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 About the project 

According to the European Commission: “The construction industry is very important to 
the EU economy. The sector provides 20 million direct jobs and contributes to about 
10% of the EU's GDP. It also creates new jobs, drives economic growth, and provides 
solutions for societal, climate and energy challenges. The goal of the European 
Commission is to help the sector become more competitive, resource-efficient and 
sustainable". Commission also lists the main challenges facing construction. Two of 
these challenges are: 

- Training: Improving specialised training and making the sector more attractive, in 
particular for blue-collar workers, technical colleges and universities. 

- Innovation: More active uptake of new technologies. 

The project address those needs by the creation of innovative training with the use of 
Augmented Reality (AR) technology. Another important issue is Health & Safety. 
Construction works are among the most common source of serious accidents, often 
fatal, not only in Poland but throughout the European Union. As human life is the most 
important value, there is a great need for elevating the H&S level. This problem has been 
raised in European Directive 2001/45/EC, which obliges to take appropriate measures 
to improve safety and health at work.  

The project address H&S issues as it stems from the need for the prevention of accidents 
on construction sites. These accidents are mainly caused by falling from a height to 
excavations or by inappropriate heavy machinery use and construction site security 
measures. Earthworks are one of the most dangerous among construction works. One 
of the main reasons is: because current training methods are insufficient. As the 
research shows, workers are not interested in classic training. The use of mobile devices 
(smartphones, tablets), modern AR technology and supporting media files makeS setAR 
training much more interesting and unforgettable. 

setAR adheres to the ET2020 framework by developing up-to-date VET ensuring the 
matching of labour market with skill requirements. It also complies with the initiative of 
"Opening up Education" widening access to education through OERs. Developing skills 
through setAR training also support EU policies such as "Burges Communique", 
"Vocational education and training for better skills growth and jobs" and "Agenda for 
New Skills and Jobs". 

The main objective of the project is to decrease the accident rates during construction 
works, especially during earthworks. To achieve that goal, the training system will be 
prepared. It will contain knowledge on earthworks, with particular emphasis on 
efficiency of work and health & safety regulations. 

1. Introduction  
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The project will also help to improve the mobility of construction personnel, due to its 
international content (presentation of practices from participating countries) and 
Multilanguage form (this will help users to learn vocabulary specific for earthworks). 

The project is addressed to construction engineers, construction workers, construction 
trainees, construction managers, stakeholders and associations in the construction 
sector, SMEs and companies (construction sector), VET providers, and technical 
universities. 

Outputs of the project: 
• O1: Evidence based learning outcomes. This output comprises learning 

outcomes on earthworks namely statements of what learners should know, 
understand and be able to do upon completion of the setAR training, in the form 
of definitions of specific knowledge, skills and competences. 

• O2: setAR training system. 
• O3: setAR manual. 
• O4: setAR application (software). It is foreseen to prepare two versions of 

application for two most common systems for mobile devices in EU: android OS 
and iOS. 

• O5: setAR AR markers. 
• O6: setAR instructional movies. 

The objective of these outputs is to develop up-to-date, tailor-suited to sectoral needs, 
modern earthworks training, appropriate to be integrated into existing VET offerings or 
to serve European community as a stand-alone training. These outputs will address 
modern skills needs of construction engineers, construction workers, stakeholders and 
associations in the construction sector, SMEs and companies (construction sector), VET 
providers, and technical universities, delivering a European solid, reliable and 
comprehensive pedagogical tool. 

The partnership of the project consists of: 

• The Faculty of Civil Engineering, Warsaw University of Technology (WUT) 

• Technische Universität Darmstadt (TUDA) 

• Polish Association of Building Managers (PABM) 

• Fundación Laboral de la Construcción (FLC) 

• Universitat de Valencia (UVEG) 

For more information about the project, please visit its official website: 

www.setar.il.pw.edu.pl 
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 Intellectual Output 1 - Evidence based learning outcomes 
 

This output comprises learning outcomes on earthworks namely statements of what 

learners should know, understand and be able to do upon completion of the setAR 

training, in the form of definitions of specific knowledge, skills and competences. 

The objective of this output was to develop up-to-date, tailor-suited to sectorial needs, 

modern earthworks learning outcomes, appropriate to be integrated into existing VET 

offerings or to serve European community as a stand-alone training. These evidence-

based learning outcomes address modern skills needs of construction engineers, 

construction workers, stakeholders and associations in the construction sector, SMEs 

and companies (construction sector), VET providers, and technical universities, 

delivering a European solid, reliable and comprehensive pedagogical tool. 

The output consisted of 3 activities: 

O1/A1: Development of instructions and tools for data collection 

At this stage WUT (using advice of other partners) developed instructions and tools for 

data collection. It was decided that partners will gather data through paper surveys 

(questionnaires), e-surveys (using google surveys prepared by WUT) and by the way of 

classic face-to-face meetings with setAR stakeholders (construction engineers, 

construction workers, stakeholders and associations in the construction sector, SMEs 

and companies (construction sector), VET providers, and technical universities).  

The form and questions of the questionnaires were carefully chosen on the base of 

meetings with important stakeholders, potential beneficiaries’ opinions and partners 

expertise in the field of earthworks. 

O1/A2: Data collection & analysis 

Equipped with the instructions and tools each partner collected and analysed data 

received from setAR stakeholders. WUT gathered data from each partner and combined 

it in order to suit needs of target groups with transnational, EU approach. Both surveys 

and results (analysis) are included in this document. 

O1/A3: Definition of setAR learning outcomes 

On the base of gathered and analysed data, partnership defined setAR learning 

outcomes, which are the base for development of the setAR training system. Partners 

selected the most important topics basing on the results of the surveys, meetings with 

project stakeholders, and own expertise. The results of the intellectual work are 

presented in a form of this text.  
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Due to the considerate interest of project stakeholders (construction engineers, 
construction workers, stakeholders and associations in the construction sector, SMEs, 
and companies (construction sector), VET providers, and technical universities) across 
Europe, the partnership was able to gather 206 answers via e-versions and paper 
versions of questionnaires. Unfortunately, some of the questionnaires were incomplete, 
probably due to the fact that respondents were working out of office for more than a 
year now. As a result, only 120 answers were further analysed. Also, numerous 
additional opinions were gathered from project potential beneficiaries during face-to-
face meetings. The data collection phase of the project was hindered by the COVID-19 
pandemic. However, the partnership came through and managed to collect enough 
evidence to create IO1. 

Presented below are the results of e-versions and paper versions of questionnaires.  

 Who are you? 
 

Answer PL DE ESP ENG Total 

Construction worker 33 0 0 2 35 

Manager 19 5 0 3 27 

H&S specialist 5 2 27 0 34 

other 6 12 6 0 24 
 SUM: 120 

 

Other included:  
• Geotechnical designer. 
• Construction engineer. 
• Construction engineer working from the office. 
• An academic teacher. 

29%

23%

28%

20%

Construction worker Manager H&S specialist other

2. Questionnaires results 
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• Designer. 
• Trainer. 
• Facultative management. 
• Occupational risk prevention trainer. 
• Teacher, trainer. 
• Architect. 
• Site manager. 
• Project management (site management only sporadically). 

• Client/Owner. 
• BIM Management 
• Project manager. 
• Client/Owner. 
• Head of digital development. 
• Official expert. 
• University lecturer. 
• Professor 
• Civil engineer. 
• Owner's representative. 
• Lecturer. 

 Preparation of earthworks 

The level of hazard: 

PL DE ESP ENG Total Mark 

6 4 2 0 12 1 

18 4 9 0 31 2 

22 7 15 4 48 3 

14 3 7 0 24 4 

3 1 0 1 5 5 

Average: 2,83 
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Please mark the most dangerous tasks/elements: 

Answer PL DE ESP ENG Total 

legal aspects and requirements 6 6 4 1 17 

organization of works 17 8 13 3 41 

machinery preparation 12 8 8 1 29 

work zone protection 33 13 15 3 64 

checking state of the soil 20 9 14 0 43 

fall protection elements 22 12 6 1 41 

protection of the area 
(buildings, roads, trees, etc.) 

17 7 13 1 38 

collisions with existing 
infrastructure 

30 10 16 3 59 

safety signs 6 5 10 1 22 

roadways on construction site 6 9 23 0 38 

owing, loading, transporting 
earth-moving machinery 

6 9 16 0 31 

other 1 2 5 0 8 
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Other included: 
• Work platform! for geotechnical works. 
• Geotechnical study. 
• Interaction with other machinery operating at the time of excavation 

preparation. (e.g., clearing operations).  Failure to identify possible pre-existing 
installations. 

• Risks with affected services, GAS and ELECTRICITY. 
• Unidentified electrical or gas installations. 
• Explosive Ordinance Survey. 
• Breaking up the surfaces, if necessary. 

 Excavation works 

The level of hazard: 

PL DE ESP ENG Total Mark 

0 0 0 0 0 1 

0 2 0 0 2 2 

6 3 7 0 16 3 

21 7 15 0 43 4 

36 7 11 5 59 5 

Average: 4,33 
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Please mark the most dangerous tasks/elements: 

Answer PL DE ESP ENG Total 

work zone protection 28 15 9 5 57 

slope protection 40 17 28 4 89 

trench protection 29 15 22 4 70 

organizing the work of heavy 
machinery alongside workers, 

danger areas and visibility 
restrictions 

39 12 27 3 81 

draining water 13 8 8 1 30 

work control 6 4 5 1 16 

other 0 0 5 0 5 
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Other included: 
• No excavation work is being valued. The excavation activity itself is missing, 

emptying, manual work in the excavation. 
• Signposting of the excavation area. 
• Correct installation and safe assembly procedure of the shoring systems. Change 

in the stability conditions of the excavation due to climatic aspects, nearby 
vibrations, etc.  

• Risks involving affected services, GAS and ELECTRICITY. 
• Electrical catenaries. 

 Soil transporting 

The level of hazard: 

PL DE ESP ENG Total Mark 

2 2 0 0 4 1 

13 9 7 0 29 2 

20 7 13 5 45 3 

26 1 11 0 38 4 

2 0 2 0 4 5 

Average: 3,08 

 

 

Please mark the most dangerous tasks/elements: 

Answer PL DE ESP ENG Total 

loading trucks 31 14 23 4 72 

unloading trucks 23 13 19 3 58 

compacting soil 9 6 9 0 24 

safe soil storage in prisms 23 5 20 2 50 

other 3 0 3 0 6 
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Other included: 
• Hitting people, equipment, and vehicles during loading / unloading. 
• Transportation of the soil. 
• organization of joint work of machines and people. 
• Truck traffic. 
• Risks involving affected services, GAS and ELECTRICITY.  
• Overturning due to exceeding the maximum load. Interaction and collision with 

other machinery. Lanes duly separated and signposted for the transit of 
trucks/trailers. 

 

 Working inside the excavation   

The level of hazard: 

PL DE ESP ENG Total Mark 

0 0 0 0 0 1 

1 0 0 0 1 2 

10 3 4 1 18 3 

21 7 6 2 36 4 

31 9 23 2 65 5 

Average: 4,38 
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Please mark the most dangerous tasks/elements: 

Answer PL DE ESP ENG Total 

work zone protection 30 15 20 5 70 

fall hazard/ fall protection 
elements 

36 14 13 3 66 

safety signs 7 3 6 2 18 

communication 7 6 9 0 22 

vertical transport 15 9 10 0 34 

organizing the work of 
heavy machinery 

alongside workers 
37 11 17 2 67 

dealing with a collapse 41 16 27 4 88 

work in the contaminated 
area 

17 15 14 1 47 

work in the area with the 
risk of unexploded 

ordnance or explosives 
remnants of war 

23 14 9 0 46 

other 0 0 3 0 3 

0 1
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Other included: 
• Planning interior works and assessing risks, identifying potential hazards. 
• Slope support. 
• Safe access to the interior of the excavation/trench. Use of proper lighting and 

signalling inside the trench. Ensure that work inside the trench is not 
incompatible. Authorised personnel access only. Warning mechanisms against 
possible changes in trench/excavation stability conditions.  

 

 Excavation maintenance 

The level of hazard: 

PL DE ESP ENG Total Mark 

1 0 0 0 1 1 

6 4 2 0 12 2 

23 11 13 3 50 3 

26 3 14 1 44 4 

7 1 4 1 13 5 

Average: 3,47 
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Please mark the most dangerous tasks/elements: 

Answer PL DE ESP ENG Total 

protection from water 29 9 20 1 59 

fall protection elements 28 18 10 3 59 

safety signs 9 4 9 3 25 

heavy loads by the edge of 
excavation/trench 

40 15 30 3 88 

tidiness/ cleanliness 8 8 12 0 28 

carrying out other works near the 
excavation 

32 13 17 2 64 

other 0 0 2 0 2 
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Other included: 
• Ground stability. 
• Slope support. 

 Backfilling the excavation 

The level of hazard: 

PL DE ESP ENG Total Mark 

1 1 1 0 3 1 

5 6 1 1 13 2 

15 4 12 1 32 3 

28 7 19 2 56 4 

14 1 0 1 16 5 

Average: 3,58 

 

Please mark the most dangerous tasks/elements: 

Answer PL DE ESP ENG Total 

work zone protection 29 11 17 4 61 

organizing the work of heavy 
machinery alongside workers 

41 14 25 3 83 

compacting soil 20 10 18 2 50 

checking state of the soil 19 6 10 2 37 

safety signs 5 2 6 0 13 

other 1 1 1 0 3 
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Other included: 
• Suitability of the compaction method, and its associated intrinsic safety.  
• Protection of the building. 
• Heavy loads at the edges of the trench. 

 

 Additional answers 

Other important subjects / areas of H&S issues during use of earthworks named by 
potential beneficiaries were: 

• Individual and general safety measures. 
• Due to the lack of an introduction to the study, I need to draw attention to one 

issue. The fact that any of the parameters / factors is not the "most important / 
dangerous" does not mean that it will not have a significant impact on the safety 
of the works. The sum of the factors affecting safety should be met, not only the 
most important ones. I understand that as a result of the survey it will be 
possible, for example, to select the most important elements in which training / 
research will take place. By providing a direct answer to the question: the issue 
of transport outside the construction site on public roads is important (the driver 
fully answers - no influence and responsibility of the site manager / works 
manager).  

• Conducting works - ceiling excavations - proper ventilation of the areas under 
the ceiling, workplace, and general lighting. Extraction and transport of 
excavated material from a deep excavation.  

• Inspection of the condition of the protection of the excavation walls or 
excavation slopes. 

• 1. Overlapping of works // 2. Close movement of people and machinery. 
• Rescue after landslide accident. 
• Geotechnical study vs. site reality. 

61

83

50

37

13

3

0

10

20

30

40

50

60

70

80

90



SAFE EARTHWORKS TRAINING WITH THE USE OF AUGMENTED REALITY  

 

 

Page | 18 IO1- EVIDENCE BASED LEARNING OUTCOMES  

• Shoring. Drainage pumps in wells (phreatic level). Geotechnical studies 
(indicating the real slopes to be made). Protection of the edge of excavation 
(handrails). Presence of affected services, including overhead power lines.  

• Affected Services. 
• In general, sequentially, the most important points are: 1. Knowledge of the 

terrain (Geotechnical Study), affected services and annexed buildings. // 
Organise internal circulation // 3. Adequate signposting at the site exit // 4. 
Ensure the stability of the excavation walls/ slopes // 5. Protect possible falls into 
the excavations //6. If necessary, access ramps with appropriate slopes // 7. 
Separate vehicle traffic/movement from pedestrians. 

• Planning and safe working procedures. Knowledge and establishment of the 
selection criteria, use and installation of the support and/or shoring system in 
particularly complex and unstable excavations/trenches.  

• Movement of machinery on slopes.  
• No or inadequate sanitary and restrooms available. 
• Safety measures due to adjoining buildings/ Topic: Shear failure. 
• Coordination of trades. 
• Suppliers. 
• Securing of excavation pit. 
• Site access to the excavation pit. 

 

 Total importance summary 

Each task group was assessed as at least rather dangerous which was no surprise for the 
partnership, as works associated with earthworks are among one of the most hazardous 
in construction industry. 

The answers received from e-versions and paper versions of questionnaires varied 
depending on the category. Stakeholders assessed that preparation of earthworks is the 
least dangerous category (average score 2,83). At the same time, they pointed that the 
most hazardous works are associated with excavation works and working inside the 
excavation (average score 4,33 and 4,38). 

The graph below shows summary of the received answers. 
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The final learning outcomes were carefully selected on the base of the questionnaires 
results, meetings with important stakeholders and partners expertise in the field of 
earthworks. Due to the limited size of setAR training program the most important 
aspects were chosen. These aspects address H&S issues as the project aims for 
prevention of accidents on construction sites. 

Learning outcomes include key aspects of the following: 

• Introduction: What are earthworks? Differences between deep excavations and 

earthmoving / regular and specialized works. Why issues such as listed below will 

not be tackled by setAR project: Earthworks during winter; protection from 

water; contaminated areas; explosives; trench protection; diaphragm walls; 

compacting ground; remnants of war. 

• Excavation works: slope protection – compare local standards, types of soil, 

angle of slope, + heavy loads by the edge of the excavation 

• Working inside the excavation: dealing with a collapse / evacuating the 

excavation 

• Excavation works: organizing the work of heavy machinery alongside workers, 

danger areas and visibility restrictions + Soil transporting: loading trucks 

• Working inside the excavation: work zone protection, fall hazard/ fall protection 

elements 

• Preparation of earthworks: collisions with existing infrastructure (gas pipes, 

water pipes) 

• Machinery falling down – protection/ what to do in a case of the accident 

• Storage of the soil 

• Transporting excavation machines 

 

The final names of procedures might be changed during the development of other IOs. 

  

3. setAR learning outcomes  
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In order to fully engage project stakeholders across Europe and to receive the best 
possible outcomes, surveys were prepared in four languages.  

Presented below are print screens of e-versions of survey sent to stakeholders as links 
and also available at project official website. The surveys/ questionnaires were 
presented during numerous meetings (mostly online) with target groups. 

 English version 

E-version 

 

Annex: Questionnaires  
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 German version 

E-version 
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 Polish version 

E-version 
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 Spanish version 

E-version 
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