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Abstract: Programming education has been classified as problematic learning in higher education, and in the current process 
of reaching a younger audience there are several challenges. Three of them that are highlighted in this paper are learner 
motivation, visualisation, and the need for engaging self-learning.  To address these challenges this study builds upon a 
combination of the old idea of game-based learning, and the new trend with escape rooms for educational purposes. The 
overall aim of the study is to design, develop, and evaluate a game where players can learn about fundamental programming 
techniques such as variables, data collections, selection and iteration. In the first step a web-based game prototype has been 
created and tested on teachers in K-12 education, and on teachers in the Makerspace movement. The main research 
question to answer was: "What are the teacher perceptions about important design factors for an escape room game on 
computer programming?". This study was conducted with a design science approach involving the recommended steps of 1) 
Explicating the problem, 2) Defining the requirements, 3) Design and development of an artefact, 4) Demonstrating the 
artefact, and 5) Evaluation of the artefact. The requirement specification was built around the syllabus framework 
recommended from the Swedish National Agency for Education. Evaluation data were divided into categories in an inductive 
thematic analysis, and later compared with design factor found in other studies on educational games for programming 
education. Preliminary findings show a mixture of attitudes among the teachers in the test group, there are also several 
suggestions for further development. The two important next steps are to 1) Test the prototype on students, with help from 
the teachers in the test group, and 2) To refine the prototype and develop the game further to meet the standard of games 
that K-12 students and Makerspace kids play. To obtain a high-quality outcome of the second next step, there is probably a 
need for a shift to a more professional development environment. 
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1. Introduction 

Several research studies have pointed out that computer programming in higher education is problematic 
learning, with high drop-out rates and low student satisfaction (Gomes & Mendes, 2007; Marcolino & Barbosa, 
2017). The current process of introducing programming at an earlier age have brought up the earlier identified 
challenges and also highlighted some new. Three challenges that been investigated in this study are learner 
motivation, visualisation, and the need for engaging self-learning. To address these challenges this study has 
combined the old established idea of game-based learning, with the new popular trend with escape rooms for 
learning. Escape rooms have been tested for educational purposes in various subjects (Fotaris & Mastoras, 
2019), and also to facilitate motivation and learning in the domain of Computer science (Borrego et al., 2017) 
and Programming education (López-Pernas et al, 2019). As presented in the study by Hacke (2019), problem 
solving is an essential activity in both Escape rooms and in in Computer science. 
 
In Sweden, the Government have decided that programming should be an important part of the digitalisation 
of the school system and curricula development. The implementation of programming in the Swedish 
compulsory school started in 2017 with the idea of programming as a tool for problem solving in mathematics 
and technology. However, programming is a domain in which most mathematic and technology teachers lack 
knowledge and skills where the ongoing process also must involve a substantial part of teacher professional 
development. (Mozelius & Hoff, 2019) Later this has been extended to using programming as a tool for data 
processing and concept visualisation as well, but the main challenge that remains is how to build a two-step 
process where firstly K-12 teachers, and secondly their students learn fundamental programming techniques. In 
a strive to address this challenge a game prototype has been built and tested on teachers in formal education, 
and on teachers in more informal programming in the Makespace movement. 
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The overall aim of this study is to design, develop, and evaluate a game where players can learn about 
fundamental programming techniques such as variables, data collections, selection and iteration. For this study 
the important research question to answer was: "What are the teacher perceptions about important design 
factors for an escape room game on computer programming?" 

2. Background 

In this section, a short presentation to the background of the study is provided. In the first sub-heading (2.1), 
the background for the study in game-based learning is presented. In the second sub-heading (2.2), the 
background for the study in the makerspace movement is presented. 

2.1 Game-based learning for programming education 
Playing games in mathematics education to improve combinatory skills and logic thinking has a long history. 
Before the digital era this has been carried out way back in history with classic board games such as Chess and 
Mancala. The more well-known game of Chess has Asian roots, and has been played in various forms for 
thousands of years (Macdonell, 1898). Kalaha from the Mancala family of board games is of Africa origin, and 
was played in Egypt as early as in the era between 1500 – 1150 B.C. (Barnes, 1975). However, the general human 
play is even older, and probably older than human culture, and according to the Dutch cultural theorist Johan 
Huizinga: "We can safely assert, even, that human civilization has added no essential feature to the general idea 
of play" (Huizinga, 2016, p 1.). 
 
The habit of both building and playing games has also created two branches of game-based learning for 
programming education: (a) learning programming by playing games, and (b) learning programming through 
game development (Shabalina et al., 2017). Branch (a) can be further divided into the subbranches of (c) playing 
commercial-of the shelf games (COTS) on programming, and (d) playing tailored games for specific learning 
objectives. Games in subbranch (c) can be developed for complex and serious programming concepts such as 
low-level assembly coding (Cass, 2017), but they are not like games in subbranch (d), aligned to specific syllabi 
and curricula. 
 
This study is based on a game prototype that belongs to subbranch (d), with the learning objective requirements 
based on a syllabus framework from the Swedish National Agency for Education. The syllabus framework is 
created for programming courses for professional development of K-12 teachers in technology and 
mathematics. Most teachers taking these courses have little or no previous experience in programming, but 
after the course is completed, they are supposed to involve programming in their daily teaching and learning 
activities.  Important fundamental programming concepts for these activities, that also are specified in the 
syllabus framework, and implemented in the game are: variables, functions, selection, iteration and data 
collections. 

2.2 Makerspace 
The maker movement is a creative revolution in science, technology, engineering and math subjects (Martinez 
et al., 2013). It focuses on informal and fun hands-on learning in a social environment. Physical computing and 
programming are important parts of making. A makerspace is a physical space where like-minded individuals in 
all ages can share ideas, tools, and skillsets. In the makerspace, the programming code itself is seen as one of 
many digital and physical materials. By working with creation with IT as a material, such as programming, better 
conditions are created for today's and tomorrow's students to understand their digitalized everyday life 
(Eriksson et al., 2018). 
 
In this study, some of the game testers are involved as teachers in a tech-club for young girls, which is part of a 
non-profit makers association that holds after school-activities for children. The goal for the tech-club is to create 
better conditions for girls to go on to technical and science-oriented higher education, by increasing their self-
confidence in technology. All makerspace teachers engaged in the tech-club are female and have a background 
in engineering, design or pedagogy. 
 
Both branches of game-based learning for programming education described in previous section (2.1) are 
applicable in the makerspace context; that is, learning programming by playing games, and learning 
programming by developing games. Examples of playful ways the children learn coding in the makerspace tech-
club are with the block programming tool Scratch, developed at MIT Media Lab by the Lifelong Kindergarten 
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research group (Resnick et al., 2009), and with Code Builder in Minecraft Education Edition, developed by 
Microsoft. In Scratch they create their own games, and in Minecraft Code Builder they learn coding while playing. 

2.3 Theoretical assumptions 
The game was built with the theoretical assumptions that A) too little emotion is bad for students' rational 
thinking (Affective learning), B) gaming stimulates motivation and self-directed learning (Intrinsic motivation, 
and C) challenging games can initiate a state full of energised focus (The Flow theory). 
 

1. Affective learning 
At least since the ancient Greece it has been understood that that too much of emotion can have a negative 
impact on rational thinking. On the other hand, studies in the 21th century have found that too little emotion 
can hamper learning as well. These new findings have led to a new understanding of how the human brain is 
more than a cognitive information processing system, and also a system where affective functions and cognitive 
ones aligned with each other. While negative affective states such as frustration and disillusion can undermine 
learning, positive affective states like satisfaction, surprise and curiosity are known to stimulate learning. (Picard 
et al., 2004; Grawemeyer et al., 2017) 

2. Intrinsic motivation 
Intrinsic motivation could be described as learning for the sake of learning, or gaming for gaming's sake. In a 
study building upon the idea of gaming for learning to program intrinsic motivation is an interesting theory worth 
to involve. Intrinsically motivated students were found to spend more of time and effort in learning something, 
and it was also reported that they feel better afterwards about what they have learnt. Furthermore, intrinsically 
motivated students have a tendency to use their acquired knowledge in new future contexts (Malone, 1981). 
Regarding the involvement of intrinsic motivation in instructional design, Malone’s research colleague Lepper 
(1988,) recommends to consider the four concepts of challenge, curiosity, contextualisation and learner control. 

3. The Flow theory 
Students in a positive affective state seems to have an increased learning potential (Grawemeyer et al., 2017), 
and if they reach the heightened engagement that Csikszentmihalyi (1990) has named as 'Flow', they will be 
absorbed in the learning material and learn effectively. According to Csikszentmihalyi (2014) different forms of 
play can evoke flow, and that a person in flow can use the full range of its genetic potential. In an analysis of 
various play-forms such as rock-climbing, chess, dance, basketball, and music composition it was found that they 
have the enjoyable qualities that can evoke flow. To keep players in the flow state games and activities need to 
have an increased challenge through the gameplay (Csikszentmihalyi, 2014), which often is implemented in 
computer games as game levels.  

3. Method 

This study was carried out with a Design Science approach inspired by the five-step process that is recommended 
by Johannesson and Perjons (2014). Design Science could be defined as the systematic process where an 
identified real-world problem should be addressed by the design, implementation and evaluation of an artefact. 
If compared to system development, a Design Science study should not only solve the identified problem, but 
also make a research contribution (Hevner et al., 2004, Peffers et al., 2007, Johannesson & Perjons, 2014). The 
process steps that were followed are depicted below in Figure 1. 
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Figure 1: Process steps in the Design science framework (Johannesson & Perjons, 2014, p. 82) 

Firstly, the explication of the problem was conducted in a combination of a literature study, and by discussions 
among the authors and course participants in various instances of a programming course. The course is on 
fundamental programming techniques for K-12 teachers in mathematics and technology with the aim of 
providing teachers with skills and knowledge that could be useful in daily K-12 teaching and learning activities 
(Humble, Mozelius  & Sällvin, 2020). The practical problem should be of general interest and not only be a local 
one, but the initial Design Science phase could also be driven by curiosity (Johannesson & Perjons, 2014, p. 76). 
 
Secondly, the definition of learning outcomes requirements for the game was closely aligned to the syllabus 
framework recommended by the Swedish National Agency for Education. This is actually the same syllabus 
framework that also has defined most requirements for the design and development of the teacher training 
course where the authors work together (Mozelius, 2018). However, as the convention in Design Science, 
requirements for an artefact must also involve structural qualities and usage qualities for the artefact 
(Johannesson & Perjons, 2014, pp. 109). 
 
Thirdly, the game development tool RPG Playground (RPGPlayground.com) was used to design and develop the 
artefact (the game prototype). RPG Playground is a free game development tool that allows the user to create 
a web-based role-playing game (RPG) that can be played on both computers and mobile devices. The game was 
developed with the idea of escape rooms, to use problem solving to facilitate motivation and learning (Hacke, 
2019; Borrego et al., 2017). The content of the game (the challenges in the rooms) was constructed with close 
alignment to the programming content of the syllabus framework recommended by the Swedish National 
Agency for Education. 
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Figure 2: Screenshot of the beginning of “Escape with Python” (Graphics by Niklas Humble in 
RPGPlayground.com) 

The following 5 programming concepts was chosen from the syllabus framework to constitute the basis of the 
escape rooms in the game: variables, sequences, conditions, iterations, and functions. Each programming 
concept was addressed in 2 escape rooms each, presented in the order above. In the first escape room for each 
programming concept, the player is guided through the solution with metaphors to everyday life. In the second 
escape room for each programming concept, the player is presented with a more challenging and complex task 
that has to be solved with less guidance (drawing on the experiences from the previous rooms). The game’s 
working title is “Escape with Python” (Figure 2) and consists of 10 rooms in total (Table 1). 

Table 1: Overview of game content in “Escape with Python” 

Room: Programming concept: 

01 Variables 

02 Variables 

03 Sequences 

04 Sequences 

05 Conditions 

06 Conditions 

07 Iterations 

08 Iterations 

09 Functions 

10 Functions 

 
Fourthly, the demonstration of the artefact started with the selection and invitation of game testers. K-12 
teachers and makerspace teachers were chosen as the two groups of testers. K-12 teachers were invited via a 
course forum in a programming course for K-12 teachers at Mid Sweden University; and via email and social 
media. This resulted in 9 K-12 teachers that participated as game testers. Together they cover the grades 1-12 
and the subjects of mathematics, technology, natural science, physical education, music, and programming. The 
makerspace teachers were invited via one of the authors co-workers in the makers association, where they 
evaluated the game during an online programming activity. This resulted in 3 makerspace teachers that 
participated as game testers. In total, 12 teachers (from K-12 education and Makerspace movement) tested the 
game. The demonstration of the artefact was conducted on the participating teachers’ computers. The teachers 
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received an email with instructions for the test, a link to the game, and a questionnaire to answer after the game 
had been tested. 
 
Fifthly, the evaluation of the artefact consists of the game testers answers in a questionnaire after playing the 
game. The form had questions about how the testers perceived the game’s design, mechanics, 
content/challenges, and engagement; if the game were perceived to increase knowledge and interest in 
programming; and if they would consider using the game in their teaching practice. The collected data were 
analysed with a thematic analysis with inductive coding. Themes of interest were identified in the answers from 
the two groups of testers, based on supporting further development of the game. The results and analysis of the 
collected evaluations is presented in section 4. 

4. Results and analysis 

In this section, the results from the game-evaluations are presented and analysed. In the first sub-heading (4.1), 
the results from the K-12 teacher evaluation are presented. In the second sub-heading (4.2), the results from 
the Makerspace teacher evaluation are presented. 

4.1 Evaluation by K-12 Teachers 
The evaluations show that the K-12 teachers appreciated the retro feeling in the game’s visual design (Quote 1). 
However, there were also comments that the visual design was too minimalistic and that the colour contrast 
could be increased to accommodate players with visual impairments. It was also stated in the evaluations that 
the game mechanics was easy to understand, but that there could be some in-game instructions about which 
keys to use. A recurring comment among the K-12 teachers was that they liked the content of the game. They 
mentioned that the challenges of the rooms were of an appropriate level of difficulty and that they liked to focus 
on programming fundamentals and logical thinking. There were, however, also comments that the game moved 
too fast between different types of challenges and that the text-instructions for some of the rooms were too 
long. 

“According to me, this game has a nice charm. I did grow up with this kind of RPG-style and I think that it 
works good for this kind of purpose. The design is fun and playful. Of course, there are some parts of the 
visuals that can be developed” 

Quote 1. K-12 teacher about the design in the game prototype. 
 
The evaluations show that the K-12 teachers perceived the game as engaging. The comments also state that 
there is room for improvements, by developing the in-game instructions and the variation of game challenges, 
the game could be made more engaging. The K-12 teachers mention in the evaluations that the game could 
increase knowledge in fundamental programming and that the interest in programming could be increased by 
playing the game. However, the K-12 teachers’ comments suggests that the game has to be developed further, 
if the game is to be played by students with no prior knowledge in programming (Quote 2). Lastly, the 
evaluations show that the K-12 teachers would consider using the game in their classroom practice, in its current 
state or after further development. The students should be in at least 5th grade when playing, according to the 
K-12 teachers. 
 

“When you give the wrong answer a more thorough information-box could appear that explains how you 
should think to advance in the game. The answers should also be mixed at new attempts so that they are 
not presented in the same order.” 

Quote 2. K-12 teacher about how to improve the game prototype. 

4.2 Evaluation by Makerspace Teachers 
All makerspace teachers appreciated the visual design of the game. A recurring comment about the game 
mechanics was missing instructions on which keys to be used while playing. The makerspace teachers also 
suggested to lower the threshold for the first rooms by adjusting the level of difficulty in the escape challenges 
(Quote 3). A suggestion is to develop this by adding more clues on how to solve the challenges in the earlier 
rooms. This could further prevent the players from losing interest in the game and randomly trying different 
solutions. 

"Quite difficult, I did not understand the first challenges. It was also difficult to remember all the 
parameters when solving the tasks. I had to write everything down." 
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Quote 3. Makerspace teacher about things to improve in the game prototype. 
 
The makerspace teachers found the game engaging and some of them asked for even more levels to play. They 
believe that learning programming through playing a game is a good way to create curiosity and increasing one’s 
skill in programming (Quote 4), especially if the interests is to create your own game in the future. The 
makerspace teachers state that they would like to test the game prototype with children attending the 
makerspace. But that the game first needs to be a bit further in development. 

"It feels like the game concretizes programming in a way that makes it easier to understand. For example, 
that you need to give instructions to a computer in the same way as you do with the dog and cat in order 
for it to understand what we want it to do." 

Quote 4. Makerspace teacher about opportunities in using the game prototype. 

5. Discussion 

The testers in this study mentioned several aspects in the game prototype that can be related to previous 
research. The focus on problem solving that can be found in both escape rooms and in computer science (Hacke, 
2019), was also noted in the evaluations. Comments in the evaluations stated that they appreciated the 
approach in the game and the focus on programming fundamentals and logical thinking. 
 
Previous research has also investigated escape rooms in educational contexts for facilitating motivation and 
learning (Fotaris & Mastoras, 2019; López-Pernas et al, 2019; Borrego et al., 2017). This study, and the developed 
game prototype, has a focus on learning programming and facilitate engagement and interest in programming. 
The evaluations indicate that the game prototype could be a good way to learn the fundamentals of 
programming and facilitate engagement and interest in programming. However, further development and 
testing with students are required to determine the game’s effect on K-12 and makerspace students. 
 
The teacher comments in the evaluations also raise several questions that need to be considered in further 
development of the game, but also should be considered in other educational games on programming. Learning 
programming is much about learning and understanding different programming concepts, but how many can be 
part of a game? The more programming concepts that are included in the game, the less room there is for 
repetition and deeper learning. An idea could be to lower the threshold in the initial rooms and add repetition 
in the advanced levels. Another design idea is to branch the gaming journey after the initial rooms, at the level 
where selection is introduced. This would enable players to take their individual journeys through the content. 
Which seems like a better alternative than to take away parts of the content from the recommended syllabus 
framework. 
 
Important also to fine-tune the game levels to obtain a slow but steady increase of the challenge to keep players 
in the so called 'Flow channel'. With an appropriate increase of challenge, the player keeps the flow state in the 
channel between boredom and anxiety (Csikszentmihalyi, 2014). A player in flow is intrinsically motivated and 
that the curiosity that was mentioned by the Makespace teachers is another factor that stimulates intrinsic 
motivation. Other factors in the taxonomy of intrinsic motivation to consider in the next iteration of game 
development are control, cooperation and recognition (Malone & Lepper, 1987). 
 
There were also comments in the evaluations that the in-game instructions were either too long or not long and 
detailed enough. This is of course a delicate balance to find in the game design, but it also raises the question to 
what extent the game should be self-instructed? Should the game be played in a classroom context, where a 
teacher or instructor is present to offer support? Or should the game be able to stand on its own? These are 
questions that need to be addressed and considered in the further development of the game 'Escape with 
Python'. 

6. Conclusion 

The evaluations from the K-12 teachers and the Makerspace teachers bring forward several important aspects 
of the game prototype that need to be further developed. Many of the tester agree on what they like and do 
not like with the game prototype’s design, mechanics and content. Further, many of the game testers state in 
their evaluations that they are positive towards the concept of using games to facilitate learning, interest and 
engagement in programming. The future version of 'Escape with Python' should incorporate what Papert (1990) 
and Resnick & Silverman (2005) describe as low floor, high ceiling and wide walls. That is, it should be easy 
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enough for novices to get started, yet offer challenges for those with prior knowledge, and offer a wide range 
of learning to explore. 

7. Future research 

The next steps of research are to further develop and refine the game prototype to meet the expected standard 
of games that K-12 and Makerspace students play; and to conduct further testing of the game with teachers and 
students. This testing should also address the learning aspects of the game, as perceived by the teachers and 
students. The future development of the game probably also needs to incorporate more professional 
development environments, to achieve a high-quality outcome. As many of the teacher evaluations stated, that 
the game might be more appropriate for older students; this could potentially guide the future targeted group 
for testing. Another interesting extension would be to create functionality for learning analytics, to assess what 
players have learnt. This should be implemented according to the idea of stealth assessment, where the learning 
analysis is carried out as a quiet but thorough process that should not interrupt the gaming flow (Shute, 2011). 
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