Android and iOS)  

The app brings packages suitable for educational purposes in schools and universities. The web 
platform provides options to create 3D models, as well as multiple other useful features. The creator 
allows the user to upload 3D models and give you some to test. Automatically assigns a marker in the 
form of QR code. The QR code can be scanned with the mobile app and trigger the 3D model. 

  

 
17 https://www.aurasma.com/  
18 https://www.augment.com/  
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Figure 40 -Management  tool of Augmented 

 

ZVR. It is a powerful tool created by zSpace19. It comes 
with an extensive toolkit to create educational 
materials. Students equipped with special glasses 
could interact with AR objects using a pen/pointer, 
while there may also be used by engineers and 
designers. It may fall in the previous category as the 
creation of new exercises is limited but the user will 
have access to a broad set of experiments and 
exercises divided in many categories for AR/VR.  The 

 

Figure 41- Promo picture of zSpace of ZVR 

 
19 https://zspace.com/  
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students will be able to import their own models, 
sound, etc. from ZSPACE-STUDIO20. 

 

Blippar (Android / iOS)  

It is an AR tool already used for many marketing projects and partnered with different media outlets. 
It visualizes topics and objects from print material turning it into 3D interactive models. It also has an 
online content creator (Blippbuilder21).  It allows to the user to create AR environments and spaces 
that appear around the user. Also, markers can be created just dragging and dropping images. The 
elements linked to the marker can be 3D models from the platform or “Widgets” including links to 
sound files, social media, email, etc. Also, to upload your own files is allowed. The Builder is web-
based, and no installation is necessary.  

 

Figure 42 - Builder of Blippar 

 

  

 
20 https://zspace.com/edu/info/zspace-studio 

  
21 https://www.blippar.com/build-ar  
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ZAPPAR22. It is a web-based technology that provides a desktop content’s creator. It is marketing 
orientated but useful for education as well. It supports a number of different targets to track your 
content to, allowing you to build world- (ground based), face-, image-, and Image-tracked experiences, 
all using the same tool. Also, the user can create MR experiences anchored to the real world. The 
creator allows other options such as light simulator over the 3D models.  Regarding 3D models, the 
user will be able to import/ export 3D models (from different repositories into the tool) and even bring 
animations models in 3D and configure them (timeframe, etc.). 

 

Figure 43 - ZapWorks Studio of  ZAPPAR 

 
  

 
22 https://www.zappar.com/  
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3DBear (Android / iOS) 23.  This AR solution is very based on primary and secondary education as the 
teacher can intuit just opening their website.  They offer pre-defined lessons in English for subjects 
such as STEM, Social Studies, Social Emotional Learning, Story Telling, Maths, etc. The tool will allow 
to the user (teachers and students) to upload (directly from the mobile device) 3D models from 
different sources (e.g. Thinginverse24, Sketchfab25 or own models). The user interface is very friendly 
and thought to be used by children.  

  

Figure 44 - 3D Bear app 

 

  

 
23 https://www.3dbear.io/  
24 https://www.thingiverse.com/  
25 https://sketchfab.com  
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AVR (Android / iOS) 26 . The app is designed to work with VR and AR into academic and industrial 
environments.  The content management platform is web based and allow to the user to created 
lessons for AR or VR using 3D models or VR environments pre-defined from a broad own library (with 
free and pay mode items). The user will be able to interact with the models, its components and to 
explore the VT-360º environments.  

 

Figure 45- AVR Browser of 3D models 

 

  

 
26 https://eonreality.com/platform/  
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PlugXR27. Released on 2020, this creator allows the user to create AR apps in two modes: Image 
tracker and surface trackers.  The platform even allows you to use preferred SDKs28 in case you are a 
developer. In some of them, you may need licenses.  

 
Figure 46 - Selcing your SDKs in PlugXR 

 

  

 
27 https://www.plugxr.com/  
28 https://en.wikipedia.org/wiki/Software_development_kit  
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The process consists on selecting the tracker and adding the content, in this case: 3D objects, Video, 
Audio, Text, Buttons, Widgets and 2D Sprites. Lights effects can be added as well.  

 

Figure 47 - Adding image tracker 

 

 

Figure 48 - Adding the content 
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The user will be able to upload own models in “glb”29 format. Furthermore, a tool to convert other 
formats to glb is provided online30. Other functions such as assign events to the objects are possible. 
The creator can assign different actions (Show, hide, play/pause an animation, open URL, fade in/out) 
when an event (e.g. tap or swipe) is done in the object.  

 

Figure 49- Adding our own object 

 

Figure 50- Assigning events 

 

The tool has been changed from beta to production in the last weeks when writing this document at 
beginning of 2020. For that reason, some features are not ready yet in the app viewer and couldn’t be 
tested during this study, but definitively the layout of the creator (web based) is one of the easiest-to-
use by non-developers’ users and completes which has been studied in this document. 

 

ARTIVIVE31. Platform devoted to creating augmented (digital) experiences for classical art.  The 
solution is composed by: 

• the Artivive app – the visualisation tool 
• the creational tool called bridge – where you can create the digital layer 

The user will be able to create flyers to provide extra info to the visitors and offer pre-defined 
templates for that. 

 

  

 
29 https://wiki.fileformat.com/3d/glb/  
30 https://converters.plugxr.com/3d-models-converter  
31 https://artivive.com/  
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SparkaAR (Facebook and Instagram). 

This studio creates AR experiences for Facebook or Instagram. The user will be able to add 
interactivity, animate objects and build logic into effects though visual programming. It allows making 
textures and materials to use in the scene. Also, it allows you to add your own sound files and 3D 
objects browse Facebook’s free library of assets or import high-fidelity models through Sketchfab. It 
is very focused on marketing and in allowing publishers to make their content more attractive. 
Nevertheless, we can’t dismiss their use in teaching due to the high penetration and engagement that 
social media have.  

 

Figure 51 - Spark AR in Instagram 
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8. Sources  

• Figure 26 AR example. Source: 
https://www.emergingedtech.com/2018/08/multiple-uses-of-augmented-reality-in-
education/ 
 

• Figure 27 Virtual Reality. Source: https://edtechmagazine.com/ 
 

• Figure 28 Differences between VR, AR and MR. Concept. Source:  
https://www.forbes.com/sites/quora/2018/02/02/the-difference-between-virtual-reality-
augmented-reality-and-mixed-reality/ 
 

• Figure 29 Differences between VR, AR and MR. Images. Source:  
https://medium.com/startux-net/the-differences-between-vr-ar-mr-27012ea1c5 
 

• Figure 33 Screenshot. Three-dimensional hologram projection. Source: 
https://www.youtube.com/watch?v=qMGVCMucrsc 
 

• Figure 36 Overlayed info. Source: https://www.pinterest.es/pin/400398223121776638  
 

• Figure 39 Interactive Gym Wall. Source:  
https://www.youtube.com/watch?v=dMExZl5jfAg&feature=emb_logo 
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Conclusions 
The purpose of this activity has been to deliver to the teachers and trainers the necessary basics for 
the use of 3D printing and Augmented Reality (AR) related to their teaching context. The transfer of 
knowledge regarding these technologies to SpLD specialist has been established in this activity with a 
description of both topics in different levels of complexity. 

 

Regarding 3D printing, the document has described the definition of additive manufacturing / 3D 
printing, briefly the different three main technologies (FDM, SLA and SLS) currently in the market 
where FDM was selected as the one most suitable for education purposes. The selection of this 
technology was based on previous studies32 and the current state of the technique, taking into 
account: price, properties of the materials used, speed of the printing process, accuracy, surface finish 
and how easy to use is in comparison with thers technologies. The production process for FDM has 
been summarised as much as possible in order to allow teachers with non-technical skills to approach 
their lessons. The six main steps of this process are:  

1. Develop the digital model: CAD design where some free and commercial software has been 
suggested. 

2. Export to STL file. 

3. Generation of the G-Code (slicing process), including suggestions of most common software 
programmes.  

4. Printing stage in FDM 

5. Extraction of the piece and  

6. Post-processing  

7.  

Most common printing materials for FDM have been disclosed and finally the technical limitation of 
FDM has been described in order to tackle the potential of the technologies in education. 

 

Regarding AR, the document has addressed the concept of AR, Virtual Reality (VR) and Mixed Reality 
(MR). Related to AR (that is in the scope of this project/activity), the most common sub technologies 
have been explained at conceptual level. The hardware involved in AR has been disclosed. The most 
common fields of application of AR were described with special focus on education where the 

 
32 Identification of 3D printing most suitable technologies for education – IO1 of the project 3D4KIDS (2017-1-
UK01-KA201-036669.) 
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advantages of applying AR were indicating such as the possibility of actively involving students in the 
lessons, engagement with the subject, potential to train about abstract and theoretical concepts 
through the use and translation of them to 3D models.  

Some applications and software platforms have been described in order to know which finished 
application there are currently in the market to be used by children, other type of students in 
classroom and together with self-education apps. Furthermore, the guide describes some platforms 
to create AR content online. In this category the researchers have concluded that the technology is in 
a changing process where some companies of the sector have stopped to support some AR brand or 
products. Furthermore, some companies have ceased their activity for several reasons during the last 
months coinciding with the project development.  This is the case of the very well know application 
“HP reveal”33 (previously known as AURASMA) or the Spanish AUMENTATY34 Nevertheless, the study 
has a general approach to avoid to be focused on a single technology and new apps/platforms have 
been identified such as AR MKR35 or 3D Bear36. The selection of the most appropriate platform/s will 
be done in the following months taking into account the numerous changes that the sector is facing. 
The decision will be done according different features such as the license prizing, the options and 
properties offered and the usability from a non-technical teacher’s perspective. 

 

Moreover, a clear description of Specific Learning Disorders/Difficulties (SpLD) has been done in the 
first section where the terminology of specific education needs has been clarified though the 
definition of the two existing models: the social and medical. The section points out the different 
difficulties under the umbrella of SpLD: Dyslexia; Dyspraxia/DCD; Dyscalculia; ADD/ADHD. Also, the 
relationships with other disorders such as Asperger were explained describing some characteristics in 
common. The causes of aforementioned specific learning disabilities/difficulties /SpLD, SpLDs were 
described together with the specific deficits that they cause.  In this section, some difficulties and 
strengths of the deficits were listened, in order to unlock the potential of the students. Definitively, 
this section (that was not planned in the project description of work) will support teachers, which are 
not very used to our target group, to understand better their needs and in later stage to design 
exercises using AR and 3D printing for students with SpLD.  

 

In parallel to this document, a set of internal webinars have been put in place. The final aim of those 
online seminars was to ensure the transfer of knowledge from one fled to the other and affectively 
undertake next steps of this project: the definition of a set of exercises using AR and 3D printing.  

 
33 https://www.hpreveal.com/ 
34 www.aumentaty.com/ 
35 https://www.armakr.app/ 
36 https://www.3dbear.io/ 
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