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New approaches to adapt escape game activities to large audience in Chemical Engineering: numeric supports and students' participation
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Gamification is a widespread phenomenon that relies on using game mechanics in other areas, such as the learning situation. One of the most exciting types of games in the late 2010s is escape games, where the principle is for the players to manage to escape from a room in which they are locked by finding hidden items and following a sequence of puzzles. The goal of using this type of game is to motivate/involve learners, to make them work and develop adaptability and responsiveness skills. Unfortunately, these escape games are only practiced in small groups, and the design is expensive and time-consuming. That is why cost-effective alternatives are proposed in this paper. They are either dematerialized, entirely based on a digital medium (smartphone/tablets/computer), or directly created by students, also with a digital medium, allowing integration into large classes, or at open house events.

INTRODUCTION

Attracting a general audience to chemical engineering is a major challenge and developing motivating, inspiring or active teaching methods is important to help students to improve their learning and understanding of the different concepts [START_REF] Rodríguez | Motivational active learning: An integrated approach to teaching and learning process control[END_REF] .

Educators have developed educational games [START_REF] Zainuddin | The impact of gamification on learning and instruction: A systematic review of empirical evidence[END_REF][START_REF] Ponce | Tailored gamification and serious game framework based on fuzzy logic for saving energy in smart thermostats[END_REF][START_REF] Rodríguez | Evaluating the effect of gamification on the deployment of digital cultural probes for children[END_REF][START_REF] Conway | Insulin-Glucagon Interactions: Using a Game To Understand Hormonal Control[END_REF] to involve students in interactive and entertaining activities [START_REF] Rau | Active Learning": A Combination of Flipped Classroom and Collaboration Support Is More Effective but Collaboration Support Alone Is Not[END_REF] . Games are an excellent method of active learning in a recreative environment [START_REF] Mandavgane | Fun with fluid: An innovative assignment in fluid mechanics[END_REF] and many methods have been tested in the past decade [START_REF] Mavromihales | Game-based learning in mechanical engineering education: Case study of games-based learning application in computer aided design assembly[END_REF] : word game [START_REF] Hanson | The Chemical Name Game[END_REF] , quiz games [START_REF] Capps | Chemistry Taboo: An Active Learning Game for the General Chemistry Classroom[END_REF][START_REF] Campbell | Chemistry Game Shows[END_REF][START_REF] Sanders | Promoting student problemidentification skills via a Jeopardy-inspired game within the Renaissance Foundry[END_REF][START_REF] Dizon | Online quiz methods for remedial learning in chemical engineering[END_REF][START_REF] Roštejnská | Biochemistry Games: AZ-Quiz and Jeopardy![END_REF][START_REF] Adair | Chemical Pursuit: A Modified Trivia Board Game[END_REF][START_REF] Brydges | Catalyze! Lowering the Activation Barriers to Undergraduate Students' Success in Chemistry: A Board Game for Teaching Assistants[END_REF][START_REF] Kucukkal | PChem Challenge Game: Reinforcing Learning in Physical Chemistry[END_REF][START_REF] Stojanovska | Celebrating the International Year of Periodic Table with chemistry educational games and puzzles[END_REF] , card games [START_REF] Costa | CARBOHYDECK: A Card Game To Teach the Stereochemistry of Carbohydrates[END_REF][START_REF] Da Silva Júnior | Time Bomb Game: Design, Implementation, and 21 Evaluation of a Fun and Challenging Game Reviewing the Structural Theory of Organic Compounds[END_REF] , dice games 21,22 , board games [START_REF] Pippins | Element Cycles: An Environmental Chemistry Board Game[END_REF][START_REF] Martín-Lara | Playing a Board Game to Learn Bioenergy and Biofuels Topics in an Interactive, Engaging Context[END_REF][START_REF] Azizan | Improving teamwork skills and enhancing deep learning via development of board game using cooperative learning method in Reaction Engineering course[END_REF][START_REF] Triboni | MOL: Developing a European-Style Board Game To Teach Organic Chemistry[END_REF][START_REF] Da Silva Júnior | Stereochemistry Game: Creating and Playing a Fun Board Game To Engage Students in Reviewing Stereochemistry Concepts[END_REF] , computer games [START_REF] Miller | Green Machine: A Card Game Introducing Students to Systems Thinking in Green Chemistry by Strategizing the Creation of a Recycling Plant[END_REF][START_REF] Da Silva Júnior | A Computational Resource for Teaching and Learning Chemical Kinetics[END_REF][START_REF] Grinias | Making a Game Out of It: Using Web-Based Competitive Quizzes for Quantitative Analysis Content Review[END_REF] and memory/concentration game [START_REF] Nowosielski | Use of a Concentration Game for Environmental Chemistry Class Review[END_REF][START_REF] Silva | Analogue Three-Dimensional Memory Game for Teaching Reflection, Symmetry, and Chirality to High School Students[END_REF][START_REF] Da Silva Júnior | Reactions: An Innovative and Fun Hybrid Game to Engage the Students Reviewing Organic Reactions in the Classroom[END_REF] . Surprisingly, the use of videogames to illustrate chemical engineering is relatively unexplored in the literature even though pedagogical videogames exist [34][START_REF] Franco | Online Gaming for Understanding Folding, Interactions, and Structure[END_REF][START_REF] Winter | Chairs!: A Mobile Game for Organic Chemistry Students To Learn the Ring Flip of Cyclohexane[END_REF] . In all these activities, gaming is seen as an alternative approach of boosting communication [START_REF] Feijoo | Gamestorming for the Conceptual Design of Products and Processes in the context of engineering education[END_REF] between students, and might allow them to learn in an entertaining way compared with the traditional lecture format [START_REF] Domínguez | Gamifying learning experiences: Practical implications and outcomes[END_REF][START_REF] Stringfield | Benefits of a Game-Based Review Module in Chemistry Courses for Nonmajors[END_REF] . However, most of these games are individual and do not develop teambuilding or group communication [START_REF] Fishovitz | Guided Heads-Up: A Collaborative Game that Promotes Metacognition and Synthesis of Material While Emphasizing Higher-Order Thinking[END_REF] . The use of educational escape games is relatively new in the international sphere [START_REF] Nicholson | Peeking behind the locked door: A survey of escape room facilities[END_REF] . Several attempts in real rooms with physical materials have been made in computer science [START_REF] Borrego | Room escape at class: Escape games activities to facilitate the motivation and learning in computer science[END_REF] , physics [START_REF] Vörös | Physics escape room as an educational tool[END_REF] , chemistry [START_REF] Eukel | Educational Gaming for Pharmacy Students -Design and Evaluation of a Diabetes-themed Escape Room[END_REF][START_REF] Ferreiro-González | Escape ClassRoom: Can You Solve a Crime Using the Analytical Process?[END_REF][START_REF] Watermeier | Escaping Boredom in First Semester General Chemistry[END_REF][START_REF] Vergne | Escape the Lab: An Interactive Escape-Room Game as a Laboratory Experiment[END_REF] or chemical engineering [START_REF] Dietrich | Escape Classroom: The Leblanc Process-An Educational "Escape Game[END_REF][START_REF] Estudante | Using Augmented Reality to Stimulate Students and Diffuse Escape Game Activities to Larger Audiences[END_REF] . These escape games use scientific concepts and some of them take place in laboratory work rooms. Some educators [START_REF] Peleg | A Lab-Based Chemical Escape Room: Educational, Mobile, and Fun![END_REF] have set up an adaptable, movable escape game in a practical chemistry workroom, using simple chemical materials and reactions. Others [START_REF] Ferreiro-González | Escape ClassRoom: Can You Solve a Crime Using the Analytical Process?[END_REF] have used a fake crime scene, with students needing to use chemical techniques to conduct the investigation or specific battle box [START_REF] Clapson | ChemEscape: Educational Battle Box Puzzle Activities for Engaging Outreach and Active Learning in General Chemistry[END_REF] . Yet others have tried [START_REF] Cain | Exploratory implementation of a blended format escape room in a large enrollment pharmacy management class[END_REF] to lighten the "physical" part of the escape game by offering a mixture of mechanisms/objects and online puzzles, taking advantage of students' attraction to new technologies. It is in the continuity of this approach that the present work position itself: by completely dematerializing the mechanisms in order to integrate this pedagogy even more easily into the major disciplines, where groups are large. The examples mentioned above have been very successful with students, in terms of both increasing their motivation and attraction to scientific disciplines and allowing them to work on developing their teamwork and communication skills. These pedagogical games are therefore very interesting tools for an application in the pedagogical system that predominantly uses a classical lectures and/or tutorial approach, where adaptability, mutual aid, and immersion are rarely developed. However, implementation faces logistical problems, such as the immobilization of one or more rooms to simulate confinement and the significant cost of the equipment (locks, secret mechanisms, chests, boxes, etc.). This room must also be emptied of dangerous elements and those not related to the riddle. In addition, teachers face time problems, such as the creation time for scenarios, ideas and puzzles, or the time to test the sequence, test the puzzles and adapt the difficulty, and also the time to prepare for a session (place the mechanisms, prepare the locks, tools/elements) and the reset time for the next group. Finally, the small number of simultaneous participants, estimated to be between 3 and 5 for optimal activity, is also a strong limitation, which can multiply the number of sessions, thus increasing the need for the presence of a teacher to guide and/or help students who could be stranded on certain puzzles.

In order to get around these problems, this paper proposes two educational solutions to adapt the escape games to as many people as possible without this being too timeconsuming for the teaching teams or too expensive to set up. The first is to use a digital medium [START_REF] Granjo | Enhancing the autonomy of students in chemical engineering education with LABVIRTUAL platform[END_REF][START_REF] Paniagua | An application for smartphones based on the problems without data methodology to reduce stress levels and improve academic performance of chemical engineering students[END_REF][START_REF] Belton | Teaching process simulation using video-enhanced and discovery/inquiry-based learning: Methodology and analysis within a theoretical framework for skill acquisition[END_REF] : by accessing a website (www.onlinescape.org), students access a scenario tracing the development of one of the world's first chemical engineering processes, the Leblanc Process [START_REF] Dietrich | Escape Classroom: The Leblanc Process-An Educational "Escape Game[END_REF] . Through scientific puzzles, students find combinations of numbers or letters to open other mechanisms represented on the online platform. This paper also proposes that students build their own escape game as part of a project to be used at open house events. This not only reduces the invested time in the creation of the game by the teaching team but also encourages the students to work on their creativity, innovation, imagination and peer training skills. This, this allows better mastery of student's knowledge gains, as making them active participants in their training enables students to better memorize the knowledge they acquire.

The first objective of this paper is therefore to increase the motivation of students by taking advantage of their predilection for escape games and to help them to develop their skills of group work, adaptability, and communication. The use of a dedicated website will allow automated use by large groups working simultaneously and will also make it possible to play the game outside the usual classrooms or outside the times of contact with teachers, as a personal work tool. The second objective is to create really playful and pedagogical immersion, to break the monotony, to demonstrate the importance of trial and error, to show that failure is surmountable and to reveal the benefits of relying on collaboration/help between students. The use of online/digital escape games should be a suitable approach to capture and direct the expectations and attention of "Y Generation", who have been trained in video games and the internet from an early age. It also responds to the growth challenges expected to affect universities in the coming years, by allowing the digital offshoring of activity without losing innovation and educational originality. The final objective is to develop the creativity and innovation of the students, their pedagogical sensitivity and their involvement in their own institution by asking them to create educational escape games as part of an annual tutored project.

APPROACHES 2.1. Digital and mobile escape games

The pedagogical activity is organized by dividing the class/users from the general public into small groups of 2 to 4 people, either in the room with the presence of the teacher or as personal work (Figure 1). Each group needs a computer or a smartphone and an internet connection. By accessing the http://www.onlinescape.org website, the students launch the "Leblanc" scenario, tracing the development of one of the world's first chemical engineering processes [START_REF] Dietrich | Escape Classroom: The Leblanc Process-An Educational "Escape Game[END_REF] . The pedagogical activity leads students to follow in the footsteps of Nicolas Leblanc, a young French chemist working during the French revolution, who responded to a competition launched by the Academy of Sciences in 1789 to produce "soda" industrially. This activity helps to restore the importance of Nicolas Leblanc, who remains little known to the general public, unlike his contemporaries, e.g. Antoine Lavoisier, even though his process is considered as 4). The response rate was 95%. In general, all statements showed high levels of agreement ("agree" and "strongly agree"), ranging from 63.2% to 93.2% of those surveyed.

A majority of students (93.2%) enjoyed the use of numerical escape game in the courses and thought it was attractive and helped capture their attention (90.6%).

Fewer students (63.2 %) agreed that the use of numerical escape games helped them make connections between the theoretical aspects of the course and their application and helped improve their understanding (64.9%).

Among panel members, 69.6% of participants who had already tested a classic escape game felt a similar sensation in the game presented here. 75.2% of the panel thought that the use of a digital medium added a playful aspect to the activity and did not alter the experience. In a free-response section of the questionnaire, students were asked to provide comments on the activities and despite the lack of physical mechanisms, the students got well involved in the game, the immersion worked and they greatly appreciated the activity: "This activity is interesting, this fun game allows us to learn more about the history of processes", "Very good activity, immersive, which gives the feeling of a real escape game", "This activity allows us to concentrate while having fun; this escape game could be very useful in addition to sessions", "This activity is very interesting and motivates us to work and apply what we have learned in class; it is a good tool for working at home", "Interesting method of application of knowledge", "This activity is very good to help remember and apply the knowledge gained in classes or in tutorials".

It is worth noting that a large majority thought that this escape game helped them to connect with other students (89.7%) to increase student communication skills.

Among panel members, 67.5% believed that the game helped students to be more active than in a traditional classroom and a majority (67.5%) also agreed that the use of this game helped them to think on aspects of the course (68.4%).

Finally, a large majority (80.3%) think that the use of numerical escape game is an excellent educational tool that can complement the classical approach in chemical engineering and 89.2% of students asked for the development of this type of activity in addition to the traditional system and proposed it as a tool to help with personal work in a group. 

Escape lab designed by the students: creation and organization

In order to reduce the time that the teaching teams need to spend on creating the game or to avoid the installation of dedicated rooms, it was proposed that some escape games were built by the students themselves, using the rooms of practical classes in the teaching department and using digital media such as digital tablets.

This project was given to the 2nd-year students in the Chemistry department at the University Institute of Technology of Aix-Marseille University, France. The students were specialized in industrial chemistry and were supervised by two teachers. A total of 9 students divided into 3 groups had to imagine, design and organize 3 different escape games for the visitors of the open house event of the chemistry department.

The escape games had to be designed to make the visitors discover the three practical classrooms normally devoted to automated processes engineering and, more generally, the specialization of industrial chemistry. This project was part of the students' syllabus through a course called "supervised projects", the topics of which were given by the teachers. The objectives of this course were to work in a team and to manage a professional project involving the crosslinking of technical, technological and general knowledge of the specialty. These objectives are in agreement with the proposed topic of designing an escape lab. The project was developed from September 2018 to March 2019 with around 150 hours of students' personal work. The activity represented 100 % of the course grade called "supervised projects" and this course grade represented 8.3% of the total grade of the year. Although the students had already worked with the lab facilities, the first step was for the students to become familiar with handling the facilities and to reflect on the puzzles to be put in place.

They had to write their scenarios by imagining the different puzzles to "get out" of the room. Some examples of puzzles are presented in Figure 5. One of the full scenarios is given in Figure 6. Figure 5 and Figure 6 show that the puzzles were of appropriate difficulty for the intended audience and that the activity really showed a real insight into the program of study that is to say: handling and maintenance of chemical engineering pilot plants.

Digital tablets could be used and served as a guide for the game with step-by-step instructions or as multimedia support for broadcasting clues and videos. Several preparation and set up meetings were organized with the students. The teachers constantly made sure that the puzzles and the level of difficulty were suited to the future audience. They validated each step of the game with the students. A last meeting was held a week before the open days to test the games in real conditions with other students or teachers of the class. Little adjustments had to be made. The students were particularly committed to their task with the visitors during the open house event and experienced the moment as a fulfillment of their mission. This impression was confirmed by the students' final reports, some excerpts from which are given in Table 1. For all this completed tasks, the students obtained a final average grade of 8.3 out of 10. This project was also particularly appreciated by all the teaching staff in the department. Thanks to the open house event, the approach echoed outside the walls of the department and this type of action, combined with the other activities proposed, contributed to the success of the open house event. A survey showed that 96% of visitors who responded to the questionnaire were interested in enrolling for the degree course the next year. One of the teachers in charge of this project was coresponsible for the recruitment of the degree course and found that some high school students even made specific reference to these escape labs in their cover letters.

Table 1. Reports on the experience 275

DISCUSSION

The use of escape games in university pedagogy has increased significantly since their first use in 2015 [START_REF] Nicholson | Peeking behind the locked door: A survey of escape room facilities[END_REF] . Numerous attempts have been made in the last few years in various fields of university teaching and are reported in the recent scientific literature ( [START_REF] Borrego | Room escape at class: Escape games activities to facilitate the motivation and learning in computer science[END_REF][START_REF] Vörös | Physics escape room as an educational tool[END_REF][START_REF] Vörös | Physics escape room as an educational tool[END_REF][START_REF] Eukel | Educational Gaming for Pharmacy Students -Design and Evaluation of a Diabetes-themed Escape Room[END_REF][START_REF] Ferreiro-González | Escape ClassRoom: Can You Solve a Crime Using the Analytical Process?[END_REF][START_REF] Watermeier | Escaping Boredom in First Semester General Chemistry[END_REF][START_REF] Vergne | Escape the Lab: An Interactive Escape-Room Game as a Laboratory Experiment[END_REF][START_REF] Dietrich | Escape Classroom: The Leblanc Process-An Educational "Escape Game[END_REF][START_REF] Peleg | A Lab-Based Chemical Escape Room: Educational, Mobile, and Fun![END_REF][START_REF] Cain | Exploratory implementation of a blended format escape room in a large enrollment pharmacy management class[END_REF][START_REF] Dumnoenchanvanit | Escape Room Hengelo : Balancing Educational Content and Partipant Enjoyment Within Escape Rooms[END_REF][START_REF] Mahaffey | Interfacing virtual and face-to-face teaching methods in an undergraduate human physiology course for health professions students[END_REF][START_REF] Elzen | Improving the motivation of students using an educational escaperoom[END_REF][START_REF] Duncan | Building Escape Rooms to Increase Student Engagement in First-Year Engineering Classes : American Society for Engineering Education[END_REF][START_REF] Guigon | A Creation Tool for Serious Puzzle Games[END_REF][START_REF] Bartlett | Using an Escape Room to Support the Learning of Science Content[END_REF][START_REF] López-Pernas | Examining the Use of an Educational Escape Room for Teaching Programming in a Higher Education Setting[END_REF] ). These activities have undeniable qualities and benefits, such as increasing the motivation of students or developing their skills in collective intelligence. However, the transposition of these activities into universities or engineering schools on a large scale is a real problem and raises the question of adaptation: immobilization of rooms and educators, cost of implementation and significant time for creation and preparation (Figure 8.a). These issues are a real obstacle for large student audiences. Some solutions have been presented in this paper. The first solution involved the use of a digital support, which enables the players to feel the sensations of escape games at lower cost and to change the students' environment from conventional classrooms to dedicated workrooms or spaces for personal work outside the teaching department. One of the strengths of this educational innovation is the use of a dedicated website to circumvent material and investment issues (Figure 8.b). Thus, it is possible for a large class to use a game simultaneously in or outside the usual classrooms. This innovation can also be used as a course support or as preparation for a course, such as work at home, thus saving time in schedules. This will also save teachers the considerable amount of time that would otherwise be needed to reset and prepare for each session. While the time to create a new scenario remains significant, content can be shared easily and freely online (the website www.onlinescape.org, is free to access and can quickly be supplemented by other scenarios in all academic fields). The development cost is also greatly reduced: it costs less than 10 euros to purchase the domain name, which can be hosted on the institutional site of the university for free. Few computer skills are required: the WordPress modules to create the website that were used are free of rights and are explained in plentiful tutorials on the internet. Finally, the format of this alternative pedagogy reveals some students who are usually not among those 

CONCLUSION

New approaches to apply escape game activities in large classes have been presented.

They are based (i) on the use of a numeric platform to play the game on a smartphone or computer or (ii) on the creation of scenarios by the students in a laboratory room.

One of the key points of these approaches is their great transferability in terms of both the topic and the level of the students. The level of puzzles can be adjusted, so it is easy to adjust the level from a discovery activity to specialized knowledge activities at the master level. These approaches can be applied in all areas of education, and the flexibility of the digital transposition of the escape game allows for ongoing use with the presence of the teacher or home use as a support and motivation aid for personal work. It can also be the subject of a project achieved by the students.

The use of digital media makes it possible to apply and integrate the educational escape game on a larger scale while maintaining these advantages, namely increasing motivation and developing adaptability and mutual aid. The use of a website also enables broad, easy diffusion within the Universities.

  one of the founding acts of chemical engineering. Through scientific puzzles, students access combinations of numbers or letters to open other mechanisms represented on the online platform. Following a precise sequence, the students will thus advance in groups by tracing the development of the Leblanc process. The escape is not the end of the story: a debriefing at the end of the session highlights the consequences of the process for the environment (passing of the alkali act) as well as its key points.

Figure 1 .

 1 Figure 1. The activity in progress in the active pedagogy room at INSA Toulouse 2018/2019.

Figure 2

 2 Figure 2 illustrates a few pages of the website, showing the puzzles and the different

Figure 2 .

 2 Figure 2. Illustration of the dedicated website in mobile version: www.onlinescape.org/leblanc

Figure 3 .

 3 Figure 3. Example of puzzles present on the application (a) Periodic Table of the element (b) Balancing chemical equation (c) Creating the Leblanc process flowsheet.

Figure 4 .

 4 Figure 4. Student responses relating to the use of mobile escape games in the courses. Total number of respondents = 117 (academic years 2017/2019).

Figure 5 .

 5 Figure 5. Examples of puzzles: labyrinth to find the color of the valve to open (A), word search grid to find the location of the next clue (B), symbol riddle to crack to find the right instruction (C)

4 .

 4 de la liste dans la grille afin de voir apparaître le mot caché O _ _ _ _ _ _ _ _ R movie explaining that the first part of the game is related to the facility called "Multi-loop 1" 2. First riddle for which the answer is "water" and participants should understand that the following clue is in the water contained in the tank of the facility. 3. Water level increase in the tank by opening the inlet valves thanks to a simplified diagram. Hidden clue appearance (floating little box) containing a code to unlock a short movie explaining that the next step is related to the facility called "Gunt®" 5. Three riddles to crack in order to find the 4 references of the valves to open. These 4 references also reveal a code to unlock a new short movie explaining how to start the pilot plant completely. 6. Reading of the 2 first figures of the flowrate displayed on the flowrate meter (first part of the final code) 7. Display of final message saying that the last part is related to the facility called "Multi-loop 2". Final riddle for which the answer is "measurement of water level".8. Cable connections to display the answer of the pressure transmitter measuring water level in the tank (second part of the final code) 9. Entering the code in the key box to get out of the room.

Figure 6 .

 6 Figure 6. Example of scenario using chemical engineering facilities.

Figure 7 .

 7 Figure 7. Escape lab designed by the students for the open house event of the chemistry department of the university institute of technology of Aix-Marseille University in 2019.

  Account by Marie, Alexandra and Claire, designers of Escape lab n°1: "The preparation and implementation of the escape game for the open house event allowed us to put various skills into practice, such as our creativity and our reflection, our ability to put ourselves in the shoes of others, our sense of organization and, especially, our sense of teamwork. During the day, we used our sense of communication and our sense of adaptation. We really enjoyed this idea of discovery through a game, it was a very motivating and beautiful project. In most groups, the atmosphere was great, young people and adults were thinking together to crack the riddles. The game was completed by all groups, who found the exit keys. The players really enjoyed this game. The only difficulty was the shyness of high school students, especially their hesitation to handle the lab facilities. The concept of escape games is new and discovering our Industrial Chemistry specialization by a game is an idea to keep for the future. " Account by Fatuhiya, Lucie and Jean, designers of Escape lab n°2: "Explaining the concept of Automated Process Engineering by a game is a very good idea because visitors have never seen such equipment. This allowed us to introduce the operating principles more easily and in a fun way. It is a modern project and the escape game is a game for all ages. We had a lot of fun finding puzzles and we paid a lot of attention to the level of difficulty for high school students. After grouping everyone's ideas together, we selected the best ones and worked on their implementation together. We showed good team cohesion. The teacher advised us on the riddles and helped us to find the necessary material, to organize the appointments, to complete the game. On the day of the open house event, we had to speak in front of an audience, which helped us to become more and more comfortable speaking in public. Most groups of visitors completed the game and we are satisfied with this day. If it were to be done again, we would try to deepen the imaginary world around the puzzles so that visitors would be even more immersed in the concept. "

Figure 8 .

 8 Figure 8. Comparison of innovative approaches to implement escape game with large audience in chemical engineering: (a) paper based version 48 , (b) mobile version, (c) escape lab.

  

  Students from four separate courses used the escape game activity as a homework project after attending a series of lectures (10 h) covering the content of chemical engineering. The 117 students who participated came from either a Chemical

	Engineering course (class 1, 37 students, in 2018; class 2, 43 students, in 2019) or
	a Chemical Reaction master course (class 3, 19 students, in 2017; class 4, 18
	students, in 2018). At the end of the activity, the teacher invited all students to
	evaluate the activities by completing a printed form in French containing eleven
	questions with responses based on a Likert 56 scale (Figure
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