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1. Preface 
 

The application of digital technologies got a major boost during the Corona pandemic. Without the 
means of video conferencing and further digital tools home office-based teachings and trainings 
would not have been possible. On the contrary, the spatial separation of teaching personal and 
learners and the relocation of training activities in a digital based environment fostered individual 
cocooning. The combination of real and digital world technologies is on high demand. 

The use of modern digital technologies like Augmented Reality (AR), Virtual Reality (VR), and 3D 
printing in vocational education and training (VET) is mainly undiscovered territory. Ongoing 
pedagogical discussions concerning effects on learners, little hands-on experiences with relevant 
hardware, missing knowledge on using existing and the creation of tailor-made content hinder its 
further application. 

In 2021 the question is not whether, but how AR, VR, and 3D printing must be implemented. This 
best practice guide provides the interested reader with exclusive insights to integrate pedagogical 
sound immersive and additive technologies in practical training environments. The guide is enriched 
with examples from tests from the fields of chemistry, floristry, and painting trade. After reading the 
guide you will understand the educational possibilities of AR, VR, and 3D printing and can start to 
apply the knowledge in your class. 
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2. Initial situation: Questions over questions 
 

The formulation of a good question provides is almost half of the answer. A good question requires a 
comprehensive view on a new technology possibilities and impacts. A good answer is just a 
result of that mindset developed to get questions right and right in order. 

The initial question was: Can AR, VR, and 3D Printing provide a pedagogical added value within 
education, by focusing explicitly on teachers and VET trainers? Our approach “didactics first, 
technology second” open-up a lot of possibilities in the classroom and practical training to apply AR, 
VR, and 3D Printing to support the provision of learning content and the achievement of learning 
goals. 
 
The framework getting the use of AR, VR, and 3D printing right in VET, for the fields of chemistry, 
floristry, and painting trade, was to set up tailor-made online training programs, in which we share 
our findings and experiences with AR, VR, and 3D printing in training. We hereby distinguish between 
the subjects below. 
 

Chemistry (AR): 

1. Which Hard- and Software can be applied in practical training environment about health and 
safety measures in the process industry? 

2. Which communication and collaboration scenarios are suitable? 
3. What does inter-connected digital production mean in the chemical industry by considering 

existing automatization, Artificial Intelligence and AR? 
4. How and which kind of AR can be implemented in practical training lessons? 

 

Floristry (AR and 3D printing): 

1. What is and how can 3D Printing be applied in floristry? 
2. AR and floristry: What is it and where it is useful? 
3. How can a florist shop owner apply AR and 3D Printing in marketing? 
4. How will AR and 3D printing shape the teaching learning for a floristry industry 4.0? 

 

Painting trade (VR): 

1. What is Virtual Reality? 
2. How Virtual Reality can be used in marketing? 
3. How VR can be used in a lesson for a practical training task like painting a wall?  

 

 

To share our findings and experiences we have created a website: http://digi4vet.com/.  
On this website we have presented the above modules in learning modules, including short 
quizzes to test whether the content is understood. 
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3. Courses 
 
The integration of AR, VR, and 3D-Printing in practical training provided exclusive and first-hand 
learnings on what works and what not. The scenarios range from instructed to exploratory such as 
AR environments, which do not require any software programming to completely programmed VR 
environments.  
 
These scenarios were developed in a structured process with practitioners to define the educational 
problem and the corresponding technical solution. All scenarios put pedagogy first and technology 
second. Below an overview   of the developed, tested and evaluated scenarios in the fields of 
chemistry, floristry, and painting trade.



  Chemistry: Distillation of a mixture of ethanol and water 
      

1. Problem 
Chemical operators monitor synthesis and technical processes in chemical 
plants. To start a process software in the control room and physical valve 
opening can be combined. The distances and the noise in the plant prevent 
a solely verbal communication between chemical operators. 

  

    

2. Setting  

In the chemical pilot plant, apprentices work in groups of two. They have 
the task to distillate a mixture of ethanol and water. The AR-Glass is used 
when a real-time communication between the two apprentices is needed. 
One apprentice is on the computer/in the control room the other works in 
the plant. 

    

3. Solution 

For the real-time communication over a distance a remote-training setting, 
and peer-learning was chosen. An experienced apprentice provided audio-
visual instruction from his laptop to another inexperienced apprentice, who 
worn a Microsoft HoloLens 1. For the communication between the two 
apprentices the Microsoft Teams app (laptop) and the remote assist app 
(on the HoloLens) was applied. 
The experienced apprentice could see everything from the first-person 
perspective of the other apprentice, who worn the AR glasses at 5 m above 
at the plant operating level. He instructed her to switch on the absorber 
system to start the pump to set the flow rate. He did so verbally and 
visually by annotating simple holograms (arrow shape) on the relevant 
technical components.   

    

4. Outcome 

This setting focussed on the provision of practical knowledge from an 
experienced to an inexperienced apprentice. This form is useful to learn 
routines. The expert instructed and could intervene in real-time. Therefore, 
error patters could be prevented. These 1:1 learning does not require any 
software programming and is the choice for the provision of rather 
technical or process knowledge, in real-time and from the distance. It is 
expected to affect positively accuracy and speed as well as the motivation 
of the learner during an unassisted session. 
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  Chemistry: Changing the flexible tube of a peristaltic pump 
      

1. Problem 
During the operation of the chemical plant maintenance is important to ensure 
plant operation. Chemical operator’s apprentices need to be trained on the 
spot and in real-time to respond to unplanned events immediately. 

  

    

2. Setting  
In the chemical plant the apprentice is guided by the trainer. The apprentice 
wears the AR glasses for real-time communication (AR remote support). The 
trainer is on the computer/in the control room and instructs the apprentice 
who works in the plant. 

    

3. Solution 

For the real-time communication over a distance a remote-training setting 
(trainer-apprentice) was chosen. The trainer provided audio-visual instructions 
from his laptop to the apprentice, who worn a Microsoft HoloLens 1. For the 
communication between the two the Microsoft Teams app (laptop) and the 
remote assist app (on the HoloLens) was applied. 
The trainer could see everything and instruct/assist the apprentice for 
changing the flexible tube of a peristaltic pump. He did so verbally and visually 
by annotating simple holograms (arrow shape) on the relevant technical 
components.   

    

4. Outcome 

This setting focussed on the provision of practical knowledge from trainer to a 
rather inexperienced apprentice (1st year of training). This form is useful 
provide technical knowledge when needed and to learn routines. The expert 
instructed and could intervene in real-time. Therefore, a suitable response to 
the unexpected event could be carried out. These 1:1 learning did not require 
any software programming. The whole repairing process (around 30 min) could 
be assisted in real-time by the trainer, when he or she is not in the plant but 
available remotely. 
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  Chemistry: Taking and conserving samples 
      

1. Problem 
During chemical synthesis the quality must be examined steadily. Not always 
is an export available on the spot to assist inexperienced apprentices (1st year 
of training). 

  

    

2. Setting  
In the chemical plant the apprentice is guided by the trainer to take and 
conserve samples. The apprentice wears the AR glasses for real-time 
communication (AR remote support). The trainer is on the computer/in the 
control room and instructs the apprentice. 

    

3. Solution 

For the real-time communication over a distance a remote-training setting 
(trainer-apprentice) was chosen. The trainer provided audio-visual instructions 
from his laptop to the apprentice, who worn a Microsoft HoloLens 1. For the 
communication between the two the Microsoft Teams app (laptop) and the 
remote assist app (on the HoloLens) was applied. 
The trainer could see everything and instruct/assist the apprentice for taking 
and conserving samples in the right order and accurately. He did so verbally 
and visually by annotating simple holograms (arrow shape) on the relevant 
technical components.   

    

4. Outcome 

This setting focussed on the provision of practical knowledge from trainer to a 
rather inexperienced apprentice (1st year of training). This form is useful 
provide technical knowledge to learn routines. The expert instructed and could 
assist and intervene in real-time. For documentation purposes (product 
quality) the session can be also recorded. These 1:1 learning did not require 
any software programming. The whole repairing process (around 15 min) could 
be assisted in real-time by a trainer or expert, when he or she is not in the 
plant but available remotely. 
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  Painting Trade: Filling walls 
      

1. Problem 
Painter apprentices (3rd year of training) must be able to repair defects such 
as cracks and bumps at a wall or underground. Apprentice struggle to apply 
the right tools and materials in the right order. 

  

   

2. Setting  
The trainer proves an introduction on how to use the VR glass (Oculus Quest) 
and what to look for when filling walls. Then the apprentices use the VR glass 
for around 15 min. After the session the trainer evaluates the performance. 

   

3. Solution 

Only one apprentice per group wears the VR glasses after being instructed by 
the trainer. The trainer follows him or her on the screen (work procedure) and 
checks the results ("save work result function"). After one apprentice used it 
the next one uses it. Then both apprentices start to carry out the wall 
preparation in real or also train paint a wall in VR (see use case below). 

   

4. Outcome 

The VR training environment focused on the provision of practical knowledge 
in a guided and self-exploratory environment. The trainer guides in the 
beginning and evaluates the result in the end (finish filling wall and feedback to 
work procedures as he/she watches it during carrying it out). The VR solution 
provided training for work routines, without consumption real materials. The 
experiences gained will be later combined with haptic experiences during 
carrying out it out in real. 
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  Painting Trade: Painting a wall 
      

1. Problem Painter apprentices (3rd year of training) must be able to paint a wall. 
Apprentice struggle to apply the right tools and materials in the right order. 

  

   

2. Setting  
The trainer proves an introduction on how to use the VR glass (Oculus Quest) 
and what to look for when painting a wall. Then the apprentices use the VR 
glass for around 15 min. After the session the trainer evaluates the 
performance. 

   

3. Solution 

Only one apprentice per group wears the VR glasses after being instructed by 
the trainer. The trainer follows him or her on the screen (work procedure and 
tools use - big roller, small roller, paint brush) and checks the results ("save 
work result function"). After one apprentice used it the next one uses it. Then 
both apprentices start to carry out the wall painting in real or also train paint a 
wall in VR. 

   

4. Outcome 

The VR training environment focused on the provision of practical knowledge 
in a guided and self-exploratory environment. The trainer guides in the 
beginning and evaluates the result in the end (finish painting a wall and 
feedback to work procedures as he/she watches it during carrying it out). The 
VR solution provided training for work routines, without consumption real 
materials. The experiences gained will be later combined with haptic 
experiences during carrying out it out in real. 
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  Floristry: room decoration 
      

1. Problem 

 
The room planning of complex flower arrangement for e. g. a wedding is 
usually done on paper. Learners have difficulties to transfer the 2D planning 
into a 3D space. 
 
 

  

   

2. Setting  
The trainer provides an introduction on how to use the AR glass (Microsoft 
HoloLens) and what to look for when decorating a room. Then the learners use 
the AR glass for around 10 min. After the session the trainer evaluates the 
performance. 

   

3. Solution 

One learner wears the AR glasses after being instructed by the trainer. He/she 
decorates a real room with digital twins of flowers in a pot by opening the 
floristry app. After completion the learner hands over the AR glasses to trainer 
to check the results. 
 
 

   

4. Outcome 

The AR training environment focused on the provision of practical knowledge 
in a guided and self-exploratory environment. The trainer evaluates the result 
in the end. The AR solution provided training for work routines, without using 
real flowers. The experiences gained will be later combined with haptic 
experiences during carrying out it out in real. 
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  Floristry: plant care 
      

1. Problem 
Floristry students must learn hundreds of flowers in botany class to classify 
them, but also to learn about the optimal growth parameters. The application 
of that knowledge into training and the prediction of the impact of a 
temperature change is challenging for learners. 

  

   

2. Setting  
The trainer provides an introduction on how to use the AR glass (Microsoft 
HoloLens) and how to use the floristry app with examples of digital plant twins: 
Alocasia Zebrina, Kalanchoe, Blue ferns. The learners use the AR glass for 
around 10 min. After the session the trainer evaluates the performance. 

   

3. Solution 

One learner wears the AR glasses after being instructed by the trainer. He/she 
Positions the three digital twins in space and alters lighting, humidity, and 
temperature to find out optimal and surviving conditions.  After completion 
the learner hands over the AR glasses to trainer to check the results. 
 

   

4. Outcome 
The AR training environment focused on the provision of practical knowledge 
in a guided and self-exploratory environment. The trainer evaluates the result 
in the end. The AR solution provided training for work routines, without using 
real plants.  

 
 

 



14 
 

 

  Floristry: 3D printing 
      

1. Problem 
Florists’ students must be able to sketch ideas on paper. The development 
and carrying out of complex technical flower arrangement are difficult. 
 
 

  

   

2. Setting  The trainer introduces to a safe use of a 3D printer for printing complex flower 
arrangements.  

   

3. Solution The trainer guides the learner when designing and printing the 3D model with 
the 3D printer. They discuss the designed sketches and the digital designs. 

   

4. Outcome 

The 3D printing training environment focused on the provision of practical 
knowledge in a guided and self-exploratory environment. The trainer guides in 
the beginning and evaluates the result in the end (finished 3D printing and and 
direct feedback during out designing and printing). The experiences made 
combine digital knowledge with haptic experiences.  

 

www.prusa3d.com 



4. Resume 
 
To successfully implement a new technology within vocational education a three-step approach is 
recommended.  
 
Step 1: Decision about augmentation or transformation? 
 
New technology can have manifold impacts, ranging from a substituting or augmenting technology. If 
technology allows the redesign or the creation of new tasks the transformative level is reached. The 
SAMR-Model (Substitution, Augmentation, Modification, Redefinition) provides a classification 
framework (see below). 
 

 
 
 
AR, VR, and 3D printing augment a course. 
 
Step 2: Decision on sound combination of technology, pedagogy, and content? 
 
A teacher or trainer needs knowledge of: 
 
• Content - What lesson content does he or she want to offer with AR, VR, and 3D printing? 
• Pedagogical possibilities - In which way and in what form does he or she want to use AR? 
• Technology - How should they use AR, VR, and 3D printing? 
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The “TPACK’ model (‘technological pedagogical content knowledge’) provides a framework what to 
look for when planning a lesson. It helps to integrate and to harmonize pedagogy and technology in 
lesson planning and during lesson execution. This helps apply teaching and learning principles as well 
as technology in relation to the most effective methods for a given field and type of content. 
 
 

STEP 3: Decision on what are the learning objectives? 

 
The integration of AR, VR, and 3D Printing in a specific lesson demands a careful description of the 
desired outcomes. They can reach from the provision of e. g. technical knowledge to the enrichment 
of communication and collaboration as a teaching method.  The focus in practical training for is for: 

 

a) AR rather on activities such as “clarify”, “carry out”, “integrate” or “judge”. 
b) VR rather on activities such as “recognize”, “recall”, “summarize” or “classify”.  
c) 3D printing rather on activities such as “classify”, “clarify”, “carry out”. 



17 
 

 

After the definition of the expected impact (augmentation), the integration of the relevant 
knowledge (TPACK) and the clarification of the learning objectives the enrichment of the relevant 
learning environment with the supporting communication and collaboration scenarios can be carried 
out. 
 
 

5. Hard- and software 
 
The development of smart glasses happens in a very dynamic environment. The technology is not 
new one. In recent years, the glasses got more accessible due to advances in computing and in 
storage media. The bottleneck is the availability of suitable and professional content for working and 
learning environments in industry and craftsmanship 
  
Each new or modern technology surfs the hype cycle1. Boosted by high expectations, entering the 
period of disillusion and in the best case proving to be productive. The consulting firm Gartner 
publishes each year a hype cycle of new technologies. AR and VR were found on it until 2018. Both 
technologies graduate from the Hype Cycle from “a technology to watch” to one to use.2 Gartner 
predicts “immersive workspaces“ and „augmented intelligence“ since then. 3D printing reached in 
2018, according to Gartner, the plateau of productivity.  
 
 

 
1 https://viraloctopus.com/magazine/strategy/gartner-hype-cycle-technology-adoption-curve/ (19.07.2021) 
2 https://arpost.co/2020/09/25/augmented-reality-gartners-hype-cycle/ (20.07.2021) 
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The industry is driven by economies of scale. When starting the project in 2018 the VR glass HTC Vive 
was with more than 1000 € the leading glass. In 2021, Oculus Quest 2 (and its predecessor Oculus 
Quest 1) dominates the market. The glass does not need an external computer, it can process also 
complex simulation and with a price of around 400€ is cheaper as a smartwatch.  
 
Decisive factors for the purchase of an VR glass are: 
 

 Price 
 External computer needed or not 
 Battery duration 
 Weight 
 Control: by the help of controllers or by voice 
 Available learning content 

 
This led to the selection of the following devices in the project: 
 

 
                                       Oculus Quest 1                                         Oculus Quest 2  

 
 
 

Alongside Oculus quest there are e. g.  HTC Vive, Valve Index and Windows Mixed Reality. 
 

In the AR sphere for business application the Microsoft HoloLens 2 dominates as well as smaller 
supplier as Realwear and Vuzix provide enterprise grade devices. Relevant factors for buying an AR 
glass were: 
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 Price 
 Battery duration 
 Field of view 
 Weight 
 Control: gesture or voice 
 Available learning content 

 
In the project we worked with the following AR glasses. 
 
 
                                    Microsoft HoloLens 1                            Microsoft HoloLens 2          
       

                         
 
 
Alongside the HoloLens smart glasses there are for industrial application Vuzix, Realwear and Google 
Glass. Magic Leap, nreal and prospectively Apple approach the consumer-focussed market.  
 
To carry out the additive printing scenario in floristry a suitable 3D printer was selected. This enabled 
to print 3D designs easily by using different kind of “plastic” like PLA (polylactic acid), ABS 
(Acrylonitrile butadiene styrene), PETG (Polyethylene terephthalate glycol) and TPU (thermoplastic 
polyurethane).  Decisive factors for buying an 3D printer are: 
 
 

 Price 
 Material quality 
 Layer thickness 
 Speed of printing 
 Available 3D models / learning content  

 
 
In the project the Snapmaker 2.0 A350 was chosen to print e. g. customized vase or custom designed 
shaped flowers, which were included alongside regular flowers in a flower bouquet.  
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6. Pedagogical implications 
 
The key question in the DIGI4VET project was: “What is the pedagogical added value of AR, VR and 
3D printing in practical training, in industry and in craftsmanship?”  
 
In recent years, the effects of these technologies on learners have been analysed from a rather 
technological point of view. Media-pedagogical perspectives are underrepresented. In addition, AR, 
VR, and 3D printing are new technologies in vocational education and training.  
 
Augmented Reality is the choice for instruction-led trainings of technical skills and the provision of 
professional knowledge by involving an expert (remote support) or by pre-defined learning paths. In 
addition, “instructor-loose” training is possible, when training in-depth knowledge with interactive 
digital twins of objects (machinery, plants).  
 
Virtual Reality excels for the repetition and the training of work activities, which are too dangerous 
or too expensive.3 Beyond training, the construction of own virtual worlds and the self-driven 
exploration of inaccessible spaces (geography, simulated travels in the past and human body) are 
further fields of application. The explorative aspect supports the acquaintance of declarative 
knowledge, and it results, if uninstructed, in learning strategies on a trial-and-error basis.4  
 
3D printing combines the training with digital and real objects. It is the choice for creating layer by 
layer customized 3D objects from a digital 3D model. It supports critical thinking during drafting and 
sketching, which could be instructor-led. If uninstructed learning follows on a trial-and-error basis. 
The application of 3D printing of rather complex 3D models fosters the understanding of processes or 
procedures. It supports the work with the creation of unique and multiple pieces.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3 Buchner et. al, 2020, „Lernen mit immersiver Virtual Reality: Didaktisches Design und Lessons learned“, Zeitschrift für Medienpädagogik 
17, 195-216. (DOI: 10.21240/mpaed/jb17/2020.05.01.X) 

4 Zender et. al, 2020, „HandLeVR: Action oriented Learning in a VR painting simulator”, 46-51, in: Popescu E., Hao T., Hsu TC., Xie H., 
Temperini M., Chen W. (eds) Emerging Technologies for Education. SETE 2019. Lecture Notes in Computer Science, vol 11984. (DOI: 
https://doi.org/10.1007/978-3-030-38778-5_6)  
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Chemistry (industry) 
 

 

Floristry (trade) 
 

 

Painting trade (craftsmanship) 
 

 
 

 
Augmented Reality: remote 
support 
 

 
Augmented reality: interactive 
digital twin 
 
3D printing: printing of vase 
designs 

 
Virtual reality: interactive 
painting room 

 
Provision of professional 
/technical know-how during 
practical training 
 
Shift from trainer-apprentice 
to apprentice-apprentice 
communication 
 

 
Provision of professional 
/operational know-how before 
practical training 
 
Shift from trainer-led to self-
instructed learning 

 
Provision of procedural know-
how before practical training 
 
 
Shift from pure instructor-led 
to exploratory and instructor-
assisted scenario. 

 
 
In the example lessons we have tried out various application options: 
 
AR - Remote training / remote support: Audio-visual guidance of the expert to the learner in a 
chemical training plant, who wears the AR glasses. The expert, a trainer or an experienced apprentice 
can say open a valve or annotate the valve with hologram in the shape of an arrow. 
 
AR - Digital Twin: Interactive digital twins of plants enabled florists to virtually manipulate the 
growing the conditions (lighting and temperature) and fast forward its impact towards optimal and 
sub-optimal conditions.  
 
VR - working task execution: Painter apprentices carry out the task in VR to prepare a wall and paint 
a wall, by using different tools. The trainer can assist verbally. 
 
3D Printing - Design & Check: Florist apprentices design a 3D model of a vase and print it in 3D. 
 
When using AR and VR in a practical training environment, we encounter the problem that the 
hardware and content creation is expensive. Therefore, a minimum of one or two glasses per class 
leads to the work on clear spatial and timely defined learning station. The following diagrams 
indicate with green colour the most applicable communication and collaboration forms.  
 
They vary from: 
 
a) all are at the same time in the same room (direct and synchronous communication),  
b) all are at the same time in different locations (indirect and synchronous communication), to  
c) all are at different times and locations (asynchronous communication “together”. 
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AR REMOTE TRAINING 
(CHEMISTRY) 

Direct synchronous 
communication 

Indirect synchronous 
communication 

Asynchronous communication 

 

 

The trainer instructs the apprentice audio-
visually during carrying out the distillation 
task (starting the absorber system) by voice 
and with simple holograms. The trainer is in 

the same room as the apprentice. 

This is the same scenario as with direct, 
synchronous communication, only that the 

trainer is not in the same room. 

 

A recorded remote training session on 
starting the absorber is available as a 
learning video for further apprentices. 

 

The trainer instructs subsequently and 
audio-visually one by one apprentices from 
a group for carrying out the distillation task 
(starting the absorber system). AR comes 
into play when simple holograms are used 
to point the valves etc. The trainer is in the 

same room as the apprentices. 

 

This is the same scenario as with direct, 
synchronous communication, only that the 

trainer is not in the same room. 

 

Recorded remote training sessions about 
starting the absorber are available as a 
learning video portfolio for training 

purposes for further apprentices. 

 

 

 

An experienced apprentice instructs the 
other apprentice audio-visually during 

carrying out the distillation task (starting the 
absorber system) by voice and with simple 

holograms. The experienced apprentice is in 
the same room as the apprentice. 

 

This is the same scenario as with direct, 
synchronous communication, only that the 
experienced apprentice is not in the same 

room. 

 
A recorded remote training session 
between the two apprentices, about 

starting the absorber system, is available 
as a learning video for further apprentices. 
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AR DIGITAL TWIN 
(FLORISTRY) 

Direct synchronous 
communication 

Indirect synchronous 
communication 

Asynchronous communication 

 

 

The trainer defines the functionalities of a 
digital twin (e. g. kind of flowers), which a 

software programmer programs for the 
relevant AR glass. The apprentice has an 
AR/MR glass and can interact with the 
digital twin to change parameters like 

temperature and lighting. The apprentice 
does this before he/she will carry out the task 

in florist workshop. The trainer is in the 
same room and can assist if needed. 

n. a. 

 

The trainer defines the functionalities of a 
digital twin (e. g. kind of flowers), which a 

software programmer programs for the 
relevant AR glass. The apprentice interacts 

with the AR/MR model to learn how decorate 
a room virtually or care about plants. 

The trainer defines the functionalities of a 
digital twin (e. g. kind of flowers), which a 

software programmer programs for the 
relevant AR glass. Each apprentice of a 

group has an AR glass and can interact with 
the digital twin to change parameters like 
temperature and lighting. Each of them do 
so, before they will carry out the task in the 
florist workshop. The trainer is in the same 

room when all of them using the AR 
glasses. 

n. a. 

The trainer defines the functionalities of a 
digital twin (e. g. kind of flowers), which a 

software programmer programs for the 
relevant AR glass.  Each apprentice of a 

group has an AR glass and can interact with 
the digital twin to change parameters like 

temperature and lighting. Each of them do so, 
before they will carry out the task in the 
florist workshop. The working with the 

digital twin is each time recorded and the 
videos are sent to the trainer for evaluation. 

 

The trainer defines the functionalities of a 
digital twin (e. g. kind of flowers), which a 

software programmer programs for the 
relevant AR glass. Each apprentice of a 

group has an AR glass. All of them interact 
collaboratively with the digital twin. The 
trainer is virtually there and supports their 

rather exploratory learning before they carry 
out the task in the chemical plant. The 

trainer is in the same room as the 
apprentices. 

This is the same scenario as with direct, 
synchronous communication, only that 

the trainer is not in the same room. 

The trainer defines the functionalities of a 
digital twin (e. g. kind of flowers), which a 

software programmer programs for the 
relevant AR glass. Each apprentice of a group 
has an AR/MR glass and can interact with the 
digital twin. Each of them do so, before they 
will carry out the task in the florist workshop. 

The working with the digital twin is each 
time recorded and the videos are sent to the 
trainer for evaluation which he/she watches 

in the AR glasses collaborative mode. 
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VR (PAINTING TRADE) Direct synchronous 
communication 

Indirect synchronous 
communication 

Asynchronous communication 

 

 

The trainer follows the learner’s activities     
e. g. painting a wall in VR on his/her 

computer screen. The learner wears the VR 
glass and no earphones. Trainer and learner 
are physically in the same room. In case of 

questions, the teacher provides verbal 
assistance. 

The trainer follows the learner’s activities e. 
g. painting a wall in VR on his/her 

computer screen. The learner wears the VR 
glass and no earphones. Trainer and learner 

are NOT in the same room. 

The learner recorded his/her work, which 
was carried out within the VR glasses. 

The recorded session is sent to the trainer. 
In addition, the trainer can see the work 

result in the VR painting app by accessing 
the last saved session. The trainer can 

access and evaluate the learner’s 
performance. He/she can record his/her 

comments and sent it to the learner. 

Learners are working together on a project 
(e. g. painting a wall in VR). The trainer 
follows the learner activities on his/her 

computer screen. Trainer and learner are 
physically in the same room. In case of 
questions, the teacher provides verbal 

assistance. 

Learners are working together on a project 
(e. g. painting a wall in VR). The trainer 
follows the learner activities on his/her 

computer screen. Trainer and learner are 
NOT in the same room. In case of 

questions, the teacher provides verbal 
assistance. 

Learners have been working on a project 
(e. g. painting a wall in VR). They 

recorded the session and sent it to the 
trainer.  He/she can see the work result in 
the VR painting app by accessing the last 
saved session. The trainer can access and 

evaluate the learner’s performance. 
He/she can record his/her comments and 

sent it to the learner. 

 

 

An experienced apprentice follows the 
other apprentice activities   e. g. painting a 

wall in VR on his/her computer screen. 
The learner wears the VR glass and no 

earphones. Both apprentices are physically 
in the same room. In case of questions, the 

experienced apprentice provides verbal 
assistance. 

The experienced apprentice follows the 
learner’s activities e. g. painting a wall in 

VR on his/her computer screen. The 
learner wears the VR glass and no 

earphones. Both apprentices are NOT in 
the same room. 

The learner recorded his/her work, which 
was carried out within the VR glasses. 

The recorded session is sent to the 
experienced apprentice. In addition, the 
experienced apprentice can see the work 

result in the VR painting app by accessing 
the last saved session. The experienced 
apprentice can access and evaluate the 

learner’s performance. He/she can record 
his/her comments and sent it to the 

learner. 
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3D PRINTING 
(FLORISTRY) 

Direct synchronous 
communication 

Indirect synchronous 
communication 

Asynchronous communication 

 

The learner shows his/her work (e. g. 3D 
model of a vase) as a 3D object to the teacher 
/ trainer, before 3D printing. Both are in the 
same room. If the learner has any questions, 

the teacher will contact them physically. 

This is the same scenario as with direct, 
synchronous communication, only that the 

teacher / trainer is NOT in the room. If there 
are any questions, chat etc. will be used, 

before the 3D model gets printed. 

The learner shows his/her created work (e. 
g. vase) in 3D before and after printing. 

He/she records the session as a video. The 
teacher views the recorded session on the 

computer screen and can assess the 
learner’s performance. The teacher can 

record his/her comments and send them to 
the learner. 

Learners work together on a project. The 
teacher / trainer, who is also in the room can 

monitor the work progress from his/her 
computer and give advice, if necessary. An 

assessment can include the quality, 
effectiveness, and the way the learners work 

together, to design collaboratively the 3D 
object for 3D printing. 

 

This is the same scenario as with direct, 
synchronous communication, only that the 

teacher / trainer is NOT in the same room. If 
there are any questions, chat etc. will be 

used, before the 3D model gets 3D printed. 

 

The learners show their created work (e. g. 
vase) in 3D before and after printing. They 
record the session as a video. The teacher 

views the recorded session on the 
computer screen and can assess the learner 

performance. The teacher can record his 
/her comments and send to the learner. 

 

 

An experienced apprentice guides the other 
apprentice during 3D design and 3D 

printing. The experienced apprentice is in 
the same room as the apprentice. 

 

This is the same scenario as with direct, 
synchronous communication, only that the 
experienced apprentice is NOT in the same 

room. 

 

The apprentice recorded his/her work 
session and sent it to the experienced 

apprentice. The experienced apprentice 
can access and evaluate it. He/she can 

record his/her comments and sent it to the 
learner. 
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Evaluation 
 
The impact of AR, VR, and 3D printing use in existing training environments were evaluated using 
observations (trainer) and questionnaires for self-evaluation (apprentice focus). The key question 
was: How effective was it, and what is the value of doing it?  
 
The evaluation had 3 stages: 
 
Before (Which pre-existing knowledge exists?),  
During (How many errors a learner does? Did the learner complete the tasks? Which proficiency level 
was reached?), and  
After (Were the learning objectives met? What could be improved?). 
 

 
 
 
 
The results showed a positive effect on obtaining the demanded professional skills during work 
preparation (VR, AR digital twin) and during work execution (AR remote training). The learners 
showed an increased learning motivation. 
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7. Some findings 
 
All carried out forms worked and promoted rather learner-centred approaches, which ranged from 
instructor-led (AR remote support: chemistry), instructor-accompanied (VR: painting trade – 
underground preparation and wall painting) to instructor-free (AR digital twin: floristry - plant care 
and partly room decoration and 3D Printing). The application of digital enriched or digital only 
scenarios supports the transition of the trainer’s role: from instructor to coach. Apprentices are led 
towards a stronger self-organisation and a self-directed competence acquisition.  
 
As higher the instructor involvement is as less software programming is needed and vice versa. The 
application of AR remote training requires no programming efforts, in contrast, the VR environment 
depends completely on programming. 
 
The testing in practical training favoured a synchronous communication, which were carried out 
either directly or indirectly.  
 
The selection of the right communication and collaboration form must be framed towards the 
different teaching and learning form in the practical training environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Currently, no specific teaching and learning materials exist to develop, test, and evaluate AR, VR, and 
3D printing enriched scenarios. Technical questions, learning content access as well as non-existing 
in-class and media-pedagogical experiences with these technologies prevented a wider use in 
vocational education and training.  
 
 
 
 
 

Project work 

Group work /  

cooperative learning Learning stations 

(workshops) 
A single student 

instructed by a teacher 

Teacher-centred, e.g. 
lecturing 

Class 

Group 

Individual 

Teacher focus Learner focus 
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8. Learning modules 
 
The DIGI4VET project developed a branch-specific online qualification program for teaching 
personnel to apply AR, VR, and 3D printing correctly in their courses. The focus is on the 
development and testing of teaching and learning scenarios, which provide a pedagogical value 
added. This includes a higher learner involvement through self-directed learning and more peer-
learning scenarios.  
 
 
 
 

 
 
 
 
 
 
 
 

http://digi4vet.com/courses/ 
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9. Outlook 
 
 
The use of digital media is self-evident in a world, which digitalizes more parts of it every day. 
Nevertheless, human learning is a complex process and can only be enhanced by digital tools. The 
combination of the best of the two worlds: real and digital holds the key to a modern teaching and 
learning. 
 
DIGI4VET tapped into new grounds by integrating elements of traditional and digital pedagogy with 
each other. Regarding the added value, we proved that AR, VR, and 3D Printing is an extension of the 
pedagogical tools available for teaching personnel. The trainer must thoroughly ask him-/herself 
why, in what way and in what form these technologies can be used meaningfully.  
 
Motivation and interest in technology is the platform for promoting the application of immersive 
media and additive manufacturing. To boost them distinct pedagogical impacts must be aimed and 
experienced to provide value to learners. 
 
The hardware will get more accessible and more powerful day by day. Software and 3D-Warehouses 
or libraries provide access to tailor-made contents. An enabling pedagogy strengthens its use 
towards content selection, creation, and application. 
 
The currently limited availability of AR, VR, and 3D Printers in practical training bounds the trainers to 
certain pedagogical teaching and learning forms. Learning stations and group works are the 
prerequisites to gain pedagogical expertise for extending to use to all learners at the same time. 
 
 

 


