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TECHNICAL INTRODUCTION
The development of this IO1 within the international Mix-Tex project has been carried out from the beginning
of this project until the end of 2021.
Most of this IO has been carried out at the facilities of the Fundación Laboral de la Construcción in Aragón and
at its headquarters in Madrid.
In order to carry out this IO1, the Fundación Laboral de la Construcción has collaborated with several
technicians who have worked on the elaboration, definition and development of this IO:
•
•
•

Juan Lobaco
Paula Santolaria
Luis Manuel Barrios

The timing of this IO has allowed, through its two stages:
•
•

Search for evidence and experiences by the staff of the Fundación Laboral de la Construcción.
Creation of a form so that project partners could contribute their experiences in their immediate
environment.

To gather information on the use of virtual reality and augmented reality aimed at the acquisition of
competences within the professional field.
For the creation of this form we have taken into account the 6 questions posed in this IO and after contrasting
the information of several scientific articles, the projects developed related to the VR/AR and our own
experience, we considered the creation of a form to be able to collect the necessary information to answer
this IO.

OBJETIVOS DEL IO 1
As indicated in the project report, this technology has grown exponentially in recent years, but it has not been
implemented among construction companies and training companies for different reasons: economic,
development, impact on the student, adaptability and scalability of the developed system.
In this first IO, the project aims to clarify which technologies should be used and which software/hardware
system should be used in each case, applying these technologies to SME construction companies and training
centres, in particular VET training centres.
In order to get an answer to this IO, 6 questions were posed to help us place ourselves in the initial context of
the project:
1. In which cases has VR/AR been used for a longer period of time, past an initial pilot project?
2. In which cases has it been established as a continuous part of CVET?
3. In what way does AR/VR interface with other learning technologies and didactical concepts.
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4. In which cases does AR/VR show an additional value, beyond being an interesting new technology, i.e.:
where could some topic be better taught/understood than with other didactical/technical means?
5. In which cases was VR the best option and in which AR and why. How would alternative delivery options
(e.g. tablet vs. headset) and alternative methods (e.g. a site visit) compared to the successful
implementation examples.
6. What was the feedback of participants and trainers?

PRELIMINARY REMARKS
In this IO, 6 main ideas were raised that must be analysed and contrasted in order to reach the final
conclusions from March 2021 to the end of 2021, according to the timeframe set out in the project.
The above questions are intended to make us reflect on the use of VR/AR technologies in educational settings
and that they can be transposed to the world of work, in particular to small and medium-sized enterprises.
Our reflections are based on the use of these experiences (from the point of view of the learner and trainer),
after analysing the work developed in previous projects and consulting various scientific sources, together
with the answers given in the form created.

IO1 PLANING
This IO has been developed since the beginning of the project in March 2021 and the conclusions will be
delivered in December 2021.
We have had several milestones in our planning:
•
•
•
•
•
•
•
•

March 2021, Start of the project and presentation of the different partners and working teams.
April 2021, search for experiences already carried out on competence training through VR/AR
17 May 2021, Submission of IO1 documentation
31 May 2021, Collection of comments and proposals on the above document
14 June 2021, Presentation of the questionnaire to all international project partners
July, August and September 2021, Completion of the questionnaire by project partners and
related companies.
October 2021, During the months of September and October, the analysis of the data provided
was carried out.
November 2021, presentation of the conclusions of the form at the face-to-face meeting held in
December at the premises of the Fundación Laboral de la Construcción in Zaragoza.
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PROJECT DEVELOPMENT
PHASE 1: SELECTION OF EXPERIENCES ALREADY CARRIED OUT
In this phase, the technical team of the Fundación Laboral de la Construcción carried out a search of several
previous experiences, having the following aspects as common criteria:
•
•
•

Experiences under the VR/AR environment
Experiences carried out for the acquisition of new skills or improvement of skills
Experiences carried out under the BIM environment and oriented towards the construction
sector

Out of all the experiences searched, 10 were selected as a starting point. These experiences are as follows:
•
•

•

•

•

•
•

•
•

D'Paola Puche, E. H. (2014). New technologies in civil engineering education: BIM and virtual

reality (Doctoral dissertation, Universidad EAFIT).

ElGewely, M., & Nadim, W. (2020). Immersive Virtual Reality Environment for Construction
Detailing Education Using Building Information Modeling (BIM). In The 10th International
Conference on Engineering, Project, and Production Management (pp. 101-112). Springer,
Singapore.
Moraru, A. C. (2020). Integrating BIM, Virtual Reality and Serious Gaming for effective

collaboration and communication between end-users and the design team (Doctoral
dissertation, Aalborg University).

Petrova, E. A., Rasmussen, M., Jensen, R. L., & Svidt, K. (2017). Integrating Virtual Reality and
BIM for End-user Involvement in Building Design: a case study. In The Joint Conference on
Computing in Construction (JC3) 2017 (pp. 699-709). The Joint Conference on Computing in
Construction (JC3) 2017.
Schweigkofler, A., Monizza, G. P., Domi, E., Popescu, A., Ratajczak, J., Marcher, C., ... & Matt,
D. (2018, July). Development of a digital platform based on the integration of augmented reality
and BIM for the management of information in construction processes. In IFIP International

Conference on Product Lifecycle Management (pp. 46-55). Springer, Cham.

Wang, B., Li, H., Rezgui, Y., Bradley, A., & Ong, H. N. (2014). BIM based virtual environment for
fire emergency evacuation. The Scientific World Journal, 2014.
Wang, P., Wu, P., Wang, J., Chi, H. L., & Wang, X. (2018). A critical review of the use of virtual
reality in construction engineering education and training. International journal of environmental

research and public health, 15(6), 1204.

Wong, J. Y., Yip, C. C., Yong, S. T., Chan, A., Kok, S. T., Lau, T. L., . , . & Gouda, E. (2020).
BIM-VR Framework for Building Information Modelling in Engineering Education. International
Journal of Interactive Mobile Technologies, 14(6).
Wu, T. H., Wu, F., Liang, C. J., Li, Y. F., Tseng, C. M., & Kang, S. C. (2019). A virtual reality tool
for training in global engineering collaboration. Universal Access in the Information Society, 18(2),
243- 255.
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PHASE 2. DEVELOPMENT OF A FORM
In order to complete the form, we have chosen to use the Microsoft Teams application, which, in addition to
collecting the responses, allows us to carry out an initial analysis of the data obtained from the form.
This form is divided into several sections that aim to collect among other things:

•
•

•

•

Section 1, General data of the respondents. The purpose of this section is to find out about the company
that carried out the survey.
o Company name
Section 2, General data related to the experience raised. The aim of this section is to collect the type of
experience raised in the form, in order to be able to subsequently analyse these answers and access the
document raised.
o Type of organisation
o Country of origin
o Type of document contributing to there search
o Busines ssector where the selected project has been developed
o Technology used
o Hardware used
o Whether other technologies have been used in a complementary way
o Areas of learning where the experience has been developed
o Use of complementary tool in VET skills learning
o Duration of the activity
o Title of the document
o Link where you can access the experience on the internet
o Description of the experience
o Typology of the institution
Section 3, Definition of the users of the proposed experience. The aim of this section is to know the
working group at which the proposed experience was aimed.
o User age range
o Target group for the development of the activity
o PreviousVR/ARexperience
Section 4, Conclusions of the activity. The aim of this experience is to find out the impact of the
experience on those people who have had the opportunity to use it.
o Need for previous experience
o Use fulness of the information provided
o To know if the experience has been useful for the acquisition of new competences.
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PHASE 3 ANALYSIS OF THE RESULTS OF THE FORM
In this section we will summarise the data collected in the form used in this first IO:
It should be noted that a total of 20 surveys were sent out, on the basis of which we have been able to draw
our initial conclusions.

Company that has carried out the experience
Answers
1
15

16

17

18

Fundación Laboral de la Construcción

19
Other

20
Metro 7

21
BZB

In this first section aimed at finding out the data of the companies that have carried out experiences with
VR/AR technology, we observe that most of the documented experiences do not belong to any of the project
partners, thus expanding the richness of the experiences that have already been presented previously during
the previous meetings.

Country where the experience has taken place
Most of the experiences presented in this form have been carried out in Europe, with 5 experiences in South
Korea being included.
It is positive to learn about the experiences in Europe, due to the proximity between the different customs,
academic and professional requirements shared by the citizens of the European Community.

Countries
Serie1
5

1

Con tecnología de Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom, Wikipedia
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Types of companies that have led the experience
Most of the experiences documented in our project are projects carried out by different universities and small
or medium-sized enterprises.

Tipology
1
0

5

10
Lobby

University

15
Academic

20
SMEs

CVET

Type of experience envisaged
We note that most of the experiences raised are scientific articles and European projects.

Type of experience

European project

Teaching experience

Others

Scientific article

25
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Sector where the experience has taken place
Most of the experiences raised relate to the construction sector.

Sector
16
14
12
10
8
6
4
2
0
1
Construction

Industry

Sales

University

Language education

Technology used
We observe that most of the technologies used use virtual reality environments, as opposed to other
experiences such as augmented reality.

Technology
1
0

5

10

15
Other

VR

20
AR

25

30
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Hardware used
The aim of this question is to find out which main tool has been used to plan, develop and display the activity
to the users. It is an answer that tries to know the hardware that has been used.
In the experiences presented, there is a clear tendency to use the computer as the starting point for planning
and developing the activity with the students. On this computer we can connect not only a project, but also
external devices such as virtual reality glasses, HoloLens or similar devices are currently connected to the
computer in all the augmented/virtual reality exercises proposed.

Hardware used
18
16
14
12
10
8
6
4
2
0
Computer

Mobile

Tablet
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Whether other technologies have been used in a complementary way
In most of the experiences we observed that the tool has been used as part of the learning and competence
acquisition process, having to complement the learning system with other methodologies.

Was it necessary the combination of different
technologies?

Yes

No

Among the complementary activities that have been developed in the experiences analysed, we find the
following variety:
We observe that the most frequently used complementary system is the demonstrative class, where the
teacher explains and demonstrates to the students the work he/she wants to develop, related to the
competences to be acquired.
Along with this methodology, participatory classes are also used as a complement in the development of the
activities studied.

Other traditional teaching methodologies were combined in
the development of the activity.
Interrogative
Lecture class
Theoretical proposal
Demonstrative
Participative class
0

2

4

6

8

10

12

14

16
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Areas of learning where the experience has been developed
The aim of this question is to be able to analyse the field towards which the different educational experiences
have been directed, where we can highlight the acquisition of knowledge and professional competences as
the most used.

Developing manual skills

Transversal skills development

Acquiring knowledge

Acquiring professional skills
0

2

4

6

8

10

12

14

16

Evaluation of the experience
The aim of this question is to find out the assessment of the people who have used each of the experiences
analysed, where we can see that 100% of the experiences have had a very positive assessment for learning
and acquiring competences.

12
10
8
6
4
2
0
Useful

Very useful

Unhelpful

Useless
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Duration of the activity
Through the survey we observed that most of the activities have a duration of less than 3 months, although
we also observed that there are experiences that have used these technologies for a longer period of time.
It should be noted that very few of them have taken place beyond 6 months.

8
7
6
5
4
3
2
1
0
1 month or less

from 1 to 3 months

from 3 to 6 months

More than 6 months

Age range
The age range over which the experiences have been carried out indicates that 100% of the activities are
aimed at people over 16 years of age, with 75% of the experiences being aimed at people between 21 and 40
years of age

From 16 to 20

From 21 to 30

From 31 to 40

From 41 to 50
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Target profile of the experience
This question aims to highlight the target of the experiences analysed. We note that many of the experiences
are aimed at various profiles, especially student profiles (university and vocational training).
We appreciate that few of the experiences analysed are not aimed at active staff. This point will be defined
by the type of institution that has proposed the project, as most of them were promoted by different
universities.
16
14
12
10
8
6
4
2
0
Workers

People
without
previous
training

Trainers

Students

People
CVET
without
(Continuos
professional Vocational
experience Education and
Training)

The need for training prior to the experience.
On reviewing the experiences proposed, we can see that they are mostly aimed at people who have no
previous training in the activity to be shown in the experience.
They are learning experiences for people at an early stage of their learning, not for perfecting a qualification
or competence.

Not

Yes
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EXPERIENCES ANALYSED
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

TYCO(O)NSTRUCTOR: Mini-Games that Foster Entrepreneurial Competence for the Construction Sector'.
CAN TUBULAR SCAFFOLDING BE DIGITISED?
ARFAT project. https://www.arfat.il.pw.edu.pl/index.php/en/przykladowa-strona/
Best practice guide
BIMrras
vRoad
Various
E2DRIVER
Test
bjet12893-sup-0001-appendixS1.DOCX
A Critical Review of the Use of Virtual Reality in Construction Engineering Education and Training
A virtual reality tool for training in global engineering collaboration
BIM Based Virtual Environment for Fire Emergency Evacuation
BIM Integration in Augmented Reality Model
BIM-VR Framework for Building Information Modelling in Engineering Education
Immersive Virtual Reality Environment for Construction Detailing Education using Building Information
Modeling (BIM)
Integrating BIM, Virtual Reality and Serious Gaming for effective collaboration and communication
between end-users and the design team
Integrating Virtual Reality and BIM for End-user Involvement in Building Design: a case study

RESPONSE TO THE IO
IN WHICH CASES HAS VR/AR BEEN USED FOR A LONGER PERIOD OF TIME, PAST AN INITIAL PILOT PROJECT?
According to what we have analysed, we can observe that the majority of the projects do not last longer than
3 months, although, as we have mentioned, we can find some experiences that last longer than 6 months, but
this is not very common.
The continued use of this type of technology helps to make better use of this type of resource, since it
increases the user's experience of use.
In general, these activities can be integrated within the school year or as a training action aimed at
professionals.
IN WHICH CASES HAS IT BEEN ESTABLISHED AS A CONTINUOUS PART OF CVET?
The experiences studied indicate that most of these activities are carried out in the educational sphere, most
of these activities are complementary activities at university or in the workplace.
The target group is mainly young people, university students or people at an early stage of their vocational
training already in the company, with an age range between 21 and 40 years.
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This is not particularly relevant, as VET students have the capacity to be able to adapt to this technology and use
it in their learning process.
IN WHAT WAY DOES AR/VR INTERFACE WITH OTHER LEARNING TECHNOLOGIES AND DIDACTICAL CONCEPTS.
Mobile devices are a potentially useful tool for project work, both outside and inside the classroom and can
be complemented by other devices or programmes/applications within the classroom.
Learning technologies (ICT) facilitate students' access to information, and the main task of the teacher is to
manage their access to it, organise it and adapt it to the characteristics of the students.
The VR/AR is linked to these digital didactic tools since through various applications/programmes, many of
which can be downloaded to mobile phones, it is the users (students) who access knowledge through VR/AR
from their own devices.
The main objective of these didactic applications lies in their quality and in having well-defined parameters
focused almost exclusively on nurturing students' learning. Either complemented with previous theoretical
explanations or offering different situations that allow the student to obtain knowledge in a deductive way.
After analysing the responses, we observe that 100% of the experiences studied use this technology (VR/AR)
as a complement to other teaching methodologies used in a more traditional system, such as more
demonstrative methodologies or methodologies aimed at the acquisition of competences.
IN WHICH CASES DOES AR/VR SHOW AN ADDITIONAL VALUE, BEYOND BEING AN INTERESTING NEW TECHN
OLOGY, I.E.: WHERE COULD SOME TOPIC BE BETTER TAUGHT/UNDERSTOOD THAN WITH OTHER DIDACTICAL
/TECHNICAL MEANS?
For many students, learning is always most clearly acquired when it can be made concrete or applied to real
situations.
VR/AR allows users of this technology to get closer to a world that we cannot access in the usual way, in safe
conditions...
Usually the use of these resources is oriented towards the visualisation of real projects, and trying to integrate
the student into the interior of a construction site, if we work with AR, or the handling of construction
machinery, tower cranes if we talk about VR.
The impact on the user when they have used these resources is greater than with traditional training systems,
but the use of these didactic resources MUST be complemented by other resources such as site visits, expert
sessions, companies as mentioned above.
100% of the users of these experiences have rated their participation in the VR/AR projects very positively.
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IN WHICH CASES WAS VR THE BEST OPTION AND IN WHICH AR AND WHY. HOW WOULD ALTERNATIVE
DELIVERY OPTIONS (E.G. TABLET VS. HEADSET) AND ALTERNATIVE METHODS (E.G. A SITE VISIT) COMPARED
TO THE SUCCESSFUL IMPLEMENTATION EXAMPLES.
In assessing this question, several aspects need to be taken into account:
•

•

•

Infrastructure available. the development of VR methodologies involves an infrastructure that is
sometimes not available in the training centre. We talk mostly about creating virtual learning
environments for the student. If we push the limit of the requirements of VR, where the user can move
around the virtual world previously created, the training center would have to have a fixed space where
we can use VR technology safely, where the student can move freely without obstacles and also have
those elements necessary to make a dive in that virtual world. If the experience is not as developed, or
the training center does not have such infrastructure, there are cheaper options, but the experience in
such cases has less impact for students. It is true that we can invest with few economic resources in this
technology but, to achieve better results, we must invest first in the development of the application and
on the other hand in the equipment. AR also needs an economic investment for software development,
but such a hardware investment is not that strong, so it can be a good starting point to test this
experience.
The type of learning to be achieved by the learner. In this case VR has more advantages if it develops
correctly. To do this, the created software has to have the implementation in order to interact with the
generated objects. In the project of the VR Construction Labor Foundation "VRoad", the student had the
possibility to interact with a virtual environment and had the possibility to move, place and use objects
located in the created scene. AR allows us to expand the information that we perceive, so we can use
this technology, when we want the student to learn elements, encounters, materials, work processes,
but without such physical interaction.
As we have been talking about, for such interaction to be real and effective, the development engine
has to be very well created and calibrated. It should also have a very powerful computer that allows
developing that parallel reality.
Adaptibity of the model. These learning systems have a better impact when combined with other
systems such as work centre visits, development of real projects in the classroom and in the workplace,
gamification or use of these learning systems to achieve a better score or note or badges... that is,
bringing together virtual learning systems with real-world access and gamification. As work tools, we can
emphasize that the best options are the most accessible to students and that they can have them on a
regular basis, both in the center and in their homes. A classroom perfectly equipped with all the
equipment, restricts us the possibility of using it to a very certain time of the week, so the student
cannot follow his learning outside the center. Therefore, we can indicate that the best tools to be able
to work would be mobiles and tablets

According to the documentation we have analysed, the use of AR technologies favours the learning of existing
elements and resources on construction sites, while the use of VR helps us in the development of skills and
training of a trade.
WHAT WAS THE FEEDBACK OF PARTICIPANTS AND TRAINERS?
After consulting experiences from different VR/AR projects, we have observed that all participants and
trainers agree on the fact that education through VR/AR is beneficial for the learner.
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However, many of them emphasise the need to complement it with prior theoretical explanations and
subsequent real visits to the site environment whenever possible, i.e. to use RL/AR as an intermediate step
between the two more traditional methodologies.

CONCLUSIONS
As a conclusion to the experiences provided, we can highlight the following:
•
•
•
•
•

Technology is useful for the acquisition of personal and professional skills.
The recipient of the didactic resource should not be an obstacle to its use, i.e. he/she may or may not
have previous experience in the use of this technology or of the competence to be improved.
In the field of construction, Revit is a very widespread tool that can be used for 3D modelling of building
elements and systems.
The duration of the projects should not exceed 3 months and should be accompanied by other didactic
methodologies in order to have a greater impact on the learner.
AR/VR technologies can be used, depending on the resources available and preferred to be developed in
the learning experience.
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ANNEXES

IO1 Collection of experiences
using VR / AR for learning
based on BIM models
The main purpose of this survey is to collect experiences and projects based on VR/AR which focus
on the adquisition of CVET skills.
All your asnwers are really important for us to know the training needs and to answer to the IO1
objectives.
This survey is anonymous and your answers will only be treated stadistically.

* Obligatorio

General data about the respondent
In this section we would like to indentify the focus of the partner in choosing the training Project.

1. Name of your company *
Fundación Laboral de la Construcción
Sustainum
Ecoplus
BZB
IFB
Metro 7
CEAC
Ehrler
Codefluegel
Other

12/15/2021

2. What is your company name? *

12/15/2021

General data about the training project
In this section we would like to collect general information of the project, to be able to identify the
difference between the projects analyzed.

3. What type of organization do you work for?
SMEs (Small and medium-sized enterprises)
Large enterprises
IT Service provider
Consulting
Lobby organization
Trade association
Other

4. Type of organization

5. Project development country *
Germany
France
Spain
Austria
Italy
Others

12/15/2021

6. Country *

7. Kind of document *
Scientific article
Teaching experience
European project
Teaching methodolohy
Others

8. What type of document is? *

9. Work sector in which the training project is based *
Construction
Industry
Preservation
Others

10. In which sector is the training project based? *

12/15/2021

11. Technology used *
VR
AR
Other

12. Can you tell the technology used in the training project? *

13. Hardware used in the training Project development *
Computer
Mobile
Tablet
Simulator
Web App
Other

14. What hardware is used in the training project? *

15. Was it necessary the combination of different technologies? *
Yes
No

12/15/2021

16. Other traditional teaching methodologies were combined in the development of the
activity. *
Lecture class (master class)
Participative class (exchange of ideas/experiences)
Demonstrative. Examples of real cases (e.g. videos of accidents)
Interrogative. Questions based on proposed knowledge
Theoretical proposal and subsequent practical application

17. Learning area *
Acquiring knowledge
Acquiring professional skills
Transversal skills development
Developing manual skills
Other

18. In which Area *

19. Learning by doing (WBL) using tools such as VR or AR in VET (in terms of usefulness
for learning outcomes) would be useful. *
Very useful
Useful
Unhelpful
Useless

12/15/2021

20. Duration of the activity *
1 month or less
from 1 to 3 months
from 3 to 6 months
More than 6 months

21. Name of the referenced document *

22. Authorship of document *

23. URL document information *

24. Short abstract of the document *

12/15/2021

25. Typology of the institution that developed the document *
Enterprise
Training Centre
CVET centre
Organization of training content development
Other

26. What kind of typology of the institution developed the document? *

12/15/2021

Typology of the user who has experienced learning with these
technologies
In this section we want to identify the target audience for the training project presented.

27. What is the age range of the participants who have used this tool? *
From 16 to 20
From 21 to 30
From 31 to 40
From 41 to 50
From 51 to 60
From 61 to 70
From 71 to 80

28. Target group for which the training project was intended *
CVET (Continuos Vocational Education and Training)
Workers
Trainers
Students
People without professional experience
People without previous training

29. Had users previous training in the use of AR/VR tools? *
Yes
Not

12/15/2021

Research conclusions
In this section we want to assess the degree of usefulness and impact of the project presented.

30. Need for prior training or support on the use of the tool
Yes
Not

31. The information presented is easy for users to understand
Yes
Not

32. Utility of the tool employed
Very useful
Useful
Not very useful
Useless

33. Participation in the activity has enabled the learning of knowledge/development of
skills
Yes
Not

12/15/2021

34. You are welcome to expand your answers with any input you consider useful to the
project.

Este contenido no está creado ni respaldado por Microsoft. Los datos que envíe se enviarán al propietario del formulario.
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12/15/2021

