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Abstract: Teaching students awareness about sustainable mobility has been lacking to date. There is
a need to expand the themes being addressed in order to achieve a change in attitude. Society needs
to design a curriculum that teaches about sustainable mobility to guarantee a better environment
for future generations. This article presents the most important results of an experiment based on
gamification to promote the education of sustainable mobility in primary school classrooms. This
new teaching method, aimed at children aged 10–12 years old, applies non-gambling play metaphors
to real-life tasks to motivate a change in attitude. The didactic approach was developed using the
ClassCraft platform to create specific activities that consider the environmental, economic, and social
aspects of sustainable mobility. The initial analysis revealed a perception about sustainable mobility
that focused on environmental problems with very little input on the economic and social aspects.
The experience has shown that by using the gamified ClassCraft tool applying structured activities
about all aspects of sustainable mobility, the pupils acquired new concepts that clarified the social
and economic components and began to develop a conscience about how to become an active part in
behavioural change.

Keywords: gamification; sustainable mobility; education; primary school; ClassCraft

1. Introduction

Children are the future and their education and feelings about forming part of a
community play a fundamental role in the configuration of any future society. Recognition
that education is a key facilitator of sustainable mobility and development in general has
been growing in importance. Providing the means and encouraging behaviour to achieve
more sustainable mobility is a goal of ever-increasing importance for societies.

The methods used to communicate and educate about sustainable mobility have had
shortcomings until now. Tonucci stated that schools develop activities to address road
safety with the help of local councils and the municipal police [1]. Most educational studies
and projects have concentrated on child safety, road safety, traffic rules, and promoting
healthier options like walking and cycling to school [2]. There is a need to expand both the
subjects being addressed to promote behavioural change and the tools used to achieve it.

The present study aims to observe and evaluate the use of gaming techniques as a key
part of promoting learning and change towards more sustainable mobility habits.

To demonstrate the changes in learning and behaviour towards sustainable mobility,
we concentrated on the following specific goals:

• Evaluating pupils’ perception about sustainable mobility.
• Evaluating the level of knowledge achieved from the experience.

The effects that gamification techniques have on student awareness of sustainable
mobility were assessed through the following targets:
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• Evaluating student perception of gamification-based methodology.
• Evaluating student satisfaction from using the game and methodology.

We developed an experience with fifth-grade children to demonstrate that students’
learning and satisfaction increases with the use of the gamification strategy. Gamified
activities on sustainable mobility were designed to cover environmental, economic, and
social aspects to promote a change in attitude.

Following the introduction, Section 2 provides a review of the relevant literature and
how sustainable mobility has been presented to children, along with gamification and its
application to mobility. Section 3 introduces the chosen methodology and describes the
case study. The results are presented in Section 4. Finally, the main conclusions drawn
are presented in Section 5 along with the limitations highlighted by the study and some
possible future lines of research.

2. Literature Review

For the development of this research it is important to describe how teaching sustain-
able mobility to children has been addressed in the past and to analyse gamification and its
application to mobility. These subjects will be analysed separately below.

2.1. Sustainable Developement

Sustainable development has been a continuously evolving concept since its first
definition by the chairman of the United Nations World Commission on Environment
and Development. The concept of sustainable development (SD) first appeared in the
report “Our Common Future,” better known as the Brundtland Report [3]. Gro Harlem
Brundtland was chair of the United Nations World Commission on Environment and
Development and defined sustainability as “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs”.

It is noticeable how in just a few years, the approach has evolved from teaching
children information about the environment and sustainability issues to educating children
to act for change. Acting for change is the basis for all the discussions, decisions, and
outcomes of the 1992 United Nations Summit on Environment and Development in Rio
and all the documents that followed [4]. To promote education for sustainable development
(ESD) in all areas of teaching and learning, in 2005, UNESCO launched the programme
“Educating for a sustainable future” [5]. The project focused on environmental justice,
which refers to the distribution of environmental benefits and burdens among human
beings. A Decade of Education for Sustainable Development was declared between 2005
and 2014. The decade is now over, and there is a general lack of research and evaluations of
the effectiveness of sustainability education programmes in the sustainability curricula of
all schools worldwide [6]. A new action plan for people, planet, and prosperity was defined
in the 2030 Agenda for Sustainable Development [7]. This plan sets out 17 sustainable
development goals, including quality education, to ensure that all learners acquire the
knowledge and skills needed to promote sustainability by 2030.

Several authors describe a set of competences needed to enable active, reflective,
and cooperative participation towards sustainable development [8,9]. Schools around the
world are also showing great interest in implementing activities aimed at increasing these
competences. Several attempts have been made to move in this direction, especially at
the engineering-related higher education or university level [10]. Bascopé et al. [11] stated
that compared to ESD for secondary and higher education, ESD for children has been less
addressed in scientific publications.

2.2. Sustainable Mobility and Infancy

There are many definitions of sustainable mobility and transport [12–18].
However, Buzási and Csete [19] best defined the concept as follows: From a social

point of view, a sustainable transport system should provide basic accessibility to individ-
uals, businesses, and society, as well as connect present and future generations; from an
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economic point of view, it enhances competitiveness and development through efficient
and affordable transport operations; and from an environmental point of view, it promotes
the use of renewable resources, limiting emissions and waste in terms of the absorption
capacity of the planet, and preventing future negative effects. To understand how to teach
sustainable mobility means we must ask why it is such an important subject.

During the United Nations Conference on the Environment and Development [4],
children were recognised as an important group for the development of a sustainable
environment.

Although research about mobility in general is a very broad subject, there is a notable
lack of research that specifically refers to children. The little research there is has mainly
concentrated on children’s journeys to school [20–26].

Children play a very important role in achieving sustainable mobility. Children can
be the real “agents of change” [27–32]. They have, until now, been passively influenced by
their parents, who have transmitted car-dependent lifestyles. However, through education
they can become active agents of change by influencing their family members to behave in
a different way.

Managing to change personal mobility behaviour to combat climate change is a
momentous challenge for social scientists and professionals given the integrated nature of
mobility in everyday life [33]. The attempts at understanding, managing, and promoting
more sustainable mobility have mainly concentrated on individual decision-making and
changing peoples’ behaviour, examples being a reduction in car use offset by a greater use
of walking, cycling, and public transport. Individual behaviour plays an important role in
sustainable transport, and fixed daily mobility habits are hard to change.

Over the years there has been an increased interest in the relationship between sus-
tainable mobility and children. For example, key texts like “The child in the city” by [34]
began to ask about how children move around in public spaces. Similarly, the classic series
of empirical studies by Hillman et al. [35] attracted attention because the children promised
to commit to more sustainable behaviour in their journeys. The lives of many children in
developed countries cover quite a large area of urban space as they travel to different parts
of the city to take part in school, sports, and educational and cultural activities [36]. This
research opened the way for a number of wider empirical studies of the trip patterns of
children and young adults throughout western industrialised countries, replicating the
research of Hillman and finding similar changing patterns in children’s mobility, including
countries like Denmark [37], Italy [38], Sweden [39], and New Zealand [40].

Many grassroots initiatives are being started that boast solutions supporting children’s
freedom of movement (for example, walking buses, bicycle trains, volunteers at pedestrian
crossings, and car sharing between parents, among others). However, any costly and
innovative grassroots programme that is introduced by local councils to increase road
safety and the mobility independence of children has more chance of succeeding if it is
combined with initiatives aimed at changing the attitudes of both the parents and the
children, along with increasing the awareness of all citizens about the subject. In this
sense, ref. [41] showed that there is no a better place or time than the daily lives of school-
aged children to start a change in attitude towards more sustainable mobility.

In Europe and North America, children’s mobility has received the greatest public
and academic attention [42]. There are several examples in Spain of good educational
practice in terms of sustainable mobility. Highlights are the initiatives of “Camino escolar
seguro (Safe Journey to School)” in Barcelona, Granollers, Madrid, San Sebastián, Segovia,
Viladecans, and Zaragoza. “Con Bici al Cole (To School by Bike)” or the environmental
education programme in Segovia, “Pies para qué os quiero: movilidad y camino escolar
(What are my Feet For: Mobility and Travelling to School).” These programmes tried to
introduce and promote habits about caring for the environment in primary school children
and the wider community. They also attempted to promote healthier lifestyles through the
incorporation of concepts and behaviour related to sustainable mobility by converting the
street into a space where people were able to be together [43]. In order for any educational
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activity about sustainable mobility to result in real behavioural change in daily lifestyles,
these programmes need to be accompanied by other strategies.

2.3. Gamification and Sustainable Mobility

Serious games and persuasive games, along with their interactions, have shown
potential to be strategic socio-technical elements to increase participation and commitment
as well as promote more sustainable behaviour in terms of ethical, social, environmental,
and health habits [44].

The key idea is to increase peoples’ motivation to make a certain decision or carry out
certain tasks that are instrumental in achieving valuable goals, while making them enjoy-
able and rewarding experiences. Environmental sustainability is an area of application
where gamification has been widely applied, from energy saving [45,46] and sustainable
mobility [47–50] to other environmental questions like community environmental mis-
sions [51], the participatory governance of urban neighbourhoods [52], or the discovery of
the educational city [53].

The use of gamification techniques to incentivise voluntary changes in behaviour
towards more sustainable mobility has become widespread over recent years, coinciding
with the spread of the smart city in Europe [49,54].

A smart city is an efficient and advanced city where new technology is applied to
connect people, information, and urban structure, thereby creating a more sustainable,
ecological, competitive, and innovative urban environment that provides its citizens with
a better quality of life [55]. Most research and the resulting applications are aimed at
adults. Merugu et al. [56] described an application to reduce traffic congestion. Hoh
et al. [57] proposed game-theoretical design and crowdsourcing to motivate people to
share information about parking spaces in the city. Gabrielli et al. [58] described a design
methodology using gamification applied to case studies performed in four European cities.
Buningh et al. [59] implemented a gamified system to encourage company employees to use
sustainable transport modes for travelling to work. Wells et al. [60] proposed a gamification
model that motivates users to adopt sustainable mobility by tracking people’s mobility
behaviour and proposing modulated challenges based on their actual progress. Similarly,
the Tripzoom platform [61] was used in three European cities [62] to identify the behaviour
patterns of citizens’ mobility, later proposing and compensating with personalised gamified
mobility solutions that improve CO2 emissions, the health of the players, and travel time.
Tripzoom is a mobile app that encourages users to improve their mobility behaviour. To
achieve this goal, the app uses the sensing capabilities of modern mobile devices (e.g., GPS
and an accelerometer) to detect, measure, and track the movements of its users. The data
obtained can guide user travel behaviour and give recommendations on how to improve it.
On the other hand, the application allows interaction with other users through different
interfaces. Finally, the application can be connected to the city authorities that monitor and
manage the incentive and reward system.

In autumn 2014, an experiment was performed as part of the STREETLIFE EU project
to assess the impact of sustainable mobility recommendations and gamification incentives
on the mobility behaviour of people who needed to routinely travel to the city centre by
car [49]. Mechanisms were provided to integrate and implement policies on a city-wide
scale from a group of intelligent mobility services such as trip-planning services and route
recommendations that citizens habitually used. Furthermore, mechanisms were provided
to encourage citizens to make decisions in accordance with these mobility policies by using
gamification. This study allowed a gamification designer to create games that increase
the knowledge of the citizens about the current and new sustainable mobility policies and
services in the city and motivate them to adopt the corresponding TIC solution to gain
status and repute in the game and win prizes (virtual or material).

Therefore, gamification can play a key and triple role in this context: Supporting the
sustainability of the long-term environmental education initiatives promotes the commit-
ment of the community at large and encourages creativity and active participation. Some
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successful examples have used gamification to promote sustainable lifestyles in children
and parents [63–65].

Beat the Street [66] and Kids-Go-Green [67] are similar applications in terms of their
objectives. The “Beat the Street” initiative is an active travel plan proposed in the United
Kingdom that converts the entire city into a game. In fact, it involves a local community in
a competition that encourages them to walk or ride a bicycle around their neighbourhood.
The system employs tracking technology and a reward scheme. This game has also been
applied in schools to encourage active and sustainable mobility in children; however,
preliminary studies show that the induced change was very limited [68]. This result could
be because Beat the Street was not specifically designed with children in mind, nor for
being used in a school environment and teaching syllabus. The mechanics of the game,
the rewards, and the experiences of the Beat the Street user are designed to involve a
population of generic players.

On the other hand, Kids-Go-Green [67] is specifically designed to be significant and
attractive to smaller children within an education environment such as a school. Its aim
is to increase awareness and change the behaviour of the children and their families
about active and sustainable mobility. The method also aims to achieve a short-term
commitment towards different mobility habits, especially in terms of the journey from
home to school, which eventually leads to a long-term change in attitude by using the
potential of gamified educational initiatives. Kids-Go-Green has been developed as a web
application accessible using any navigator and can be used in school through large screens,
interactive blackboards, tablets, and computers.

3. Methodology

In order to diagnose the awareness and knowledge of pupils about sustainable mobil-
ity before and after the learning experience using the ClassCraft platform, the research was
subdivided into four large phases, which are summarised in the following Figure 1.
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The following sections explain the different phases in detail.

3.1. Questionnaire Design

The questionnaires focused on knowledge and awareness about aspects of sustainable
mobility by using 38 questions of diverse typologies: Some had multiple choice answers,
others had open answers, some asked for preferences, and others were placed in a ranking.
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As a reference for structuring this type of questionnaire, the team applied a previous survey
methodology used to study user perceptions about public transport service quality [69,70].

The 38 questions covered a variety of themes:

• Socioeconomic: how many members were in the family unit, the type of employment
the parents or guardians had, where they lived, whether they made use of a car and
bicycles.

• Analysis of mobility habits: how they travelled to school, whether they used a bicycle,
the reasons for travelling, and the different transport modes present in the city.

• Definition of certain key words and concepts associated with sustainable mobility,
such as “bike lane,” “pedestrian zones,” “mass transit,” “shared car,” “sustainable
city,” “sustainable transport,” “bike sharing”.

All questions were adapted so that they could be easily understood by 10–12-year-old
pupils.

This questionnaire, except for the initial part about socioeconomic characterisation,
was filled out after the gamified learning experience to assess any changes in the children’s
awareness.

To better understand the results, we discuss the initial questionnaire when we refer to
the data obtained before the learning experience and the verification questionnaire when
we refer to the data obtained after the learning experience.

3.2. Design of the Activities in the ClassCraft Platform

The first version of ClassCraft, created by Shawn Young in January 2011, was inspired
by roleplaying videogames or roleplaying games (for example, World of Warcraft).

Although ClassCraft was initially developed for use in secondary school classes,
examples exist of its use in primary education [71].

The web application has already been created and allows teachers to direct a roleplay-
ing game in which the pupils take on a variety of characters. Roleplaying games (RPG) can
be defined as a system to create stories based on a series of rules [72]. In this particular
case the idea was for the pupils to become involved in a game where the evolution of their
character is related to their academic abilities and class collaboration.

The game works using a web engine, so the events occurring in the game are sent in
real time to the controls of other users, just like an online video game [73]. ClassCraft is
not related to any specific learning material and the duration of the game depends on the
expectations of the teacher (from a few classroom hours to the entire year). The pupils play
during and outside school time [73].

ClassCraft is a very visual and attractive platform that can create a world of characters
(wizards, healers, and warriors) that need to cooperate and take part in missions to win
points and coins in order to improve their team. The aim is to move forward by collabo-
rating as a team and at the same time learn and expand knowledge. The teachers have
access to an interface where they can create a story and a group of activities that the pupils
need to solve to gain points and rewards. They have a private online profile where they
can see how many rewards they have received, what the activities are, etc. The pupils have
to develop what the teacher has proposed and later receive points and rewards recognising
their work.

The rules of the game are relatively simple. A pupil who demonstrates positive
behaviour in the class can receive “experience points” (XP). If a pupil “breaks” the class
rules, they will lose “health points” (HP), their vital energy for the game, and eventually
they will fall in battle.

In our case, a story was created where the pupils were superheroes called on to
save the inhabitants of a polluted island. Various types of activities were created and
presented on the platform: crosswords, word search puzzles, coded messages, images,
conceptual maps, mathematical problems, informative videos and documentaries, stories,
chat discussions, and real examples. The map of the story including the activities was
made up of a total of 48 stages. The children had a certain time available to solve each task
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and could receive different rewards (XP and GP) if they finished before or after the allowed
time.

3.3. Data Collection in the Case Study: Conducting the Survey before and after the Experience

The protagonists of this research were the 5th-year primary pupils of the Colegio
Marista Liceo Castilla school in Burgos. The sample total of the study was 75 pupils divided
into 3 classes (25 each). All the pupils were within the 10–11-year age range, and there
were slightly more boys than girls in all 3 classes. In total the sample consisted of 53% boys
and 47% girls.

The experience was categorised as an extracurricular activity and the in-person meet-
ings were planned so as not to interfere with school work.

The pupils were given 60 min each to answer the survey. They could receive help
from the teachers from a practical (context) but not a conceptual (meaning) point of view.
Anonymity was guaranteed at all times, as was the confidentiality of the replies. The
questionnaires were filled out before the start of the experience and then again after
3 months of activities.

4. Results

The two questionnaires were analysed at the same time and the same questions were
asked before and after the gaming experience.

The verification questionnaire asked the same questions as the initial questionnaire
without repeating the socio-economic characterisation questions (which did not change
and were not affected by the learning experience).

For ease of analysis, the results were divided into three large parts:

• The characterisation of the pupils’ habits and their perception of mobility;
• The evolution of basic knowledge about sustainable mobility;
• The analysis of learning using gamification techniques before and after the activity.

The main aim was to see how the pupils’ ways of thinking had evolved in order to
evaluate and validate the effectiveness of the activity. Note that in this experience the
activities were not compulsory.

4.1. The Characterisation of Pupils’ Habits and Their Perception of Mobility

Below we analyse and compare the pupils’ habits and perceptions about mobility
before and after the gamification experience.

We analyse the pupils’ perception of the different ways they could travel to school;
what kinds of transport is available in the city; what their opinions are about various
subjects related to the environment, pollution, and sustainability; and what their priorities
are when they are about to travel.

In order to establish whether or not mobility habits were being influenced by the
zones where the pupils lived, they were asked about their place of residence, as the school
is located on the outskirts of the city (with respect to the urban centre) and is connected by
one of the main highways into and out of the city.

Here we found heterogeneity with most of the pupils (37%) living in the city centre, a
similar percentage (30%) living in the outskirts, and 22% living in surrounding towns and
villages, with 11% living close to the school.

Car ownership was also found to be an important factor affecting the mobility habits
of the pupils and their families.

Most households had 2 cars, with a total of 155 cars spread between the 75 households,
representing a car ownership rate of 2.07 cars per household.

Most of the households (96%) had at least one bicycle that they used once per week
(40%) or more than once per week (42%). Two households used their bicycles on a daily
basis. Bicycle use was found to be mainly for recreational purposes and for getting around
town.
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The pupils were asked how many different ways (modes or combination of modes)
they could choose from to travel from their home to school. The intention was to find out
how many possible ways they were aware of for getting to school, whether they used them
or not.

Most of the pupils typically travelled to school by car (over 61%) or on foot (21%),
and a small percentage went by bicycle (11%) or by bus (7%). The pupils mainly went
to school accompanied by their parents and to a lesser extent by their grandparents or
siblings. After the experience, an increase in the options available was registered in the
replies, meaning that with the activity the pupils had learnt about, remembered, or become
aware of new modes of transport, thereby widening their vision. The most important
increases were found in the following modes: bicycle, walking bus, bus, and walking, all
of which are sustainable modes of transport, and from that point of view we can conclude
that the activity was very effective. An expected increase was found in the number of
pupils choosing the car, and curiously a fall in the number choosing the combined mode
of bus and walking. Most of the pupils also used modes alternative to a car, but 21.3% of
the pupils had only ever used a car for travelling. The most frequently used alternative
modes were travelling by walking, bus, train, and bicycle. The most common reasons for
travelling were shopping, visiting friends and family, and running errands.

Awareness about the available modes of public transport is an important factor in
increasing their use. To check the pupils’ knowledge, they were asked about the modes of
public transport that exist in the city of Burgos. Overall, the number of pupils aware of
the different forms of public transport available in the city showed a significant increase
after the gamified activity. Mechanical stairways, train, and rented bicycles were the public
transport modes that showed the biggest increases of 29%, 18%, and 14%, respectively,
but there were also increases found in the pupils’ awareness of taxis (3%) and buses (2%)
(the public transport mode most widely known by the pupils). A small number of pupils
pointed out the presence of the tram (one pupil both before and after the activity) and the
metro (two pupils both before and after the activity) in the city of Burgos, which do not
actually exist there. Nevertheless, overall we can conclude that the goal of the activity was
achieved and the pupils significantly increased their awareness of the different modes of
public transport available in the city.

4.2. Evolution of Basic Knowledge about Sustainable Mobility

In this section we analyse the common questionnaire questions concerning the basic
awareness of sustainable mobility found before and after the gamified activity.

We will start with awareness of bicycle lanes (Figure 2). Before the activities started,
70% of the pupils showed awareness of bicycle lanes; however, the aim was to see whether
they understood their utility after the gamified activity. During the gamified activity the
pupils learned that the bicycle is not purely a mode of transport used for leisure purposes,
and this achievement was a significant one. There was also a 5% increase in the replies
where the pupils stated that bicycle lanes encourage bicycle use and increase cyclist safety.
These are important concepts and demonstrate the progress made by the pupils in learning
about the function of bicycle lanes. The number of pupils saying that bicycle lanes were to
go faster and were to be used at the weekend and during free time saw a 9% drop. The
pupils also showed that they had a better understanding that bicycle lanes were not for
pedestrian use and were in no way an infrastructure that got in the way of pedestrians
or made life difficult for them. Overall, we can state that this activity produced very
satisfactory results.
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Figure 2. What do you think bicycle lanes are for?

Exactly the same happened with pedestrian zones (Figure 3), where 70% of the pupils
showed that they were aware of their presence in the city of Burgos. When asked about the
utility of pedestrian zones, most (70%) of the pupils thought they allowed pedestrians to
circulate freely and 50% said they were to stop cars entering the area, whereas 38% said
they were to create more public space and 26% stated they were to reduce pollution.

Sustainability 2021, 13, 9939 9 of 21 
 

or made life difficult for them. Overall, we can state that this activity produced very sat-
isfactory results. 

 
Figure 2. What do you think bicycle lanes are for? 

Exactly the same happened with pedestrian zones (Figure 3), where 70% of the pupils 
showed that they were aware of their presence in the city of Burgos. When asked about 
the utility of pedestrian zones, most (70%) of the pupils thought they allowed pedestrians 
to circulate freely and 50% said they were to stop cars entering the area, whereas 38% said 
they were to create more public space and 26% stated they were to reduce pollution. 

After the gamified activity the highest increases were found in the two options that 
were chosen least beforehand (to create more public space increased by 4% and to reduce 
pollution increased by 3%). This is a very positive result, as it shows us that the gamified 
activities helped the pupils to better understand the least popular concepts. 

 
Figure 3. What are pedestrian zones for? 

The replies given for the specific definitions of “mass transit,” “shared car,” “sustain-
able city,” “sustainable transport,” and “bike sharing” are analysed below. 

All were analysed for the frequency of the reply disaggregated by type and total, and 
the percentage variation found in the overall replies. 

To check that the pupils understood the meaning of “mass transit,” they were asked 
to choose from three definitions: 

0
10
20
30
40
50
60
70
80

To be safer
and not get

run over

To go faster To hinder
walkers

So that we
use the bike

more

For
pedestrian

traffic

For cycling
on

weekends
and leisure

time

For cycling
to school

Others

What do you think bicycle lanes are for? 

5A Before 5A After 5B Before 5B After

5C Before 5C After Total Before Total After

0

20

40

60

80

So that there are no
cars on them

To allow pedestrians to
walk freely

To reduce noise
pollution

To create more public
space

What are pedestrian zones for?

5A Before 5A After 5B Before 5B After

5C Before 5C After Total Before Total After

Figure 3. What are pedestrian zones for?

After the gamified activity the highest increases were found in the two options that
were chosen least beforehand (to create more public space increased by 4% and to reduce
pollution increased by 3%). This is a very positive result, as it shows us that the gamified
activities helped the pupils to better understand the least popular concepts.

The replies given for the specific definitions of “mass transit,” “shared car,” “sustain-
able city,” “sustainable transport,” and “bike sharing” are analysed below.

All were analysed for the frequency of the reply disaggregated by type and total, and
the percentage variation found in the overall replies.

To check that the pupils understood the meaning of “mass transit,” they were asked
to choose from three definitions:
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Definition 1. It is a kind of public transport that has set timetables and routes. Some examples are
cars, motorbikes, vans, and trucks.

Definition 2. It is a kind of public transport that has set timetables and routes. Some examples are
buses, trains, and trams, etc.

Definition 3. It is a type of transport used only by people who do not have a car.

Before the activity most of the pupils chose Definition 2 (65%), whereas 20% chose
Definition 1 and 15% chose Definition 3. After the game, the number of pupils choosing
the correct answer increased and the others dropped, above all in the case of Definition 1,
which we considered to be incorrect.

An analysis of the data considering the percentage variation in respect to the concept
of mass transit (Figure 4) shows that after the activity the number of pupils choosing
Definition 2 increased by 22%, the number choosing Definition 1 dropped by 17%, and
those choosing Definition 3 fell by 5%. We can also conclude that in this case the activity
was successful at increasing awareness about the characteristics and functions of mass
transit.
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Figure 4. What do you think about mass transit?

To check that the pupils understood the meaning of “shared car,” they were asked to
choose from three definitions:

Definition 4. Consists of sharing a car with other people for a limited time.

Definition 5. Consists of sharing a car with other people, but only when my car is not available.

Definition 6. Consists of sharing a car with other people to go to work, to school, travelling, etc.
Using this method, we can reduce traffic jams and pollution in the city.

Most of the pupils understood the meaning of “car sharing” (Figure 5) and they mainly
associated it with Definition 6, which is the most correct.
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Figure 5. What do you think about car sharing?

After the gamified activity the number of pupils choosing the correct definition
increased. The percentage variation in the number of pupils choosing Definition 6 increased
by 28%, those choosing Definition 4 fell by 18%, and those choosing Definition 5 fell by
10%. The activity again was shown to be effective at increasing pupil awareness.

To check that the pupils understood the meaning of “sustainable city” (Figure 6), they
were asked to choose from three definitions:
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Figure 6. What is a sustainable city?

Definition 7. It is a city where the inhabitants look after the environment without damaging it,
carrying out their economic activities and creating a respectful city for the well-being and equality
of all.

Definition 8. It is a city where the inhabitants look after the environment without damaging it and
without carrying out any economic activity at all, thereby being very respectful of the environment.

Definition 9. A sustainable city is a city in which the inhabitants do not look after the environment
and carry out their economic activities without respecting their surroundings and thereby creating
an unequal society with low levels of well-being.
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Evidently the correct definition is number 7 and number 9 is totally incorrect.
Normally people think about Definition 8 given that they see the environmental factor,

but ignore the other two aspects of sustainability.
If we look at the frequency of the replies the results seemed to be unsatisfactory, but

this is really because in the first survey taken before the gamified experience, some of the
children chose more than one definition, which was not allowed after the activity.

It is interesting to analyse a summary of the results by percentage, which shows how
the number of children choosing the correct answer increased by 6% and the number of
children choosing the other definitions decreased by 4% for Definition 8 and by 2% for
Definition 9. The results can therefore be seen as satisfactory, although the aim would have
been for the number of pupils choosing Definition 8 to drop substantially, meaning that the
activity could be improved by concentrating on these points.

To check that the pupils understood the meaning of “sustainable transport” (Figure 7),
they were asked to choose from three definitions:
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Figure 7. What does “sustainable transport” mean?

Definition 10. Sustainable transport means that everyone uses their own car to go to school or
work, etc.

Definition 11. Sustainable transport means people use all the available modes of transport in the
city.

Definition 12. Sustainable transport helps to reduce negative effects on the environment and
means using less polluting modes of transport.

In this case the correct definition is 12. Definitions 10 and 11 are incorrect, although
11 could be considered as less incorrect than 10. After the gamified activity the choice of
Definition 12 increased by 20% and the number of pupils choosing Definitions 10 and 11
fell. The choice for Definition 10 fell by 13% and for 11 by more than 7%. This case also
demonstrates the effectiveness of the activity.

To check that the pupils understood the meaning of “bike sharing,” (Figure 8) they
were asked to choose from three definitions:
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Figure 8. What is bike sharing?

Definition 13. It is a paid transport service where bicycles are placed at certain locations around
the city so that people can use them. They can collect them in one place and leave them in another
place.

Definition 14. It is a service provided for short-distance journeys in an urban area used as an
alternative to public transport that is located at various locations around the city; it is free to use.

Definition 15. It is a service where the people use a bicycle as an alternative form of public transport
and the bicycle can be used for as long as you like.

In this case, Definition 13 is the correct answer, although 14 and 15 provide some
important concepts, which we tried to get across during the gamified activity. Definition
14 highlights the urban nature and the free aspect of the service, which are characteristics
that could be introduced to a bike-sharing service, whereas Definition 15 insists that bike
sharing is a form of public transport, but the bikes are available for as long as the user
wants.

After the activity, by percentage, the choice for Definition 13 fell by 10%, whereas 14
and 15 increased by 6% and 4%, respectively. At first glance this looks like the results do
not show a high percentage of improvement after the activity, contrary to the previous
notions. It appears opportune to consider a clearer definition of bike sharing in any future
experiments.

4.3. Analysis of Learning Using Gamification Techniques before and after the Activity

In the previous sections, we commented on the results of the questionnaires describing
the pupils’ habits and perceptions of mobility and the evolution of their basic awareness
about sustainable mobility before and after the learning activity using gamification tech-
niques. In this section, we compare their initial and final levels of awareness in greater
detail. To this end, points have been added to the awareness questions as a function of
the answers given. A recount of these points scored in the initial (PINITIAL) and final
(PFINAL) surveys allowed us to numerically define the base level at which the pupil started
and the final level when they finished the gamified activity. A table summarising the most
relevant results is presented below (Table 1).
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Table 1. Summary of the points scored from the questionnaires before and after the gamified activity.

Nº % Pupils Total Points % Points

Pupils who improved 50 66.67 225 80.36

Pupils who stayed the same 3 4.00 0 −
Students that got worse 22 29.33 −55 19.64

The first column shows that the number of students who improved their level of
awareness was greater than the number of students who lessened their awareness. In
percentage terms, it can be seen that 66.67% of the pupils improved their scores (second
column). The third and fourth columns show that overall, the number of pupils who
improved their scores (80.36%) was much greater than the number of those who worsened
their scores (19.64%). The justification for this will become clearer further on in this article,
when we consider the results relating to other factors such as satisfaction, time spent doing
the activity, the number of activities performed, etc. These relationships will help us explain
how circumstances play a relevant role in the success of this methodology. Figure 9 visually
represents the results of the 75 pupils, expressed in the table above, organized as a function
of the variation in scores (DELTA_SCORE).

DELTA_SCORE = PFINAL − PINITIAL (1)
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In order to analyse the relationship between the final scores and other relevant vari-
ables, we applied a series of multiple linear regression models (9 models MR1-MR9). These
models relate the final score (PFINAL) arrived at with the verification questionnaire (final),
which represents the dependent variable, with the variables obtained using the ClassCraft
platform indicating the time that each player spent on the game, as well as their overall
satisfaction level with the game (SAT_GLOB) (Table 2).

The specific variables used were as follows:

• From the platform: the level in the game reached by the pupil (NIV_JU), the points
scored on the ClassCraft platform at the end of the game (P_JU), the number of
activities finished on ClassCraft (N_ACT), and the number of connections (N_CON).

• From the following information found using the final questionnaire: weekly access
(ACC_SEM), total hours spent playing per week (HOR_SEM), and overall level of
satisfaction (SAT_GLOB).

The models shown in Table 2 reveal a positive correlation between all the considered
variables and the final scores reached by the pupils. In all cases the parameters associated
with the considered dependent variable were statistically significant to more than a 95%
confidence level.
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Table 2. Summary of the regression models.

MR1 MR2 MR3 MR4 MR5 MR6 MR7 MR8 MR9

NIV_JU 2.275

t-stat 11.869

P_JU 0.003

t-stat 10.765

N_ACT 0.849

t-stat 9.082

N_CON 0.655

t-stat 11.607

ACC_SEM 6.179 3.355

t-stat 17.363 9.891

HOR_SEM 12.194 6.219

t-stat 16.109 8.172

SAT_GLOB 10.008 6.219 5.934

t-stat 18.713 10.237 10.954

Rˆ2 adj. 0.656 0.610 0.527 0.645 0.803 0.778 0.826 0.909 0.925

Observ. 75 75 75 75 75 75 75 75 75

MR1 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the level reached playing the game. A significant
regression was obtained (F (1.74) = 140.877, p < 0.000), with an R2 of 0.656. The prediction
for the final score is equal to:

PFINAL = 2.275 * (NIV_JU) (2)

MR2 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the points scored on the ClassCraft platform at
the end of the game. A significant regression was obtained (F(1.74) = 115.891, p < 0.000),
with an R2 of 0.610. The prediction for the final score is equal to:

PFINAL = 0.003 * (P_JU) (3)

MR3 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the number of activities finished using ClassCraft.
A significant regression was obtained (F(1.74) = 82.476, p < 0.000), with an R2 of 0.527. The
prediction for the final score is equal to:

PFINAL = 0.849 * (N_ACT) (4)

MR4 ran a multiple regression model to predict the final score obtained from the veri-
fication questionnaire as a function of the number of ClassCraft connections. A significant
regression was obtained (F(1.74) = 134.726, p < 0.000), with an R2 of 0.645. The prediction
for the final score is equal to:

PFINAL = 0.655 * (N_CON) (5)

MR5 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the weekly access to ClassCraft. A significant
regression was obtained (F(1.74) = 301.488, p < 0.000), with an R2 of 0.803. The prediction
for the final score is equal to 6.179 * (ACC_SEM).

PFINAL = 6.179 * (ACC_SEM) (6)
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MR6 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the number of hours spent weekly on ClassCraft.
A significant regression was obtained (F(1.74) = 259.502, p < 0.000), with an R2 of 0.778. The
prediction for the final score is equal to:

PFINAL = 12.194 * (HOR_SEM) (7)

MR7 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the overall satisfaction level with the activity. A
significant regression was obtained (F(1.74) = 350.162, p < 0.000), with an R2 of 0.826. The
prediction for the final score is equal to:

PFINAL = 10.008 * (SAT_GLOB) (8)

MR8 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the overall satisfaction level with the activity and
the number of hours spent per week on ClassCraft. A significant regression was obtained
(F(1.74) = 364.131, p < 0.000), with an R2 of 0.909. The prediction for the final score is
equal to:

PFINAL = 6.207 * (SAT_GLOB) + 6.219 * (HOR_SEM) (9)

MR9 ran a multiple regression model to predict the final score obtained from the
verification questionnaire as a function of the overall satisfaction level with the activity and
the weekly access to ClassCraft. A significant regression was obtained (F(1.74) = 453.112,
p < 0.000), with an R2 of 0.925. The prediction for the final score is equal to:

PFINAL = 5.934 * (SAT_GLOB) + 3.355 * (ACC_SEM). (10)

An analysis of models MR1, MR2, and MR3 shows conclusively that the pupils
who learnt the most were those who reached the highest level in the game, those who
accumulated the most points, and those who finished the most activities. This is very
important because it validates the effectiveness of the method used and, above all, justifies
that the pupils who did not show improvement and even in some cases worsened their
performance were the pupils who remained at a lower level in the game, finished fewer
activates, and therefore scored fewer points.

An analysis of models MR4, MR5, and MR6 shows how the amount of time spent
playing also had a direct impact on the pupils’ final performance. It shows that the pupils
who connected more often, those playing the most weeks, and those dedicating more
hours per week also learnt more. If we connect these results to those presented above, we
can conclude that the performance of the pupils is directly related to the activities they
participated in and the time spent playing. A closer look reveals that models MR5 and
MR6 presented the best R2 fit of the first six models. This shows that learning improved
when the pupils connected more often and spent more time on the activities.

Model MR7 measured whether the pupil satisfaction levels using the application and
playing the game had a positive effect on learning. We can clearly conclude that this was
the case and is probably the most important factor. The more attractive the game is and the
more satisfied the pupils are, the more they learn.

The last two models (MR8 and MR9) combined the effect of satisfaction with the time
spent playing. As can be seen, the combination of the two meant that the pupils learnt
more.

5. Discussion

This article presents a study exploring student motivation and the opportunity of
using gamification for learning, as in previous research [74,75]. The promotion of more
sustainable means and habits of mobility is an increasingly important goal for societies
around the world. Sustainable urban mobility has grown in importance and become a
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major factor in smart cities [76]. Success with gamification involves determining which
games are preferred by individuals, how the schemes can be organised, and what the
effects will be. As found by Çakıroğlu et al. [77], our results show that gamification is so
successful because some traditional classroom activities are inherently uninteresting and
do not attract students’ attention. In fact, today’s students are growing up with interactive
media and video games, and games are becoming part of their lives. Gamification in the
classroom can therefore be engaging and motivating [78]. This is what we have found in
our experience. It highlights very clearly that the element of fun and motivation is very
important for students.

In terms of general knowledge, our results are in line with some previous stud-
ies [79–82] that found that gamified learning led to an improvement in students’ overall
academic performance. This improvement stemmed from students’ enjoyment, participa-
tion, and satisfaction with the online gaming process.

6. Conclusions

This article describes the results of a learning experience based on gamification aimed
at improving the perception of society about the problems associated with sustainable
mobility. The project was designed to teach pupils aged 10–12 years old.

The main conclusions drawn from the work are presented below, and take into account
the overall and specific objectives originally proposed and highlight their achievement.

The proposed goal was to observe and evaluate the use of gamification techniques
as a key part of encouraging learning and changing habits regarding sustainable mobility.
Specific targets were added, as they played an important role in achieving the overall goal.
The level of fulfilment of both the overall and specific goals was satisfactory.

The bibliographic review, both regarding gamification and sustainable mobility, gave
us a base from which to better understand this teaching methodology and verify its use in
the field of education. We also found that little research has been done regarding teaching
young children aged 10–12 years about sustainable mobility and the teaching methods
used towards this end.

We can state that our experience has contributed to the understanding of the effect
that this kind of methodology can have on improving perception about the concepts of
sustainable mobility in all its aspects.

An initial assessment before the proposed gamified activity showed that the children
had little awareness of the subject. We deduced that before they took part in the learning
activity the children were only aware of the environmental aspects of sustainable mobility,
and they completely ignored the social and economic aspects. Their knowledge was biased
towards the environmental component.

A comparison with the data produced after the gamified activity shows that the
children grew their knowledge of sustainable mobility, including their awareness of the
social and economic aspects that sustainable mobility benefits.

Although our research followed a systematic methodology that allowed us to achieve
the set objectives and to obtain interesting results that could be used from a practical point
of view, we must recognise that there are limitations that need to be considered:

• The most important limitation is the sample size and the lack of a comparison group.
It was not possible to repeat the experience in another school with a different group of
pupils, meaning that the results from our small sample reduce the generalisability of
the study. Nevertheless, other researchers may find the data useful for new avenues
of research.

• Another limitation arises from the voluntary nature of the experience on the part of
the students. In fact, some difficulties were encountered in involving students in the
study, leading us to create favourable situations to encourage their participation, such
as the provision of real prizes that could be won by taking part.

• Last but not least is the impossibility of having a meeting with parents to explain the
importance and extent of our research.
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We believe that this work is a starting point for future research that should consider
the following questions:

• Future research needs to determine whether or not our findings can be generalised to
a wider population. Different results could emerge by considering other populations,
which can then be compared.

• The possible effect of the results on the mode of transport chosen for the children’s
daily trips to school by switching to sustainable modes.

• A follow-up questionnaire that measures whether the acquired concepts were main-
tained after the gaming activity finished.

• A questionnaire for the parents and guardians of the children that can be used to
verify whether the children’s learned sustainable behaviour spread to other contexts,
such as leisure time and family trips.

• The opinions of the teachers about the experience.
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