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Abstract

:

The COVID-19 pandemic and its social implications generate adverse psychological effects that affect success in education where educational methodologies are not ready to overcome the problem. This article presents the design and evaluation of a gamification activity, the Escape Room, applied to the subjects in Pharmacy and Nursing. The objective of using the Escape Room is to reduce the impact that COVID-19 has on students’ academic performance due to the psychological effects and the change in educational modality with which the vast majority of activities are carried out online. The Escape Room presented in this article is based on the search for a scientist who is fleeing with the COVID-19 vaccine around the world and the students have to find it by passing tests and missions related to mathematics. Due to the COVID measures imposed by the university, where double presentiality was imposed, the proposed Escape Room has the peculiarity of being designed in dual format, that is, allowing students to connect in face-to-face mode, online, or a mixture of both, depending on the maximum capacity of the classroom, the number of positive cases in the group, quarantines, etc. As a result, a great impact is shown on the initial perception of students towards mathematics and a null impact of the COVID-19 effect on the academic performance of students.
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1. Introduction


Today, mathematics plays a fundamental role in society. Mathematics can be found in virtually all fields such as natural and social sciences, engineering, medicine, and the humanities. In [1] it is stated that mathematics is related to other sciences, not only numerical such as engineering or statistics, but also related to the arts, drawing, commerce, medicine, etc., since mathematics makes it possible to formulate or develop the students’ ideas numerically in addition to predicting and explaining natural, economic, or social situations.



Mathematics is usually one of the subjects that is mostly rejected by students. In [2] an in-depth study is carried out on the rejection of mathematics and negative attitudes towards it. In this study, the number of participating students was 3187, belonging to all education cycles, primary, secondary, high school, and the first year of university. The study was carried out in Spain in 10 different autonomous communities. The first item analyzed was the taste for Mathematics at different educational levels. The results show a high taste for mathematics in the initial levels, 87.0%, however, the taste for mathematics decreases as students go up in level, with 57.0% when they reach the first year of university.



One of the main causes that explains this deterioration in the perception of mathematics by students lies in the affective domain. The affective domain is defined as a set of feelings, moods and states of mind, understood as something other than pure cognition, and among which three specific components stand out: attitudes, beliefs and emotions [3,4].



Attitudes are considered as one of the variables that most influence performance in mathematics [2,5,6,7,8]. In [8] it is estimated that attitudes constitute 30.0% of the explanatory factors of performance, concluding that students who display a more positive attitude towards mathematics will obtain higher mathematical performance.



Although attitudes are considered in the literature as one of the variables that most affect the success of mathematics, emotions can play even a more key role depending on the circumstances. Emotions are affective and automatic responses that arise from a significant event for the individual, and which result from complex learning, social influence and interpretation itself [9]. Unfortunately, society worldwide has suffered a health emergency situation caused by COVID-19 whose consequences in the educational field are just beginning to be known.



1.1. Effect of the COVID-19 Pandemic on Education


The COVID-19 pandemic that has been experienced and is still in force is associated with the SARS-CoV-2 virus. It was identified for the first time in December 2019 in the city of Wuhan. On 11 March 2020, the World Health Organization (WHO) declared this pandemic, which caused a worldwide quarantine, closing schools and universities in more than 124 countries, which has affected more than 2.2 billion students. All these changes generated adverse psychological effects. In [10] a study was made regarding the effects of this quarantine on children and young people aged 3–18. Between changes in children’s behavior including difficulty concentrating (76.6%), boredom (52.0%), irritability (39.0%), restlessness (38.8%), nervousness (38.0%), feelings of loneliness (31.3%), uneasiness (30.4%), and concerns (30.1%).



Depending on the countries, the cessation of face-to-face activity in schools and universities and the start of the online modality took place from March to May 2020. In Spain, face-to-face activity has not been resumed until September 2020. Although online learning has great potential, it is most effective when students and teachers have had time to prepare and get used to it and schools have had time to test its implementation. Unfortunately, in many cases this did not happen as COVID-19 forced all educational institutions to make a sudden switch to online learning. The Joint Research Centre (JRC), the European Commission’s science and knowledge service conducted a study on how COVID-19 had affected education [11]. This report specifies that the detrimental effect on student learning occurred through four main channels; Less time spent studying, stress, a change in the way students interact and a loss of motivation to learn. In [11] it is estimated that there has been a weekly learning loss of between 0.82 and 2.3%, although in [11] they conclude that this loss could be even greater. In [11] they also determine that this crisis may lead to a larger achievement gap between native and non-native students. The most disadvantaged students may experience significant learning loss, especially in maths.



The World after the Quarantine. The De-Escalation towards the New Normality


In the preparation of the 2020–2021 university course by the Universities, the health authorities proposed a series of recommendations, which served as guidance for the university community for the development of its activity in a period in which the threat of COVID-19 was still in force. Some of these are as follows:




	
Once the Ministry of Health established the health requirements that must be respected in the new normal scenario, which began with the 2020–2021 university course, each university must ensure that the number of students in the facility does not exceed the capacity of the same taking into account the separation of 1.5 m between the occupants.



	
If the capacity of the facility that guarantees the separation of 1.5 m is less than the number of enrolled students, the activity may not be carried out in person in its entirety and the universities must take the pertinent measures so that it can be carried out online. Likewise, if the appropriate broadcasting equipment is available, the universities may choose to carry out the in-person activity with the students with whom the above condition is met and broadcast it synchronously via video conference for the rest of the students enrolled in that subject. In this option, there should be a periodic rotation between students who are taught in person and those who are taught via video conference.



	
All the adapted face-to-face measures must be made public prior to the opening of the enrollment period at each university.



	
Each university, in close collaboration with its competent educational administration, will establish a contingency plan before the beginning of the 2020–2021 academic year that allows, if the health situation so requires, a massive and immediate change to an online teaching system.








Taking into account the limitations and restrictions, we are faced with a new scenario, in which face-to-face methodologies must be adapted to that new scenario where we will have students present in the classroom and online lessons at the same time, not only due to the limitation of spaces, but because of quarantines due to positives or close contacts with positives, it being possible that either the entire class is confined at home or even the teacher himself/herself will have to teach the lesson synchronously online from home.



The effect that this type of restriction may have on teaching will be linked to the type of subject to be taught. In the case of teaching mathematics, carrying out practical exercises is one of the most widely used conventional modalities. These exercises can be solved individually or in a group, which allows to take advantage of the skills of students who are good at inductive reasoning and those who are good at deductive reasoning, and even further, that coexistence promotes mutual learning, in the same way it is also sought that students who have not acquired any of these two types of reasoning through coexistence, experience and motivation, may acquire knowledge [12].





1.2. Dual-Mode Approach. HyFlex System


Due to the declaration of the state of alarm in March 2020 in Spain, the CEU Cardenal Herrera University had to adapt all elements of the technical infrastructure to allow the development of university life under the new conditions.



Following the recommendations of the health authorities for the academic year 2020–2021, the CEU-Cardenal Herrera University reviewed the capacity of all the spaces, closing some of them, and limiting the available seats. As the classrooms were not big enough to accommodate all the students, a dual presence system, HyFlex, was established, as in [13,14].



The “double presentiality” mode allows the students to attend the lessons on campus and also connect directly with the classroom.



In order to offer this dual-presence model, CEU Cardenal Herrera University has equipped more than 150 classrooms with the HyFlex system. Thanks to this Hyflex sytem it is possible to develop interactive sessions with students who are in person and students who are at home. Thus, all students (wherever they are) are able to participate in in the class session. With this system, all classrooms have a system of three cameras and a digital screen used as a blackboard, in this way, students can be connected to the classroom from any device. You can follow the lessons as if you were sitting in the fourth row, or follow the session from another angle to see how classmates ask questions in class, or you can see the teacher on a subjective level, that is, you can interact from home face to face with the teachers in the classroom.



In addition, from home, the students can connect in a work session with their classmates who are in the classroom. In this way, work teams can be made with students who are physically in the classroom and others who are digitally in the classroom. All connected, with a single click, from any device.



This model of double presence means that the student must be digitally connected and keep his/her camera connected all the time. If the student’s camera is not connected, they will not be able to attend the digital session of the class.



Thanks to this system, the student can attend class physically or digitally, and despite the confinement of both the group and a specific student, classes can be taught without any problem.



It is also important to note that given the international nature of the degrees, HyFlex allows the connection even with students who are in other countries, which would be difficult under normal conditions.



The need to carry out group exercises in mathematics subjects with limitations and restrictions during the academic year 2020–2021 has led to the use of digital tools and the search for active methodologies that allow minimizing the impact of this new normality. In this paper we will work on the active gamification methodology, and in particular, the Escape Room in the mathematics and statistics subjects of the Pharmacy and Nursing degrees.




1.3. Active Methods. Gamification


Getting the attention of students and keeping them engaged are essential points in the learning process. Active methods are born in this context. The main difference of this type of strategy resides in the fact that the student plays a leading role instead of being a passive subject [15]. Among the different learning strategies to create a learning environment and involve students in it, we find that the most common are are inquiry-based learning that could be considered a parent method of project-based learning as suggested by [16], problem-based learning, and gamification [15].



Project-based learning starts from an initial question or challenge and raises the objective of knowledge through a series of tasks and activities. These tasks pose a challenge to be solved using techniques from another methodology: problem-based learning. Both methodologies, project-based learning and problem-based learning, use the large methodological umbrella of cooperative learning and therefore for their implementation we need to change other aspects such as the organizational structure of the classroom, the role of the teacher, their own training or even the evaluation systems, a new organizational structure of the classroom, and a different way of managing times and evaluation systems in addition to changing the role of teachers and their training [17,18].



Gamification is based on applying a game that changes traditional or formal education in a playful space in which to learn [19,20].



When using elements and tools related to the game, certain benefits appear, such as the fact that the student is more motivated to learn and is more active and participatory in their own learning, another benefit is that the student feels less pressure in class thanks to the game [21].



The use of this gamification tool has obtained a high success rate, since it has been studied in different research works, taking into account that it can be applied to students of any age [22,23] and of any educational level in which their training takes place [24]. In the literature we can find applications in the vast majority of branches. In the case of the degrees analyzed in this article, we can find applications of gamification in [25,26].



The success of gamification resides in the award system that accompanies it, thanks to these awards students improve their attitude and predisposition to learn, having a very positive impact on psychosocial indicators [27], causing an increase in student performance [28]. If we focus on the field of mathematics, recent studies on the use of these methodologies show beneficial results for both teachers and students [29,30].




1.4. Active Methods Based on Gamification. The Escape Room


One of the active strategies based on gamification is the Escape Room [31]. This methodology is considered an active methodology based on solving challenges, tests or problems posed in a collaborative way, resulting in various situations in which students must get the appropriate knowledge to solve them [32]. In an Escape Room, a group of students are are inside a room from which they cannot leave, and they given various mysteries, challenges, and problems they have to solve or overcome together in order to find the exit in the shortest time possible [33,34], causing an increase in student participation [35]. Several studies on the application of the Escape Room game in the learning show very favorable results regarding its use in different contexts. In [36] a review on the use of the Escape Room in education is presented showing that the vast majority of articles are focused on higher education.



The Escape Room is an activity usually carried out in person where students move from class to class, looking for clues that allow them to move and achieve the objective. Digital Escape Rooms have recently started to be explored; we can distinguish between digital and virtual Escape Rooms based on whether they apply Virtual Reality or not, for instance, in [37,38] or [39]. Escape Rooms can be created digitally as in [40] using the Google Forms application for students in a high school chemistry lab class, and the Zoom videoconferencing platform was used to turn this activity into collaborative learning. In [41] a digital Escape Room was created by using the Genial.ly and A.breakout tools to teach algebra in the third year of secondary education in Spain. In [42] a study was carried out with primary school students in which one of the groups learned through digital games while the other group learned through a digital Escape Room. In [42] they show the advantage of the effects of Escape Room games on student learning compared to digital games.




1.5. Escape Rooms Applied in Pharmacy and Nursing Degrees


Focusing on the nursing and pharmacy degrees, there is recent interest in the use of the Escape Room. In [43] an educational Escape Room activity was designed and implemented based on a combination of online and paper clues in the human resources module of a third-year course in pharmacy management. In [44] the Escape Room was developed to teach content for the care of patients with myocardial infarction. In [45] an Escape Room is used to find out the perceptions and experiences of senior nursing students in an ESCE (Objective Structured Clinical Examination). In [46] an escape room is used to engage nursing students and improve their knowledge of cardiovascular critical care. In [47] the same authors conducted the same Escape Room but focused on the development of soft skills of the participants and the implications for the future professional practice of the participants.





2. Research Objectives


The main objective of our research is to develop active gamification methodologies, in this case an escape room, that allow us to minimize the effect that COVID 19 can have on student performance in math subjects. The restrictions of social distancing, with capacity control and the non-attendance of those students or teachers in quarantine, either due to positive cases or close contact with positive cases, substantially modify the way of interacting in the classroom, something that can be critical when learning maths, and there is a need for group exercises.



Without loss of generality, this study is focused on students enrolled in the degree of Pharmacy in English and Nursing (Spanish pathway to Nursing). The Escape Room makes use of the double presentiality model, which allows the student to attend the lessons on campus and also connect directly with the classroom.



Other secondary objectives were:




	
Get students to be motivated in mathematics in these Health degrees and improve their perception of it by using an online learning model.



	
Increase dynamization and participation in the context of cooperative work as well as their perception and indirect evaluation of theoretical knowledge through its application in learning based on problem solving.



	
Improve interaction in the relationship among students and in the relationship between the teacher and the student.









3. Materials and Methods


3.1. Research Design and Data Analysis


An experimental design was carried out through a descriptive and correlational analysis, based on a quantitative perspective, following the experts in this field [48]. In addition, a qualitative analysis was also carried out. From a quantitative point of view, the approach would be to study if the use of an Escape room dual mode compared to the traditional method has affected the attendance and performance of students when solving problems in a group and also from a qualitative point of view, based on the objectives of the article, given the circumstances in which we found ourselves in the 2020–2021 course, in which the students had improved their perception of mathematics compared to the perception of mathematics from students in the control group.



To carry out this analysis, the students have been divided into two groups. On the one hand we have a control group made up of those students who followed a traditional methodology before the pandemic. On the other hand there is an experimental group hand; an experimental group followed a digital Educational Escape Room as a methodology for the practice of mathematical content where the psychological effect of COVID-19 already existed. This group made the escape room digitally. The methodology, together with the COVID-19 effect, which requires making the escape room digital, was defined as an independent variable. Both groups shared course, syllabus and professors, so it was established that there is no prior significant difference between the control and experimental groups.



R was selected as the data analysis language. Descriptive statistics, mean and standard deviation were used for this analysis. In order to compare the average of the three groups both in the final grades and in the seminar grade we used the Kruskal-Wallis test, which is a non-parametric test, so it does not assume normality in the data, as opposed to the traditional ANOVA. It does assume, under the null hypothesis, that the data come from the same distribution (this is due to the size of the groups), and the Fisher’s exact test used when you want to study whether there is an association between two qualitative variables. In addition, a   p < 0.05   is established as a statistically significant difference.




3.2. Participants


The participants in the study were the Pharmacy and Nursing students of the 2018–2019, 2019–2020, 2020–2021 courses, in which the 2020–2021 course is the experimental group with the HyFlex System due to the COVID-19 effects and the other two courses are control courses not affected by the COVID-19 effect, that is, the lectures and seminars were face-to-face. The groups have the peculiarity that they are international students from different countries. Below is Table 1 with the number of students in each group according to the degree:



Table 2 shows the number of female and male in each of the groups.



Finally, Table 3 shows the places of origin of the students in each group according to the degrees:



As we can see, both the experimental group and the control groups share characteristics such as the ratio between male and female and the origin.




3.3. Scope of Application


The Escape Room of Mathematics and Statistics has been planned and applied in groups of students from Pharmacy (English group) and Nursing (Pathway group) who study the basic subject of Mathematics and Statistics in the following groups (see Table 4 and Table 5). The teaching guide for the subject has not been modified in the number of hours taught or in content during the last three years.



In response to the extraordinary situation caused by COVID-19 a “dual mode approach” has been adopted to teaching in the 2020–2021 academic year. This approach encompasses in-person attendance, real-time online attendance, and also viewing of recorded content. This has brought with it the need to adapt this course, technologically and methodologically, to account for this exceptional situation but the structure of the subject has not been changed, the structure is shown in Table 6.



To carry out the Escape room we have focused on practical seminars, these are shown in the Table 7:



The Escape room activity was carried out in 6 seminars of the pharmacy degree (seminars 1, 3, 4, 6, 9, and 11) and in 3 seminars of the nursing degree (seminars 1, 3, and 4).




3.4. Assessment Tools


Data collection about perception was obtained through an ad hoc questionnaire. The design of this tool was carried out following other validated methods found in the scientific literature. There are 13 items in the questionnaire. A type of scale is followed depending on the question, some of the questions had the option of YES/NO, others allowed students to enter comments in an open format, and the rest followed a Likert-type format with a range of five points. The final marks obtained by the students in each of the courses were also used. These qualifications were made with a final standard exam that consisted of 6 mathematical problems related to the subject learned. The exams, although different in each of the groups, asked the same items and had the same level of difficulty in each group.





4. Design and Implementation of the Escape Room


4.1. Design


When designing the escape room, the following elements have been taken into account:




	
Choice of content and necessary skills. In our case, the previous knowledge acquired in class has been taken into account, in this way we have used it to evaluate and promote the understanding of the contents.



	
Restrictions to develop the escape experience, such as the time available for the teachers, the number of students and groups, etc.



	
Creation of the experience context. In this step, we raised the type of theme for the experience, and a narrative and introduction were established in which the purpose is stated. Given the current pandemic situation, the theme is about the search for a scientist who is fleeing with the COVD-19 vaccine around the world so as not to be located by an enemy group. The WHO invites a group of mathematics and statistics students to find it since it leaves clues related to these subjects, thus ensuring that the vaccine can be distributed to humanity.



	
Development of the challenges to be solved. In addition, we take into account the order in which they appear, in our case a sequential order has been proposed, that is, each time you solve a challenge you will have information for the next one.








In Appendix A you can find the flowchart of the designed escape room as well as some the screens carried out.



In all the missions (seminars) we always start with the first screens as seen in Figure A2, in which we find:




	
Introduction: The story and plot of the Escape Room is presented.



	
Instructions: The students were informed of how they should work in each of the seminars. The students worked in groups to solve the tests of each mission and once finished, they had to send the resolution of the exercises, to be able to evaluate them and take a screenshot of the end to demonstrate they had achieved it.



	
Planning: 6 missions were planned (one per seminar) and in each mission there were 2 or 3 challenges to be carried out, which was the resolution of a series of problems related to the subject seen in theory.








The Missions


As previously mentioned, the escape room was carried out in 6 sessions (each session corresponded to a practical problem-solving seminar), for which 6 missions were created in which the new mission corresponding to the seminar was enabled. Each mission consisted of 3 challenges that each group had to solve, the solution of each challenge allowed to continue with the narrative of the search for the vaccine against COVID- 19 around the world. Each challenge was the resolution of a problem associated with the content studied in the theoretical lessons prior to the seminar, so in the first missions we encountered challenges of solving statistical problems, while in the last ones we found the resolution of mathematical problems. In some challenges there were hints or clues the students had to find on the screen, these hints allowed them to solve the challenge but the professors were also allowed to help students at any time by providing more hints or clues. In Figure A3 a screenshot of a challenge with some hints is shown. The resolution of each challenge could provide us with a clue that can give information about another puzzle or it can be a control point where passwords are entered, for example. Control points could be passwords or they could select an answer to a question or even select a country on a map.



The screens with the tests and the script transitions of a mission are shown in Figure A4.





4.2. Communication between Students and Teachers to Carry Out the Group Experience


As shown in previous sections, the traditional method of communication between the members of a group in class and communication with the teacher is unfeasible in the COVID era because we can find students who are present in the classroom separated by a distance of 1.5 m, and also students who are connected remotely. In addition, the groups are made up of students who do not have to be physically together in the classroom. The University has at its disposal the Blackboard Collaborate Ultra tool through which all students can connect, whether or not they are in class, and the teacher and sessions can be created for each of the groups. The problem we encountered is that the students had no prior knowledge of this tool, since, during course 2020–2021, the HyFlex system uses the Teams tool for Microsoft 365, but at that time the option to create rooms was not activated. Given these problems when the groups were trying to communicate with each other, it was decided to use WhatsApp, which is a well-known messaging system used by the students, in which each group had its own WhatsApp group and they could make video calls and send messages to each other, and in addition the professors became also part of each of these groups in order to coordinate and monitor them and of course help them providing clues or hints.




4.3. Implementation


The Escape Rooms have usually been carried out in a physical way, that is, the students had to solve a series of challenges to be able to leave a room but during the de-escalation period this option was not feasible, therefore, they had to implement it in a virtual or digital way. Although there are Escape rooms implemented using Virtual Reality as in [49], and [50], in the present case it was not viable because the students who were not present in the classroom did not have access to the Virtual Reality tools. We finally decided to implement a digital escape room. The Escape Room has been implemented by applying the software used in the literature to design Escape Rooms, genial.ly, see [41]. Genial.ly is an online tool for creating “interactive resources” and allows you to create more attractive online content: presentations, infographics, interactive images, breakouts, and much more with interactivity and animation. This software has templates and image galleries, although it also allows you to insert your own or external images, texts, audios, videos, etc. Its main characteristics would be animation, interactivity, and the integration of different content. You can use the software for free or for a fee, in our case, we have only used the free version of it. The developed Escape room can be found in open source mode in [51].





5. Design and Results of the Questionnaire


To carry out an evaluation of the activity, a Microsoft Forms form has been carried out, the country of origin is also indicated by the student in this form, since being an international degree the origins can be diverse, and, therefore, have different educational itineraries. Not knowing exactly the educational itinerary, the students were asked if they had taken the subject of mathematics the previous year. They were also asked what their perception of mathematics was before starting the course and if that perception had improved after participating in the escape room. Finally, there were more specific questions about this experience such as the degree of satisfaction with the activity carried out, perception of learning and appreciations about the collaborative model and finally an open question for the student to comment on the experience. The questions asked in the form are shown below in Table 8.



Finally, we have compared the attendance to the seminars, the results obtained both in the seminars and in the final exam of the degrees in Pharmacy and Nursing with the previous courses in which the “Educational Escape Room” format had not been used and the COVID-19 effect that caused the change of the educational system to a mixed face-to-face-online system did not exist.



The results of the questions carried out with the students are shown below; in Table 9 we find the following nationalities of both degrees:



Question 6 follows a different response pattern. The results can be seen in Table 10.



In the case of questions of type YES/No, we have the following results shown in Table 11.



Finally, in Table 12 we show the remaining answers:



Using a numerically coded ordinal scale (from 0 to 4), values such as the mean and standard deviation could be obtained, in this case the mean and standard deviation for each of the questions are shown in the Table 12.



If we focus on the answers given by the students in the 2020–2021 course, regarding the assessment of the “Educational Escape Room” activity, the survey was answered by 72.0% of the students enrolled in both degrees (the total being 36 students, 13 from Nursing and 23 from Pharmacy).



One of the problems we have found with international students is their itinerary, since it is not always the same as the Spanish one and they do not need to have previous knowledge of mathematics. The data shows that 73.0% of the students have studied mathematics in the previous year, while the other 27.0% have not, thus, the basic level of mathematics is not completely homogeneous; this difference is still higher if we divide the students by degree, and the majority of Pharmacy students have taken mathematics and half of the Nursing students have not.



It is important to highlight that 89.0% of the students had no difficulties in using the ICT tool; the difficulties found had more to do with the remote connection than with the application itself.



During this course, 71.0% of the students thought that the communication between their classmates and the teacher had improved more in the seminars carried out through the “Escape Room” than in the traditional seminars.



In the question about if this way of working was more fun than the traditional way, 76.0% of the students who took the questionnaire completely agreed or agreed with it. The vast majority (85.0%) were more motivated and eager to solve problems with this activity.



In the same way, practically all the students believed that they were more involved in solving problems with this type of format. Most of the students (77.0%) agreed that their perception of learning had improved.



Finally, practically all the students expressed the opinion that they would like to continue with this format in later courses.



In the case of the perception of mathematics before and after the course, the results of the perception of mathematics are quite heterogeneous, 36.0% believed that mathematics is difficult or very difficult, while 45.0% believed that it was neither difficult nor easy, while 18.0% had a good perception of mathematics.



These are some of the answers given to the open question:




	
“It was great”



	
“It is a very creative way of learning maths”



	
“Studying by having fun and being motivated to study something is a good way of learning”



	
“It was a great and fun way to learn so I really enjoyed it”



	
“I think it is very helpful to get to know your classmates but also study”



	
“A very fun way of learning!”








As a final result, the vast majority of the students have improved their belief about mathematics, specifically, 86.0% of them, corroborating what is in the research [3,4], a positive stimulus or emotion generates positive attitudes that allow the student’s beliefs about mathematics to be changed.




6. Comparison of the Results of the Degree in Pharmacy and Nursing in the Last Three Years


In the previous courses, from the beginning of the degrees in English, problem-solving seminars were traditionally worked, that is, in class problems were solved and delivered for subsequent evaluation by the teacher, while in this course (2020–2021 academic year) some of the seminars have been adapted to introduce the “Educational Escape Room”. Also in the previous courses, there was no COVID-19, nor its adverse effects, both sociological and educational.



When making the comparison we have compared both the global evaluation of the subject (Table 13 and Table 14), and the evaluation of the seminars (these being part of the continuous evaluation of the student) (Figure 1) for all three courses.



Given that the group sizes are small, the average number of students in Pharmacy is 20 students and in Nursing is 10 students, a non-parametric test (Kruskal-Wallis) has been applied to study if there are significant differences in the mean marks (final and seminars) in both degrees, obtaining the following results in the Table 15.



As seen in the analysis carried out, since the p-value is higher than the significance level, we can conclude that there are no significant differences in the average marks of both the global subject in the ordinary exam call and in the average mark of the seminars of the subject, which indicates that the negative effect expected by the change in the educational system and the COVID-19 effect have not appeared in the final marks. Finally, a comparison of seminar attendance has been made and the data was as in Table 16:



In this case, Fisher’s exact test has been performed and it has given us the following results (Table 17 and Table 18).



As in the previous cases, the returned p-value is greater than the significance level, so we can conclude that there are no significant differences between the percentage of attendance to the seminars among the different courses, which again shows the positive effect of the Escape room since absenteeism due to the change of system has increased significantly in the rest of the degrees.




7. Discussion


As indicated in the objectives of this research, we have proposed the effectiveness analysis of the use of a new teaching experience as an “Escape Room” in an exceptional context such as the one we are currently experiencing due to the SARS COVID-19 pandemic which has caused the teaching model to be changed, from a completely face-to-face model to a mixed face-to-face-online model, concerning the subject of mathematics in the Degrees of Pharmacy and Nursing. Taking into account that mathematics is usually one of the subjects that are most often rejected by students as explained in [2], to this must be added the effects that the COVID-19 pandemic has caused as described in [10]. In the de-escalation there have been a series of restrictions such as capacity control and social distance, so this has caused the traditional face-to-face system to be changed to a hybrid system (HyFlex System). This online model has the disadvantage, among others, of demotivating the students and lowering their performance in subjects such as mathematics, so our objective was to propose an online tool that could generate positive emotions that lead to positive attitudes which can compensate for the negative effect of methodological change and COVID-19, while promoting collaborative learning, with students at home following the lessons online.



One of the aspects on which this study has focused is the perception of the mathematics subject before taking it and how incorporating new methodologies has improved it, even under a negative situation such as COVID-19, as well as the students’ motivation and collaborative work, taking into account that the interaction among peers is much more difficult in an online environment. The results obtained from the interviews with the students who have followed the dual educational model show that the Escape Room as a pedagogical tool in the subject of Mathematics has managed to improve these aspects. Another aspect that we have focused on in this research has been academic performance, since a negative effect was expected due to COVID-19 and the methodological change. As observed in the comparison of the global results of the ordinary exam call and the results of the seminars, there are no significant differences in the three courses, so that, despite the non-attendance and the COVID-19, the escape room activity has not shown significant differences in the results compared with the two previous years. It is important to highlight the fact that due to the extraordinary situation caused by COVID-19, a “dual mode approach” has been adopted for teaching in 2020–2021. This approach includes attendance in person, online attendance in real time and also the visualization of recorded content, this means that the students did not have the need to attend class neither in face-to-face mode nor in real-time online mode because they could visualize the content recorded when they considered it and in the specific case of attending the seminars, those that were carried out with the escape room were evaluated only in real time, that is, only the students who attended class at that time. As seen in the result of the comparison regarding the attendance to seminars, the percentage of students who have attended seminars is practically the same regardless of the course, also taking into account that in previous courses there was no option to hold the seminars outside of the established schedule. It is also important to note that not all the seminars had an escape room and that the students did not know in which seminars there would be an escape room. The case of the pharmacy degree is noteworthy because the attendance was relatively higher than in other years. One of the reasons why students have attended a greater number of seminars on average, as they commented in class, is because they felt more motivated and preferred the seminars carried out with the “Escape Room”.



Although we did not return to a pandemic situation, the fact of incorporating active methodologies [15] such as gamification and collaborative work will improve our perception of mathematics as well as increase the students’ attitude and predisposition towards teaching, having a very positive impact on psychosocial indicators [27], causing an increase in the performance obtained from the students’ dedication [28]. In the specific case of the educational Escape Room for mathematics in Pharmacy and Nursing, as it is a digital escape room, no extra elements are needed, only a computer and Internet connection, and therefore students can work in groups in the classroom or even outside of it to solve the proposed challenges without diminishing class performance. To support the question related to whether, with the new normality derived from the pandemic and the use of online classes, the students’ performance has been affected or not, various tests have been carried out based on the hypothesis of whether there are significant differences in both the global grades and the grades of the seminars, as well as in attending problem-solving seminars. Being small groups, about 20 in each group, the normality of the data could not be assumed, so the Kruskal Wallis non parametric test was used to compare the average of the grades, and we used Fisher’s exact test to study the attendance to seminars. In view of the results, we can conclude that there are no significant differences between the values of the different groups. Although it is true that there are no significant differences, we do highlight the fact that the sample size is low, but if we study the results from another point of view, for example in the bar graph that appears in Figure 1, a trend is observed and an improvement in the results of the students in the seminars of course 2020–2021 when the traditional seminars were changed for the escape room. This work was designed when COVID-19 appeared in our lives and with the urgency of trying to reduce the impact it was supposed to have on students. For this reason, the university has not allowed the control group to be a parallel group where the escape room was not applied instead of the traditional method. This would have allowed us to determine the effect of COVID by using traditional teaching vs. improvement through the proposed escape room. Although this methodology would have been the most correct, this does not invalidate that by means of the escape room it has been possible to avoid the worsening of the students’ results, maintaining the level of the previous courses.




8. Conclusions and Further Developments


This work shows the analysis of a digital Escape Room experience with students in a dual teaching model (online-face-to-face), motivated by the COVID-19 situation. The results obtained allow us to know the students’ assessment of this Escape Room experience and report on the effect on the learning process. Based on these results, the use of the Escape Room in the Mathematics subjects in Pharmacy and Nursing degrees has contributed to the improvement in different concepts studied such as the perception of the subject and the motivation and interaction among students who are not physically in the same classroom. In addition, this resource has been shown to be effective in improving online education performance and real-time assistance. A new experience has also been introduced in the classroom with the use of ICT tools, since this resource has been carried out by using online software, which has allowed to review and consolidate the theoretical contents in a game format. In view of the results obtained, we can conclude that this experience has considerably improved the classroom environment, as well as the attendance to the seminars and the students’ motivation. Students have acquired a more active role and improved in collaborative work.



In case of continuing with this experience in the following course, we have proposed to improve the game adding a “prize” to the first 3 teams that will finish each mission, that is, adding an extra score to their seminar marks. We have considered adding more tests to the missions and, even if circumstances allow it, carrying out a face-to-face Escape Room.
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Figure A1. Screens where the student guess or fail the enigma. 






Figure A1. Screens where the student guess or fail the enigma.



[image: Mathematics 09 02602 g0a1]







[image: Mathematics 09 02602 g0a2 550] 





Figure A2. Initial screens. 
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Figure A3. Hints in a challenge. 
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Figure A4. Screens of mission 2. 
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Figure 1. Average mark of seminars in the last three years. 
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Table 1. No. of students according to the degree.
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	Course 2020–2021
	Course 2019–2020
	Course 2018–2019





	No. of students Pharmacy
	23
	20
	20



	No. of students Nursing
	13
	9
	21
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Table 2. No. of male and female according to the degrees.
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Course 2020–2021

	
Course 2019–2020

	
Course 2018–2019






	

	
Male

	
Female

	
Male

	
Female

	
Male

	
Female




	
Degree of Pharmacy

	
5

	
15

	
9

	
11

	
5

	
15




	
Degree of Nursing

	
1

	
12

	
2

	
7

	
5

	
16
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Table 3. Origin of the students according to the degree.
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Course 2020–2021

	
Course 2019–2020

	
Course 2018–2019






	

	
Europe

	
Africa

	
USA

	
Europe

	
Africa

	
USA

	
Europe

	
Africa

	
USA




	
Degree of Pharmacy

	
4

	
19

	
0

	
4

	
16

	
0

	
8

	
12

	
0




	
Degree of Nursing

	
8

	
3

	
1

	
5

	
1

	
3

	
11

	
5

	
5
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Table 4. Subjects under study.
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	Subject
	Degree
	ECTS
	Type
	Language





	Math and Statistics
	Pharmacy
	6
	Basic
	English



	Statistics and information systems
	Nursing
	6
	Basic
	English
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Table 5. Subject content.
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	Unit
	Pharmacy
	Nursing





	1
	Descriptive Statistics
	Idem



	2
	Probability of Normal Distribution. Confidence Intervals
	Idem



	3
	Bivariate Analysis. Correlation and regression
	Idem



	4
	Differential Calculus
	Hypothesis Testing for a population



	5
	Integral Calculus.
	Hypothesis Testing for two populations



	6
	First Order Differential Equations
	Analysis of variance



	7
	---
	Chi-square test
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Table 6. Structure of the subjects under study.
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	Nursing
	Pharmacy





	Master lessons
	1.4 ECTS
	1.3 ECTS



	Practical seminars
	0.3 ECTS
	0.7 ECTS



	Problem solving, writing and presentation workshop
	0.7 ECTS
	0.4 ECTS



	Study and preparation of written tests
	0.7 ECTS
	1.8 ECTS



	Discussion and study
	1.8 ECTS
	1.8 ECTS
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Table 7. Seminars.






Table 7. Seminars.





	
Seminar

	
Pharmacy

	
Nursing






	
Seminar 1

	
Descriptive statistics problems

	
Descriptive statistics problems




	
Seminar 2

	
Probability problems

	
Probability problems




	
Seminar 3

	
Problems of estimating a population

	
Problems of estimating a population




	
Seminar 4

	
Linear regression problems

	
Linear regression problems




	
Seminar 5

	
Differential calculus problems

	




	
Seminar 6

	
Differential and integral calculus problems




	
Seminar 7

	
Integral calculus problems




	
Seminar 8

	
Integral calculus problems




	
Seminar 9

	
Integral calculus problems




	
Seminar 10

	
Differential Equation Problems




	
Seminar 11

	
Differential Equation Problems
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Table 8. Questions asked in the questionnaire for the students.
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	ID
	Question





	1
	Country of origin



	2
	In the previous year, did you study mathematics?



	3
	What was your perception of mathematics before the course?



	4
	Have you improved your perception of mathematics after the course?



	5
	Have you participated in the Escape room experience?



	6
	Have you encountered difficulties to make the Escape room with the computer?



	7
	Communication with my classmates and the professor has improved



	8
	It has been more fun solving problems with the Escape room than with the traditional method



	9
	This type of seminar is more motivating



	10
	I feel more involved in these types of seminars



	11
	My perception of learning has improved



	12
	Would you propose that it continue next year?



	13
	What do you think of the application of this new teaching experience?
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Table 9. Students’ countries of origin.
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	Spain
	Morocco
	USA
	Norway
	Nepal
	Sweden
	France





	4
	14
	2
	3
	1
	2
	2
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Table 10. Perception of mathematics before the course.
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	Question
	Very Hard
	Hard
	Normal
	Easy
	Very Easy





	Question no. 6
	4
	4
	14
	2
	2
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Table 11. Answers to the YES/NO questions of the questionnaire.
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	Question
	Yes
	No
	Maybe





	Question no. 2
	20
	8
	0



	Question no. 4
	24
	4
	0



	Question no. 5
	28
	0
	0



	Question no. 6
	3
	25
	0



	Question no. 13
	22
	0
	6
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Table 12. Student questionnaire responses with mean and standard deviation.
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	Question
	Strongly Disagree
	Disagree
	Neutral
	Agree
	Strongly Agree
	Mean
	Std Dev





	Question no. 7
	0
	0
	8
	8
	12
	3.1
	0.8



	Question no. 8
	0
	2
	6
	10
	10
	3.0
	0.9



	Question no. 9
	0
	0
	4
	16
	8
	3.1
	0.6



	Question no. 10
	0
	2
	2
	16
	8
	3.1
	0.8



	Question no. 11
	0
	0
	8
	12
	8
	3.0
	0.8
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Table 13. Results of Pharmacy Ordinary Exam Call.
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	Course 2020–2021
	Course 2019–2020
	Course 2018–2019





	Students attending ordinary exam call
	86.9%
	80.0%
	89.8%



	Pass
	50.2%
	44.1%
	71.9%



	Fail
	49.8%
	65.9%
	28.1%



	Average pass mark
	5.99
	6.13
	6.09
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Table 14. Results of Nursing Ordinary Exam Call.
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	Course 2020–2021
	Course 2019–2020
	Course 2018–2019





	Students attending ordinary exam call
	85.0%
	100.0%
	89.8%



	Pass
	90.7%
	66.8%
	88.8%



	Fail
	9.3%
	33.2%
	11.2%



	Average pass mark
	6.45
	6.92
	6.84
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Table 15. Kruskal-Wallis non-parametric test results for mean marks.
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	Degree
	K-W Chi Square
	p-Value





	Average mark ordinary exam call
	Pharmacy
	5.2549
	0.0723



	
	Nursing
	0.53402
	0.7657



	Average mark seminars
	Pharmacy
	1.5828
	0.4532



	
	Nursing
	4.2006
	0.1224
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Table 16. Average seminar attendance.
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	Degree
	Course 2020–2021
	Course 2019–2020
	Course 2018–2019





	Pharmacy
	79.0%
	60.0%
	65.0%



	Nursing
	77.0%
	75.0%
	75.0%
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Table 17. Attendance to seminars frequency table and p-value applying Fischer’s exact test Pharmacy.






Table 17. Attendance to seminars frequency table and p-value applying Fischer’s exact test Pharmacy.





	
Course

	
Less than 50%

	
between 50% and 75%

	
More than 75%






	
18–19

	
5

	
7

	
8




	
19–20

	
9

	
2

	
9




	
20–21

	
3

	
5

	
15




	
p-value

	
0.0679
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Table 18. Attendance to seminars frequency table and p-value applying Fischer’s exact test Nursing.






Table 18. Attendance to seminars frequency table and p-value applying Fischer’s exact test Nursing.





	
Course

	
Less than 50%

	
between 50% and 75%

	
More than 75%






	
18–19

	
1

	
7

	
13




	
19–20

	
1

	
3

	
5




	
20–21

	
2

	
3

	
8




	
p-value

	
0.8485
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