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Abstract 
Gamification is increasingly used in Higher Education to foster intrinsic motivation of undergraduate 
students. In this sense, we designed the Biochemical Escape Room. The students, organized in teams 
and through the overcoming of challenges, tackled the contents reviewed in the face-to-face classes. In 
addition, the tests helped in the training of different soft skills such as creative thinking, deductive 
thinking, collaborative work, teamwork, manual dexterity, communication and time management. The 
activity was designed in several phases: i) setting the learning objectives; ii) adapting the physical 
spaces to the teams involved in the "game"; iii) acquiring the material; iv) preparing, placing the tests 
and the clues and general rehearsal before D-day; and v) D-day. The results obtained after the design 
of the Biochemical Escape Room and its implementation show that one of the objectives of the activity 
had been achieved: it provided an "injection" of motivation for teachers and students. And although there 
are certain aspects that need to be improved, designing the escape room for the biochemistry 
laboratories has meant a significant change both for the instructors, in the way we teach, and for the 
students, in the manner they learn.   
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1 INTRODUCTION  
The implementation of game dynamics in the educational environment provides numerous advantages 
[1]: i) it increases students' motivation and self-motivation; ii) it makes the contents more attractive; iii) it 
favours active learning and knowledge assimilation; iv) it stimulates concentration; v) it improves 
performance; vi) it favours teamwork; and vii) it helps to exercise logic and strategy.  

In this sense, Escape Room-type games have been used in Higher Education in recent [2-5]. In this 
way, students are more actively involved in their learning, as opposed to the classical teacher-centered 
approach. Instructors who have used this type of games highlight their valuable usefulness, as they 
allow students to acquire and apply the knowledge reviewed in the subject as well as develop many 
other competences and enhance different skills. In addition, it allows the instructor to witness in situ the 
students' reasoning/deduction process and the selection/handling of information sources, aspects of 
enormous value for improving the teaching-learning process [6, 7]. 

The objective of the activity developed was to promote meaningful learning and student motivation, 
taking into account the benefits of "game-based" learning, its popularity and the rapid expansion of 
Escape Room-type games among the general population because of the challenge they provide. Hence, 
this work details the design of the escape room that we carried out in the biochemistry laboratories. 

2 METHODOLOGY 
The activity carried out focused on learning based on challenge games with first year undergraduate 
students. It was carried out with half of the students cohort (n=47) enrolled in the Biochemistry subject. 
This allowed us to have a perception, although preliminary, of the learning benefit by comparing it to the 
other half. The students were divided into teams of eight students organized in four couples. 

The experience was designed in several phases: i) setting the learning objectives; ii) adapting the 
physical spaces to the teams involved in the "game"; iii) acquiring the material; iv) preparing, placing the 
tests and the clues and general rehearsal before D-day; and v) D-day. 

Proceedings of INTED2023 Conference 
6th-8th March 2023

ISBN: 978-84-09-49026-4
8140



 

 

2.1 Setting the learning objectives 
The tests that students should go through were designed in alignment with the learning objectives of the 
Biochemistry practical. An outline of each of the learning objectives was drawn up and a specific Escape 
Room test was associated to it. 

In order to achieve the objectives set, the students had to pass thirteen challenges in a collaborative 
manner. These challenges included manual dexterity, calculation and communication abilities related to 
the theoretical and practical foundations of the subject. 

2.2 Adapting the physical spaces to the teams involved in the "game" 
Secondly, it was important to find the physical space in which to carry out the "game". The students in 
each laboratory (n=24) "competed" by organising themselves into three teams. Each team was assigned 
an instructor who monitored the team's performance and, using the team control sheet, recorded the 
existing penalties and the appropriate observations during the Escape Room. To facilitate the dynamics 
of the game, a specific colour (blue, yellow or red) was assigned to the team and the worktables (Fig. 
1). The clues in coloured envelopes were distributed around the laboratory. 

 
Figure 1. Physical space where the biochemical Escape Room took place. Left: top, the biochemistry 

laboratory; bottom, detail of the red team's worktable. Right: diagram of the distribution of the teams at the 
worktables. 1, each team's escape room kit locked with key padlocks; 2, lockers locked with padlocks with 
secret numbering; 3, distilled water canister; 4, spectrophotometers used in the escape room; 5, chemical 

fumes hood. *, examples of the locations of the coloured envelopes containing the clues. 

2.3 Acquiring the material 
In addition to using specific equipment (e.g. spectrophotometer) and basic laboratory material (e.g. a 
set of automatic pipettes), the "game" incorporated messages with secret codes or invisible ink, mirror 
messages, padlocks that could be unlocked with a key or with a numerical code, among others. For this 
purpose, elements such as coloured envelopes, mirrors, magic boxes that were difficult to open, invisible 
ink markers, red filters, safes, etc. were needed, which were acquired for the development of the activity. 

For each team, we incorporated these elements in a box locked with a keyed padlock (Fig. 2). The so-
called escape room kit included the necessary elements to carry out the activity successfully (Table 1). 
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Figure 2. Contents of the biochemical escape room kit locked with key padlock (1): 2, mirror; 3, symbol code 

card; 4, red gel filter; 5, ultraviolet light torch; 6, set of automatic pipettes; 7, rack with test tubes; 8, box of 
yellow tips; 9, box of blue tips; 10, tubes with coloured solution; 11, coloured envelope with the hint #01. 

Table 1. Tools and elements included in a box or escape room kit locked with a key padlock and the role of 
each one of them in the development of the game. 

Tools and elements Function 

Mirror Decoding mirror image message 

Code card with symbols Resolving message with symbols 

Red transparent gel filters Discovering hidden words 

Ultraviolet light torches Decrypting messages with invisible ink 

Set of three automatic pipettes 

Performing the manual volume challenge 

A test tube rack 

A box of yellow tips 

A box of blue tips 

Tube with coloured solution 

An envelope with clue #1 Continue with the game 

It was also necessary to contextualise the game, the existence of a scenario. To do this, we created a 
message containing the guidelines, rules and time limit. In addition, there was a first challenge of the 
game; if successfully completed, it provided the key that unlocked the biochemical escape room kit (Fig. 3). 

A key element that we, the instructors, had to have at all times during the game was what we called a 
team control sheet. This sheet contained basic information about each team: the laboratory where the 
game was being played the number of students per team, names of the couples, spokesperson and 
observations. In addition, it contained the different clues and challenges to be performed organized in a 
column, to mark the corresponding penalties if the tests had not been passed properly (Fig. 4). 
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Figure 3. Initial message provided to each team.  

1, scenario; 2, guidelines, rules and time limit; 3, first challenge. 

 
Figure 4. Team control sheet. 
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2.4 Preparing, placing the tests and clues and general rehearsal 
The preparation of tests and clues, their location and the rehearsal before D-day was the most creative 
and exciting phase for the instructors (Figs. 4 and 5). The challenges were designed taking into account 
the students' deductive thinking, manual dexterity and problem solving skills in mind. 

 
Figure 4. Material prepared for the execution of the biochemical escape room. 

 
Figure 5. Location of the different hints in coloured envelopes  

or on the equipment in the Biochemistry laboratory. 

Once the clues had been placed in the different locations, we had to do a rehearsal to check that the 
game was going to run properly. For this purpose, we went through all the steps of the Biochemistry 
Escape Room with a summary sheet we prepared for the instructors. 
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2.5 D-day 
The students did not know what they would be doing at the end of their practical laboratory sessions in 
Biochemistry. They had been warned that they should wear clothes with the colour assigned to each 
team. Likewise, the instructor in charge of each team had to wear the same colour. 

Among the teachers involved, there was a climate of excitement, emotion, nervousness and a certain 
amount of insecurity. We had not carried out an action like this previously, so we had no reference 
regarding the students' response. 

The students were expectant just before we explained to them what they would be participating in. As 
soon as we revealed the existence of the escape room and its objective, they showed their motivation 
to carry out the game that would help them understand the contents reviewed in their classes (Fig. 6). 

 
Figure 6. Images of the tests carried out by the winning team in the biochemical escape room. 

3 RESULTS 
On D-day, just before learning that they would be participating in the Biochemical Escape Room, the 
students were excited and enthusiastic. When they found out, it was excitement and motivation that they 
expressed. The game went very smoothly. However, there were a couple of mistakes, in a puzzle and 
in the symbol code, which we have to correct for future editions. 

In relation to the tests carried out and the weakness found in the students, we consider that we must change 
certain aspects of the teaching-learning process in order to pursue meaningful learning in our subject. 

4 CONCLUSIONS 
We consider that the design of the Biochemical Escape Room has been an experience that has led to 
significant learning and, in turn, has trained different soft skills (creative thinking, deductive thinking, 
collaborative work, teamwork, manual dexterity, communication and time management) in our students. 
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Thus, participating students: i) overcame small challenges in a given time (challenge-based learning); 
ii) used the game to learn (gamification); iii) worked in teams, where they had to cooperate and dialogue 
(cooperative work); iv) were responsible for certain challenges (initiative); v) went over tests with codes 
and puzzles (multiple intelligence); vi) related what was covered in the game to the content reviewed in 
class. All of this was aimed at fostering meaningful and lasting learning.   

ACKNOWLEDGEMENTS 
This work is part of the project " UAHEV/1417-Nursing Escape Room UAH: motivation to learn in the 
biochemistry laboratory" and has been funded by the Vicerrectorado de Estrategia y Planificación of the 
Universidad de Alcalá (UAH), in the 2022-2023 call for Projects for the promotion of Innovation in the 
Teaching-Learning process. 

We would like to thank Luis Cristobal García-Sánchez and Elena Minayo, technicians of the 
Biochemistry and Molecular Biology Unit, for their collaboration in the preparation of the activity. 

REFERENCES 
[1] N.Z. Legaki, N. Wi, J. Hamari, K. Karpouzis, V. Assimakopoulos, “The effect of challenge-based 

gamification on learning: An experiment in the context of statistics education,” International 
Journal of Human-Computer Studies, vol. 144, pp. 102496, 2020. Retrieved from 
https://doi.org/10.1016/j.ijhcs.2020.102496  

[2] D. Gutiérrez-Praena, R. Ríos-Reina, R. Ruiz, E. Talero, R. Callejón, R.M. Callejón, M. Casas, 
R.R. de la Haba, P. García-Miranda, L. Carrascal, R. Guzmán-Guillén, M. Sánchez-Hidalgo. “El 
uso de una escape room como recurso docente en la Facultad de Farmacia,” IN-RED 2019: V 
Congreso de Innovación Educativa y Docencia en Red, Editorial Universitat Politècnica de 
València, pp. 1145-1155, 2019. Retrieved from 
http://ocs.editorial.upv.es/index.php/INRED/INRED2019/paper/view/10356     

[3] A. Llamas, M. Tejada, D. González, E. Fernández, “¿Es posible hacer divertido y ameno el 
estudio de la bioquímica?: La gamificación para aprender,” Revista de Innovación y Buenas 
Prácticas Docentes, vol. 8, no. 2, pp.1-11, 2019. Retrieved from 
https://www.researchgate.net/publication/334687999 

[4] A. Makri, D. Vlachopoulos, R.A. Martina, “Digital Escape Rooms as Innovative Pedagogical Tools 
in Education: A Systematic Literature Review,” Sustainability, vol. 13, no. 8, pp. 4587, 2021. 
Retrieved from https://doi.org/10.3390/su13084587    

[5] V. Adams, “Nursing Escape Room. The Key to Unlocking Exemplary Learning [Internet], The 
University of Kansas Health System, 2021. Retrieved from 
https://www.kansashealthsystem.com/for-professionals/education/training/escape-room/        

[6] J.L. Gómez-Urquiza, J. Gómez-Salgado, L. Albendín-García, M. Correa-Rodríguez, E. González-
Jiménez, G.A. Cañadas-De la Fuente, “The impact on nursing students' opinions and motivation 
of using a “Nursing Escape Room” as a teaching game: A descriptive study,” Nurse Education 
Today, vol. 72, pp. 73-76, 2019. Retrieved from https://doi.org/10.1016/j.nedt.2018.10.018     

[7] M. Poyatos. Guía para diseñar un breakout edu y escape room, Recursos, 21 April, 2018. 
Retrieved from https://www.blogsita.com/guia-para-disenar-un-breakout-edu-y-scape-room/  

8146




