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Abstract 
More than one in five fatal accidents at work in the EU-28 in 2012 took place within the construction 
sector. It is well-known that this situation need be addressed from several areas of influence and by 
different actors: public organizations, companies, workers, manufacturers, etc. 

To give appropriate instructions to the workers is a general principle of prevention listed in the 
Directive 89/391/ECC. Health and Safety training has been continuously introduced within education 
and training programs for students, trainees and workers in the previous two decades. Nevertheless, 
workers still report high levels of exposure to physical risks in spite of they seem to be well informed 
about health and safety in the workplace.  

On the other hand, training field is also evolving, and game-based learning has been considered in 
recent years an innovative and useful way of learning, since three key aspects are achieved: a 
knowledge transfer method by using “game play”, an exchange among players which includes some 
form of competition, and a reward/penalty system as an assessment method. In addition, the 
development of the game in a software designed for mobile phones, will allow any person (not 
necessarily a construction worker) access this knowledge anywhere, anytime. 

Serious Games on Health and Safety for mobile learning Project is developing twelve games for 
mobile phones to acquire basic health and safety skills in construction topics (falls from height, 
personal protective equipment, mobile plant and vehicles, etc.). The target that these games has been 
developed for are workers that are starting working within the construction sector, or intend to, and 
those workers interested in learning basic vocabulary in this field, since the games will be available in 
six languages: English, Spanish, German, Italian, Romanian and Finnish. 

Fundación Laboral de la Construcción is the project coordinator of Serious Games on Health and 
Safety for mobile learning and is closely working with the rest of the project partners: Sataedu 
Satakunta Educational Federation, Open Universiteit Nederland, Westdeutscher 
Handwerkskammertag, Fundatia Romano-Germana Timisoara, Warrington Collegiate and Centro 
Edile Andrea Palladio.  
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1 INTRODUCTION 
Serious Games on Health and Safety for mobile learning (Health and Safety Games) is an Erasmus + 
project whose objective is to develop a fresh training system to address health and safety topic at a 
basic level. 

Health and Safety subject has been regulated for decades, and meets in the Directive 89/391 / EEC 
[1] a European framework for national regulations. This Directive settled that each worker has to 
receive adequate safety and health training, adapted and repeated periodically if necessary. 

Therefore this kind of training has been present in companies for many years, and its features (levels, 
number of hours, contents, requirements, educational framework, etc.) have been established by each 
national regulations. It affected all productive sectors, construction included. Even this industry is 
usually further regulated, since is accident rate.  

Health and safety training requirements are mandatory and at the same time differently defined by 
each European country, and no recognition procedure among training systems is established. It has 
an influence on workers mobility. That is to say, a Spanish construction worker can be accordingly 
trained for working on a Spanish construction site, but in case s/he moves to other country, this 
training is not fully recognize (within non-formal training framework) and would need to take some 
lessons again, otherwise, s/he will not be allowed to enter on a site.  
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It is for that reason that since the submission of the project, the main idea was to develop a tool at a 
basic level, about topics considered as crucial for a construction worker to know, but out of the formal 
training defined by countries.  

This would benefit people interested in start working in the construction sector, as an introductory 
learning not only about safe tips, but learning of specific technical words in different languages, since 
the app will have six versions in six of seven languages of the partners.  

1.1 Project summary  
Health and Safety Games is a project developed under European Commission funding through 
Erasmus + programme. Among its three main lines, this project belongs to the key action referring 
Cooperation for innovation and exchange of good practices (KA2).  

This project will develop a mobile app. It consists of serious games on health and safety issues 
focused on construction sites. The idea is to combine training, entertaining and innovation. 
Construction workers beginners-or any interested citizen- will be able to acquire in a fun and simple 
way, basic and useful health and safety skills. 

The app tries to offer different training, free access, at the same time that it fosters safe attitudes and 
behaviors in the work environment while impelling the involvement of workers in the prevention of 
business risks. And, last but not least, it promotes a greater coherence between the world of work and 
training, as well as the "collateral" acquisition of reading and digital skills and even language learning. 

1.2 Expected results 
The project began in October 2015 and will finish in October 2017, when it is expected to get a 
Training System, for players to acquire basic skills about twelve key health and safety topics, 
subjects of the twelve serious games development: safety signs, electric dangers, emergency 
situations, work at height, tiding and cleaning, falling of objects, personal protective equipment, load 
handling, portable and hand tools, machinery, hygienic risks and collective protection measures. 

This training system will be based on a Pedagogical Methodology, whose definition has involved the 
description of learning objectives and outcomes, contents, educational approach and evaluation form. 
In short, the definition of how to integrate the learning outcomes within the games. 

This framework has implicated the theoretical basis for the development of the training system, 
configured under an App for mobile phones. The App has four sections: theory (text and images, like 
a digital book), a training area (games), badges (evaluation results) and settings (configuration 
features): 

2 PEDAGOGICAL METHODOLOGY OF THE GAMES 
According to the law, a current worker should already meet the training requirements to be allowed to 
work on a construction site. Therefore, our target group has been those workers that start working in 
the construction sector or want to, including those who are not familiar with the language of their host 
country (migrants). 

How would we manage to define a training system able to transfer basic knowledge in twelve topics 
through serious games? Along the different steps of the project, partners has been supported by 
experts, integrated in the name National Advisory Group. They come from different fields (health and 
safety area, training, migrants, construction sector, etc.), in order to take as many perspectives as 
possible. 

The Pedagogical Methodology presented is the result of different activities carried out within the 
project framework, using reviewing secondary resources, and quantitative and qualitative techniques, 
as explained below. 

2.1 Different countries, different health and safety training   
All partners have developed at a national level the Directive 89/391/ECC, on the introduction of 
measures to encourage improvements in the safety and health of workers at work and, to some 
extent, health and safety training is integrated within their educational and vocational training related 
to the construction sector, within formal and non-formal framework. 
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What it is highlighted from the sectorial point of view, iis that most of them have something else in 
common: a system officially recognized by the sector, which provides a health and safety training 
recognition to the worker. It usually takes a card or certificate format: Tarjeta Profesional de la 
Construcción in Spain [2], Construction Skills Certification Scheme in the United Kingdom [3], Safety, 
Health and Environment Checklist –VCA- in The Netherlands [4], Libretto formativo in Italy [5], or 
different cards in Finland (fireworks; occupational safety). 

Health and safety is a topic regulated enough at a national level and the training system should aim, 
more than meet all national training requirements, to be a complement and to come with what all 
partners understood as very basic to be aware by a construction worker. 

2.2 Common basic health and safety skills 
It has been previously mentioned that the training system addresses twelve health and safety topics. 
To reach this decision, a questionnaire answered by 137 experts from the seven countries linked to 
the construction industry and/or health and safety contributed to the final choice [6]. They were asked, 
among other questions, about the most important topics for a worker to have training and information. 

Respondants could choose and prioritize 10 among 21 topics, based on the Spanish “Aula 
Permanente” course, an initial 8-hours course integrated in the sectorial Collective Agreement as the 
most basic training for any construction worker.  

 
Fig. 1. Results of Question 9: Choose 10 topics which you think it is absolutely necessary for a worker to 

have training and information. January 2016. 

Twelve mini-games will develop top 12 basic skills [7]: Work at height, Personal Protection 
Equipment, Electricity, Machinery, How to act in emergency situations, Collective protection 
measures, Hygienic risks (physical, chemical and biological), Load handling, Tidying and 
cleaning, Portable and hand tools, Falling of objects, Safety signs. 

2.3 Focusing mini-games through the use of game of target group 
Bring into line the final games to player preferences has the aim at increasing the chances of success, 
in addition to identify the learning opportunities within games that are played for fun at first sight. 

430 people from the seven participant countries that fit with the target group profile (in terms of level of 
studies or relation to construction sector) were surveyed. Its objective was to identify game 
preferences, uses and attitude towards game-based learning. The collected data help to define 
scenarios games and the interaction between the trainee and the training system, as well as personal 
characteristics. 

Video console and mobile phone are the two first devices used for playing (respectively, 33,7% and 
29,9% of respondents play them daily), although there is not a clear preference for a specific kind of 
game, only the simulator games seem to be preferred by a slightly higher number of respondents. 
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There was a slightly lack of trust in the learning through games. Less than half affirmative answers for 
the question “Besides relaxation, to what extent do you think that video games involves memory, 
calculation, strategies and other thinking skills?”. Still more, 40% would not clearly prefer learning 
through games rather than traditional classes. 

When they were asked about their opinion about to what extent a list of game modes are most 
suitable to learn health and safety issues. These modes were: to use a simulator, to answer questions, 
to sort steps when a risk is faced, to associate risks with the most effective way to be safe or to 
identify dangerous situation. All the options got high punctuation, it follows that any of them would be 
suitable for our project. The answer simulator game (i.e. crane operator) were the best evaluated 
methodology (3,2 on a scale of 4) and the least one was to associate risks with suitable protection (2,6 
on a scale of 4). 

2.4 Focus mini-games through construction industry experts 
What do experts think about learning through games? Professionals from mainly construction industry, 
trainers and technology in learning were gathered by each partner, which carried out workshops with 
the aim at identifying aspects to take into account in the game development. 

It was possible to find commonalities among workshops. There were a favourable assessment 
towards the game-based learning. There were a general trust in this new way of transfer of knowledge 
and in its potential as a teaching tool. However, in the context of the project, they made two significant 
clarifications: first of all, that the games should be complementary to theoretical or classical classes 
and not as a self-learning tool. Besides this, the games are not suitable for all target to learn. They 
match much more for youngers rather than middle-age or seniors. 

Taking into account that games should address low-skilled or non-native people, they should not be 
text-based and be translated in the seven languages as far as possible. In this regard, they could take 
the advantage of acquire language skills. 

Regarding the content of the games, it would be important for the player to play with real tasks, 
although the images or resources used are not always real, but combined with pictures or cartoons. 

Game features always help to motivate to play: ranking, score, reward, on-line play, etc. The more 
aspects are included, the more chance of success will be. On the other hand, experts from 
construction industry insisted on each country counts on specific health and safety regulations and 
compulsory training and certificates to have, this means that defeating will never comprise the fact of 
meet these legal requirements. 

2.5 Conclusions from the field work 
• Be any kind of game, while it contains some of the funny features of the game (score, 

competition, etc.). 

• Encourage a safe attitude. The sole fact of download this app mean the interest in the field. 
Despite the fact that each mini-game will address one skill, some aspects can appear across 
some or all of them. 

• It is not necessary to use only real images. Where suitable, cartoons or illustrations are 
welcome. 

• Be a useful tool for trainers. So it would be interesting to include evaluation aspects that allow 
trainers monitor their students. 

• Together to this, it would be interesting too to include a section with technical (theory) and 
technological support, what at the same time would improve the app as a self-training system. 

• Not be text-based, including visual resources as much as possible. 

• Be available in languages of the seven participant countries to be more educational and 
transferrable. 

• Boost the new training concept. Players will be able to learn important things through playing. 
Acknowledging that is not appropriate that the app provide a certificate, it is important to make 
the players know that they are in the right way in the preparation of basic health and safety 
course. 
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2.6 Pedagogical methodology 
Within this project framework, Pedagogical methodology description implied to define mainly the 
learning outcomes and contents the games would be able to transfer and the learning method 
used. 

Learning objectives and outcomes of each game has been defined according the European credit 
transfer system for Vocational and Educational Training (ECVET), as a reference. Therefore, the 
first step in the developing of games was to set what the player is expected to know, be skilled 
and competences to be acquired after defeat the game. Games took as a framework the 
following definitions, used by ECVET and very influential in the training world and strongly 
influenced by Bloom’s taxonomy [8]: 

− Knowledge: Cognitive domain relates to mental skills. 
− Skills: Psychomotor domain concerned with manual or physical skills. 
− Competences/Attitudes: Affective domain for growth in feelings or emotional areas 

Knowledge is acquired through different ways. It depends on individual skills, learning scenario 
and content that should be assimilated. These ways are named Learning Metaphors [9], what is 
the learning strategy chosen for the game to be defeated. There are five learning metaphors, 
which are valuated and rated in each game, in the same way each one is described as the way it 
appears in the game.  

• Acquisition: the idea is to transfer the information of the possessor (the teacher) to a passive 
receiver (the student). The individual characteristics of the student are not taken into account; 
learning is considered as a process of repetition and replication of acquired knowledge, a result 
of the individual's mental activity. 

• Experimentation: closely related to the processes of "learning by doing". It is applied in the 
learning of specific activities, complex or dangerous tasks, as it promotes active and 
contextualized learning processes, mainly related to practical activities and physical abilities to a 
great extent. It is usually applied to individual practices, but may include some social activities, 
such as team coordination. 

• Discovery: the discovery arises from the actions of transformation of materials and learning 
situations directed by the student himself Learning by discovery can be an individual or social 
activity; The crucial point is that it creates new contents through the active participation of the 
student. 

• Participation: This metaphor focuses on social aspects of learning. Indeed, the content 
transmitted by the teacher acts as a stimulus for learning, but he / she cannot predict learners’ 
actions (new meanings and learning paths are created). 

• Imitation: The imitation metaphor focuses on modelling behaviours by observing others’ 
reactions to events. The leading idea is that vicarious learning experiences can help to shape 
one’s own actions. 

 
Fig. 2. Pedagogical Methodology framework used by the serious game. Part 1. 
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Pedagogical Methodology is also described by the description of the game and the evaluation 
approach. It is crucial to contributed to the game definition, since goals, scenes and rules of each 
game take a predefined format. 

As a training system able to be a tool for trainers at the same time that a self-training tool, games 
should be able to give pedagogical feedback to the players, as part as the learning process including 
in the training system. 

Each game will take into account three items regarding the evaluation approach: 

• Scoring, in case of eventually reward correct answers with points. 

• Feedback: messages that the game gives according to the player’s choices. Both when the 
options are correct or incorrect, short feedback will appear to let the player know whether s/he is 
the right or wrong way and why. On the other hand, there will be “Reminders” related to basic 
health and safety knowledge: tools maintenance, safe procedures or ergonomic issues, among 
others. In this way, the game and funny elements are complemented with legal and safe 
recommendations. 

• Badges: Each game is defeated, a badge is won. The Pedagogical Methodology will define its 
specific requirements to win the badge. 

 
Fig. 3. Pedagogical Methodology framework used by the serious game. Part 2. 

3 DEVELOPING MINI-GAMES. BETA VERSION 
ARLearn is the open tool developed by Open University in The Netherlands that will support the 
games. It consists of a tool suite for educators and learners supporting mobile serious games [10]. 
Learners can use the ARLearn app to organize a fieldtrip, but can support other serious game 
scenarios as well. For instance, ARLearn is very suited to script simple game logic on a mobile device. 

As mentioned before, the app will count on twelve mini-games, each one will address one basic health 
and safety skill. Each skill should be defined in terms of learning outcomes, it means, each game will 
be developed according to a predetermined knowledge, skills and competences, in order for the player 
to know what has specifically learn with the games. 

Games are expected to be completed by Spring 1017. 

Both game development process and interface are in progress, and hereunder there are screenshots 
of the beta version design. 
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Fig. 5. Initial screens of Health and Safety Games app. 

 
Fig. 6. Design proposal of “Courses”, “Training” and “Badges”. 
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Fig. 7. Game proposal for Safety Signs. 

 
Fig. 8. Game proposal for Work at height. 
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