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Abstract: did 
not -based learning. This is the ideal 
experience for every child, to learn by playing, and for parents to see their children loving to learn as they love to play, and 
finally for teachers to receive major excitement from their students about learning. If serious games are applied in lessons, 
then teachers stop going to their classrooms telling their students the theoretical part of their lesson and then solve exercises 

o 
solve some gr -based learning and 
especially escape rooms could be a great learning toolkit for teachers and how these games can foster motivation and help 
students achieve their educational goals. The paper will describe the story of Dr. Tom Cat, a (great and maybe a little mad) 
scientist that has a special lab where each room is dedicated to one of the greatest scientists in Mathematics, Physics and 
Informatics like Alan Turing, Ada Lovelace, Kurt Gödel and Grace Hopper. This way, students learn about these very important 
scientists' lives, but also, they are required to solve a similar riddle to the problems each scientist had to tackle in their 
respective lives. Finally, the paper will present how an Augmented Reality application has brought this story and escape room 
game to life, and how this application helped impress the students more and store learning analytics about which riddle was 
solved by whom. The results of this experimental launch will be finally presented and analyzed.
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1. Introduction 

Learning useful things by playing games has been around for thousands of years, and was in the 17th century 
more thoughtfully integrated in curricula by Johan Amos Comenius (Hellerstedt & Mozelius, 2018). In Computer 
science, the two-fold idea of both creating and playing digital games for learning purposes has always been 
around, and a concept that has developed into a standard activity in programming education (Leutenegger & 
Edgington, 2007; Miljanovic & Bradbury, 2018; Malliarakis et al, 2014b). Besides the pedagogical contribution 
for programming courses, the game studies by computer science pioneers such as Alan Turing and Claude 
Shannon have also established a tradition where the development and analysis of complex games has generated 
valuable new knowledge (Malliarakis et al, 2016; Gomboc, & Shelton, 2021). 

A younger concept is the trend of using escape rooms for various purposes such as team building (Warmelink et 
al., 2017), and to create active learning spaces (Veldkamp et al., 2020). Escape rooms can be used to us the mind 
of the players by solving riddles and engage them with their emotions (Malliarakis et al., 2018) This study 
describes and discuss how the story of Dr. Tom Cat has been implemented as an escape room game in an 
augmented reality environment. 
dedicated to a famous scientist like Alan Turing, Claude Shannon, Ada Lovelace and Grace Hopper and the 
students after learning about their inspirational lives they must solve a similar riddle like they did to try to escape. 
An important feature of the game is the built-in learning analytics gathering information about the individual 
performance, as this feature is a crucial factor to determine if the game has successfully completed the initial 
educational goals (Malliarakis et al, 2014a).  

The case of Professor Kamaev is another game based in the idea of the educational escape-rooms, where studets 
could learn object-oriented programming by playing a mystery game. In the next sections escape-rooms will be 
presented focusing on the two case studies and how the educational analytics can help us design more games 
that could help us to achieve the desired learning goals. 
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2. Game-based learning with escape-rooms 

The history of game-based learning shows how play and games have been used for both distraction and for 
active serious learning. Board games such as Chess have been used for thousands of years in education to 
practice the combination of tactical and strategic thinking. Play and game-based learning were well-known 
concepts in ancient Greece and in the Roman Empire, and the oldest board games were built at least around 
5000 years ago (Hellerstedt & Mozelius, 2019). Furthermore, different types of games have for many years been 
widely used for teaching and learning activities in mathematics and logic ( ).  

The first educationalist that presented a more consistent concept for game-based education was Johan Amos 
Comenius. He recommended play and games as a valuable didactic strategy, since play could be seen as an 
imitation of life itself (Hellerstedt & Mozelius, 2018). Comenius also presented the idea that games and serious 
play should be strongly integrated with learning, with the vision of "a school in which the serious and the fun are 
mixed" (Comenius, 1657, [xviii]). In computer science game construction and game analysis often have resulted 
in valuable knowledge creation (Malliarakis et al., 2014c). Two great examples of this are the work by the 
computer scientists and computer chess enthusiasts Alan Turing (1953) and Ken Thompson (1986). 

The younger trend of Escape rooms has recently been tested for various educational purposes and subjects such 
as language learning (Urbieta & Peñalver, 2019), chemistry (Yayon et al., 2019), and earthquake preparedness 
(Novak, Lozos, & Spear, 2019). Lessons learnt from best practices are that escape rooms can provide joyful 
experiences when students engage in learning activities involving creativity, decision-making, communication, 
teamwork and critical thinking. At the same time as instructional design for high quality escape rooms is a 
complex and time-consuming process, a developed and tested educational escape room can be frequently 
reused.   (Fotaris & Mastoras, 2019) The disciplines science, technology, engineering and mathematics (STEM) 
have acted as pioneers in the construction and use of educational escape rooms, with a frequent use of specific 
ICT tools as a large part of the learning activities (Veldkamp et al., 2020). 

Several studies indicate that escape rooms have a potential to facilitate motivation and learning in the domains 
of STEM and computer science (Borrego et al., 2017). The concept has also been tested in programming courses 
(López-Pernas et al, 2019), and as highlighted in the study by Hacke (2019), the problem-solving focus in escape 
rooms is also an important and essential activity in computer science and programming education. With the 
tradition of solving computer science problems in a rather theoretical manner, game-based learning built around 
escape rooms can offer a new and more skills-based learning approach (Hacke,2019). Escape rooms should be 
about riddles, puzzles and problem solving, but can have huge variations in general design and for framing back-
stories. An interesting design is the one presented by Karageorgiou, Mavrommati and Fotaris (2019), with a mix 
of theatrical elements, robotics, QR codes and Virtual Reality, and a back-story inspired by the Spanish television 
series success "La casa de papel". 

3.  

The educational escape room game is dedicated for learning object-oriented design (OOD) and C++ 
programming language. The main game character is professor Kamaev1, who occasionally destroys his 

 a transformer Kammy. In order to become 
a human again he must go through several rooms in his large apartment (kitchen, bathroom, bedroom, living 
room) to reach and recover his laboratory. In every room, he faces many obstacles that he must overcome. He 
must adapt to his new appearance to survive in the new world of big things and strange creatures born after his 
experiments. The game is oriented to university students that are introduced to object oriented-programming. 

 
1 With the permission of the Honored Scientist of the Russian Federation, Doctor of Technical Sciences, Professor V. A. Kamaev 
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Figure 1: The professor's appearance before and after the explosion 

To learn object-oriented paradigm in a game context, the key OOD concepts are interpreted as a system of rules, 
axioms, entities, relations of the game world. The learning tasks are interpreted as the problems of the game 
world, respectively, the solutions of tasks are solutions of the game problems. Therefore, the main character 
lives in a virtual object-oriented world, and he needs to know the rules and restrictions of this world. Each 
assignment corresponds to some problem in the context of this world. 

The learning process starts with learning basic data types. Regular games usually start with the user input of 
information about himself. In the  game the player is asked not only to enter the information 
about himself, but also to select data types for each information item from the list of basic data types of the C++ 
language.  After successful authorization, the player creates his own custom data type - the Player class and 
includes variables in it to store information about himself. 

After professor Kamaev turns into Kammy, he 
interpreted in terms of the object-oriented approach as the definition of his class (Figure 1).    

Figure 2: Starting the game 

After , a player attempts to move, but he cannot do anything before he develops the Kammy 
class methods. In order to survive in the dangerous environment needs, the player can use the ability of his 
character to transform into different shapes that have different properties and capabilities. At the next step, 
after realizing  himself, a player attempts to move, but he cannot do anything before he implements the action 
of moving. The solution is the development of relevant class methods.  
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Figure 3: Activities for rehabilitation of young adults with MCDD 

A player can program different transformer shapes and their behavior (Kammy, Snake, Weight, Ball, Helicopter). 
Different situations in the game require different characteristics for the main character. Transforming shape 
allows players to achieve the optimal character parameters for playing the game.  

Figure 4 Activities for rehabilitation of young adults with MCDD 

The fragment of the game scenario is shown in Table 1. 

Table 1: Game scenario (fragment) 

Knowledge domain 
section 

Game action Learning action 

Classes and objects  Creating class Kammy 
Creating Kammy as an object of the class 
Kammy 

Class properties Authorization  Learning Data types
Class methods Teaching Kammy to move Writing code for the movement functions 
Methods with 
parameters 

Changing the speed of the Kammy 
movement 

Modifying the movement functions

Arrays Changing the shape of Kammy Writing code to fill in corresponding array 

To perform any game actions, the player has to write program code in the C # language. After he has written 
some code fragments he can see the result of its execution in a game context. If his code is correct, the 
transformer can perform the corresponding actions, if not the transformer falls apart.  
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Table 3: -to-  

 Leanring action Game event 
Change the shape to Snake Moving down along the mop from the table to the floor 

Crawling through the sink onto the bucket  
-Crawling under kitchen appliances 
-Crawling through the sink on a ladle  

Change the shape to Weight - Overcoming an Obstacle Course in a Kitchen Set 
- Jumping over kitchen appliances 
- Overcoming an obstacle course on the floor 

Change the shape to Weight - Crash glass obstacles on the floor 
- Crash glass obstacles in the kitchen 

4.  

Five students are well known for their unique abilities in mathematics. An expert teacher in Artificial Intelligence 
invites them to visit Cryptonus, his personal laboratory, so that they can solve a set of challenging riddles. 

The students decide to join him, and they are greeted by a Robot. Suddenly they find themselves locked in a 
high technology laboratory, but they cannot escape. Many surprises..even more data, codes mental traps. Will 
they manage to combine the data and escape? Can you? Can you escape from Dr.  

This is the story of 
invites 5 students to his lab and traps them, so that they try to escape and evolve themselves and their 
knowledge. Every room in the lab is dedicated to the life of a specific great scientist of Computer Science, 
Mathematics and Physics, and the students are required to solve riddles and problems similar to the ones the 
famous scientists had encountered.  

The Room 001 is dedicated to 
study, the more yo
to solve similar riddles to escape. For example, they have to solve problems similar to the famous riddle of the 
barber. The barber riddle goes as follows "A barber is the one that shaves only those who do not shave 
themselves". The question is, does the barber shave himself? Answering this question results in a contradiction. 
The barber cannot shave himself as he only shaves those who do not shave themselves.  

 
Figure 5: 

 

The Room 010 is dedicated to Alan Turing, widely considered to be the father of Artificial Intelligence. Students 
in this room learn about his life and how he managed to crack the enigma code, create the first Turing Machine 
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that could solve the way each message is cryptographed and de-
life, while in the end of each room they face a 

coding challenge, where they have to find what the result of a programming code is.  

 
Figure 6: Alan Turing as he is figured in the graphic novel 

 
Figure 7: Grace Hopper and the Logbook where it is saved the first "bug" 

The Room 011 is dedicated to Grace Hopper, 
caused a computer malfunction was a real bug that was stuck in the circuits of a large computer. Grace Hopper 
found this insect and stuck it in the event book. The term bug has been around since then. Students have to 
solve a similar puzzle, to find the bug that is trapped in the 1000 relays of a computer with the minimum number 
of searches by applying binary search, since if the 500th relay does not work properly, it means that all the relays 
after that do not will work properly. 

The room 100 is dedicated to Ada Lovelace, considerably known as the first programmer. Students learn about 
Ada Lovelace who wrote the first program computing Bernulli numbers that could run in a machine she designed 
together with Charles Babbage. Ada Lovelace, daughter of Lord Byron, corresponded with all the great 
personalities of her time, and because there were no emails, she wanted her house to be in the optimal location 
so that she was less distant from everyone else creating a writing problem. Students are asked to solve this 
problem to move on to the next room.  
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Figure 8: Ada Lovelave trying to find the best place to live, with the shortest distance from other scientists, a 
graph problem is created that needs to be solved 

and Kurt Gödel. Students, after learning about the life and work of these scientists, are asked to solve game-
based riddles. For example, they have to solve a puzzle where there are 4 doors. In front of each door is a knight. 
One knight is telling the truth and everyone else is lying. They make statements about where the treasure may 
be and students are asked to find it.

 
Figure 9: Claude Shannon and a Riddle with 4 knights and a Hidden Treasure. One Treasure, one Truth, 3 Lies, 
3 Empty Doors 
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Finally, the Room 1000 is dedicated to Richard Feynman and after solving the final Riddles, they have to face Dr. 
Tom Cat and find out how all these riddles are connected to Mathematics and Ancient Greece finding the real 
source of knowledge. 

After reading this story, students can bring to life the riddles of the book as an augmented reality app has been 
developed, where they can scan the page of each room from the book and watch an augmented reality riddle 
revive, making the game even more interactive. This book is mainly oriented for early secondary students, 
although even younger students could read the story, be motivated and try to solve some riddles, either with 
the help of their teachers, or searching the internet. 

 
Figure 10: Augmented reality brings to life the riddles and the game begins... 

It is important to clarify that the status of some of these stories as popular myths is made clear to the readers.  

is supposed to be the main person that introduced this term in the programming language.  Furthermore, there 
are some initial myths that are clarified better as the story continues. The myths are important for the story to 
be motivating
that her 
at the end of the book.   

5. Game Analytics 

The educational value of a mobile application that can bring riddles to life through Augmented Reality is great, 
as it provides attractive features for students, and it becomes more user friendly and can provide additional 
information. On the other hand, the app can provide insights on how many people have used it, and how many 
times they played the games within the app. An important insight gathered in our case was that the increase in 
the number of games played by the users was not linear, i.e. as the students playing the games were increasing, 
the number of games played were also increasing in an upward frequency. 
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Figure 11: Upward growth of games played as the users increase 

The data visualized in the graph have been produced from the official analytics of the developer page from 
Google and the iOS app stores, since the game is published and can be downloaded and played2 by anyone. So 
the users that have been tracked are the users that downloaded the games, but the games have been tracked 
either from the official stores, as they open the apps repeatedly, but also from hooks that have been made inside 
the games to hook the users. Additional benefits from the usage of the mobile app include the ability to send 
notifications and reward students that have completed the games or send an encouragement notification or 
nudge so that they can log in and finish their game assignments.  

6. Conclusion remarks 

Computer programming has been classified as problematic learning, and a subject that has problems to attract 
female students. Authors believe in the combination of the identified motivational effect of games, and the 
current popularity of escape rooms. The history computer science has a wide variety of fascinating with 
spectacular life stories that also involves female inventors such as Ada Lovelace and Grace Hopper. Beside the 
female role models the presented games have some of the design components that appeal to girls: fantasy, 
narration and cartoon graphics (Spieler, B., & Slany, 2018). 

In this paper we discussed how game-based learning and especially escape rooms could be a great learning 
toolkit for teachers and how these games can foster motivation and help students achieve their educational 
goals. The paper described the story of professor Kamaev, a mad professor that helps you learn object oriented 
programming and the story of Dr. Tom Cat, a (great and maybe a little mad) scientist that has a special lab where 
each room is dedicated to one of the greatest scientists in Mathematics, Physics and Informatics like Alan Turing, 
Ada Lovelace, Kurt Gödel and Grace Hopper. This way, students learn about these very important scientists' 
lives, but also, they are required to solve a similar riddle to the problems each scientist had to tackle in their 
respective lives. Finally, the paper presented how an Augmented Reality application has brought this story and 
escape room game to life, and how this application helped impress the students more and store learning 
analytics about which riddle was solved by whom.  

References 
Borrego, C., Fernández, C., Blanes, I., & Robles, S. (2017). Room escape at class: Escape games activities to facilitate the 

motivation and learning in computer science. JOTSE, 7(2), 162-171.  
Comenius, J. A. (1657). Schola Ludus seu Encyclopaedia Viva, h. e. Januae Linguarum praxis Comica. Amsterdam. 
Fotaris, P., & Mastoras, T. (2019). Escape rooms for learning: A systematic review. In Proceedings of the European 

Conference on Games Based Learning (pp. 235-243).  
Gomboc, D., & Shelton, C. R. (2021) Lossless compression via two-level logic minimization: a case study using Chess 

endgame data. Retrieved (17/04/2021) from http://rlair.cs.ucr.edu/papers/docs/iwls20.pdf 

 
2 Google Play: https://play.google.com/store/apps/details?id=gr.drtomcat.ar&hl=en&gl=US 
Apple Store: https://apps.apple.com/us/app/%CE%B4%CF%81-tom-cat-
%CE%B3%CF%81%CE%AF%CF%86%CE%BF%CE%B9-%CF%83%CE%B5-ar/id1473733414  

0

500

1000

1500

2000

2500

10 20 30 40 50 60 70 80 90 100

USERS

DR. TOM CAT'S ANALYTICS



Christos Malliarakis, Olga Shabalina and Peter Mozelius 

Hacke, A. (2019). Computer science problem solving in the escape - International Conference on 
Informatics in Schools: Situation, Evolution, and Perspectives (pp. 281-292). Springer, Cham.  

Hellerstedt, A., & Mozelius, P. (2018). From Comenius to Counter-Strike, 400 years of game-based learning as a didactic 
foundation. 12th Proceedings of ECGBL, 232-239. 

Hellerstedt, A., & Mozelius, P. (2019). Game-based learning: A long history. In Irish Conference on Game-based Learning 
2019, Cork, Ireland, June 26-28, 2019 (Vol. 1). 

Karageorgiou, Z., Mavrommati, E., & Fotaris, P. (2019). Escape Room Design as a Game-Based Learning Process for STEAM 
Education. In Proceedings of the ECGBL 2019 13th European Conference on Game-Based Learning, Elbæk, Lars, Odense, 
Denmark (pp. 3-4). 

Leutenegger, S., & Edgington, J. (2007). A games first approach to teaching introductory programming. In Proceedings of 
the 38th SIGCSE technical symposium on Computer science education (pp. 115-118). 

Malliarakis, C., Satratzemi, M., & Xinogalos, S. (2014a). Designing Educational Games for Computer Programming: A Holistic 
Framework. Electronic Journal of e-Learning, 12(3), 281-298. 

Malliarakis, C., Satratzemi, M., & Xinogalos, S. (2014b). Integrating learning analytics in an educational MMORPG for 
computer programming. In 2014 IEEE 14th international conference on advanced learning technologies (pp. 233-237).
IEEE. 

Malliarakis, C., Satratzemi, M., & Xinogalos, S. (2014c). Educational games for teaching computer programming. 
In Research on e-Learning and ICT in Education (pp. 87-98). Springer, New York, NY. 

Malliarakis, C., Satratzemi, M., & Xinogalos, S. (2016). CMX: The effects of an educational MMORPG on learning and 
teaching computer programming. IEEE Transactions on Learning Technologies, 10(2), 219-235. 

Malliarakis, C., Tomos, F., Shabalina, O., & Mozelius, P. (2018, October). Andragogy and EMOTION: 7 key factors of 
successful serious games. In ECGBL 2018 12th European Conference on Game-Based Learning (p. 371). Academic 
Conferences and publishing limited 

Miljanovic, M. A., & Bradbury, J. S. (2018). A review of serious games for programming. In Joint International Conference on 
Serious Games (pp. 204-216). Springer, Cham. 

Novak, J., Lozos, J. C., & Spear, S. E. (2019). Development of an interactive escape room intervention to educate college 
students about earthquake preparedness. Natural Hazards Review, 20(1), 06018001. 

Thompson, K. (1986). Retrograde analysis of certain endgames. J. Int. Comput. Games Assoc., 9(3), 131-139. 
Turing, A. M. (1953). Digital computers applied to games. Faster than thought. 
Urbieta, A. S., & Peñalver, E. A. (2019). Escaping from the English classroom. Who will get out first?. Aloma: revista de 

psicologia, ciències de l'educació i de l'esport Blanquerna, 37(2), 83-92. 
Acta Didactica 

Universitatis Comenianae-Mathematics, 5, 53-68. 
Veldkamp, A., Daemen, J., Teekens, S., Koelewijn, S., Knippels, M. C. P., & van Joolingen, W. R. (2020). Escape boxes: 

Bringing escape room experience into the classroom. British Journal of Educational Technology, 51(4), 1220-1239
Warmelink, H., Mayer, I., Weber, J., Heijligers, B., Haggis, M., Peters, E., & Louwerse, M. (2017). AMELIO: Evaluating the 

team-building potential of a mixed reality escape room game. In Extended abstracts publication of the annual 
symposium on computer-human interaction in play (pp. 111-123). 

Yayon, M., Rap, S., Adler, V., Haimovich, I., Levy, H., & Blonder, R. (2019). Do-It-Yourself: Creating and Implementing a 
Periodic Table of the Elements Chemical Escape Room. Journal of Chemical Education, 97(1), 132-136.


