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Abstract

:

Nowadays, different methodologies are booming in the field of education, and active gamification-based methodologies such as the Escape Room are an example of these methodologies, which is the base of this research. The purpose of this research is to analyze the effectiveness of the use of an Escape Room as an active methodology to learn mathematics. A quantitative research method was performed through an experimental design. Two study groups were set up. With the control group, a traditional training methodology was used, and with the experimental group, an innovative one was used through an Escape room experience. A total of 62 students of the 3rd level of Secondary Education from an educational center in Ceuta (Spain) participated. Results show how the experience developed through the escape room improved achievement, motivation and autonomy in a significant way. It has also reduced learning anxiety significantly. It is concluded that the use of the Escape room in Mathematics improves learning achievement, anxiety, motivation and autonomy, with gender being a variable to be taken into account, especially in motivation and autonomy. Therefore, the escape room has a greater potential than a traditional methodology in Mathematics.
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1. Introduction


In recent times, traditional education, or more precisely, traditional teaching methods, gave place to a non-central place, and innovation is increasingly taking center stage [1]. Traditional teaching in mathematics is understood as the teacher being the main figure of the educational act, which is a situation more focused on teaching. On the other hand, there is talk of new didactic approaches, when they focus on the student, and on learning as the main action of the educational act. This is causing new innovative teaching modalities to appear that produce a higher incidence in students, such as flipped learning, gamification or problem-based learning [2]. The new didactic environments and approaches allow a greater involvement of the students in the daily life of the classroom and, above all, in the participation of their training process [3]. All this promotes profound changes in education, as well as in people’s lives and in their daily actions [4]. Furthermore, this is supported by a total increase in the use of technology [5], as the main support for educational innovation today [6]. For this reason, education approaches the idea of a digital society in which students live daily [7].



This transformation takes place within the framework of constant adaptation of teaching to the digital society and to new ways of life [8]. For all these reasons, fundamental concepts such as that of active methodology derive, as the main source of new forms of teaching, transmission of knowledge and new forms of participation in the educational process of all the agents involved in it. In this new paradigm, the student takes the leading role to become responsible for their training process, always guided by the teacher and always trying to achieve the objectives and strengthen the content [9]. All this tends to have, as its main source, the construction of self-knowledge by the students, and undoubtedly produces new opportunities and means available to students [10]. In this sense, their motivation is increased, causing students a greater interest and a better attitude towards learning [11].



Today’s students live in a world surrounded by technologies, as well as with great stimulation caused by this. Therefore, all these actions are aimed at concluding a favorable process for the development of students, with increasingly virtual environments [12]. These innovative learning environments produce a ubiquity in spaces and times dedicated to teaching [13]. Similarly, new methods are generated for a better understanding of the contents [14].



1.1. Gamification as an Innovate Tool


When we talk about gamification, we are referring to one of the active methodologies that, in recent years, has been most developed by teachers and students from all over the world [15]. For this reason, it has earned a place among the most widely used and studied methodologies [16]. As its name suggests, it bases its main focus on the application of the game phenomenon and on converting spaces reserved for formal learning into recreational spaces in which to continue learning [17,18]. Gamification involves the use of tools and elements typical of the game in the classroom, bringing along different benefits as pupils feel more motivated, active in class, and even want to take part in their learning processes in an active way, as within the game structure they feel less pressure in class. [19]. This methodology focuses on facilitating the effort of the students and making their task more enjoyable. For this reason, it focuses on the game as a tool to achieve high levels of learning and achievement of objectives [20]. How could it be otherwise? The game has also undergone a transformation over the years, passing by the classics to the most modern ones, with a great load of virtual reality, an aspect that has been transferred to education [21]. The use of the game, as an educational tool, has had a high success rate, taking into account what has been studied in different investigations, considering it to be an effective and adequate method to put it into practice with students of any age [22,23] and even any educational stage in which their training is developed [12,24].



Gamification allows teachers to develop their own learning program for their students, based on formal knowledge structures, with the certainty of achieving more than acceptable academic indicators in factors as important as the ability to solve problems [25]. In addition, the interactive process that occurs between the agents involved in the educational process [26] and the collaboration between these same agents [27] are benefited. It also increases factors that are influential in the maturational development of the student, such as motivation [28], a positive attitude towards learning [29], interest in knowing their own training [30], the autonomy of the student [31], commitment to the educational act [32], dedication to teaching by teachers and learning by students [33,34], as well as attraction, enjoyment, absence of negative feelings and the satisfaction of facing the task [35,36].



The success of gamification is supported by focusing its method on a system of rewards that make the student increase his attitude and predisposition towards teaching, having a very positive impact on the psychosocial indicators [37] that we have mentioned and which, inescapably, will produce an increase in performance that is obtained from the dedication of the students [38].



In the field of mathematics, recent studies on the use of active and gamified methodologies show very beneficial results for teachers and students who have put it into practice, with all the aforementioned areas and others, such as effective resolution of practices, being developed and promoted [39,40].




1.2. Using the Scape Room as a Gamification Tool


Within gamification, there are many ways to put it into practice. One of them is the Escape Room [41]. This is considered a training modality that is based on the resolution of challenges, tests or problems posed to students by teachers, which give rise to various situations in which students must have adequate knowledge to solve the practice of learning [42]. In an Escape Room, people—students in this case—are locked in a room and they are given several enigma and challenges, which they have to solve to be able to find the way out [43]. Therefore, this method is supported by the game design, with the students having to solve a series of tests, knowing how to self-manage their own knowledge, individually, and collectively to share their knowledge. This causes an increase in the participation of students when solving the aforementioned challenges or problems [44]. The method consists of “locking” the classrooms or spaces ready for practice, where they have to carry out various tasks and activities to solve puzzles and to be able to leave the place in the shortest possible time [45].



Several studies about the application of the Escape Room in the classroom offer us very favorable results in terms of its application in different contexts [46,47,48]. Thus, its application improves all the indicators previously exposed in relation to gamification. In this line, it produces a high motivation index in students [49], improves their activation and participation in the teaching and learning process [50], produces greater satisfaction for learning and attraction to it [51] and supposes a greater assimilation and reinforcement of the contents [52]. All this, as it cannot be otherwise, leads to a better and greater acquisition of content, positively impacting the student’s grades and academic performance [53]. All this, produced by the learning environment, is very favorable for the attitudes of the students, and for their collaborative and personal practice [54].



In the area of mathematics, there are some investigations and training actions that lead to the success of students’ learning through the use of the Escape Room. Despite typical problems, a lack of attention to instructions, as occurs in traditional teaching, turns out to be beneficial in its application in the field of mathematics, since it increases competitiveness for learning, motivation and student interest [55].



In addition, the implementation of activities related to the Escape Room in the field of mathematics, promotes the autonomy of students, and facilitates learning, increasing teamwork and the ability of students to resolve conflicts or challenges posed by the teacher [56]. All this favors collaborative work, as well as the autonomy of the students, enabling them to face future learning [57].




1.3. Justification and Objectives


Gamification implies the use of tools, design, and elements of games in classrooms [19]. This teaching methodology eases the students’ effort, making it more enjoyable. The implementation of this innovative methodology fosters students’ participation and motivation towards their learning processes [11]. Students take the leading role and become more responsible in their learning process, which is guided by teachers [9].



As it has been seen in the previous section, the use of Escape Rooms in education fosters better results in students’ motivation [48], activation and participation in their learning processes [49], and satisfaction for learning and attraction to it [50].



This study was carried out at the third level of the Secondary Education stage of the Spanish educational system, due to the lack of motivation students have towards learning and practicing mathematics, as revealed in the scientific literature [58,59].



To check if the lack of motivation was caused by the methodology carried out by the teacher, the main aim of this experimentation is to analyze the effectiveness of the use of educational Escape Rooms in mathematics lessons, as compared to the implementation of a traditional methodology focused on teacher’s lectures and presentations without the use of innovative materials and resources. In summary, the following dimensions were measured: learning achievement (as a number obtained in final evaluation of the subject); learning anxiety (example: I have felt nervous during classes); motivation (example: Does the methodology applied affect your motivation with regard to mathematical content?); and autonomy (example: To what extent has the methodology applied in the field of mathematics contributed to their autonomy?).



Bearing in mind this general purpose of this study, the specific aims are:




	
To analyze the effects of traditional methodology on mathematics learning;



	
To determine if the use of educational Escape Rooms have an effect on mathematics learning;



	
To analyze the impact of educational Escape Rooms on academic achievement;



	
To analyze the strength or impact of differences between those two methodologies.








In addition to the objectives described, the following research questions arise:




	
Does the type of methodology affect learning achievement?



	
Does the type of methodology influence learning anxiety?



	
Does the type of methodology influence motivation?



	
Does the type of methodology influence autonomy?









1.4. Intervention Description


Due to the lack of motivation and active participation of secondary students during mathematics lessons, teachers sought and searched for an innovative methodology that could foster this motivation and participation when learning mathematics. As it has been highlighted in the introduction of this study, this methodology or strategy has been proven to be useful in education, and that is the reason for having chosen it for this experimentation.



In the implementation of the didactic unit carried out, mathematics contents have been worked on and they have been practiced. Within this didactic unit, different challenges and enigmas were designed. Different elements were taken into consideration, following another study about this methodology [57]. These elements were important to design the Escape Room experience, and they were:




	
Type of students: It is very important to know what type of students are within the group, to create all the enigmas according to them;



	
Time: It will determine the kind of project that can be done;



	
Difficulty: The difficulty must be selected or designed regarding the type of students in the group. In this experience, homogeneous groups were organized and some of the enigmas were easy and others a bit more difficult, to maintain attention, but not making them impossible to solve.



	
Learning aims: They were to practice mathematics contents, which, according to their teachers, were usually very difficult to pay attention to.



	
Theme and space: Recreation in class was important. The recreation of a castle was done.



	
Enigmas: They are the core of the Escape Room and they were related to mathematics but from a game point of view.



	
Materials and technology: They were chosen according to the ones that can be used in class. Mobile phones were forbidden in school, so they were out of this experience.



	
Evaluation: A control list was used on different items to assess the different learning objectives and competences needed.



	
Trial: before doing the experience in class, a trail was done, to verify everything was in the right order.








All of these elements were merged into one story to engage the students. The story told by the teacher had a theme centered on action and suspense to encourage the motivation of the students. All this was done with the purpose that the students were immersed in the formative action in an active way.





2. Materials and Methods


2.1. Research Design and Data Analysis


Experimental design through a descriptive and correlational analysis was carried out, which was based on the quantitative perspective following experts within this field [60,61]. The students were classified into two different groups to be analyzed. On one hand, the control group followed traditional teaching methodology. On the other hand, an experimental group followed an Educational Escape Room as a methodology for practicing the mathematics contents. Methodology was defined as an independent variable; other dimensions and the effectiveness of methodologies were selected as dependent variables to be evaluated. Stratified sampling was used to select participants. Stratified sampling is a technique where the researcher divides the entire population into different subgroups. Then, it randomly selects the final subjects from the different strata proportionally. Both groups share a course, work area, content and teachers, so it is established that there is no prior significant difference in both groups.



Statistical Package for the Social Sciences (SPSS) v25 program was used for statistics analysis. For this analysis, the descriptive statistics mean (M) and standard deviation (SD) were used. The measurement of the effect size has been obtained by biserial correlation (r) established by Cohen [62]. In addition, a p < 0.05 is established in the study as a statistically significant difference. The value of the effect size of Pearson r correlation varies between −1 (a perfect negative correlation) to +1 (a perfect positive correlation). In this case, after verifying that the data do not follow a normal distribution, non-parametric statistics are used. Specifically, the Mann–Whitney U test is used to compare two groups with no normal distribution [63].




2.2. Participants


The participants were 62 students from secondary education who took part in this experiment. Recently it has been determined by studies of relevant impact that the sample size in these type of investigations does not condition the performance of these experiments [64].



The selection of students was done carrying out an intentional sampling, thanks to the ease of access to the students. They are enrolled in an educational center of the Autonomous City of Ceuta (Spain). One of the workers in this center detected the need of this research after working with these students.



These students were specifically selected from the third level of the Secondary Education stage of the Spanish educational system (n = 62; Mage = 15 years; SD = 1.62). The composition of both groups, control and experimental ones, is specified in Table 1.




2.3. Instrument


Data collection was acquired by an ad hoc questionnaire. The design of this tool was done following other validated instruments found within the scientific literature [65,66]. The questionnaire has 32 items in total, which are divided into 20 different dimensions. A Likert scale type is followed with a range of five points (from 1 = Strongly disagree to 5 = Strongly agree).



The instrument was validated first in a qualitative manner and afterwards in a quantitative way. In the first phase, a Delphi method was carried out to do the qualitative validation. Within this procedure, 8 experts in active methodologies in education of different universities were involved. Reviewers rated each item based on its transparency and relevance on a scale of 1 to 6, recommended indicators in the literature [67]. The questionnaire was highly valued by these experts (M = 4.87; SD = 0.21; min = 1; max = 6), and the recommendations given were followed. Kappa de Fleiss and W de Kendall were applied to achieve the indexes of concordance and relevance of observations granted, this showing positive results (K = 0.87; W = 0.89). Afterwards, for the validation, an exploratory and confirmatory factor analysis by the principal components’ method with varimax rotation was done quantitatively. The results show an appropriate factorial structure to the initial theoretical approach, and the correlations among factors are positive. The tests determined the dependence between the delimited variables (Bartlett’s test of sphericity = 2647.21; p < 0.001) and the adequacy of the sample (Kaiser–Meyer–Olkin = 0.86).



More statistical analyses were used to measure the reliability of the questionnaire, such as Cronbach’s alpha (α), compound reliability (CR) and average variance extracted (AVE), confirming the internal consistency of all the results of the questionnaire.




2.4. Procedure


The experiment was carried out in several phases. First of all, the ad hoc instrument was designed, and validated. Then, the selection of students who took part in the research was done. Family consent had to be asked to develop this study. In this research, ethical principles of confidentiality were respected. Thus, students were in a random manner divided into two groups with the same number of them, one being established as a control group and the other as an experimental group.



Data collection took place before and after the teaching procedure, with two months’ time between them. Teachers taught contents during 10 sessions, through a traditional method with the control group and an innovative method using an Escape Room with the experimental group. The sessions lasted 55 min. The contents taught were related to solving problems using systems of linear equations with two unknowns.



Participants were divided into two groups, which happened to be the group classes where they are enrolled. The control group followed a traditional methodology learning process. In the traditional teaching methodology, the role of the teacher focuses on the presentation of the contents and on the completion of the exercises on the blackboard. All participation in the teaching process has the teacher. The student focuses attention on the actions carried out by the teacher. Therefore, students play a passive role. This hinders and prevents the interaction of educational agents to carry out learning and solve problems in a collaborative way. The students did the problems using systems of equations individually in their own class notebooks. Meanwhile the experimental group followed a learning methodology based on the Escape Room. This fostered the interaction of students with their peers, teamwork, motivation, and participation of students to learn and practice contents.



The Escape room was designed by mathematics teachers with the help of the researchers, who are experts in the field. There were two computers in the room, and a tablet, so the students could surf the net to try to solve the codes that needed its use. There were 5 enigmas hidden in the room, which were based on mathematics problems that needed to be solved, and when one enigma was solved, it led to the other one, because it had a track for the next one. The mathematical problems were problems to practice mathematics in an innovative way. An example of the tasks performed in the Escape Room is as follows: The narrator tells a story to set the students in a haunted house where the doors have been mysteriously closed and a strange noise has been heard. The shadow of a ghost peeks out and tells them that in order to get out of the haunted house they have to solve various problems. The ghost in each test provides students with a card with exercises (Figure 1) that they will have to solve in a satisfactory way to continue advancing in the story and to reach the exit. All the tests, depending on their complexity, have a certain time for the students to solve them. Once the time had elapsed, the students received a clue or puzzle to find the next test.



Teachers were only assessors or guides in the experience, as the students, in groups, had to solve the enigmas with cooperative work. Each group had a color, and the enigmas had the same colors themselves, so each group had to find the tracks of their colors. The enigmas were hidden around the classroom. In order to find them easily, they had to pay attention to the details told in the story. Each time an enigma was solved, the students got a badge, which could be exchanged for a reward afterwards. The rewards could gain extra points in the attitudinal section of the subject in the participation block or new clues to find the enigmas. This was done with the experimental group, meanwhile the control group had the same number of mathematical problems, which was five, displayed on the board in the class, and they had to solve them. These problems were to practice mathematics, so they needed no specific explanation as the processes of those problems were previously explained and they had to practice them. To complete the study, the data were collected and analyzed.





3. Results


All dimensions have had a significant improvement after applying the Escape Room as a pedagogical tool (Table 2). Regarding learning, we find significant values of Learning Achievement (U = 339,000; Z = −2073; p = 0.038) with a large effect size (d = 0.525). Related to Learning Anxiety, we get similar results (U = 339,000; Z = −5754; p = 0.000) with a large effect size (d = 0.528). Motivation and Autonomy show significant differences too (U = 654,000; Z = 2480; p = 0.013 and U = 654,500; Z = 2461; p = 0.014).



Effects sizes can be considered large d = 0.653 and d = 0.655. In all analyzed dimensions (Achievement: RC = 36.06; RE = 26.94; Motivation: Rc = 25.90; RE = 26.94 and Autonomy Rc = 37.11; RE = 25.85), the experimental group obtains higher values than the control group. In anxiety, where these values are different, values are lower in the case of the experimental group (Rc = 44.61; RE = 18.31). Based on the results, the experience developed has caused significant effects on all the dimensions analyzed.



From another perspective (Table 3), we seek to see if the gender variable could affect some of the changes produced during the experience. The gender variable only influences motivation (U = 52,000; Z = −2620; p = 0.008) and autonomy (U = 33,500; Z = −3365; p = 0.001) in the experimental group. Women are the most motivated and show the highest level of anxiety in general. This effect does not occur in the control group, where there are no differences by gender. Women are the most motivated and show the highest level of anxiety in the control group, although these differences do not become significant.



Finally, it is relevant to know how the different dimensions analyzed are correlated, both for the control group and for the experimental group (Table 4). In the control group, where the Escape Room was not carried out, the different dimensions do not seem to maintain positive or negative correlations (p > 0.05). In the experimental group, positive and significant correlations appear. The positive relationship between motivation and achievement stands out (r = 0.364, p < 0.05), as does autonomy and achievement (r = 0.404, p < 0.05), and motivation and autonomy (r = 0.684, p < 0.01).




4. Discussion


The research carried out has made it possible to achieve the proposed general purpose of analyzing the effectiveness of the use of educational Escape Rooms in mathematics lessons, this compared to the implementation of a traditional methodology in the 3rd year of Secondary Education. The results obtained in this study have confirmed the potential of the literature on teaching innovation and the use of active methodologies in teaching and learning processes [1,2]. In this case, the research has focused on the use of the Escape Room as a methodology to gamify a subject as traditional and rigorous as mathematics.



Despite the acceptance and use of gamification by teachers in general [16], this work acquires its reason for being in the scarcity of studies concerning the use of the Escape Room in the area of Mathematics. Therefore, with the intention of increasing the impact of the literature on the state of the question, this study has been carried out.



This work is based on the analysis of previous research reported on gamification and, specifically, Escape Rooms. It has been conducted in order to analyze the dimensions that offer benefit to the scientific literature on this active methodology. Therefore, this study acquires its potential in presenting some findings on a training approach that has been scarcely studied in the subject of mathematics.



Studies on the implementation of the gamification and Escape Rooms reveal great benefits both in the teaching process [20,22], and in various indicators related to learning [25,27,55]. The latter have to do with an improvement in problem solving [26], in the interaction and collaboration between the people involved [27,28], in activation and attitude [53,57], in motivation [29,52,66] in satisfaction with the environment generated and the task to be carried out [54], and autonomy of students [33,68,69], as well as the results and academic performance achieved [38,64], among the indicators more outstandingly reflected in impact studies.



In particular, this research has been articulated in the analysis of four dimensions, such as learning achievement, learning anxiety, motivation and autonomy. The results show that these dimensions have experienced a significant improvement after the application of the Escape Room as a pedagogical tool in the Mathematics subject. These findings are associated with previous studies on the use of this approach that reveal an improvement in the achievement of students in their formative action [38,56], in the control of learning anxiety [12], in motivation [29,41,52] and in student autonomy [31,56,57].



At a higher level of specificity, the gender variable has only influenced students’ motivation and autonomy, as other studies reveal [68,69]. It has been found that women are more motivated and show a higher level of learning anxiety, in analogy with other works [70]. However, this effect produced is not found in the control group, where there are no differences by gender.



At the correlational level, in the control group the correlations are absent. In contrast, in the experimental group, there are correlations between Achievement-Autonomy, Motivation-Autonomy and Motivation-Achievement. This last correlation stands out, which generates a positive effect on students by increasing their motivation for learning and homework due to the achievement attained. These results are in congruence with the specific literature on the analyzed art [12,70]




5. Conclusions


This work shows the analysis of an escape room experience with students. The results obtained allow us to know the students’ assessment of the intervention with the escape room and inform about the effect on learning process.



Based on these findings, use of the Escape Room in the Mathematics course has contributed to the improvement in the different dimensions studied, such as learning achievement, learning anxiety, motivation and autonomy (with gender being a variable to take into account), and in a general way, in motivation and autonomy. Therefore, the use of this active gamified methodology is positioned as a didactic approach with greater potential than traditional methodologies.



The potential of Escape Room education has been demonstrated. This resource is effective in both increasing motivation and promoting active learning. As in other studies, there is agreement on the idea that, through this type of game, it is possible to facilitate the learning of a specific topic in a motivating and efficient way.




6. Prospective and Limitations


The prospective of this research focuses on the promotion of the Escape Room and the promotion of gamified practices in the field of mathematics. As revealed in this study, the use of this active methodology benefits several important indicators in the training process. For this reason, the present work encourages the teaching community to use the Escape Room as a methodological alternative in the area of Mathematics. Furthermore, this research contributes to establishing the bases of this active methodology in this specific field, with the purpose of serving as a support for future research by other members of the scientific community.



The limitations of this study are focused on the particularities of the participants, who are involved in a specific context. Furthermore, this study lacks a prior analysis of the groups that have been subjected to experimentation and control, as they were classes already organized by the educational center, which assured its composition was based on heterogeneity. Although the effects are positive, we must take into account the area of work within mathematics. In this case, the positive results were obtained in the work in the areas of algebra, logic and geometry. Therefore, as a future line of research, it is intended to articulate a teaching network to apply the Escape Room in the Mathematics subject with the intention of obtaining a representative sample that allows the results to be generalized to the entire student population. In addition, another of the possible lines of action may focus on the application of this active methodology in different educational stages.







Author Contributions


Conceptualization, J.L.-B., and A.F.-C.; methodology, M.E.P.-G.; software, A.S.-R.; validation, A.S.-R.; formal analysis, M.E.P.-G.; investigation, M.E.P.-G., J.L.-B., A.F.-C., and A.S.-R.; data curation, A.S.-R.; writing—original draft preparation, J.L.-B. and A.F.-C.; writing—review and editing, J.L.-B. and M.E.P.-G.; visualization, A.F.-C.; supervision, M.E.P.-G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Romero-Rodríguez, J.; Aznar-Díaz, I.; Hinojo-Lucena, F.; Cáceres-Reche, M. Models of good teaching practices for mobile learning in higher education. Palgrave Commun. 2020, 6, 1–7. [Google Scholar] [CrossRef]

	



Li, S.; Yamaguchi, S.; Sukhbaatar, J.; Takada, J. The Influence of Teachers’ Professional Development Activities on the Factors Promoting ICT Integration in Primary Schools in Mongolia. Educ. Sci. 2019, 9, 78. [Google Scholar] [CrossRef]

	



Pereira, S.; Fillol, J.; Moura, P. Young people learning from digital media outside of school: The informal meets the formal. Comunicar 2019, 27, 41–50. [Google Scholar] [CrossRef]

	



Maldonado, G.A.; García, J.; Sampedro, B.E. El efecto de las TIC y redes sociales en estudiantes universitarios. RIED Rev. Iberoam. Educ. Distancia 2019, 22, 153–176. [Google Scholar] [CrossRef]

	



Pozo-Sánchez, S.; López-Belmonte, J.; Moreno-Guerrero, A.J.; Sola-Reche, J.M.; Fuentes-Cabrera, A. Effect of Bring-Your-Own-Device Program on Flipped Learning in Higher Education Students. Sustainability 2020, 12, 3729. [Google Scholar] [CrossRef]

	



Area, M.; Hernández, V.; Sosa, J.J. Models of educational integration of ICTs in the classroom. Comunicar 2016, 24, 79–87. [Google Scholar] [CrossRef]

	



Nikolopoulou, K.; Akriotou, D.; Gialamas, V. Early Reading Skills in English as a Foreign Language Via ICT in Greece: Early Childhood Student Teachers’ Perceptions. Early Child. Educ. J. 2019, 47, 597–606. [Google Scholar] [CrossRef]

	



Hinojo-Lucena, F.J.; Aznar-Díaz, I.; Cáceres-Reche, M.P.; Trujillo-Torres, J.M.; Romero-Rodríguez, J.M. Factors Influencing the Development of Digital Competence in Teachers: Analysis of the Teaching Staff of Permanent Education Centres. IEEE Access 2019, 7, 178744–178752. [Google Scholar] [CrossRef]

	



Kerrigan, J. Active learning strategies for the mathematics classroom. Coll. Teach. 2018, 66, 35–36. [Google Scholar] [CrossRef]

	



Mat, N.S.; Abdul, A.; Mat, M.; Abdul, S.Z.; Nun, N.F.; Hamdan, A. An Evaluation of Content Creation for Personalised Learning Using Digital ICT Literacy Module among Aboriginal Students (MLICT-OA). Turk. Online J. Distance Educ. 2019, 20, 41–58. [Google Scholar]

	



Álvarez-Rodriguez, M.D.; Bellido-Márquez, M.; Atencia-Barrero, P. Enseñanza artística mediante TIC en la Educación Secundaria Obligatoria. Rev. Educ. Distancia 2019, 1, 1–19. [Google Scholar] [CrossRef]

	



Parra-González, M.E.; López-Belmonte, J.; Segura-Robles, A.; Fuentes-Cabrera, A. Active and Emerging Methodologies for Ubiquitous Education: Potentials of Flipped Learning and Gamification. Sustainability 2020, 12, 602. [Google Scholar] [CrossRef]

	



Cabero, J.; Barroso, J. Los escenarios tecnológicos en Realidad Aumentada (RA): Posibilidades educativas. Aula Abierta 2018, 47, 327–336. [Google Scholar] [CrossRef]

	



Nogueira, F.; Shigueo, E.; Abdala, H. Collaborative teaching and learning strategies for communication networks. Int. J. Eng. Educ. 2018, 34, 527–536. [Google Scholar]

	



Pozo-Sánchez, S.; López-Belmonte, J.; Fuentes-Cabrera, A.; López-Núñez, J.A. Gamification as a Methodological Complement to Flipped Learning—An Incident Factor in Learning Improvement. Multimodal Technol. Interact. 2020, 4, 12. [Google Scholar] [CrossRef]

	



Sánchez, D.R.; Langer, M.; Kaur, R. Gamification in the classroom: Examining the impact of gamified quizzes on student learning. Comput. Educ. 2020, 144, 1–16. [Google Scholar] [CrossRef]

	



González, N.; Carrillo, G.A. El Aprendizaje Cooperativo y la Flipped Classroom: Una pareja ideal mediada por las TIC. Aularia Rev. Digit. Comun. 2016, 5, 43–48. [Google Scholar]

	



Hanus, M.D.; Fox, J. Assessing the effects of gamification in the classroom: A longitudinal study on intrinsic motivation, social comparison, satisfaction, effort, and academic performance. Comput. Educ. 2015, 80, 152–161. [Google Scholar] [CrossRef]

	



Parra-González, M.E.; Segura-Robles, A.; Fuentes-Cabrera, A.; López-Belmonte, J. Gamification in Primary Education Grade. A Project of Gamification in Tutorial Action Subject to Increase Motivation and Satisfaction of the Students. In Trends and Good Practices in Research and Teaching. A Spanish-English Collaboration; León-Urrutia, M., Cano, E.V., Fair, N., Meneses, E.L., Eds.; Octaedro: Barcelona, Spain, 2019; pp. 227–241. [Google Scholar]

	



Oliva, H.A. La gamificación como estrategia metodológica en el contexto educativo universitario. Real. Reflexión 2017, 44, 29. [Google Scholar] [CrossRef]

	



Contreras-Espinosa, R.S. Presentación. Juegos digitales y gamificación aplicados en el ámbito de la educación. RIED 2016, 19, 27–33. [Google Scholar] [CrossRef]

	



Dib, H.; Adamo-Villani, N. Serious Sustainability Challenge Game to Promote Teaching and Learning of Building Sustainability. J. Comput. Civ. Eng. 2014, 28, 1–11. [Google Scholar] [CrossRef]

	



Giannakos, M.N. Enjoy and learn with educational games: Examining factors affecting learning performance. Comput. Educ. 2013, 68, 429–439. [Google Scholar] [CrossRef]

	



Su, C.-H.; Cheng, C.-H. A mobile gamification learning system for improving the learning motivation and achievements: A mobile gamification learning system. J. Comput. Assist. Learn. 2015, 31, 268–286. [Google Scholar] [CrossRef]

	



Kapp, K.M. The Gamification of Learning and Instruction: Game-Based Methods and Strategies for Training and Education; Pfeiffer: San Francisco, CA, USA, 2012; ISBN 978-1-118-09634/5. [Google Scholar]

	



Parra-González, M.E.; Segura-Robles, A. Producción científica sobre gamificación en educación: Un análisis cienciométrico. Rev. Educ. 2019, 5, 113–131. [Google Scholar]

	



Perrotta, C.; Featherstone, G.; Aston, H.; Houghton, E. Game-Based Learning: Latest Evidence and Future Directions; National Foundation for Educational Research: Slough, UK, 2013. [Google Scholar]

	



Pisabarro, A.M.; Vivaracho, C.E. Gamificación en el aula: Gincana de programación. ReVisión 2018, 11, 8. [Google Scholar]

	



Lee, J.J.; Ceyhan, P.; Jordan-Cooley, W.; Sung, W. GREENIFY: A Real-World Action Game for Climate Change Education. Simul. Gaming 2013, 44, 349–365. [Google Scholar] [CrossRef]

	



Pérez-Manzano, A.; Almela-Baeza, J. Gamification and transmedia for scientific promotion and for encouraging scientific careers in adolescents. Comun. Media Educ. Res. J. 2018, 26, 93–103. [Google Scholar] [CrossRef]

	



Xi, N.; Hamari, J. Does gamification satisfy needs? A study on the relationship between gamification features and intrinsic need satisfaction. Int. J. Inf. Manag. 2019, 46, 210–221. [Google Scholar] [CrossRef]

	



Chu, H.-C.; Hung, C.-M. Effects of the Digital Game-Development Approach on Elementary School Students’ Learning Motivation, Problem Solving, and Learning Achievement. Int. J. Distance Educ. Technol. 2015, 13, 87–102. [Google Scholar] [CrossRef]

	



Simões, J.; Díaz, R.; Fernández, A. A social gamification framework for a K-6 learning platform. Comput. Hum. Behav. 2013, 29, 345–353. [Google Scholar] [CrossRef]

	



Wang, A.I. The wear out effect of a game-based student response system. Comput. Educ. 2015, 82, 217–227. [Google Scholar] [CrossRef]

	



Area, M.; González, C.S. De la enseñanza con libros de texto al aprendizaje en espacios online gamificados. Educatio 2015, 33, 15. [Google Scholar] [CrossRef]

	



Segura-Robles, A.; Fuentes-Cabrera, A.; Parra-González, M.E.; López-Belmonte, J. Effects on Personal Factors Through Flipped Learning and Gamification as Combined Methodologies in Secondary Education. Front. Psychol. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Deterding, S.; Sicart, M.; Nacke, L.; O’Hara, K.; Dixon, D. Gamification. Using Game-design Elements in Non-gaming Contexts. Ext. Abstr. Hum. Factors Comput. Syst. 2011, 2425–2428. [Google Scholar] [CrossRef]

	



Mekler, E.D.; Bruhlmann, F.; Tuch, A.N.; Opwis, K. Towards understanding the effects of individual gamification elements on intrinsic motivation and performance. Comput. Hum. Behav. 2017, 71, 525–534. [Google Scholar] [CrossRef]

	



López-Belmonte, J.; Fuentes-Cabrera, A.; López-Núñez, J.A.; Pozo-Sánchez, S. Formative Transcendence of Flipped Learning in Mathematics Students of Secondary Education. Mathematics 2019, 7, 1226. [Google Scholar] [CrossRef]

	



Moreno-Guerrero, A.-J.; Rondón-García, M.; Heredia, N.M.; Rodríguez-García, A.-M. Collaborative Learning Based on Harry Potter for Learning Geometric Figures in the Subject of Mathematics. Mathematics 2020, 8, 369. [Google Scholar] [CrossRef]

	



Lopez-Belmonte, J.; Segura-Robles, A.; Fuentes-Cabrera, A.; Parra-González, M.E. Evaluating Activation and Absence of Negative Effect: Gamification and Escape Rooms for Learning. Int. J. Environ. Res. Public Health 2020, 17, 2224. [Google Scholar] [CrossRef]

	



Wynn, C.T.; Okie, W. Problem-Based Learning and the Training of Secondary Social Studies Teachers: A Case Study of Candidate Perceptions during their Field Experience. Int. J. Scholarsh. Teach. Learn. 2017, 11, n2. [Google Scholar] [CrossRef]

	



Queiruga-Dios, A.; Santos Sánchez, M.J.; Queiruga Dios, M.; Martínez, V.G.; Encinas, A.H. A Virus Infected Your Laptop. Let’s Play an Escape Game. Mathematics 2020, 8, 166. [Google Scholar] [CrossRef]

	



García, I.; Gallardo, J.A. Escape room: Actividades de escape para trabajar la educación vial en Educación Primaria. In Conference Proceedings EDUNOVATIC 2018; Adaya Press: Eindhoven, The Netherlands, 2019; pp. 115–119. [Google Scholar]

	



Borrego, C.; Fernández, C.; Robles, S.; Blanes, I. Room escape en las aulas: Actividades de juegos de escape para facilitar la motivación y el aprendizaje de las ciencias de la computación. Rev. Congrés Int. DocènciaUniv. Innovació 2016, 3, 1–7. [Google Scholar]

	



Ouariachi, T.; Wim, E.J.L. Escape rooms as tools for climate change education: An exploration of initiatives. Environ. Educ. Res. 2020, 1–14. [Google Scholar] [CrossRef]

	



Cain, J. Exploratory implementation of a blended format escape room in a large enrollment pharmacy management class. Curr. Pharm. Teach. Learn. 2019, 11, 44–50. [Google Scholar] [CrossRef] [PubMed]

	



Morrell, B.L.M.; Eukel, H.N.; Santurri, L.E. Soft skills and implications for future professional practice: Qualitative findings of a nursing education escape room. Nurse Educ. Today 2020, 104462. [Google Scholar] [CrossRef]

	



Sierra, M.C.; Fernández-Sánchez, M.R. Gamificando el aula universitaria. Análisis de una experiencia de Escape Room en educación superior. REXE 2019, 18, 105–115. [Google Scholar] [CrossRef]

	



Pérez, E.; Gilabert, A.; Lledó, A. Gamificación en la educación universitaria: El uso del escape room como estrategia de aprendizaje. In Investigación e Innovación en la Enseñanza Superior. Nuevos Contextos, Nuevas Ideas; Roig-Vila, R., Ed.; Octaedro: Barcelona, Spain, 2019; pp. 660–668. [Google Scholar]

	



Eukel, H.N.; Frenzel, J.E.; Cernusca, D. Educational Gaming for Pharmacy Students—Design and Evaluation of a Diabetes-themed Escape Room. Am. J. Pharm. Educ. 2017, 81, 6265. [Google Scholar] [CrossRef]

	



Hursen, C.; Bas, C. Use of Gamification Applications in Science Education. Int. J. Emerg. Technol. Learn. 2019, 14, 4–23. [Google Scholar] [CrossRef]

	



Kinio, A.E.; Dufresne, L.; Brandys, T.; Jetty, P. Break out of the classroom: The use of escape rooms as an alternative teaching strategy in surgical education. J. Surg. Educ. 2019, 76, 134–139. [Google Scholar] [CrossRef]

	



Dietrich, N. Escape classroom: The leblanc process—An educational “Escape Game”. J. Chem. Educ. 2018, 95, 996–999. [Google Scholar] [CrossRef]

	



Lim, P.C.; Jakop, Y. Enhancing mathematics learning with escape games. In Proceedings of the 12th Annual International Conference of Education, Research and Innovation, Seville, Spain, 11–13 November 2019; pp. 3545–3549. [Google Scholar]

	



Arnal, M.; Macías, J.; Tosso, I. Escape Rooms as a Way to Teach Magnitudes and Measure in Degrees in Education. In Proceedings of the International Conference New Perspectives in Science Education, Florence, Italy, 18–19 March 2019. [Google Scholar]

	



Segura-Robles, A.; Parra-González, M.E. How to implement active methodologies in Physical Education: Escape Room. Educ. Sport Health Phys. Act. 2019, 3, 295–306. [Google Scholar]

	



Larkin, K.; Jorgensen, R. ‘I Hate Maths: Why Do We Need to Do Maths?’ Using iPad Video Diaries to Investigate Attitudes and Emotions Towards Mathematics in Year 3 and Year 6 Students. Int. J. Sci. Math. Educ. 2015, 14, 925–944. [Google Scholar] [CrossRef]

	



Dele-Ajayi, O.; Sanderson, J.; Strachan, R.; Pickard, A. Learning mathematics through serious games: An engagement framework. In Proceedings of the 2016 IEEE Frontiers in Education Conference (FIE), Erie, PA, USA, 12–15 October 2016; pp. 1–5. [Google Scholar]

	



Hernández-Sampieri, R.; Fernández-Collado, C.; Baptista-Lucio, P.; Méndez-Valencia, S.; Mendoza-Torres, C.P. Metodología de la Investigación, 1st ed.; McGrawHill: Mexico, Mexico, 2014; ISBN 978-1-4562-2396-0. [Google Scholar]

	



Rodriguez, N. Diseños Experimentales en Educación. Rev. Pedagog. 2011, 32, 147–158. [Google Scholar]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Taylor & Francis: New York, NY, USA, 2013. [Google Scholar]

	



Sheskin, D.J. Handbook of Parametric and Nonparametric Statistical Procedures, 5th ed.; University Press: Amsterdan, The Netherlands, 2020. [Google Scholar]

	



Yılmaz, A.; Soyer, F. Effect of Physical Education and Play Applications on School Social Behaviors of Mild-Level Intellectually Disabled Children. Educ. Sci. 2018, 8, 89. [Google Scholar] [CrossRef]

	



Martin-Rodríguez, D.; de Jubera, M.M.S.; Campion, R.S.; de Luis, E.C. Diseño de un instrumento para evaluación diagnóstica de la competencia digital docente: Formación flipped classroom. DIM 2016, 1, 1–15. [Google Scholar]

	



Brady, S.C.; Andersen, E.C. An escape-room inspired game for genetics review. J. Biol. Educ. 2019, 1–12. [Google Scholar] [CrossRef]

	



Hernández-Nieto, R.; Pulido, J. Instrumentos de Recolección de Datos: Validez y Confiabilidad; Editorial Academica Española: Madrid, Spain, 2014. [Google Scholar]

	



Veldkamp, A.; Daemen, J.; Teekens, S.; Koelewijn, S.; Knippels, M.-C.P.J.; van Joolingen, W.R. Escape boxes: Bringing escape room experience into the classroom: Escape boxes. Br. J. Educ. Technol. 2020. [Google Scholar] [CrossRef]

	



Clapson, M.L.; Gilbert, B.; Mozol, V.J.; Schechtel, S.; Tran, J.; White, S. ChemEscape: Educational Battle Box Puzzle Activities for Engaging Outreach and Active Learning in General Chemistry. J. Chem. Educ. 2020, 97, 125–131. [Google Scholar] [CrossRef]

	



LaPaglia, J.A. Escape the Evil Professor! Escape Room Review Activity. Teach. Psychol. 2020, 47, 141–146. [Google Scholar] [CrossRef]








[image: Mathematics 08 01586 g001 550] 





Figure 1. Example of tasks performed. 
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Table 1. Study groups by sex.






Table 1. Study groups by sex.





	Groups
	Boys n (%)
	Girls n (%)
	Total n (%)





	Experimental group
	16 (51.61)
	15 (48.39)
	31 (50)



	Control group
	13 (41.93)
	18 (58.07)
	31 (50)



	Subtotal
	29 (46.77)
	33 (53.23)
	62 (100)
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Table 2. Mann–Whitney U test for control and experimental groups differences.
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Group

	
Ranks

	
U

	
Z

	
p

	
d *






	
L Achievement

	
Control

	
26.94

	
339,000

	
−2073

	
0.038

	
0.523




	
Experimental

	
36.06




	
L Anxiety

	
Control

	
44.61

	
74,000

	
−5754

	
0.000

	
0.528




	
Experimental

	
18.39




	
Motivation

	
Control

	
25.90

	
654,000

	
2480

	
0.013

	
0.653




	
Experimental

	
37.10




	
Autonomy

	
Control

	
37.11

	
654,500

	
2461

	
0.014

	
0.655




	
Experimental

	
25.85








* Cohen’s d small < 0.20, Medium < 0.50, large > 0.50.
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Table 3. Mann–Whitney U test for control and experimental groups differences by gender.
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Control




	

	
Group

	
Ranks

	
U

	
Z

	
p

	
d *




	
L Achievement

	
Male

	
13.81

	
85,000

	
−1470

	
0.175

	
—




	
Female

	
18.33




	
L Anxiety

	
Male

	
15.88

	
118,000

	
−0.081

	
0.953

	
—




	
Female

	
16.13




	
Motivation

	
Male

	
13.31

	
77,000

	
−1754

	
0.093

	
—




	
Female

	
18.87




	
Autonomy

	
Male

	
13.53

	
80,500

	
−1567

	
0.119

	
—




	
Female

	
18.63




	
Experimental




	

	
Group

	
Ranks

	
U

	
Z

	
p

	
d *




	
L Achievement

	
Male

	
16.65

	
125,500

	
0.349

	
0.731

	
—




	
Female

	
15.53




	
L Anxiety

	
Male

	
17.81

	
140,500

	
0.943

	
0.352

	
—




	
Female

	
14.69




	
Motivation

	
Male

	
11.00

	
52,000

	
−2620

	
0.008

	
—




	
Female

	
19.61




	
Autonomy

	
Male

	
9.58

	
33,500

	
−0.3365

	
0.001

	
—




	
Female

	
20.64








* Cohen’s d small < 0.20, Medium < 0.50, large > 0.50.
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Table 4. Correlation between dimensions for each group.






Table 4. Correlation between dimensions for each group.





	
Group

	
L Achievement

	
L Anxiety

	
Motivation

	
Autonomy






	
Control

	
L Achievement

	
r

	
1

	
−0.109

	
0.047

	
0.295




	
p

	

	
0.558

	
0.801

	
0.107




	
L Anxiety

	
r

	
−0.109

	
1

	
−0.162

	
0.055




	
p

	
0.558

	

	
0.383

	
0.771




	
Motivation

	
r

	
0.047

	
−0.162

	
1

	
0.160




	
p

	
0.801

	
0.383

	

	
0.389




	
Autonomy

	
r

	
0.295

	
0.055

	
0.160

	
1




	
p

	
0.107

	
0.771

	
0.389

	




	
Experimental

	
L Achievement

	
r

	
1

	
0.120

	
0.364 *

	
0.404 *




	
p

	

	
0.519

	
0.044

	
0.024




	
L Anxiety

	
r

	
0.120

	
1

	
0.231

	
−0.094




	
p

	
0.519

	

	
0.212

	
0.616




	
Motivation

	
r

	
0.364 *

	
0.231

	
1

	
0.684 **




	
p

	
0.044

	
0.212

	

	
0.000




	
Autonomy

	
r

	
0.404 *

	
−0.094

	
0.684 **

	
1




	
p

	
0.024

	
0.616

	
0.000

	








* Significance with values less than 0.05. ** Significance with values less than 0.01.
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