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Abstract

Gamification and Escape Rooms (ER) are becoming useful tools to encourage attitudinal and behavioural changes and increase
learning. In the field of sustainable mobility their use is not widespread and is, in most cases, related to digital games and mobile
applications aimed largely at an adult audience. In this study, we explore the potential of this tool to encourage the learning of
sustainable mobility concepts in children between the ages of 10 and 13. The experience created, through the resolution of tests
and puzzles, has led the 105 students involved to experience, in a playful environment, the formation and learning of sustainable
mobility concepts. To measure learning, a pre- and post-experience questionnaire has been provided and the results have been
classified with some characteristics of the students such as gender and mobility habits. The analysis of the questionnaire data using
multinomial logit models has allowed us to determine which variables affect the probability of answering correctly before and after
the experience. In the results obtained we can observe that gender, bicycle use, public transport or the presence of many cars in the
family are relevant variables when it comes to having knowledge about mobility issues and that the ER experience has favored a
change, although minimal, in the acquisition of sustainable mobility concepts.
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1. Introduction

The UN Sustainable Development Goals (SDGs) are being referred to more and more frequently in education
programs. To integrate, disseminate and consolidate the fundamentals of the SDGs in people, recent years have
seen a growing interest in the use of gamification strategies, mostly related to digital games, mobile applications
and generally aimed at an adult audience (Poslad et al., 2015; Wells et al., 2014).

Gamification is considered one of the most popular persuasive tools and is becoming a phenomenon that is
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becoming more and more involved in our lives.

Among the different definitions found in the literature we can summarize that gamification uses elements of
game design in non-game environments (Larson, 2020) to foster interest, satisfaction and above all to promote
behavioral change (Andersson et al., 2018).

Wang et al. (2022) conducted a literature review on the use of gamification in the field of transport and found
several topics of interest such as studying traveler behavior, encouraging the use of sustainable modes of travel,
promoting safe driving, reducing carbon dioxide emissions and energy consumption. There are some successful
examples that leverage gamification to promote sustainable lifestyles in children and parents (Ferron et al., 2019).
Although these studies bring new developments to the field, studies on how children disseminate and acquire
knowledge on sustainable mobility issues appear to be scarce (Sipone et al., 2021).

Among the many gamification techniques that support, facilitate knowledge acquisition, create engagement
and promote positive behaviors, a new approach is gaining increasing interest from researchers: we are talking
about the use of the Escape Room (ER) (Bassanelli et al., 2022). In the field of sustainable mobility itsuse and
studies are scarce. In this study, we explore the potential of this tool to encourage the learning of sustainable
mobility concepts in children between 10 and 13 years old by creating a face-to-face ER with several tests based
on sustainable mobility concepts. For this purpose, an initial and final questionnaire has also been created and
given to the students before and after the experience. Our aim is to see which factors influence the acquisition of
these concepts and whether the ER activity is a good tool for this purpose. After an initial introduction, in the
second section we willreview the literature on ER and its applications in education. In section three, we will
describe the experience and methodology used. In section four we will analyze the results and finally, in section five
we will present the conclusions of our study.

2. State of art

Educational ER represents an innovative teaching technique within the context of gamification(Zoi Karageorgiou,
2019). ERs are action team-based games in which players face challenges to complete a mission in a limited amount
of time (Nicholson, 2015). In addition to having become one of the most demanded leisure activities, their potential
has led them to make the leap into education and their application provides a new way to engage students in their
learning environment (Kinio et al., 2019). Its popularity stems from the fact that it has great potential to enhance
student learning through highly engaging experiences and apply to a wide variety of subject areas and educational
levels (Fotaris & Mastoras, 2019; Sanchez & Plumettaz-Sieber, 2019).

ER is a form of active learning strategy that transforms the learner from a passive observer to an active participant.
According to Brown et al. (2019), ER is a very effective and efficient learning method that allows students to retain
and apply the knowledge acquired in class. Moreover, it motivates players to study because it is fun and enhances
teamwork.

Educational ERs are developed for a specific target group with well-defined learning objectives. Like recreational
ERs, in educational ERs students are faced with solving puzzles, challenges and quizzes linked to curricular content
and skills, through a playful approach. Specifically, educational ER relies on the autonomous work of students to solve
areal or fictitious problem posed by the teacher (Wynn & Okie, 2017). Students have to find a solution collaboratively,
in a process that favours the acquisition of skills and learning outcomes.

Due to its novelty, studies on ER as a tool in the field of education are increasingly evolving. Also, as far as the
authors are aware, they are non-existent in research in the field of transport in general and in the learning of sustainable
mobility concepts in particular.

The different studies that have been conducted describe experiences in the use of this type of activities in a wide
variety of fields: medicine (Guckian et al., 2020), computer networks (Ho, 2018), mathematics (Fuentes-Cabrera et
al., 2020) or to support the development of generic skills (Craig et al., 2020). These studies have provided strong
experimental evidence that educational ER can produce positive impacts on students' engagement (Jambhekar et al.,
2020) and their learning (Huang et al., 2020). There are studies using ER focused on climate change (Ouariachi &
Wim, 2020) and sustainability (Ceccarini & Prandi, 2022) with children, but none that discuss sustainable mobility
and support learning about its topics with children and adults.
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3. Methodology

There are different steps to follow when designing an ER. We must remember that an ER has as its main
characteristic the resolution of problems, challenges or activities that are generally called puzzles. The way of
organizing the puzzles identifies the type of structure that characterizes the ER (Wiemker et al., 2015) (Fig. 1):

a) Open structure: the challenges are not ordered and can be solved in any order the group decides.

b) Sequential structure: the challenges are ordered and a sequence must be followed to reach the set goal.

¢) Multilinear structure: it is a combination of the two previous ones, as it introduces challenges that must be done
in an orderly manner and others that are not.

Figure 1: Puzzle Path Design created by Wiemker et al. (2015)

Puzzle Path Design

Following these indications, our activity was based on a sequential structure with the resolution of five tests
contained in the respective envelopes; the students could not open an envelope if they had not solved the previous test
beforehand. We used hidden objects and puzzles to simulate the traditional design of an ER.

Important aspects of designing an ER are a narrative that contextualizes the knowledge and skills needed to solve
it (Subhash & Cudney, 2018).

We created a story around the test and set up the ER scenario in an empty classroom at the University of Cantabria.
The students had to discover, through the tests, the basics to be able to practice sustainable mobility. The tests were
designed for students between 10 and 13 years old and focused on five fundamental mobility topics: active mobility;
the concept of car sharing for everyday trips and saving space in the city; the basics of the Mobility Pyramid; the
difference between sustainable and non-sustainable means of transport; the organization and planning of the spaces in
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acity. To solve the tests, the students were divided into heterogeneous groups of 5/6 members. Participants were given
50 minutes to complete the challenge and were initially introduced with a video explaining the scenario and the result
they would have to achieve to complete the ER. After presenting the ER, they were given the rules to participate, the
final objective was to block a backward counter with the code.

The experience involved 105 students from various schools in the city of Santander between 5th grade of primary
and 1st of Obligatory Secondary Education (OSE), and they were given a questionnaire before and after to evaluate
the change in knowledge obtained with our activity. The questionnaires are both divided into two parts: the initial
questionnaire has 8 characterization questions and 14 questions related to mobility topics, the final questionnaire
presents 9 satisfaction questions and the same 14 questions related to mobility topics. From the characterization part
of the initial questionnaire proposed before the activity we can analyse different datareferring to: the place where they
live; the number of family members; how many cars the family owns; if the children have a bicycle and the reason why
they use it: whether it is to play or to go to places or both options. They were also asked whether they use public
transport and how often: less than once a week or more.

The mobility topic questions were ranking questions, also known as order and ranking questions, where students
were asked, for each topic, to compare three definitions with each other and to rank them according to their degree of
knowledge from the most correct to the incorrect one. In this study we will only relate the results of the characterization
questions to the results of the initial and final answers on the sustainable mobility topics. To determine whether
learning actually took place, a pre- and post-test was applied. The pre-test was administered just before the students
participated in the escape game, and the post-test was administered after the debriefing session. The results obtained
from the test have subsequently been analyzed to identify the degree of learning using a multinomial logit model
(Hensher et al., 2015).

4. Result

The sample was composed of 54% boys and 46% girls. Of the totality, 90% live in the city of Santander and 10%
in the surrounding villages. Regarding family members, 45% belong to a 4-person family, 26% to a 3-person family,
18% to a S5-person family, 5% to a 6-person family, 2% to an 8-person family, 4% to other options. In the families
46% have a car, 26% have 2 cars, 21% do not have a car and 7% state that the family has more than two cars. The
majority of children own a bicycle, with 68% reporting that they own a bicycle and the remaining 32% not owning a
bicycle. Of the children who own a bicycle, 45% say that they use it for playing and 39% for going places, and 22%
of them say that they use it both for playing and for going places. Most of them, 67%, also use public transport while
33% say they do not use it. As for the answers on sustainable mobility concepts obtained, table 1 shows how many
were correct and how many were incorrect both in the final questionnaire and in the one carried out prior to the activity,
considering that in each question the first two in the ranking are consider correct and the last one incorrect.

Table 1: Correct and incorrect answers to the initial and final questionnaire.

Correct Incorrect
Indicial Questionary 1131 (77,52%) 328 (22,48%)
Final Questionary 1167 (81,04%) 273 (18,96%)

The data shown show that there is an improvement of around 4% among the students who carry out the activity,
although the previously acquired knowledge offers very positive initial results, since around 4 out of 5 individuals
know the concepts to be acquired before carrying out the activity. This pattern suggests that in future research the
questionnaire should be adapted to make the requirements to be assessed more complicated or to be more specific in
the concepts to be included. For the exploitation of results on learning, a model has also been developed using a
multinomial logit (MNL) approach, which allows the analysis of multiple categories of the dependent variable and
several independent variables collected from the initial questionnaire carried out by the target (car ownership, number
of bicycles or gender). In this model, the dependent variable is a categorical variable representing the choice made by
an individual, and the independent variables are the attributes of the alternatives that influence the choice.
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The MNL model proposed assumes that the utility of each alternative is a linear function of its attributes and a
random error term. The formulation of the utility functions for each alternative in this model is for each of the 2 options
CC correct (the first two options correctly ranked) and IN incorrect (1) (2):

U(CC) = Bupicis - UBICIS + Py - SEXO (1)
U(IN) = in + Bococne - NCOCHE + Bpiei - BICI )

In modeling the final responses, the following formulation is adopted to represent the utility associated with the
responses (3) (4):

(CC) = ﬁubicis “UBICIS + Bchoicei *CHOICEI 3)
U(IN) = in 4)
Where:

- UBICIS €(0,1): is the variable representing the use or non-use of bicycles for activities.

- UTPV €(0,1): represents occasional use of public transport for commuting.

- DOM €(0,1): takes the value 1 for city residents and O in towns.

- SEX €(0,1): takes the value 0 for men and 1 for women.

- IN: is the specific constant for incorrect answers.

- NCOCHE: takes the integer value of the number of vehicles.

- BICYCLE €(0,1): takes the value 1 if a bicycle is available and 0 otherwise

- CHOICE: represents whether they answered correctly to the first part of the survey.

The coefficients Bbicis, Puptv and Psex Pchoice can be estimated using maximum likelihood estimation. The
estimated coefficients can be used to determine the effect of bicycle ownership and use, residence or gender on the
probability of students choosing good or bad answers after solving the ER tests on sustainable mobility.

Table 2 and table 3 show the results of estimating the parameters of the presented models.

Table 2: Values of initial model coefficients.

Parameter Standard z Prob, z>7* 95% Confidence Interval
Error

UBICIS 0,2858 0,0818 3,50 0,0005 0,1255 0,4461
UTPV 0,1915 0,0788 243 0,0151 0,0369 0,3460
SEX 0,2978 0,0706 4,22 0,0001 0,1595 0,4361
IN -0,2284 0,0886 -2,57 0,0100 -0,4019 -0,0545
NCOCHE 0,15409 0,0554 2,78 0,0054 0,0455 0,2625
BICI -0,1906 0,1019 -1,87 0,0613 -0,3903 0,0091

Table 2 shows the results of the initial questionnaire responses.

The coefficients of the model represent the marginal effect of each variable on the utility of choosing one alternative
over the other two, holding the other variables in the model constant. The sign and magnitude of each coefficient
indicate the direction and strength of the relationship between each variable and the outcome variable.

Starting with the significant coefficients, the UBICIS coefficient is positive and significant, indicating that cycling
in everyday life has a positive impact on prior knowledge of the sustainable mobility issues raised.

Similarly, the coefficient of UTPV is positive and significant, indicating that, like cycling, children who use public
transport frequently are more likely to be aware of the positive effects of sustainable mobility.

Finally, the coefficient for the SEX of the participants is positive and significant, indicating that being a girl
increases the probability of answering the initial questionnaire correctly compared to the boys who took part in the
study.
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As for the factors affecting the probability of choosing incorrectly the answers to the initial questionnaire, the
coefficient of NCOCHE is positive and significant, suggesting that an increase in the number of vehicles in the
household increases the probability of incorrectly completing the questionnaire. Finally, the coefficient of BICI is not
statistically significant at the 95% level, indicating that this variable may not have a significant effect, but its sign
indicates validation of the initial assumption that owning bicycles reduces the probability of answering the
questionnaire incorrectly.

Table 3: Values of final model coefficients

Parameter Standard Error z Prob, z>Z7* 95% Confidence Interval
UBICIS 0,1440 0,0747 1,93 0,0540 -0,0025 0,2904
CHOICEI 0,6842 0,0782 8,75 0,0000 0,5310 0,8375
IN -0,1441 0,0483 -2,98 0,0029 -0,2388 -0,0494

As for the results of the model in table 3, the UBICIS coefficient represents the use of bicycles in everyday activities,
and its value is positive and statistically significant at a significance level of 5%, suggesting that the more bicycles are
used in activities, the greater the probability of responding adequately to the final questionnaire. However, its effect is
not very large, as its coefficient is only slightly positive with respect to the other intervening variable.

The variable CHOICEI is a binary variable indicating whether children answered the pre-activity questionnaire
correctly, and its coefficient is positive and highly significant at the 1% significance level, suggesting that those who
answered correctly previously are more likely to choose the correct option now. Its coefficient is also relatively large,
indicating that it has a significant effect on the choice, which allows us to state that participants increase or maintain
their knowledge about sustainable mobility after the activity.

5. Conclusion

This article presents a face-to-face ER to increase knowledge and awareness of sustainable mobility. To assess
which factors can influence the increase of knowledge, we used a questionnaire administered to 105 students before
and after exposure to our ER containing questions related to mobility issues. When analyzing each question, we
observed that most of the students answered correctly also before the activity. These results are similar to those
obtained in their study on sustainability issues (Ceccarini & Prandi, 2022) with the conclusion that nowadays issues
related to sustainable development are widespread. New generations are more informed about sustainability issues
and in particular about sustainable mobility.

Overall, our results suggest that initial responses are influenced by a number of factors, such as the gender of
participants, their place of residence, bicycle use or ownership, and most significantly by their regular use of public
transport modes.

In summary, this model suggests that both the correct choice on a question at the beginning of the survey and the
specific parameter of the incorrect part are important in determining the correct completion of the final questionnaire,
while cycling in the activities also has a positive effect, but not as large.

Since no previous educational ER experiences in the field of sustainable mobility have been reported in the
literature, our analysis of results constitutes a valuable source of information for anyone interested in creating
educational escape rooms in this field.

This study can be considered as an initial part of a broader study since, through all the data collected, it is possible
to provide further research scenarios. As for the next steps, we plan to continue analyzing the data obtained in this
experience to be able to relate more variables to student learning in ER to further test and improve the effectiveness
of the method.
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