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1. INTRODUCTION 

Game-based learning refers to the use of either digital or analog1 games as part of the learning 

process. Over the last two decades, game-based learning has become an increasingly popular 

strategy for teaching, for instance, subject matter that is perceived as difficult, dry, technical or boring; 

topics that involve a complex understanding process; and for strategy and communication 

development (Al-Azawi et al. 2016). While the evidence that game-based learning results in improved 

student learning remains somewhat doubtful, the evidence for improvement in student motivation and 

engagement is significantly stronger (e.g. Bodnar et al. 2016).  

2. PROJECT BACKGROUND 

“House M.D.” was a captivating medical TV drama that ran for eight seasons between 2004 and 

2012. The plot structure of most of the episodes involved Gregory House (a brilliant doctor, but with 

a quirky personality) and his team trying to diagnose a patient with puzzling symptoms using a 

variety of test and diagnostic techniques (X-rays, CT scans, blood tests etc.) before the medical 

mystery was finally solved. Overall, the show was very successful in making the medical profession 

seem exciting and attractive. In observational astronomy, we actually engage in a somewhat similar 

detective-style activity, by using an assortment of different observational techniques to uncover the 

nature of puzzling astronomical phenomena. What is going on with that odd-looking galaxy that 

turned up in the most recent sky survey? What follow-up observations should we do to find out? Is 

this a case for optical spectroscopy? Infrared imaging? X-ray monitoring? Maybe some combination 

of these? Strategic decisions of this type form an integral part of being an observational astronomer, 

yet current undergraduate astronomical education is actually rather poor at providing students with 

training in taking informed decisions of this type. While we do teach students about different 

observational methods (spectroscopy, photometry, imaging, monitoring etc.) and about the 

astrophysical information that can be retrieved from different parts of the electromagnetic spectrum 

of astronomical objects (gamma-rays, X-rays, ultraviolet, optical, infrared, sub-millimeter and radio), 

or through other astrophysical messengers (e.g. gravitational waves, neutrinos), we do not typically 

teach students how to synthesize this information into a well-informed strategy for what methods it 

makes sense to apply in a given situation. This high-level skill is instead assumed to somehow 

develop through painstaking experience at the PhD level or above, and in many cases it simply 

never happens. This project aims to remedy this situation by providing students with training in the 

art of making strategic observational choices already at the MSc level, using a tabletop game format 

developed by Erik Zackrisson.  

2.1. THE STRANGE UNIVERSE GAME FORMAT 

The Strange Universe tabletop game introduces students to the puzzle-solving aspects of 

observational astronomy, and provides training in the strategic choices one often need to make 

when leading observational projects.  

In this game, which is played during a single 2x45 minute session within each course, the students 

are randomly assigned into small teams with a certain budget (in some in-game currency, either 

Euros or the fictive Spacebucks, see Figure 1) which is refilled after each scenario. Each scenario 

comes with a description of a strange astronomical phenomenon and six possible explanations for 

the data initially available. The objective is to single out the correct alternative, by carrying out 
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different types of observations (photometry, spectroscopy, monitoring etc.) at various wavelengths 

(ranging from X-ray to radio) from a fixed set of differently priced options. After selecting an 

observation and paying the required cost, the team receives another card of data that may (or may 

not) help them single out the most likely explanation for the phenomenon under study. Figures 2-4 

provide examples of the game cards for one of the scenarios developed for the Physics of Galaxies 

course.  

 The game has been designed so that there won’t be enough funding to get all possible 

observations done (just like in real life). Therefore, the students need to plan ahead and spend their 

money wisely. While it is typically not possible to purchase observing time in real life (although there 

are exceptions), this serves as a proxy for the costs associated with financing the salaries for staff 

that will write the observing proposal, carry out the observations and process the data into a form 

that is suitable for scientific analysis. Hence, this serves as a simulation of the type of situation 

students are likely to be involved in their future profession.  

 Once a team believes they have singled out the correct solution, they call the teacher over 

and present their proposed solution. If they got the solution wrong, they may continue playing (by 

purchasing new observational data and revising their guesses) as long as they have funding left. If 

a team manages to crack the puzzle before going bankrupt, they get a reward (usually some 

inexpensive astro-souvenir, like a pen or a sticker with a telescope logo), and if they are able to 

crack it with a more substantial amount of funding left, they can win some slightly fancier prices as 

well (e.g.  coffee cups, or edible lollypops with astronomical motifs – see Figure 5). The prizes add 

fun to the game, but are also meant to motivate the students to optimize their strategy and help 

them build their identities as astronomy students. Having an astronomy-themed sticker on their 

laptop sets them apart from other physics students, and some students are seen flaunting their 

prizes for a long time afterwards. After having solved one scenario puzzle (or have exhausted their 

funding), the team then moves on to the next. In our experience, most teams are able to complete 

3-4 scenarios within each game session (2x45 minutes).   

 

 

 

Figure 1: Examples of custom-designed currency used in the Strange Universe game. 
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Figure 2:  Examples of game cards used in one of the scenarios developed for the Physics of Galaxies 

course. Left: Rules of the game (same for all scenarios played in a single game session).  

Center: Description of the scenario problem. Right:  List of potential solutions to the scenario problem. 

The goal of the game is to identify the correct solution from the options in this list.  

 

Figure 3: Examples of game cards used in one of the scenarios developed for the Physics of Galaxies 

course. These represent three (out of 6) possible observations that the students may choose to carry 

out to get closer to the solution of the problem outlined in figure 2, and are provided at the beginning 

of the scenario. Please note that the observations have different price tags (here listed in Euros). 

These prices are meant to reflect the complexity of the different observing programmes and not 

necessarily the usefulness of the data obtained through these programmes. In some cases, a less 

expensive option may provide more useful clues to the solution than an expensive one. 
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Figure 4: Examples of game cards handed out when students carry out (purchase) the observations 

described in figure 3. These cards describe the outcome of the observations, and feature both an 

image/plot of the data obtained, along with a description of what this image/plot means. In most cases, 

however, a single card will not provide sufficient information to uniquely identify the correct option 

among the possible solutions to the scenario. Instead, information from several cards need to be 

combined, through a process of elimination, to arrive at the correct solution.   

 

 

Figure 5: Edible lollypops with astronomy motifs, used as a high-level reward for teams that are able 

to crack scenario puzzles with significant funding left. 
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2.2. SCENARIOS FOR DIFFERENT COURSES 

During the course of this TUFF-funded project, the game (for which a prototype was developed 

already in 2017 for the course Physics of Galaxies) has been updated with more scenarios, a more 

attractive graphical profile, based on a custom-made Scalable Vector Graphics (svg) template 

developed by Christian Binggeli, and has been generalized to suit additional astronomy courses. 

Since the start of the project, the game has been used in the MSc courses Physics of Galaxies 

(2019 & 2020), Cosmology (2019 & 2020) at Uppsala University, and in the international MSc/PhD 

course The First Billion Years of the Universe Using Next Generation Telescopes (2020, hereafter 

“First Billion Years”) held at Indian Institute of Technology Indore. In the 2019 editions of Physics of 

Galaxies and Cosmology, and in the 2020 edition of the First Billion Years, the game was played on 

campus, whereas the outbreak of the covid-19 pandemic forced the game to be played remotely 

over Zoom in the 2020 editions of Physics of Galaxies and Cosmology. In total, about 70 students 

played the game in 2019-2020. In the case of Physics of Galaxies and Cosmology, the game 

sessions were scheduled towards the end of each course, when the students are expected to have 

become familiar with most of the relevant fundamental concepts taught in these courses. In the First 

Billion Years course, the game session was scheduled right after lectures covering observational 

methods for studying objects in the early Universe. 

2.2.1. GAME SESSION STRUCTURE 
On campus, the game sessions (2 x 45 minutes each) start with a brief introduction to the game (5-

10 minutes) and the reward system. The students are then divided into teams of 2-4 students and 

provided with a budget. Each team may then play as many scenarios as time permits, at their own 

pace. The role of the teacher is to answer questions, provide results cards (in exchange for the in-

game currency), respond to proposed solutions to the puzzles and hand out rewards when/if the 

teams are able to solve the scenarios with funding left. In the last 15 minutes, the teacher presents 

the solutions to the puzzles, along with examples of possible routes to find these solutions (there is 

always more than one route). A single teacher can usually handle student groups of up to 10-12 

people, but managing larger student groups makes it difficult to keep track of all the cards and bills. 

Situations with many students also slows down the pace of the game, as several teams may become 

idle when waiting for interactions with the teacher while he/she is tending to requests by other teams. 

In the First Billion Years course in Indore, India in 2020, 30 students participated in the game, and 

this required two teaching assistants to keep the game going at a reasonable pace.    

2.2.2 PLAYING ONLINE USING ZOOM   

Due to the covid-19 pandemic, the game moved online for two course offerings in 2020. In the Zoom 

version, the game session works similar to the campus version, with a few exceptions: 

 The teams are assembled in separate Zoom rooms rather than around a classroom table 

 Cards are distributed as pdf files rather than in printed format 

 No banknotes are used – instead the teacher simply keeps track of how much money each 

team has left 

 No astronomy-related souvenirs are used as rewards – instead bonus points for the final 

examinations are awarded when teams successfully complete scenarios without going 

bankrupt  

While the game played OK online, it clearly become more difficult for the students to get an overview 

of the many game cards used when flipping through them one-by-one on a monitor instead of 

spreading them out side by side on a large table. Some students were able to use multiple screens 

to mitigate this, but this was not a viable solution for everyone. Also, student discussions in the zoom 
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rooms were found to be somewhat more difficult than in the classroom, and the scenarios typically 

took about 20% longer to complete online than when played on campus. 

3. EVALUATION  

 
Student satisfaction was measured using anonymous questionnaires at the end of each game-

based learning session. The students were asked to grade the game on a scale from 1 (very bad) 

to 5 (very good), and were also able to provide free-text comments on the exercise. In the case of 

the First Billion Years course, the students were also asked to evaluate how the reward system 

affected their game experience, rated on a scale from 1 (very negatively to 5 (very positively), and 

also in the form of free-text answers.  

The average student satisfaction score from the on-campus Strange Universe game sessions in 

Galaxies (2019), Cosmology (2019) and First Billion Years (2020) was 4.8 out of 5.0, with no 

significant variations between the courses. The online, Zoom-based game session in Cosmology 

(2020) got an average score of 4.7. Due to an unfortunate oversight, no questionnaire was 

distributed for the Zoom-based game-based learning session in Physics of Galaxies (2020). 

Here is a selection free-text comments from the questionnaires:  

 “I think it was informative, as it makes you think about what will actually break degeneracies 

in answers” 

 “It "forces" us to think about what we learned and create relationships between the various 

chapters of the textbook. And also fun.” 

 “It was fun and very useful to draw conclusions from data by applying our knowledge. I 

actually understood some topis better!” 

 “Really funny and educational. Discussing with others helps understanding.” 

 “It gave use the opportunity to test our knowledge in a fund and creative way. The 

cooperation between the team members make this assignment fun and you can more easily 

understand fundamental concepts. “ 

 “Very fun game! And I learned a lot! (a special bonus for the prizes :-)” 

 “I think it was informative, as it makes you think about what will actually break degneracies 

in answers” 

 “Being someone interested in theoretical modelling, it really made me think that I should 

explore observational stuff also” 

 "Would have been easier with physical pictures but can work over Zoom. Would have liked 

to have more discussion time in the end to discuss whether our reasoning was correct or 

not, but really fun exercise!" 

 “It was fun, but I am not sure how much I have learned today” 

 “It was a lot of fun! Especially the first scenario was maybe a bit too easy.” 

  

As for how the reward system affected the game experience, the mean out of the answers collected 

from the 30 students in the First Billion Years course (2020) was 4.2. None of these students replied 

that the impacted the game negatively (answer options 1 or 2), but 4 out of 30 reported that it made 

no difference (option 3).  
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4. DISCUSSION AND OUTLOOK 
 

In summary, the game itself has consistently been rated highly across several courses and course 

offerings, not only in Sweden but also in an international MSc/PhD course held in India. The majority 

of students also report that the reward system used within the game contributes positively to their 

game experience. 

One of the tough lessons learned during the course of the project is that it unfortunately is 

very time-consuming to design new scenarios. Each new scenario requires the design of 14 cards 

(1 scenario card, 1 puzzle card, 6 observation cards, 6 result cards), and this takes close to one full-

time week of work, even with the help of the svg card template developed as part of the project by 

Christian Binggeli. 

So far, results from this project have only been disseminated within the TUFF network and in 

a talk at Swedish Astronomers’ days in Stockholm in 2019. In the long term, however, we have the 

ambition to publicly release the game to the international astronomical community, as the type of 

courses for which the game is suitable are taught worldwide. Suitable platforms (e.g. the  

www.astrobetter.com webpage) already exist for disseminating material of this form among 

colleagues. However, one problem that needs to be solved prior to a public release is that of 

copyright, as some of the scenarios are based on real cases and feature images from published 

papers. 

While free-text comments on the learning outcomes of the game have been mostly very 

positive, we have admittedly not yet been able to develop a quantitative way of testing the learning 

outcome. While pre- and post-game tests on how different observational techniques work would be 

straightforward to implement, the higher-level skill of how to combine different observational 

techniques and how they tie in with fundamental concepts in the course remains more difficult to 

test. 

5. SUMMARY 

A new tabletop game, aimed to introduce students to the puzzle-solving aspects of observational 

astronomy and to provide training in making the strategic choices involved in observational research 

has been developed and implemented in three MSc-level astronomy courses. In total, about 70 

students have played the game in 2019-2020, both on campus (at Uppsala University and at IIT 

Indore in India) and remotely over Zoom. The game receives very high ratings in questionnaires 

aimed to measure student satisfaction (4.7-4.8 out of 5) and we feel that the game format has great 

potential for being generalized to courses outside of astronomy as well.  

6. ACKNOWLEDGEMENTS 

Ulrike Heiter, Andreas Korn, Kjell Olofsson, Martin Sahlén, Joel Johansson, Christian Binggeli and 

Anton Vikaeus are acknowledged for contributions to the TUFF application that funded this project. 

6. REFERENCES 

Al-Azawi, R., et al. 2016, International Journal of Innovation, Management and Technology, vol. 7, 
no. 4 
Bodnar, C.A., et al. 2016, Journal of Engineering Education, 105, 147 

 

http://www.astrobetter.com/

