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Abstract 

This thesis describes the practise of designing and making gamified and 

artistic quantum physics projects through an opportunistic, interdiscipli-

nary practise through nine projects conducted between 2015 and 2022. By 

thoroughly understanding the practical bottlenecks and successes experi-

enced in these projects it is possible to develop guidelines for better practises 

to be implemented in similar future projects.  

Using research through design methodology I describe the practise of 

making multidisciplinary quantum projects, taking particular interest in 

how visual notations and visual discourse are utilised during gamified and 

artistic quantum project making. The project learnings build on top of the 

next and form my personal learning path through several years of practical 

visual design work. The new knowledge generated through this visual design 

practise can be utilised by various stakeholders included in the creation of 

interdisciplinary design outcomes.  

In order to recognize visual discourse for its true value during design 

practise, additional effort must be made to make aspects of design clearly 

visible in projects and also to expose non-designers to these learnings. The 

main findings of this study suggest that designing interdisciplinary quantum 

science projects calls for awareness of several aspects that affect the design 

process and its outcomes. These aspects are the awareness of (1) technical 

and other external challenges, (2) informal team building communication, 

(3) existing interdisciplinary information and understanding, (4) the im-

portance of early sketching and visual discourse, (5) utilising existing narra-

tives and (6) framing that benefits user experience. In the results I describe 

the guidelines to be utilised, in order to develop better practises for making 

playful and artistic quantum projects. 
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Tiivistelmä 

Tämä opinnäytetyö kuvaa pelillisten ja taiteellisten kvanttifysiikan pro-

jektien suunnittelua ja toteuttamista opportunistisella, tieteidenvälisellä yh-

teistyöllä vuosien 2015 ja 2022 välillä, kattaen yhteensä yhdeksän muotoilu- 

ja peliprojektia. Ymmärtämällä kokonaisvaltaisesti näihin projekteihin liit-

tyviä käytännön pullonkauloja ja onnistumisia, voidaan määritellä suunta-

viivoja parempien toimintatapojen kehittämiseksi vastaavanlaisissa projek-

teissa.  

Käyttäen apuna suunnittelumetodologista tutkimusta, kuvailen näiden 

projektien käytännön kautta tulleita oppeja, erityisenä kiinnostuksen koh-

teena se, miten visuaalista viestintää ja kuvitettuja muistiinpanoja on käy-

tetty niissä hyödyksi. Projektien kautta tulleet opit rakentuvat vähitellen 

aiempien projektioppien päälle ja muodostavat oman henkilökohtaisen vi-

suaalisen muotoilun oppikokonaisuuteni. Tämän visuaalisen muotoilutyön 

kautta syntynyt uusi tieto puolestaan voidaan hyödyntää useiden sidosryh-

mien käytössä tieteidenvälisessä muotoilussa. 

Jotta visuaalinen tietotyö tunnistettaisiin arvokkaaksi laajemmassa kon-

tekstissa, tarvitaan muotoilun näkökohtien ja menetelmien näkyvää esiin-

tuomista osana tieteitä yhdistävää projektityötä. Tämän havainnot viittaavat 

siihen, että monitieteisten kvanttitieteen projektien muotoilu edellyttää 

useiden prosessiin vaikuttavien näkökulmien tiedostamista. Näitä näkökoh-

tia ovat parempi ymmärrys (1) teknisistä ja ulkoisista projektihaasteista, (2) 

tiimihenkeä parantavasta kommunik0innista, (3) olemassa olevan tie-

teidenvälisen tiedon hyödyntämisestä, (4) varhaisen luonnostelun ja visuaa-

lisen kommunikoinnin tärkeydestä, (5) olemassa olevan tarinankerronnan 

hyödyntämisestä ja (6) käyttäjälähtöisestä aiheen rajaamisesta. Opinnäyte-

työn tuloksissa kuvailen näiden havaintojen pohjalta tehtyjä, parempiin käy-

täntöihin ohjaavia suuntaviivoja.   

Avainsanat  Pelisuunnittelu, Kvanttifysiikka, Pelijamit, Visuaalinen suun-

nittelu, projektimuotoilu 
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1 Introduction 
 

 The landscape of what we know about our world changes with an incredible 

pace. The constantly growing amount of information and technological tools 

to shape it means that there are now increased opportunities to change things 

globally for the better, but also offers many challenges. The emergence of 

quantum technology is an example of how technological advancements hold 

the potential to revolutionize how we address global challenges and can rad-

ically change the way the near future looks like (Hillenbrand, 2022).  

Wider general understanding of these new opportunities holds the possi-

bility of expanding the horizon of individual and community actions, as more 

people can communicate and interact regarding quantum technologies. Be-

tween knowing and understanding however, imagination and practises that 

encourage imagination are needed (Stuart, 2017, p.10), so that epistemic 

bridges can be built between different people and different disciplines.  

Understanding how the seemingly unseen science, such as quantum phys-

ics, can be imagined and visualised through games and art into practical out-

comes may hold a key into developing more inclusive, collaborative 

knowledge building tools. In order to sketch out new guidelines for collabo-

rative design, a thorough understanding of the design process is needed 

through investigation of what are the challenges and solutions in visualising 

quantum physics in gamified and art projects. 

The findings described in this thesis centres around the communicative 

bridges that can help or hinder design project understanding, and explores 

the discursively specific topics of quantum physics, games, and art through 

nine playful design projects conducted between 2015 and 2022. The multi-

disciplinary communication in these projects is interesting, because they all 

share an active pursuit of interdisciplinary design outcomes and transdisci-

plinary understanding. Through careful inspection the knowledge these pro-

jects offer can shed light into their current practical shortcomings and suc-

cesses and unearth their development potential. The development of design 

guidelines based on these learnings can then help the further navigation of 

best practises for those in pursuit of better shared understanding of quantum 

physics.  

A particularly clear way of understanding something that is complex, or 

abstract is making it into images or visualisations. Visualisation is an ex-

tremely effective way to understand the interwoven and intricate world 

around us (Koponen and Hildén, 2020, p.52), which explains humanity’s 

long history as the wielders of visual communication (Koponen & Hildén, 

2020, p.111-117). Visual models are a concrete outcome of what is envisioned 

within the mind and therefor plays an important role in producing 

knowledge for example from scientific information (Gilbert, 2005, p.11).  

As a source of discussion and discovery, visualising science plays an un-

mistakable role, both as a monodisciplinary educational tool as well as a 
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public discussion initiation tool, shaping societal understanding at large (Jo-

vanovic-Kruspel, 2019, p.405). The most notable scientists behind the devel-

opment of the quantum theory in fact, such as Erwin Schrödinger, were ada-

mant supporters of the idea that quantum theory, like other sciences, should 

be visualised (DeRegt, 2017, p.5). 

After the discovery of the subatomic world of quantum physics around a 

hundred years ago, the limits of what can be ‘seen’ or visualised, even imag-

ined (Dahlstrom, 2014) were challenged. The quantum phenomena that 

power some of the core technologies of modern society (Dowling and Mil-

burn, 2002; Orzel, 2015), are so small that they need an entirely new way of 

thinking and imagining the reality – including innate unpredictability and 

randomness (Hawking, 2009, p.55, 57-58). The most accurate and used lan-

guage for describing these phenomena is mathematical formulation, but it 

facilitates conceptual understanding only to the very few (Anupam et al., 

2020) and enables just as few the active participation in developing the many 

new technological advancements realised in the Second Quantum Revolution 

(Dowling and Milburn, 2002).  

The term ‘quantum’ up to this day is commonly paired with descriptions 

of ‘spooky’ or ‘weird’ in popular media, underlining the lack of general un-

derstanding regarding it. These ideas, however, are also put forward by sci-

entists who are themselves unable to come into comprehensive enough con-

clusions regarding them (DeRegt, 2017, p.5). The idea of strangeness origi-

nates from Einstein’s notes almost a hundred years ago (Einstein et al., 1935) 

and persists to the modern day. It motivates an on-going quest to look for 

tools that can help us better approach the unseen and dismiss the intimida-

tion of the ‘spooky quantumness’ and instead nurture awe and inspiration. 

Tools of science communication that enable more inclusive ways to imagine, 

visualise, understand, and communicate information, may play a critical role 

in how the Second Quantum Revolution is culturally and societally realised.  

Some part of communicational challenges and interpersonal difficulty of 

finding the visual ideas to quantum physics may also be pinned on the on-

going evolution of interpretations regarding the nature of probability, an in-

herent part of quantum mechanics (Mermin, 2012). Some even question 

whether attempts at understanding quantum physics are all together ques-

tionable (DeRegt, 2017, p.5) or a ‘fool’s errand’ (Siegel, 2019). Adán Cabello 

(2017) underlines this problem in his “Interpretations of Quantum Theory: 

A Map of Madness” as he uncannily describes the problem of various quan-

tum theory interpretations by writing: “How do you plan to make progress if, 

after 90 years of quantum theory, you still don’t know what it means?” (Ca-

bello, 2017)   

While a concrete understanding of quantum physics may indeed be chal-

lenging to obtain at large, the risk of slowing from target goals of viable tech-

nology development (Binosi, 2016; Hughes et al., 2021) and increasing bias 

of societal science understanding are impending problems. Diverse 
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populations should not be excluded from this discourse or they might lose 

interest altogether for quantum science (Butterfield and Sarkar, 2022; 

Woods, 2022). Developing outreach through design methodology that pene-

trates directly into the traditional silos of science information has not only a 

role as enrichening the design research paradigm, but one that benefits sci-

ence and technology culturally and societally.  

The World Economic Forum Report names creating awareness as one of 

the main goals for the development of quantum computing in its current 

early stage (Butterfield and Sarkar, 2022). Encouraging social science meth-

odology and open, public engaging dialogue can help debunking myths and 

lessen the risk of misinformation. The more contact points the audience has 

with quantum computing, the more there’s a chance for ‘quantum-literate’ 

public. (Butterfield and Sarkar, 2022) Including art and design in the science 

discussion therefore is not only encouraged, but perhaps very necessary.  

In the human-driven world, information and data are not a concern of 

scarcity, as they are more abundant and available than ever before to be vis-

ualised (Koponen and Hildén, 2020). Instead, there is a growing demand for 

information to be accurate and understandable, in order to make better sense 

(Koponen and Hildén, 2020) and nurture a culture of equal opportunities. 

The quest of communicating science today is also to understand the cultures 

and technology platforms that are used to access it.  

Particularly in the recent years, online cultures, social media, and popular 

fiction have established a significant role in how science is discussed and pre-

sented. Remedy’s Quantum Break (Newton, 2016) and Marvel’s Endgame 

(Milford, 2019) are examples of incorporating quantum physics with the help 

of scientific curation into entertainment outcomes, but the public engage-

ment needs with science require further enabling, as many consider wider 

dissemination of science topics as a central element of open access to infor-

mation at large (Ross-Hellauer et al., 2020). 

Audiences growing interest for trusted and engaging sources of infor-

mation (HXD21, 2021) urges scientists and designers both to define inte-

grated research methods that benefit the creation of interdisciplinary out-

comes (Tromp, 2018, p.32-33). Design projects with interdisciplinary goals 

are a natural outcome of this but offer also an interesting, wider design re-

search point of view, in how we are facing multifaceted contemporary chal-

lenges of today. The more complex the design problems are, the more design 

must also incorporate aspects outside its traditional paradigm (Michel, 

2007) and face the challenge of increasing complexity with new tools (Sten-

ros and Kultima, 2018). 

Video games share a history of developing alongside digital personal com-

puters (Piispanen et al., 2022). They enjoy an uncontested popularity as en-

tertainment (Shawn, 2021), but must be seen in much wider context. The 

convergence of games and gamified contents in the society has reached a 

point, where hardly any platform or digital service provider can ignore the 
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positive injection that games and gamification can add to user engagement 

(Koivisto, 2017, p.24-27). Games have proven their usefulness in adding en-

tertainment value to serious topics and increase engagement with new be-

haviours (Haggis-Burridge, 2016). This is utilised for example in gamified 

citizen science initiatives (Raddick et al., 2009). Accepting the underpin-

nings that games and gamifying offer vast opportunities in terms of plat-

forms, cultures, and accessibility in the society, they may be able to service 

understandability design challenges for science topics, such as quantum 

physics.  

A large part of the projects described in this thesis are my reflections of 

the practise of making gamified quantum physics projects. The practise of 

making games is recognized for its creativeness and usefulness in acquiring 

new skills, such as programming and perspective visualisation (Gallagher 

and Grimm, 2018). Game jams are creative game making events with a pub-

licly shared outcome agenda (Kultima, 2015) that methodologically encom-

pass the use of visual, gamified and storytelling tools particularly well. Par-

ticipation in game jam events is reported to have a positive impact on moti-

vation and learning (Aurava et al., 2021), making it an interesting platform 

for both formal educational use and interdisciplinary design practise learn-

ing in general.  

Creative workflow enriches the process of science research (Root-Bern-

stein et al., 2008), making game making a beneficial way for scientists to for-

mulate their research questions in new ways (Kultima et al., 2021; Wootton, 

2020). While creative design practises are understood for their usefulness, 

the benefits for interdisciplinary communication between artists and scien-

tists is still a quite little studied topic, as well as the direct connection of how 

games can help scientists in formulating their questions or nurture a wider 

understanding of science (Morris et al., 2013, p.11).  

While science visualisation projects can be made in multiple ways, the 

practise of making games in a game jam is particularly interesting, because 

of its generally low requirements of prior skills and multidisciplinary inclu-

sivity (Kultima, 2015). Game jams can offer an interesting platform for ob-

serving the communication bottle necks and successes alike (Kultima et al., 

2021). As multidisciplinary teams create interdisciplinary outcomes, they 

must discuss, imagine, and form ideas regarding their own common under-

standing. Games made in interdisciplinary groups in game jam events there-

for offer an interesting window for exploring means of communication. 

In this thesis my aim is to reflect the practical design process of games and 

art that aims to visualise quantum physics. One of the main interests for my 

research is what helps or hinders interdisciplinary practise outcomes. The 

challenge for interdisciplinary design teams, such as in quantum game design 

projects, is the process of synthesizing common language from multidiscipli-

nary starting points (Coldwell & Morgan, 2022, p.6), that can be then used in 

creating commonly understood outcomes. My thesis work approach to this 
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topic follows the idea that study of interdisciplinary design practise requires 

communication through visual discourse (Michel, 2007, p.36-37), as part of 

a wider conversational and written discursive practise. The interconnected-

ness of the popular interest for understanding quantum physics, the expand-

ing digital landscape of communication platforms, and importance of visual 

and interactive means in engagement points towards the conclusion, that 

practical understanding of discourse relationship can be attained through the 

act of making when mutually rewarding conversation is enabled (Michel, 

2007, p.46).  

The practical part of my thesis work is described in Chapter 4, where I 

reflect upon the experience of participating in quantum physics games and 

art projects and the experiences of multidisciplinary communication in them. 

Although nine thorough project descriptions spanning through several years 

with methodological aspects results in a substantial amount of material for 

one thesis topic, still many more projects of a similar nature have been made 

by others. While undoubtedly more descriptions of projects would increase 

the quality of investigation and offer a wider perspective for more reliable 

results, in this reflection I concentrate on my own experience, as it forms a 

continuous arch of learning and also displays a designer’s possibility of chal-

lenging oneself progressively through a lengthy study practice. Through 

these project descriptions I demonstrate my interest towards challenging in-

terdisciplinary design topics with eyes open towards a possibility of new de-

sign insight.  

In Chapter 5 I look at the results and learnings from the conducted pro-

jects and list the central thematical learnings from them. Collecting the learn-

ings from all the projects forms an overview of information that describes my 

own learning journey and enables the formation of guidelines for better prac-

tises. Followed by the results, in Chapter 6. I open up my results for a discus-

sion and reflect on their usefulness as possible tools of developing better de-

sign methods for quantum physics project communication. In the end I ex-

pand the topic to look at quantum physics understanding from the point of 

view of quantum technology, in order to position my thesis into a wider per-

spective.  

In this thesis my aim is not to explain conclusively what quantum physics 

entails, interpret quantum theory scientifically nor expect outcomes that 

would work as ‘a silver bullet’ for all science visualisation problems of quan-

tum physics. Instead, my aim is to offer a starting point for better quantum 

physics communication and better visual communication development, es-

pecially within the practise of making playful and artistic quantum physics 

projects. Finally in Chapter 7 I conclude the process and findings incorpo-

rated in this thesis.  

 

 

 



13 

 

2 Visual information   
 

What defines information’s usefulness for understanding is how well the end 

user can turn the presented material into concrete knowledge (Gramatica, 

2018; Koponen and Hildén, 2020; Soegaard, 2018).  Pictures in particular 

are powerful in conveying information, because they allow the brain to easily 

distinguish emergent properties in information, such as existence of patterns 

or the lack of them (Li, 2020). Seeing data in an image can also highlight 

additional information, such as visual ques of how the information was col-

lected, what is the quality and amount of the original information and how 

the information scales up or down (Ware, 2004, p.3-4). There are clear dif-

ferences in how seen things are learned and memorised, for example in the 

case of language, mathematics, and visual images. The recalling of images is 

generally better than for example text, but the power of visualisation comes 

from combining both fast and slow systems of memory, activating different 

brain parts and resulting stronger memory traces. (Koponen & Hildén, 2020, 

p.22-23)  

 

2.1 History of Visualizing Science with Art  
 

In a modern view, using visuals as a part of displaying information helps to 

prepare it for use in human centred outcomes (Koponen & Hildén, 2020, 

p.23). Visualisations, though always intended for better human understand-

ing, have been made for various reasons in history, among which design was 

born only later. Design saw daylight during industrialisation and has then 

changed considerably along the way to this day. (Krippendorff, 2006, p.31).  

The earliest dated visualisations and images containing information were 

used to help temporary needs of area discovery, gathering and hunting for 

food as early as approximately 40 000 years ago (Koponen & Hildén, 2020, 

p.111-113). Information visualisations later changed drastically during thou-

sands of years to accommodate the many functional needs and technological 

advancements of first agrarian society and then needs of religious, profes-

sional, and scientific societies concentrated mainly in cities (p.114–117). 
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Figure 1. Pen and ink studies of a human foetus, by Leonardo da Vinci, c. 

1510. The sketches and notes of unborn human is an example of depicting 

both seen and unseen natural realities. Publisher: Encyclopædia Britannica 

 

There are various times in the western history, when art and science have 

moved to one another’s domain and interacted in mathematics, architecture, 

philosophy, optics and in many other fields where exploration and imagina-

tion helped the invention of the new. Italian Renaissance in particular inves-

tigated the relationship of science and visible reality, as seen for example in 

Leonardo da Vinci’s work (Figure 1. Heydenreich, 2022). (Lupacchini & 

Angelini, 2014, p.26) What enabled the acceptance of using visualisations as 

part of science literature was the development of observation-based scientific 

method in the 17th and 18th century as conventions of visual expression were 

accepted and used by the scientists themselves (Koponen & Hildén, 2020, 

p.117).  
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Figure 2. Oil painting depicting a Chamber of Art and Curiosities, by Frans II 

Francken, 1636. Items created by human hand and nature both are seen, 

pointing towards interesting information of the natural world that many items 

can give to a collector. Photo: Kunsthistorisches Museum Wien, Bilddaten-

bank 

 

Stefanie Jovanovic-Kruspel (2019) describes science visualizations as 

“border crossers between independent art works and tools for research and 

teaching” (Jovanovic-Kruspel, 2019) underlining the history of how scientific 

art artefacts and visualizations were positively received after becoming pop-

ularised from private collections (Figure 2. Francken, 1636). On one hand the 

importance of visualisation was acknowledged widely for example in muse-

ums that had become a new platform for public knowledge, but on the other 

hand large quantities of science visualisations outside museums were used 

within science institutes and discarded only after becoming obsolete for re-

search purposes (Jovanovic-Kruspel, 2019, p.405).  

Before the information era, also called as the Post-industrial era, technol-

ogy-centred paradigm of visualising science designs often meant developing 

for the needs of the technology, such as engineers working to build new ma-

chinery and needing better understanding and justifying of their work (Krip-

pendorff, 2006, p.15-16; Soegaard, 2018). Design in other words, helped sci-

ence to be useful. The idea of art as a part of science design was developed in 

the 20th century, but was mostly conceptually motivated by art helping ex-

pressive aesthetics and less by art helping scientific progress (Müller, 2020), 
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even though there were scientists speaking in favour of visualisation as a tool 

for intelligible theories (DeRegt, 2017, p.227).  

In the Information era the concept of design has gone through a radical 

shift, as the collapsing of long-standing societal hierarchies have given rise to 

individual people and new communities as the main users of information  

(Krippendorff, 2006, p.13). With new audiences to consider, the methods of 

visualising science too, need to develop. Awareness is needed for the poten-

tial of excellence in the science-design-art collaboration. 

 

2.2 Symbols and Metaphors in Visual Science Communica-

tion 
 

Human-centred design is one of the very central design paradigms that de-

scribes the way products and services have been made in the last decades by 

understanding people’s individual and cultural needs (Krippendorff, 2006, 

p.39). Through its history visual communication has a social and communi-

cational design role (Huang, 2014, p.4) which sets it on the same conceptual 

timeline with human-centred design. Human centredness of visual commu-

nication underlines the importance of human senses, human cognition, and 

human invention as the current frontier of conceptualizing reality around us, 

for example in the form of artefacts (Krippendorff, 2006, p.42-43).  

The development of natural visual communication was traditionally born 

in domains of visual art and provides ways to evolve better design. Currently 

it includes vast domains from comics, games and movies to diagrams, charts 

and interfaces. (Huang, 2014, p.4) This supports the idea that a larger syn-

thesis of communication started with grown information streams, and the 

need for visual language development is just one part of the development of 

global visual culture (Horn, 1998, p.13-16).  

The experience of an image signifying something is created through sen-

sory representation, meaning that unlike text that is arbitrary and under-

stood through learning, seeing images does not necessarily require cultural 

learning and can have a symbolic meaning without training (Ware, 2004, 

p.11-12). At the same time, many pictograms and ideograms seen in everyday 

life that either state the objective or visualise value judgement, are culturally 

stereotypical, hold cultural symbolism and have started to change only lately. 

In order to be easily readable and used in different media, pictograms tend 

to be simplistic, based on basic geometry and often similar enough to relate 

to other pictograms of same group. (Koponen & Hildén, 2020, p.126–132) .  
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Visual symbols for science are created through considering the problems 

embedded in each discipline, making them usually highly specialised to the 

needs of said discipline. While formally powerful, symbols such as those in 

mathematics, are arbitrary in nature, socially constructed and require a lot of 

learning.(Ware, 2004, p.13-17) A way forward in visualising arbitrary con-

cepts of science is through the help of creating models and representations, 

that are simplified descriptions of more complex phenomena, such as the 

Bloch Sphere (Figure 3. Dür and Heusler, 2013, p.2).  

Unlike symbols, models are more complex structures, with various levels 

of abstraction and system detail. They can include elements of time and 

events and represent permanent changes. (Gilbert, 2005, p.11–12) Models 

with a high level of overall abstraction however may risk losing understanda-

bility if subject matter of the context is not generally familiar enough (Kopo-

nen and Hildén, 2020, p.128) or connected to relations between elements 

with the help of metaphors (Gilbert, 2005, p.30-31). Usable and widely un-

derstood models, such as timelines or network diagrams can effectively show 

conceptual and qualitative information in one glance, but they do not offer 

deeper understanding to audiences that are not familiar with the topic previ-

ously.  

 Regardless of age or culture, using metaphors, such as spatial metaphor 

mapping to create a distance relation among inspected elements, is an exam-

ple of the way that abstract topics are understood naturally and 

Figure 3. Bloch Sphere is a commonly used educational tool that visualises 

the basis states of |0〉and |1〉of a qubit, the quantum equivalent of a clas-

sical bit and offers a visualised understanding into the concept of superposi-

tion.   
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spontaneously (Gilbert, 2005, p.30-31). Metaphors are seen as useful tools 

in discussing abstract concepts, as they can highlight and hide aspects of a 

topic according to the understanding needs and extend imagination around 

topics(Lakoff and Johnson, 2003, p.10). A particularly useful category of 

metaphors for abstract science are Ontological metaphors, that treat unseen 

concepts as entities and enable them to be seen for example through person-

ification. (Lakoff and Johnson, 2003, 25–33) Idea of ‘Spooky’ quantum phe-

nomenon for example, metaphorically points towards an entity that should 

be feared, but if an artist were to visualise this, the result could look anything 

from exciting and dismaying. 

A risk of losing understanding or leaving audiences out exists with the use 

of visual pictograms based on metaphors. Visualising something in a way that 

communicates understanding through large societies without being stereo-

typical is difficult and requires time and effort. (Koponen and Hildén, 2020, 

p.130-131) Visualising quantum physics in order to enable better communi-

cation is therefor just as much a topic worth time and effort from scientists 

and designers. 

 

2.3 Interdisciplinary Science-Art Dialogue 
 

Figure 4. Caryatid of an ichthyosaur in Natural History Museum of Vienna 

served a purpose of science visualisation, mixing reality with fantasy. Artist: 

Rudolf Weyr 1884-85. Photo: A. Schumacher 
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Science and art have seen a long history with ‘border-crossing’ practises over 

the centuries with unifying epistemic qualities of curiosity and imagination 

(Sleigh and Craske, 2017). Art and science are also juxtaposed. Creativity ver-

sus analysis, picturing versus imagining, are sometimes seen as entities from 

different worlds. This is an artificial construct developed outside the view-

point of seeing communication as a pivotal concept for cross-discipline un-

derstanding. (Coldwell & Morgan, 2022, p.6). Visualisations have been used 

in natural science museums, to serve the public audiences’ interest, such as 

enlivening the portrayed facts, reconstructing the life around us and repre-

senting complex theories. In these environments visualising science has also 

been used in fuelling imagination for ideas beyond the known scientific facts, 

such as visualised in Figure 4. (Jovanovic-Kruspel, 2019, p.407-415) Ambi-

guity of the unseen or invisible can offer opportunities for exploration and 

curiosity, but in order to find solutions and develop spaces for inclusive sci-

ence communication, conversation between disciplines is needed (Coldwell 

& Morgan, 2022, p.6). 

In the recent decades the Art and Science discourse (A&S) has changed in 

many ways, through influence of cultural politics, economic interests and 

technological advancements and seen its share of clashes while aiming to find 

a balance in how A&S is perceived in the society. (Sleigh and Craske, 2017) 

Language, dialogue and discourse in use hold the power to coordinate and 

engage humans in joint action. With discourse and language comes a possi-

bility of understanding one another, a key concept that collaborative work in 

scientific game design needs. (Krippendorff, 2006, p. 20-21) Design has rad-

ically shifted in its paradigm to initiate efforts of more comfortable (Krippen-

dorff, 2006, p.14-15, 258-259) and humane (Norman, 2022) world through 

multidisciplinary dialogical ways. In order to solve complex design problems, 

it is imperative to bring the knowhow of many disciplines and many voices of 

users together through interdisciplinary work. There exists a substantial 

amount of studies on interdisciplinary research from 40 years, but the un-

derstanding of what are the critical constraints for interactions are still little 

understood (MacLeod et al., 2019).  

The shortcomings of understanding interdisciplinary interactions are dif-

ficult in particular for science, because of the need for negotiating epistemic 

standards (MacLeod et al., 2019). To find such standards requires synthesiz-

ing a project beyond the needs of just one dominating discipline, developing 

a language that is understood by everyone participating in the work and re-

moving the uncertainty from communication (Coldwell & Morgan, 2022, p.6-

7). To this day there is a very limited amount of research and use of visual art 

practises as enablers of science research process, even though visualising is 

understood as a strong tool for communication.  

Before being able to draw conclusive understanding from images of con-

ceptually difficult quantum phenomena, such as uncertainty, it might be 
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needed that we are able to first conceptualise the uncertainties that people 

interacting with such topics have when they engage in an interdisciplinary 

group work. 

 

2.4 Understanding Quantum Physics Through Visualisation 
 

Art-science is described as an artistic outcome that creates strong emotions 

in the viewer and offers a satisfactory blend of visual enjoyment and scientific 

inspiration born from seeing information in an aesthetic form. Unbalance of 

art and science in favour of one of these aspects can break this paradigm. 

(Borden, 2015). To be able to better understand where ideas of visualising 

quantum physics come from, it’s important to know that in the end of 19th 

century the discussion of how well mechanical pictures reflected natural sci-

ence, such as the atom model, was widely discussed and debated (van Fraas-

sen, 2020, p.194).  

In the 1920’s when Heisenberg, Schrödinger and other classic quantum 

physicists continued the work that Bohr had started with his quantum theory 

of atomic structure in 1913 and 1918, one of their concerns was whether at-

tempts to visualise abstract quantum phenomena would yield any better un-

derstanding of the quantum theory. (DeRegt, 2017, p.3) Particularly Schrö-

dinger saw visualisation as a pivotal aspect to the development of quantum 

theory during these turbulent years of debate and counter-arguments. He ar-

gued that quantum theory, visualised as understandable and intelligible ep-

istemic idea made it more usable, heuristically more powerful and offered 

wider insight (DeRegt, 2017, p.227 and p.241).  

Figure 5. The first published Feynman diagram depicting exchange of one 

quantum between two electrons, time on y axis and space on x axis. An ex-

ample of his diagrammatic approach as a concept graphic.  
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While mathematics still hold the first position in explaining quantum phe-

nomena, according to DeRegt (2017) visualisation holds an important role in 

understanding quantum systems heuristically, as proven by Feynman’s 

widely accepted conceptual diagrams (Figure 5. Feynman, 1949), that were 

not one-to-one realistic but they were highly understandable (DeRegt, 2017, 

p.251-253). Concept graphics, such as the Feynman diagram, are currently 

a popular way to visualise natural science in many fields, because they are 

highly presentable. Unfortunately many scientific and technical disciplines 

have their own visualisation standards that are almost unknown to outsiders. 

(Koponen and Hildén, 2020, p.219) 

In the development of A&S discourse, the use of metaphor and thought 

experiment can be seen as a point of common interest for both scientists and 

artists, even though and perhaps because if enables speculation. Language 

metaphors are used in both art and science because they help in analysing 

invisible relations and build thought experiments. (Fleming et al., 1996) 

Thought experiments, such as the famous concept of Schrödinger’s cat ex-

plaining superposition in Figure 6. (Dhatfield, 2022), offer grounds for seem-

ingly impossible ideas or information anomalies to be challenged, to 

strengthen or break a paradigm (Fleming et al., 1996).  

 

Metaphors and thought experiments based on linear research results 

might still be lost in meaning to the large public, as might be in the case of 

dead and alive Schrödinger’s cat example. Visualising the quantum field is 

possible, explains Martha Fleming (1996), through productive, rather than 

destructive thought experiments. She describes the challenge, the mental 

limitations of visualising information, through the Schrödinger’s cat example 

by concluding that “The lamentable fact of our cultural guilt conditioning to 

Figure 6. Schrödinger’s cat thought experiment illustrates a paradox of a cat 

being both dead and alive, as long as it is unobserved. Source: Wikipedia, 

Artist: Dhatfield.  
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accept as facts distressing inevitability more readily, than joyous surprises, 

has more to do with religion and magic than romanticism.” (Fleming et al., 

1996) Albeit memorable, the inevitable and gruesome idea of life and death 

may not serve the wider understanding as well as other metaphors.  

Speculative, added visual information is not ideal if the outcome is moti-

vated solely by factuality (Koponen & Hildén, 2020, p.303-304), but illustra-

tions always choose the detail and complexity of presentation to fit infor-

mation functionality, for example when explaining structures of data (Kopo-

nen & Hildén, 2020, p.119). This same notion is echoed by art, in comparison 

to pure information visualisation can have much wider range of expressive 

freedom due to an artist’s rendering, pointing at productive synergies in com-

bining emotional and speculative thought experiments, with illustration of 

information that serve dialogue.  

 

2.5 Quantum Art 
 

Creating digital installation art by reshaping data with new technologies has 

brought forth a new practise of making art describing quantum phenomena 

with the help of classical computing or quantum computing (Crease, 2015; 

Jochim, 2022), such as visualised in Figure 7. (Heller et al., 2015). Koponen 

and Hildén (2020, p.28-29) define art based on reshaping information as 

data art, as it uses carefully chosen data as material for artistic expression 

and in creation of new visual structures. In the artworks of various digital 

artists (such as Eric Heller, Frédérique Swist, Jacqueline Thomas, Roman 

Lipski, Refik Anadol and Libby Heaney) phenomena of quantum random-

ness, entanglement and interference pattern manipulation offers a 

Figure 7. Art and the Quantum moment exhibition catalogue front page art, 

portraying art from Thomas Heller, Jaqueline Thomas and Frédérique Swist. 
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possibility of exploring and reframing data and results in explorative discov-

ery of existing information. (Crease, 2015; Jochim, 2022)  

 

Digital culture and creating art with digital tools and into the use of digital 

platforms intersects with how we understand Quantum Art currently. Defin-

ing new affordances for artistic expression and design is a way of looking at 

possibilities for Quantum Art, such as is the development of quantum com-

puters as a medium for making art. Making art with the help of quantum 

computing has been organised and curated for example by IBM Quantum in 

their Design Jam event, where the participants created digital and physical 

artifacts (Huffman, 2021). With limitations to the accessibility of quantum 

computing, artists seem to echo the worry that quantum technology is at risk 

of giving power to few instead of fulfilling the growing need of many (Jochim, 

2022), due to the lack of inclusivity in the development (Woods, 2022).  

Currently what is called Quantum Art is influenced by the tools that tech-

nology offers for creating and owning data art. Art and science discourse 

however acknowledges that a synthesis of communication and understand-

ing is needed for a discourse to hold its place. As general understanding of 

quantum physics develops it might be that the definition of Quantum Art 

changes too, to incorporate more need for understanding rather than simply 

visualising. One development for Quantum Art practise, taking into consid-

eration its currently strong relevance to digital tools and platforms, could be 

the usability of visual assets in video game making and video game environ-

ments. Video games can exist as a form of art according to Post-modernist 

movement (Haggis-Burridge, 2016), positioning them into an interesting re-

lationship with visualising quantum physics and making Quantum Art. The 

practise of Quantum Games and participation in Quantum game jams fur-

ther underlines the relationship between games and visualisation of quan-

tum phenomenon in a meaningful way.  

 

2.6 Games As a Source of Creativity and Science Under-

standing 
 

Digital games provide a platform for an extremely popular form of entertain-

ment, as well as a myriad of other uses, defined by the realm of what games 

touch in the society called the ludosphere. This includes large cultural and 

societal structures accepting ludification as part of people’s everyday life, 

from work to hobbies, as well as accepting gamification as an instrumental 

part of developing new and better practices, services, and products. (Stenros 

and Kultima, 2018) Playing games are strongly connected to human cogni-

tion through their interactive, engaging, and meaningful relationship to hu-

man mind and motivation, but the act of making games can also be seen as 

the pleasurable action of organizing and transforming information through 
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the forming of structural understanding of it (Salen & Zimmerman, 2003, 

p.2-3).  

Creativity, in other words, plays an important role in both why we play 

games, make games and in the larger picture, how we learn. Creative activi-

ties, such as making games, are researched as a tool for understanding new 

societal learning needs that are often conceptualized under the term of 21st 

century skills, and seen as crucial for addressing the needs of innovation in 

time of complex challenges (Krüger Mariano and Chiappe, 2021). For exam-

ple, science, technology, engineering, and mathematics (STEM) are seen as 

drivers of global development at large as part of 21st century skills, but the 

lack of aspects of art can douse the artistic side of science (Gallagher and 

Grimm, 2018), and disregard the real complexity, interconnectivity and com-

munication of how we nowadays understand systems (Boy, 2013).  

Making games and which ideologies, values and information is placed in 

them, is affecting the culture and the cultural rhetoric that the games create  

(Salen & Zimmerman, 2003, p.3) which points at the importance of game 

makers to be aware of their initial motivations of what the game will present. 

Following the idea of Seven Rhetoric of Play by Sutton-Smith (2001), a game 

that contains scientific data alone does not make for a game that teaches sci-

ence, but the rhetoric of the game depends on the underpinned motivation 

and how it is exercised.  

The games that are used as tools of learning and teaching and that exercise 

this motivation well, can be divided into areas of serious games focusing on 

simulating real information, applied games aiming to maintain the players 

knowledge regarding topics of interest, and creative games exploring an ex-

perience itself rather than delivering education. All of these may overlap and 

creative games may occasionally move closer to entertainment games than 

serious games. (Haggis-Burridge, 2016) Defining ‘science games’ Piispanen 

et al. (2022) proposes “games that contribute to scientific work either directly 

or indirectly” to be used. Derived from the definition of science game jams 

(Kultima et al., 2021) and based on the practise described in particular in 

connection to Quantum game jam events between 2014-2019, this definition 

for science games includes the possibility of design constraints to include 

concepts such as iterative development and interdisciplinary collaboration.  

 

2.7 Quantum Games 
 

According to the research and listing done by Laura Piispanen (Piispanen, 

2022), currently there exists more than 250 games that reference quantum 

games in some form, including computer games using quantum principles in 

gameplay but also games including quantum computer and quantum soft-

ware in how the playing of the game is run. The possibility to simulate quan-

tum computing on a classical computer and ultimately also the quantum 

physical phenomena, such as entanglement and superposition, offers a large 
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variety of both technology and topics that can be thus included in what entails 

quantum games (Piispanen et al., 2022).   

The word ‘quantum’ has inspired a growing number of commercial and 

entertainment games (Kultima et al., 2021), but those quantum games that 

have been able to incorporate educationally relevant information of quantum 

phenomena, for example through means of simulation tools, have shown fur-

ther potential that surpasses solely entertainment qualities (Piispanen et al., 

2022). While quantum games incorporating simulated quantum computing 

can be made with classical technologies, since 2017 they are also made with 

actual quantum computers, as has been done first by James Wootton as he 

created Cat-Box-Scissors game with IBM’s quantum computer (Wootton, 

2020).  

The motivation for making games that teach concepts of quantum physics 

has been seen as a method of making quantum technologies more under-

stood by the general public. Games as a medium are seen approachable as 

the act of playing games can offer design opportunities into pacing the expe-

rience fittingly to different audiences. (Piispanen et al., 2022; Seskir et al., 

2022) Other reasons for developing quantum games come from the interest 

of testing the limitations of the developing quantum computing and develop-

ing tools that help in developing the quantum information theory itself 

(Piispanen et al., 2022). 

The definition of what exactly is a quantum game shares the same difficul-

ties as the definition of a game in general, and if anything, point towards the 

developing nature of quantum games as part of both quantum technology 

and games paradigm. In their research consisting of a considerable amount 

of currently existing quantum games, Piispanen et al. (2022) identified three 

central aspects  that constitute quantum games, namely: The perceivable di-

mension of quantum physics, the dimension of quantum technologies and 

the dimension of scientific purposes, boiling down the definition of quantum 

games as “games that reference the theory of quantum physics, quantum 

technologies or quantum computing through perceivable means, connect to 

quantum physics through a scientific purpose or use quantum technologies.”  

Discourses are evolving social systems that develop with culture, language 

and artifacts that are created within the discourse (Krippendorff, 2006). 

Within relatively young quantum game design discourse, the forward driving 

force is the interest for better science understanding through a scientific pur-

pose and quantum technologies, underlining the importance of educational 

outcomes. Having in mind that until 2014, mainly quantum physicists were 

involved in making quantum games (Piispanen et al., 2022), there is a possi-

bility that the definition of what quantum games are will still evolve to incor-

porate synthesized purposes of interdisciplinary interests, that have also 

helped in the development of the discourse in recent years.   

 

 



26 

 

2.8 Quantum game jams and Interdisciplinary teamwork 
 

A game jam is a creative process where people from multidisciplinary back-

grounds enact their shared creative vision in a game making process and pub-

licly share their learnings and outcomes with other participants and often 

also publicly. Methodologically making games in such a way that encom-

passes the use of visual, gamified and storytelling tools but also encourages 

strong design decisions due to short time, produces new ideas. (Kultima, 

2015) Participation in game jam events is reported to having a positive im-

pact on motivation and learning (Aurava et al., 2021), making it an interest-

ing platform for formal education and interdisciplinary learning, such as in 

Quantum game jam events.  

Creative workflow is seen to enrich the process of science research and as 

a notable factor for scientists who wish to express their research outcomes 

artistically (Root-Bernstein et al., 2008). The practise of game jam offers new 

tools for experts and laymen both, because its strongest aspect is being a 

source of innovation and ideas through low barrier initiation into new topics 

(Kultima, 2015). In particular for discipline practices that are traditionally 

considered uninviting or are nested within infrastructure, mindset or lan-

guage of a traditional silos (Coldwell & Morgan, 2022, p.4) game jams may 

offer new approaches. Where Quantum games as outcomes are seen as an 

opportunity to introduce quantum technologies to various audiences (Seskir 

et al., 2022), the act of game making may help the development of practical 

understanding of programming (Gallagher and Grimm, 2018) which in the 

case of making games using quantum computing or related simulation design 

process, can help the constructionist approach towards learning.   

Game jam practices in-built opportunistic attitude towards  learning while 

making, safe space experimentation, embracing failure, being a tool of inno-

vation in itself, multidisciplinary participation and interdisciplinary co-

working (Kultima, 2015) are all aspects that frame it as a potential tool for 

the creation of interdisciplinary understanding around quantum physics. 

While game jams can be much more than what is mentioned here, for science 

understanding and developing visualization tools, game jam practice offers a 

good framework.  

From scientists point of view, making games related to their research 

questions or topics has been reported to benefit in formulating new research 

questions and looking at ideas from new perspective (Kultima et al., 2021; 

Wootton, 2020). Still, the actual benefits for interdisciplinary teams, includ-

ing non-scientists, and the communication between team members from dif-

ferent backgrounds is a little researched topic. There are clear indications of 

bottlenecks in communication within interdisciplinary groups (Kultima et 

al., 2021), that point towards facilitation needs.  Creating a better under-

standing of synthesized solutions can be achieved through beneficial team 

communication that doesn’t highlight one predominant discipline (Coldwell 
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& Morgan, 2022, p.4). One approach could be knitting information visuali-

sation tools and visual art tools better into the workflow with quantum phys-

ics expertise and game design expertise and increase communication means. 

Better interdisciplinary design however often requires another limited re-

source, namely the time that can be invested into creating the games. There 

can be significant challenges in firstly acquiring sufficient multidisciplinary 

expertise and secondly building sufficient interdisciplinary team communi-

cation. Scoping project timetables and adjusting the outcome material into 

the target topic often creates scarcity of time during a game jam (Kultima et 

al., 2020) which means that any extra time used in team communication, 

might increase problems in presenting coherent outcomes.  
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3 Design Research Methodology 
 

I had an active part in creating nine game design and artistic quantum phys-

ics projects between 2015 and 2022, mainly as a designer and artist. These 

projects started as my own interest towards learning quantum physics, but 

took a much more academic turn halfway, as through the practise, a need for 

designability emerged. With an invested interest to design better design prac-

tises for similar projects in future, the final projects were made with a clear 

interest for expanding the designability, by including various aspects of de-

sign. In order for the reader to understand the key points of research oppor-

tunities I see in these projects I introduce the design methodology I have used 

for this thesis research and lift up important learning aspects regarding my 

data.  

 The material gathered for this thesis can be considered slightly uncom-

mon in the sense that some of the material was already collected before my 

own research interest for the topic became academically invested. I started 

my master’s studies in 2020, but the practise that led into the collection of 

learnings and into the writing process started in 2015, when the first project 

was made. The next project after that took place in 2019, followed by longer 

and shorter projects every year until 2022 when the final project was fin-

ished. These projects include both game making projects and artistic pro-

jects, highlighting my own skills and interests as a visual artist and game de-

signer, making the outcomes part of a same collection. The meaningful way 

to look at them and form a learning process description therefor is by seeing 

them in the light of a methodology that acknowledges both aspects of game 

design as visual design.  

The variety in these projects underlines my attempt to find ways to visu-

alise and understand quantum physics through several opportunities that 

have been systematic, innovative and inclusive. While the process as a whole 

aimed to incorporate tools and technologies in an opportunistic way for my 

own learning goals, a development opportunity of design tools from a wider 

perspective introduced itself through multidisciplinary aspects of project 

making. On a general note, it became very clear that the ability to make pro-

jects of quantum physics was not enough to inject them with better under-

standing goals, but aspects of communication and opportunities created by 

better team work had to be included in forming the understanding of a better 

design process. A good team work seemed to strengthen the transdisciplinary 

goals of the outcomes while weaker team work risked losing the initial goal, 

motivating quantum physics understanding and interest, altogether. My re-

search question therefor was formulated through this initial inquiry:  

 

What are the challenges and solutions in visualising quantum physics in 

gamified and art projects?  
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This research question is limited to the projects that I have been myself 

part of, which means that they are so far only nine. Through investigating 

them however with a clear design framework and methodology I see an op-

portunity of developing this practise regarding future projects. As I continue 

to talk about projects conducted as the basis of this thesis work, I want to 

underline them as projects of design and as an action of creating meaningful, 

well thought outcomes and artefacts meant for human-centred use. The chal-

lenges and solutions I inquire after therefor are also those of design and can 

be solved because of their designability. Projects of designing quantum phys-

ics are firmly in the realm of design and can be researched by acknowledging 

points of science of design.  

Science of design offers an interesting point of view into understanding 

the uniqueness of designing quantum science projects. Even though the par-

adigm of combining quantum physics and visual art or games might primar-

ily sound like combining oil and water, the unifying theme of both science 

and design is to ultimately generate new knowledge (Michel, 2007, p.29). The 

cognitively related activities of science research also stream into design prob-

lems, because  contemporary  design problems are increasingly complex. 

(Michel, 2007, p.29).  

For example, there is hardly a game designer that can today make a game 

without subjecting themselves to cognitive work outside their primary study 

field. Even when the topic is fairly simple, game designers tackle complex 

cognitive design questions regarding their artifacts constantly, as exempli-

fied by Liz England by “The Door Problem” (England, 2014). It describes the 

difficulty of designing a seemingly simple concept such as a door into a game. 

In reality however, a game designer must consider many aspects from visual 

looks to functional meaning, what triggers a door, can others use the door 

and many other questions.  

Often the complexity of cognitive design problems is even larger, of which 

the design of quantum physics games is a good example. In the nine projects 

described in this thesis the problem of design understanding becomes ex-

tremely clear as challenges too, are many and considerably different from one 

another. Considering these aspects of complexity, the practise of designing 

quantum physics projects and extracting the innovative design learnings 

from them offer development points to the intellectual culture of science of 

design as a whole. The process of designing quantum physics projects can be 

identified with elements of design praxeology and design epistemology 

(Michel, 2007, p.48). On one hand studying the process of designing and de-

veloping designerly ways of knowing.  

The epistemological aspects are particularly important for the learnings of 

this thesis, since they make it possible to answer to the posed research ques-

tion. According to Michel (2007) the best practise of design research have in 

common the characteristics of being purposive, inquisitive, informed, me-

thodical and communicable. What is more, Michel adds that for a design 
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practise to quality as research, there must be reflection done by the practi-

tioner and the design outcome must be adequately communicated as a part 

of it. (Michel, 2007, p.48) There are aspects that I will include in the descrip-

tions of the nine design projects, in order to benefit the final results of my 

thesis research.   

Christopher Frayling (1993) has identified three models of Design Re-

search that have both common and independent ground. Described as re-

search into art and design, research for art and design and research through 

art and design, the naming conventions seem quite similar, until opened for 

observation. (Frayling, 1993) 

Research into art and design is defined with a primary interest in histori-

cal research aspects, theoretical perspectives, such as ethical, iconographic 

and social aspects and aesthetic aspects (Frayling, 1993, p.5). It holds the re-

search activity at a distance, avoiding direct contact with the subject (Michel, 

2007, p. 214). Research for art and design, as Frayling describes, is research 

done in order to realise an artefact, such as a contemporary art piece, but not 

something that can be necessarily verbally communicated separately from 

the artefact itself. Instead, the research is embodied within the outcome, for 

example in visual or imagistic form. (Frayling, 1993, p.5)  

Other definitions have been identified for research for design, such as con-

ventional tools for market research for example (Michel, 2007, p. 191) but 

Fraylings description is interesting, because when viewed in this light, re-

search for art and design highlight the importance of creating visual dis-

courses. Development of visual discourse is undoubtedly one possible out-

come of practical making and an aspect of this thesis, but I feel that a best 

method for my research would be one, that underlines the process of making 

as an outcome, yielding information.  

I have chosen Research Through Design (RTD) methodology for the prac-

tise of making playful Quantum Art projects, because it entails the practice 

and reporting results well, in particular when accompanied with fundamen-

tal documentation (Frayling, 1993, p.5). RTD is described as taking up pro-

ject making in order to reveal information regarding it and producing appli-

cable knowledge (Michel, 2007, p.16). The designing act of creating generates 

on its own new knowledge, but in order for this knowledge to be recognized 

for value, effort is needed to make it visible, come out from the implicit form, 

and expose related researchers for these learnings (Michel, 2007, p.87). Ex-

amples of attempts at making design process more visible are included in the 

descriptions of all of the projects, offering a window into different kinds of 

learnings concerning this.  

In many of the of the nine playful quantum projects the outcomes are a 

common effort of likeminded designers, often of multidisciplinary back-

grounds and by default these designers influenced each other with knowledge 

and practises. I aim to name all of the participating designers involved in the 

projects, whenever it has been possible to acquire them. The influence of 
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other’s design practise can materialise in many ways in RTD methodology, 

and it can often be unplanned and unexpected (Michel, 2007, p.88). The un-

expectedness of common understanding outcomes on its own is interesting 

so in my project descriptions I pay close attention to naming events when and 

where such influence happens and how it might be facilitated. In some of the 

project outcomes the influence of other’s design practise is better visible than 

in others, as the team sizes and communication methods have varied consid-

erably.  

A further important aspect to my design research is perceiving aesthetics 

as a part of an active creative process in its own right (Michel, 2007, p.36). 

As a visual artist, my role in many of the projects has been tied to being able 

to see the final outcomes in an early stage of the project and communicate 

that knowledge between the other team members or stakeholders. In my ex-

perience, often visual work in the design phase has a reduced role, because 

of restrictions in time and the challenge of multidisciplinary backgrounds. 

Knitting design process together with aesthetic sensitivity and visual aspects 

is done in this thesis on the basis that visual communication as part of active 

cognitive process reveals something new about information (Michel, 2007, 

p.36).  

According to Frayling (1993) research for design is interpreted primarily 

in the visual of the outcome resulting that the lack of written discourse poses 

some difficulty to call it proper research in an academic sense (Frayling, 1993, 

p.5). In some of the described nine projects that are more clearly a practice 

of making art, aspects of research for design are realised clearer than in oth-

ers. Using RTD I aim to describe how visual notations were utilised during 

the projects. This can be described as a designerly form of Productive Science 

(Michel, 2007, p.61-62), describing the functional elements of effective prod-

ucts through creative inquiry, for example sketching the process. The use of 

visual notations or sketching is visible in many of the described design pro-

cesses of quantum physics projects. Some of the projects were done by myself 

alone in many parts, which means that visual communication and the exam-

ples of the sketches shown in this thesis were done solely for my own iterative 

process needs. All of the visuals are however important for gathering the 

learnings from these projects, whether they were done together in a multi-

disciplinary group or alone. Even when done alone, they were not void of in-

terdisciplinary learnings from earlier projects.  

Despite interdisciplinary practises being quite popular, their related out-

comes in a project are rarely understood to their full potential (Nancarrow et 

al., 2013). Individuals who participate in making playful interdisciplinary 

quantum projects might do so with different outcome benefits in mind. Not 

all participants perhaps embrace the positivist thinking suggested by science 

of design, that aims for creating a common, equal and creative ground intel-

lectual endeavour (Michel, 2007, p.46). As Kultima et al. (2021) explains in 

the case of Quantum game jams, that scientists and game designers may 
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value cognitive and aesthetic aspects of the design process very differently 

(Kultima et al., 2021) which points towards differences in experienced out-

come benefits. Another point to experienced and qualitatively weighted out-

come benefits is that many of the projects that are described in this thesis 

consisted of novice designers that warps the results and ultimately the col-

lection of Design Guidelines formulated through my research question and 

presented in Chapter 5.2 Design Guidelines. Research on “Outstanding de-

signers” as Michel (2007) describes them, may give much higher quality re-

sults, as studying novices includes the risk of losing significant information 

through inexperience. (Michel, 2007) Through my learning process some in-

dications of this can be seen, as they are reflected through the design prob-

lems tackled during the development.  

My own expectations regarding all the nine project outcomes described in 

this thesis are firmly based on acknowledging their design values. Since de-

sign was methodologically used in an interdisciplinary manner during these 

design projects, I believe that the outcomes can be defined as artefacts of de-

sign, even when interdisciplinary processes were not fully successful 

throughout all the projects. The original design process itself and the meth-

odological design research through project learnings described in this thesis 

conduct design knowledge that supports the formation of Design Guidelines 

and their further investigation as usable tools for tackling the challenges and 

solutions in visualising quantum physics in gamified and art projects. 
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4 Experiences from Developing Playful Quantum 

Projects   
 

My experience with visualising quantum physics is based on nine projects 

that I’ve worked with between 2015 and 2022. They are all collaborative work 

with different experts being either an active part of the design or offering cu-

ration and overseeing. Some of the projects are game jam projects that were 

developed in an extremely short time, but for example the longest of these 

projects, the Quantum Moss art installation, took all together 2 years to de-

velop, as visualised in Figure 8. In the next section I will introduce the pieces, 

the design process that led into realising the pieces, and reflect on learnings 

of each one. Following these descriptions and learning reflections I continue 

in the results by drawing together common design aspects and differences 

that have significance for the rest of the results.  

 

            

                        

                    

                  

                         

               

    

    

    

    

    

    

    

    

                    

Figure 8. Timeline of playful quantum projects between 2015 and 2022. 
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4.1 Through the Quantum Gate 
 

 

Through the Quantum gate (Figure 9.) is a single player game, played on a 

full dome projector. The player becomes the heroine of Lewis Carroll’s classic 

tale, Alice and through gameplay tries to help her in navigating through a 

bizarre fall through the rabbit hole. The rabbit hole incorporates quantum 

gates that the player must use in a right way, to be able to end the dizzying 

fall and end up in the bottom. By opening and closing her eyes, the player can 

change how the gates react to her and how long the seemingly endless fall 

lasts. Together on her journey, the player has the voice of the Cheshire cat 

and the pocket watch of the white rabbit. Cheshire Cat offers helpful spoken 

advice if the player is having hard time finding right way to navigate but 

doesn’t otherwise change gameplay. The white rabbits pocket watch serves 

as the measurement tool that the player can use for seeing whether she’s do-

ing right or wrong things. When the player goes through wrong gates, the 

clock moves back, indicating that she is still caught in the loop. Right deci-

sions move the clock forward, bringing Alice closer and closer to her destina-

tion. The game has one loop process to solve but could have all the different 

quantum gates currently utilised in quantum computing. In this game Alice 

is a metaphor for a qubit or electron and the tunnel is a metaphor for 

Figure 9. Player, portrayed as Alice, falls through a cylindrical rabbit 

hole tunnel in Through the Quantum Gate game. 
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quantum computer circuit. Falling just right signifies the system that is per-

forming quantum computing.    

Through the Quantum gate was made as a part of a Quantum game jam 

(QGJ) event, organised in the Finnish Science Centre Heureka in 18.-

20.9.2015. It invited science curious designers, artists, music creators and 

others to collaborate in making game projects and learning quantum science 

basics. The venue offered a possibility for staying one night between Friday 

and Saturday in the science centre, giving participants an unusual and curi-

ous way to visit the science centre. QGJ’s organised under Finnish Game Jam 

were designed as non-competitive practise that aimed to foster creativity, 

modelled after Global Game Jam in Finland (Kultima et al., 2021). In 2015, 

when the event was organised for the second time, the design constraints 

were named as Quantum rules and Citizen science (Kultima et al., 2021) 

along with Inside the quantum computer. A challenge offered by the location 

was the possibility of developing games to be presented and played using a 

full dome projector in a planetarium. The outcomes of the event were test 

played during the weekend, but due to their unusual displaying with a full 

dome projector, they were only showcased as videos in the events YouTube 

channel (Through the Quantum Gate (Heureka), 2015). 

The event started on Friday with an open-for-all introduction into the 

topic of quantum physics, aiming to help the non-scientist present to get an 

overall idea of what quantum physic game makings is, as well as bringing 

everyone closer to a starting point with developing game ideas and using 

same language. The program included for example introduction to citizen 

science project making (Theme video “Citizen Science” for the Quantum 

Game Jam 2015, 2015) and the basics of quantum physics and quantum 

computing. The event continued for pre-registered participants with a game 

ideation and pitching session with the purpose of helping the multidiscipli-

nary team formation by offering everyone a chance to pick between several 

interesting projects. The pitching was followed by a small mingling event 

where participants discussed and formed their teams. 

While the teams had a freedom to choose the combination of developers 

themselves, advice was given on the good practises of forming a game devel-

opment team according to roles and people were encouraged to engage in 

multidisciplinary team formation. Every team was named with one advisor 

particularly experienced in quantum physics, to further help aligning game 

design ideas with quantum physics science information. During the Friday 

evening a late-night snack was offered by the organisers, accompanied by 

freeform mingling and discussions with both the other participants as well as 

the location organisers from the Science centre. Every participant was ex-

pected to bring their own equipment for game developing needs, such as 

computers and microphones, but the facility offered tables, cables and equip-

ment for traditional sketching and drawing.  
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4.1.1 Design and Practise 

 

The game making practise I worked with was based around an idea that I 

pitched myself, called originally “Quantum Alice” or “Alice in Quantum 

land.” In the project I took the role of storyteller, voice actor as a 3D modeller 

and animator of the main character. Other team members were:  

• Ina Pylkkö and Varpu Rantala as the 2D artists  

• Sampo Savolainen as a sound designer,  

• Annika Alhonkankare and Marko Kärkelä as programmers,  

• Teemu Kivikangas as a designer, who also modelled the pocket 

watch, and  

• Teiko Heinosaari and Elsi Laine as physicists helping with the as-

pects of quantum physics.  

 

Through the Quantum gate pitch was based on the idea of a Quantum coin 

toss and how quantum operations differ from classical computational opera-

tions. The idea of the quantum logic gates felt interesting and worth gamify-

ing, because of their reversible nature set them apart from classical gates. Our 

team set out to create storytelling and game mechanics around these opera-

tions in a quantum computer. 

 

 

Figure 10. In the original pitch, Through the Quantum Gate was based on the 

idea of Alice falling through a rabbit hole. 
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Lewis Carroll’s classic tale of Alice falling through a rabbit’s hole to Won-

derland was one of the first ideas that came to my mind when thinking of 

ideas for the game, depicted in Figure 10. Carroll describes the tunnel leading 

to Wonderland as an unusual experience, both in how physics seem to work 

in it and what you would expect to see in a rabbit’s hole (Carroll, 1865, p.3-

4). The unusual ideas described by Carroll felt like a good metaphor to the 

difference between classic computing and quantum computing, as the latter 

was described time and again as strange or unusual. 

Planetarium screenings were offered as part of the event to exemplify the 

final platform, giving a very concrete feeling of the feeling of traveling for-

ward. Moving automatically forward would create an interesting feeling and 

immersion. We used this idea in our game to simulate “falling down” into a 

rabbit hole by making the player stay still as the walls of the rabbit hole 

moved. In the original concept I had developed an idea of moving through 

gates, as quantum gates had been described to us in the beginning seminar 

as an important part of quantum computing. This idea was then further de-

veloped with the help of the design team, particularly with the help of the 

quantum physicist in our team. With added quantum physics aspect, game 

character Alice became a metaphor for an electron or qubit in a quantum 

computer circuit, that is passing through quantum gates. This was the begin-

ning of designing the gameplay and core loop for the game. For Alice to get 

through the forever looping, dizzying tunnel, she needed to perform a fall 

through a certain set of gates we decided, effectively creating the right func-

tion. 

Game design was not finalised this easily however, because we ran into a 

problem in the game logic. Combining game mechanics with logical analogy 

of how quantum gates work in a quantum computers circuit was hard to 

agree upon between the quantum scientist and game designers and required 

a lot of time and planning. In the end it had to be simplified drastically so 

that everyone in the design team could agree with the logical outcome. Find-

ing the common denominators between falling deeper into rabbit hole 

through glowing loops and creating a function by passing through a certain 

sequence of quantum gates to create a circuit was challenging to the team.  

The problem was that falling through loops alone didn’t logically differ 

from classical computing. To point out the quantum nature of the gates in 

our rabbit hole, a concept of reversibility needed to include somehow in the 

functionality, which required another iteration into the game design.  
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To differentiate logic gate operations from quantum logic gate operations 

in the next iteration the player was asked to press X to close Alice’s eyes when 

passing through a gate. Pressing one button was not a very effective way to 

explain some of the core phenomenal qualities of quantum computing to the 

player, but it had to be considered as the minimum viable solution into set-

ting quantum computing apart from classical computing, as time was run-

ning out for our programmer to get everything fixed together and exported 

to the final presentation platform. 

 

The final presentation technology offered an opportunity but also posed a 

challenge. Because the game outcome was meant to be presented and played 

with a projector developed for planetarium screen, the possibilities of testing 

the final look and feel of the game were limited. Most of the time the game 

had to be viewed through our programmer’s laptop screen (Figure 11.), which 

meant that none of the team members had a full visual understanding of what 

the game would look and feel like once it was ready. This felt particularly 

challenging to me as I was unable to verify aspects of aesthetic composition, 

such as final colour output, final light and shadow levels and amount of neg-

ative space needed for comfortable viewing. In order to overcome the poten-

tial challenge of final aesthetics, I decided to add more visibility to the gate 

textures, to make them pop out enough. 

One more development difficulty was related to ergonomics and user ex-

perience. The planetarium where the game was planned to be played in the 

Figure 11. Player view of the game on computer screen, fitted for spherical 

projection. 
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final screening had reclined seating to help the audience rest their heads 

while looking at the half dome above. For all participants of the event this 

setting required an entirely new way of considering the ergonomics for gam-

ing experience. Usually, games are played in a comfortable sitting or standing 

position, enabling the use of game controllers in the normal limits of visual 

field and a neutral eye angle on screen. In the case of the planetarium how-

ever, rolling the head back to rest increased the angle between controller and 

eyes beyond the normal limit of visual field, resulting in a slower hand-eye 

coordination and cognitive discomfort.  

Since testing for the games was limited to one testing session per game 

before final presentations, the design for playability and user interface was 

left to minimum in our project. This minimized the risk of developing a game 

that would break immersion due to user experience discomfort.  

 

4.1.2 Project Reflections 

 

Starting the visual design process while being able to refer to an existing and 

well-known narrative undoubtedly helped in why my pitch obtained some 

interest during the event and ended up being perceived as a possible game 

design idea. Alice in Wonderland was not only a well-known story, but as I 

learned during the design process, it had been referred to in other projects 

intended to develop communication around quantum physics topics too 

(Popova, 2014). Having an existing narrative helped to build an existing un-

derstanding in some way too, because the narrative itself worked as a point 

of reference and ‘language’ for concepts. It is not out of the question to con-

sider this aspect of finding common denominators in other projects too. 

Common language is difficult to find sometimes particularly for topics that 

lack concrete examples, so famous stories and fairy tales may well work to 

benefit this.  

The fastest iterations to game mechanics happened when the team was 

discussing around the original visual pitch. Visual iterations were discussed 

regarding textures and animations during the process, but there was no fur-

ther visualisation made for example in the form of wireframes or storyboard-

ing. Perhaps using some time to visualise the game flow and iterate with the 

help of the drawn wireframes could have helped also in the creation of com-

parable design ideas. 

Through making a quantum game project I was reminded that game jams 

are usually made in quite a short time, that it can feel even shorter if there is 

more demand for design work, such as with challenging topics like quantum 

computing. We ended up cutting corners in game mechanics of our game. It 

is worth asking if something could have been done to prevent this. If the 

quantum physicist in design team is not familiar with for example other gam-

ified solutions given earlier for this challenge, it is hard for a designer without 
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quantum physics knowledge to design solutions without potentially losing 

some of the key physics information.  

Even though learning new things is in the heart of a game jam, there will 

be no time to learn everything as deeply as one might hope. This means that 

forming teams that can be trusted to help each other during the development 

is imperative. Within our team our main programmer was quite new to pro-

gramming and felt uncertain about the level of challenge she had to work 

with, while the other programmer helped with other projects and had less 

time in our project. While lack of programming skills was communicated 

during the team formation, we couldn’t find someone to help more since 

there wasn’t enough programmers interested to join our game idea in the 

event. Visualisation of the game flow might have helped the programming 

task and this task could have been done between me and our game designer, 

but we both were busy with other work. Even though visualising process be-

forehand might not provide more workforce to the actual code writing, it 

could help the overall task planning when the logical structure visualised. 

Perhaps the programmers could also communicate their plans with each 

other. Building a good team spirit is important from early on, so it might be 

advisable to, for example, do team building exercises in the beginning and 

make plans together of how everyone intends to spend their time during the 

event.  

Taking modern technology into use is exciting but it hardly ever comes 

with a keys-to-hand service unless this kind of service is provided by the or-

ganisers. Exporting our project to the projector screen was one of the time-

consuming parts that felt pointless. If recent technology is something that the 

team wants to include in their project, it would be advisable to have one per-

son working immediately in finding out all needed details that will help ear-

lier testing. In our projects case, looking into exporting the game to be play-

able on the dome projector could have been a project key action that everyone 

could anticipate happening. 
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4.2 Quantum Cabaret  

 

Quantum Cabaret (Figure 12.) is a visual narrative game played with PC, 

where the player helps three different characters on their separate missions 

to bring a story together and into fruition. Set in a Noir style city theme, the 

player is in turn the detective, the cat burglar, and the jazz singer, all who 

have a role in the same story without knowing one another. The story unfolds 

through different environments where the characters visit and can only ad-

vance when the player successfully optimizes the wave function simulation 

displayed on the screen. Successful attempts lead the story forward through 

a colourful groovy adventure and finally reveal who gets their hands first on 

the fabled Quantum Diamond, the main goal for all of the characters. The 

game uses a Quantum Black Box simulation in gameplay and offers this way 

an interesting way to familiarise with quantum computing tools. Another fun 

and quirky aspect to the game is that the jazz music in the background was a 

collaborative work with a quantum computer. 

Quantum Cabaret was created during Quantum Wheel, a three-day game 

jam event organised under Finnish Game Jam Ry (FGJ) and was organized 

in downtown Helsinki at the Allas Sea Pool location that also provided an 

access to the Helsinki SkyWheel Ferris wheel amusement ride. The event lo-

cation provided one of the design constraint, called Noise in the Wheel (Kul-

tima et al., 2021). Other constraints for this year’s event were Quantum Black 

Box (“Matteo Rossi / Quantum Black Box · GitLab,” 2019) and IBM Q expe-

rience (IBM, 2018) technologies. Faithful to the familiar Quantum game jam 

Figure 12. One of the game's main three protagonists is looking for clues in 

an apartment. Player’s ability to manipulate the wave function defines if the 

task is successful. 
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and Global Game Jam structure from the earlier years, the event began on 

Friday with presentations, followed by introductions between the organisers 

and participants and then pitching of ideas. 

After idea pitching and team formation, the development of game ideas 

started in groups. During the Game Jam some of the communication was also 

done on a Discord server, providing virtual planning rooms for teams during 

the event. Some participants stayed at the physical location at least part of 

the time that the event was running. After a month from the original event, 

we were offered another possibility of showing our game outcome to the pub-

lic, as IBM invited the developers of Quantum Wheel to Boston, USA during 

the annual American Physical Society meeting that was held there. 

   

4.2.1 Design and Practise  

 

My pitch idea (Figure 13.) was inspired particularly by the Quantum Black 

Box technology that was introduced in the beginning seminar of the event. 

The Quantum Black Box felt like a tool that could be realised easily, in the 

sense that it was introduced in the events material bank and offered with 

clear instructions on how to add into a project. My previous experience with 

creating quantum games had proven, that technology and any inexperience 

with programming might lead into considerable delays that I had no easy way 

to solve personally so I wanted to avoid designing, if possible, something that 

was very experimental.  

 

Figure 13. Original game pitch (left upper corner) and following visualisations 

to aid design process. 
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In my game idea I visualised that Quantum Black Box would work as a 

sort of a card dealer in a poker game. The inherent uncertainty of quantum 

phenomena simulated by the Quantum Black Box as a wave function would 

work like an objective game advancer while the player could still affect a little 

to the outcome. My idea was that the player would navigate through different 

times, characters, and places according to the probability distribution of the 

information in a Quantum Black Box and advance towards a crime mystery 

solution. The idea of inherent uncertainty would be visualised through these 

multiple association confirming switches and make the player emotionally 

feel like she is chasing an outcome that might be visually surprising beyond 

their assumptions as realities would mix and remix.  

I assumed that the task of getting logical visual outcomes like this would 

be difficult, if decoherence of the wave function was the ‘card dealer,’ so I 

imagined the game would become a funny but chaotic jump through time and 

space. Problem here was that there were quite little physics discussions be-

tween the team during the event, so after the initial sketches done, I was not 

part of the active game design anymore but concentrated into other tasks that 

needed taking care of. My inspirations for the style of the game therefor were 

colour music or art made with colour organs, Disney’s golden age artistic an-

imation experiments with form and colour, such as done by Mary Blair and 

Silent Age, a 2012 side scrolling mobile game by an indie studio House on 

Fire. Music was an equally important part of the design, as I felt that added 

jazz music in the game outcome would further ease the acceptance of impro-

visational feel.  

 The game idea was carried into production with the help of a team with 

various skills. Our team consisted of the following people and skills:  

• Lassi Vapaakallio as a Game Designer,  

• Elie Abraham as Music Composer,  

• Olli Harjola as Music Composer,  

• Nadiia Honcharuk as a Graphics Artist,  

• Myself as Music composer, Graphics artist and game designer,  

• Roxanne Brooke as Game Designer, Graphics artist and narrative 

designer and  

• Henri Niva as Unity Programmer 

  

The idea of jazz music and colourful theme (Figure 14.) were the most no-

table similarities that stayed in the final game. A reason for adding and keep-

ing jazz music as part of the game had emerged during the beginning semi-

nar. We had been introduced into some of IBM’s online tools, where Quan-

tum Toy Piano simulation was mentioned by James Wootton from IBM. As 

a jazz musician the idea of being able to try making jazz music with the help 

of a quantum computer simulation felt interesting to me as part of the game 
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idea. My own experience with jazz music improvisation on stage often fol-

lowed certain rules but was also unexpected, inspired by various things.  

 

I finished my own part in the project by adding in a jazz improvisation by 

singing. The background music for the game was finalised by Elie Abraham 

and Olli Harjola, who used the clarinet tune and singing for further arrange-

ment. Upon inquiring and verified by James Wootton, to our knowledge on 

Sunday 17th of February 2019, when the games were presented, Quantum 

Cabaret Solo was the first jazz arrangement made with A Quantum Toy Pi-

ano that had been recorded with real instruments and played to the audience.  

Figure 15. Composing and arranging a sheet music notation in collaboration 

with quantum toy piano 

Figure 14. Background art and logo for Quantum Cabaret game. Art by: Na-

diia Honcharuk 
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Even though I took active part in the overall design of the game, creating 

some art, helping with the visual style, and participating in the early game 

mechanics design, most of my time was spent with the Quantum Toy Piano 

workflow. What was particularly challenging was that to get the song itself 

into a form where it could be read in notation. One program was needed to 

run the python script provided by the Quantum Toy Piano project, another 

one to build the arrangement into a sheet music (Figure 15.) and third one to 

transpose the song, before the song could be played and recorded with a live 

instrument. Since I was unfamiliar with working with python, I was unable 

to figure out the initial setup to start working. It took a considerable amount 

of time before a physicist was able to help me out, but my problems did not 

end there. Working on my own laptop that was quite old, I ended up in a cycle 

of updates and program errors I could not troubleshoot. Since the premises 

did not also offer a recording studio setting, I had to travel back home to work 

on my home computer and record my clarinet which required a somewhat 

noise free environment to sound acceptable. This took a lot of time, greatly 

lowered my mood, and made me feel like I had not been able to contribute as 

much as I hoped into the project.  

A challenge more central to the game design was how to best translate the 

use of Quantum Black Box simulation into that of our chosen game type, 

which had been chosen as a visual novel. We wanted to make a coherent 

storyline that had a beginning and an ending but had to also plan how to 

make the player understand that the rules of quantum mechanics were at 

play through the Quantum Black Box simulation and could change the out-

comes of the game. It was demanding to come into a mutual understanding 

regarding uncertainty as a key element of the story. From my own perspec-

tive, I was unable to put enough time for visualising and explaining my orig-

inal ideas due to the earlier mentioned technical challenges. Finally, we de-

cided to separate the game mechanics and story into two phases where story 

would continue as a reward for the players interactions with optimizing the 

wave function simulation. Direct gratification was not a very sleek solution, 

but it worked well to make the game playable. 

 

4.2.2 Project Reflections  

 

Idea pitching is a part of a game jam practise where every participant is en-

couraged to produce ideas inspired the themes and constraints of the event 

and then personally introduce others into the idea in a noticeably short ‘ele-

vator pitch’ style. This is timed short, because even though it can be stressful 

for many, pitching becomes easily lengthy and wordy, effectively robbing 

time from the team formation and actual development. While ideas are ex-

tremely interesting to hear, this part of the development feels particularly 

difficult when multidisciplinary teams are pitching. Good pitching is an 
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important skill in the game design career, but I would question myself it’s 

worth in an event where stress and urgency are very present in the beginning. 

Similarly to previous experience of making quantum games, playing to 

strengths became an apparent strategy, as time was of the essence in the 

game making. Even though having multiple people working on same roles in 

our team might have felt first excessive, we ended up needing all team mem-

bers help during the weekend. In the end I was not the only one who was not 

able to stay at the premises all the time, as other team members too were 

absent from our project at times. There was no quantum physicist role filled 

for our team during the jam and perhaps due to their own interest and being 

needed by the other projects of the event, our team was left quite short-

handed in the help regarding this. Questions such as what ways quantum 

physics information would be visualised effectively was left to the non-quan-

tum scientist roles to decide. Perhaps because of this, more sketches of the 

visual design were made together, and more options were discussed. For ex-

ample, we briefly discussed the possibility of including the theme of ‘noise in 

the wheel’ into our existing theme, but it was noticed through the visualisa-

tion that the game would change very much, and we would be short on time.  

The team communication worked well when everyone was present, but 

this was hardly possible most of the time during the weekend. The more our 

team had to rely on communication through Discord, the more there was a 

chance that not all people saw the messages timely, and we were not able to 

make solid fast decisions through Discord. Our team communicated quite 

little during the event by using Discord and we did not plan for collective 

meetings to take place. There was a moment during the weekend when most 

of the team was sitting in the Ferris wheel and we had a team meeting in 

person, talking about the game. Personally, I felt like I understood other peo-

ple’s thinking more when there was a chance to talk leisurely about the design 

outcome. These kinds of team building moments, even without any note tak-

ing tools, are important to build on visions through discussions 

Choosing tools according to team members strengths worked well in our 

projects case because almost everyone was able to work on their own while 

also working together. Clarinet might not be the first tool for many to include 

in making music for a quick paced digital game project but compared to the 

many technical problems I personally had to deal with during the event, a 

traditional instrument was fast and dependable. I have seen people use many 

traditional materials for making game content in other game jams, such as 

acoustic guitar music and playdoh photo animation. What might have been 

an aspect that would enhance the collaboration and ideas would have been 

to bring the clarinet to the premises and play a little so that everyone would 

have heard it already before the music was added to the game. Perhaps visual 

and written discourse can be enhanced too, with introducing music as a key 

development tool.  
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The problem with effectively use the Quantum Black Box simulation was 

that regardless of looking for more detailed information, it was not actually 

given in the level that would make a non-physicist be able to bootstrap them-

selves into the concept. In Quantum Cabaret it was interesting to see the 

Quantum Black Box mechanics as part of our game mechanics, but it is 

doubtful that all team members, myself included, understood how exactly 

this tool works and is used in the game play. Quantum Black Box logic was 

simply too difficult for everyone to form a coherent idea around which made 

it challenging to design for a human centred user experience. By default, the 

idea of a black box felt like something was happening behind a closed door, 

but what exactly was its significance was left unexplained. For this reason 

there was no description of Quantum Black Box logic in the project outcome, 

which meant that the player could only understand the game logic if there 

was someone describing it or if they were experienced enough to recognize 

Quantum Black Box as a logical part of the game. We wanted to create an 

engaging story with the gameplay, but the lack of being able to show how 

quantum physics was part of it, both in music and in game logic, resulted in 

a not very well understood game. Other means could have also been used to 

aid communication with the audience, such as pinpointing more clearly what 

the gameplay goal itself was.  

 

4.3 Quantum Explorations Exhibition (QuEx) 
 

 

In 2019 I started working at Aalto University to help in the design, visualisa-

tion and creation of an exhibition aiming to introduce and showcase quan-

tum technology, the history of Quantum physics and the research of 

Figure 16. The opening event of Quantum Explorations exhibition in Dipoli 

gallery space with guests and speakers. 
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phenomena based on quantum mechanics. Quantum Explorations (QuEx) 

exhibition’s goal was to offer windows into the current state of Quantum 

technologies, through tangible technology examples and visualisations. As a 

physical exhibition, the project itself had many tasks from designing the flow 

of information to collecting and assembling information in the most under-

standable way, but perhaps the most important aspect to this project was the 

creation of five key quantum phenomena visualisations that formed a con-

nection point between all the other exhibition parts into the basic concepts 

of quantum physics. The visualisations of superposition, tunnelling, super-

conductivity, entanglement, and measurement took a considerable part of 

the whole exhibition design and formed the baseline for many other visuali-

sations that were seen in the exhibition. The central stage in these phenom-

ena descriptions was the design of a quantum character, or quanta, that took 

the role of the actor on stage to deliver the key ideas behind the five quantum 

phenomena.  

In addition to looking at the current state of quantum technology, the ex-

hibition aimed to give an overview of quantum mechanics to audiences that 

have little or no previous understanding of it. A third aim of the exhibition 

was to help to lower the barrier of multidisciplinary collaboration interests 

and encourage curiosity, by displaying playful quantum game examples. 

QuEx exhibition was open for public between 16.10.-15.11.2019, but plan-

ning, organising, building, and dismantling it took altogether about 5 months 

to complete. My task in the project was to help in the visual and experience 

design of the exhibition, including the communication between the exhibi-

tion organisers and companies providing content for the exhibition and cre-

ating the visual style guide for the information to be displayed at the exhibi-

tion.  

The main contributors for creating the Quantum Explorations exhibition 

were the National Centre of Excellence for Quantum Technology Finland 

and the Aalto Centre for Quantum Engineering. The exhibiting organisa-

tions included Aalto University, The Technical Research Centre of Finland 

VTT, University of Turku, Bluefors Oy, IQM Finland Oy and IBM Europe. 

The Exhibition was funded by Aalto Centre for Quantum Engineering and 

Dipoli Gallery where it was physically presented and put together by collab-

orative work of Aalto University and University of Turku.  
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4.3.1 Flow of Information in Physical Space 

 

From visitor’s point of view the exhibition was planned to start with infor-

mation regarding the history and future of quantum technology, followed by 

examples and displays of the current state of quantum technology and infor-

mation regarding it. After familiarising oneself with tangible technology and 

information visualisations displayed, the visitor could continue to learn in-

formation on the central concepts of quantum mechanics, and the phenom-

ena quantum mechanics deals with through a more playful information dis-

play, including visual art, interactive art, and games on different platforms. 

The technology, experiments and samples in the displays were curated to 

fit the exhibition in a manner that supported learning different concepts in 

different physical areas of the exhibition and moving deeper into the exhibi-

tion’s topics little by little. For example, after getting an overall idea of the 

timeline of quantum technologies, the visitor could then familiarise with the 

current technology, for example by studying a quantum computer cooling 

system cryostat in the exhibition. The eye-catching chandelier-like cryostat 

anchored the visitor into the human size quantum technology world, but also 

directed one’s interest towards the smaller technology, such as quantum 

computer microchips that followed next in the exhibition.  

 

Figure 17. Early design on the flow of information in physical space. The pink 

dots signify the placement of quantum phenomena. These were later col-

lected to one spot. 
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Some of the central challenges in putting together the exhibition was to 

figure out how to anchor the visitor into the tangible physical world while at 

the same time taking them deep into the subatomic scale of things where cer-

tain aspects of the world may function differently and are explained with the 

help of mathematics. Building a path of storytelling had to be included in 

such a way that regardless of the visitor’s previous knowledge or experience, 

they would be able to follow the exhibition through without feelings of dis-

comfort for not understanding.  

  

4.3.2 Visualizing the Quantum Phenomena   

 

Since the aim of the exhibition was to provide information to both scientists 

and non-scientists, during the design phase of the exhibition it was important 

to find a communication style that supported ease of usability without losing 

scientific information. A key design decision regarding the exhibition was to 

use a visual language that was playful and easy to approach but which had 

enough flexibility to be able to communicate the important technical and 

Figure 19. An overall view to the Quantum Explorations Exhibition from the 

direction of the Dipoli main hallway. 

 

Figure 18. “The Black Box” room with quantum games experiences. 
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scientific information it presented. The design was approached from a strictly 

design outcome aspect in that sense and audience’s interest to approach the 

exhibition was seen as the most important aspect to it. We settled a struc-

tured meeting schedule where we discussed the visual designs, first from a 

general point of view but moving little by little towards more precise details.  

 

During our design teams meetings, it was concluded that the topic of 

‘Quantum’ on its own could awaken feelings of confusion for those not ab-

sorbed in it particularly well. One of the important aspects of the exhibition 

being quantum games and the aspect of multidisciplinary communication, 

we decided it would be natural to implement the theme of action and story-

telling into the exhibition itself. Instead of confusion and doubt of under-

standing, we would encourage feeling of adventure, curiosity, and awe as pos-

itive key elements for the audience of the exhibition. If the audience could 

visit the exhibition with elevated feeling of adventure and awe, they might 

also kindle an interest to learn more on their own time. The name of the ex-

hibition, Quantum Explorations, was chosen through this design paradigm.  

 

Figure 20. Very first sketches done to help the brainstorming of visual ideas. 

Many of these were "first impression" ideas that were not connected to sci-

entific information yet. 
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Another early-stage decision made on the exhibition was to use modular 

and reusable parts in creating the contents as it would considerably lengthen 

the lifecycle of the exhibition and enable easy storage. All parts were therefor 

created into one size foam boards of the size 350 x 350 mm. In the final ex-

hibition however a couple of the boards had to be scaled separately into a 

larger size as they displayed art created separately from the exhibition. For 

the most part, the exhibition’s information and illustration needs were met 

with uniform square pieces, that could also be associated thematically with a 

‘black box,’ a term familiar from quantum physics and ‘Square pixel,’ a term 

familiar to computer graphics.  

 

The design of the boards was based on black background colour, further 

enhancing the association to the theme of an adventure in an old retro game 

or through star dotted outer space. On the black square foam boards the de-

signs were planned according to a five-colour palette theme. Matching the 

number of main quantum phenomena themes, five colours were chosen into 

an aesthetically pleasing combination through a process of choosing key col-

ours from well-known retro games and adjusting them. In addition to asso-

ciating the colours with quantum phenomena, they were also used in all the 

Figure 22. Sticker layouts depicting scientists and phenomena were also 

made into the square pixel layout. 

Figure 21. Sketching ideas of double slit experiment and the particle-wave.  
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designs visible in the exhibition, enhancing a continuous flow of information 

including roll-ups, stickers (Figure 22.) and online advertisement as well.  

 

 

Figure 23. Visual style guide layout with square boards, key colours, form 

language and fonts. 
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The visual language of the art assets was designed on one hand to mirror 

associations to retro game characters and comics, but also to quantum phe-

nomena with soft, wavy abstract patterns and point-like details as depicted 

in Figure 24. We hoped that a certain level of abstraction familiar to vector 

art would convey the idea of mathematics as a valuable tool for understand-

ing quantum mechanics. This design principle was also seen in one of the 

main character designs of the exhibition, called Quantum particle character. 

The particle character was one of the most important assets of the exhibition, 

because through this character many of the fundamental theories were con-

ceptualized into practical ideas. 

 

4.3.3 Quantum Particle Character and Five Key Concept Designs 

 

The design process for the quantum particle character was particularly im-

portant for the exhibition because it was the main visual symbol asset that 

explained some of the challenging phenomena of quantum physics through 

visual discourse. Thematically, the quantum particle character wasn’t meant 

to imply any precise form or personality (Figure 25.) but rather a non-mate-

riality and to inspire ideas of size, capabilities, and functionalities present in 

the subatomic scale of things.  

Figure 24. All art assets used in the exhibition on one art board before recol-

ouring. 
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The character had to be designed to portray concepts such as being exceed-

ingly small, being a separate unit from other similar or different units and 

having abilities unique from anything seen in Newtonian physics, such as be-

ing both wave and particle, or being bonded through entanglement. Partly 

because I had heard quantum phenomena so often described in various oc-

casions as ‘spooky’, I decided to name some of my sketches (Figure 26. A very 

early sketch of quantum particle that could express wave-particle duality and 

was called ‘Spooky’.) of the character with this name. As it happens, the final 

character (Figure 27.)  developed from this particular idea.  

 

 

Giving resonating visual metaphors to abstract concepts is one of the most 

challenging and rewarding tasks in designing user-centred contents, which 

meant spending quite a while on the drawing table with character design. My 

underlining idea was that if we tied the five quantum phenomena into a 

Figure 26. A very early sketch of quantum particle that could express wave-

particle duality and was called ‘Spooky’. 

Figure 25. Early ideas of a quanta character were much more human-like, 

but these were soon discarded as too specific in features. 
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personality of a character, it could help in understanding these phenomena 

as part of a physically very real, albeit extremely small, world. From another 

angle, adding a personality into an otherwise difficult concept made it easy 

and playful to approach, and encouraged the visitors ask questions first about 

a concrete character and secondly about abstract phenomena.  

 

Quantum particle character became the main information tool to five 

quantum phenomena that were described in text and visualisations in the 

exhibition. The descriptions of these phenomena, namely superposition, su-

perconductivity, tunnelling, entanglement, and measurement, aimed to re-

semble concrete ideas of what these phenomena could look, if there existed a 

way to look at them directly, with naked eye or a camera. The main problem 

with visualising quantum phenomena, as explained by Stephen Hawking 

(2009) is that every attempt at looking directly at the particle is impossible, 

because even a short ‘glimpse’ at the tiny event means that at least the small-

est amount of light must be shined on it. The smallest possible amount of 

light is the amount of one quantum. (Hawking, 2009, p.57)  

As we have no means of knowing exactly what a quantum particle in action 

looks like, the aesthetics of the particle character needed to communicate this 

uncertainty: a smeared state of position and velocity, a quantum state that is 

both particle and a wave (Hawking, 2009, p.57-58). Understanding that the 

quantum theory itself dictates we cannot know what this particle may look 

like means that regardless of what it is designed into, the outcome is fictious 

and highly speculative. Understanding this it only made sense to me that vis-

ualising quantum phenomena on this level would always be a tool of inspira-

tion, not scientific accuracy. As a result, to give this character a personality 

and a face was my way of dressing the invisible into human clothes.  

Figure 27. Final character design for Quantum particle, also called as 

Spooky. 
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In the description of the phenomena the character was designed in various 

action shots, depending on the written and discussed information descrip-

tion the physicists of our design team gave me. This was challenging, because 

even though the character design on its own defined a certain metaphorical 

level into the visualisations and offered freedom of expression, the key infor-

mation still needed to stay simple, as also pointed out by Koponen and Hil-

dén (2020) in regards to information visualisation (Koponen and Hildén, 

2020). Disturbing narratives and background details had to be mostly left 

out and instead visualise the particles actions as its innate motivation to an 

imaginary, but believable situation.  

Figure 29. Sketching entanglement by imagining how a scientist could detect 

it, with fictive machinery. 

Figure 28. Same elements are still visible in later Entanglement sketch, 

changes have happened in visualising the distance. 
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To build a feeling of motivation into still images, I followed the principles 

of how Ed Hooks (Hooks, 2011, p.18-19) describes theatrical reality and the 

importance of action to be visible in every moment that is exposed to the 

audience. Since still exhibition images would only show one frame action, 

within this one frame I visualised action, objective, and obstacle concepts, 

and froze the scene of the phenomena in the point that underlines these 

factors.  

 

In these actions shots entangled particles connect across space Image, 

tunnelling particle pushes through an obstacle, Cooper pair particles obtain 

fast speed superconductivity, a particle in superposition travels as both par-

ticle and wave and finally, a particle observed collapses from a plethora of 

potentials into one. 

Figure 30. The concept of Entanglement explained in visual and textual form 

Figure 31. Superconductivity visualised with description on the other side.  
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Figure 34. Superposition visualised. 

Figure 33. Tunnelling visualised. 

Figure 32. Measurement visualised. 
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The visualisations were placed into a suspended circular presentation in 

the middle of the exhibition area to give the visitors space to walk around 

them and flip between information and comic-style visualisations. This way 

the visitor could choose whether to simply look at pictures and ask question 

like “Why does it do that?” or read the backside to learn how a physicist would 

explain the phenomenon. 

The characters potential was seen as an informative visual asset, and it 

was later used in other visualisation projects and presentations that followed 

QuEx exhibition. All QuEx visual assets were collected into an asset package 

for later use in different projects. Assets were created in two styles, the orig-

inal look that they were made for the needs of the exhibition and in a reduced 

duotone palette that would fit better more formal use if needed. 

 

4.3.4 Reflections and Feedback 

 

From all the playful quantum visualisation project examples described in this 

thesis, QuEx exhibition was perhaps one of the most interesting because of 

its clear goals and how goals of outcomes were taken into consideration dur-

ing the project. In QuEx user experience was considered as a crucial aspect 

of the outcome of well-presented information and therefor user experience 

design was given time in design phase. It takes time to design the exhibition 

structures and flow of information, but also how to address conceptually 

challenging topics. Even though building an exhibition was different and 

much more tangible than creating digital game outcomes, the fact that quan-

tum information needed to be understandable unified this project into the 

earlier ones.  

Design aspects were seen in the visible space. The exhibition aimed to pre-

sent all information within limitations of word count per topic and contained 

in symmetrical foam boards, but at times the exhibition could have benefitted 

of extra information and bootstrapping regarding anchoring the visitor bet-

ter into the exhibition. Symmetrical information and visualisation can be-

come repetitive quickly to the human mind, so for example visualisation of 

information flow on tapings on the floor and on walls might have broken the 

form in a positive way and maybe made information more accessible. In the 

end we would have needed at least one more week to do minor changes into 

how artefacts and information was presented. During the design phase of the 

exhibition, I considered creating a virtual reality space out of the exhibition 

design ideas that would have moved some of the design work into digital form 

and thus made it faster. However, as there was no clear other use indicated 

for a virtual space, the time spent creating this with enough visual detail to 

benefit aesthetic design making would have not fitted in the timetable.  

Some of the experienced bottlenecks for the audience were the transitions 

between different information topics, such as comprehending the size of the 

quantum events compared to visible world and what subatomic size means 
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in terms of distances. Anchoring this information into real life examples, 

such as comparing visible objects and distances to one another might have 

proven a helpful tool for audiences previously unfamiliar with quantum 

physics. Other helpful ways to anchor information better, such as presented 

in Table 1 could be for example visualising how long time something takes, 

or what would be equally demanding if it was done using different methods. 

 

Table 1: Examples and helpful comparisons that could aid in a better design 

of information flow in QuEx exhibition. 

Topic in the exhibition Helpful comparison 

History of Quantum technology What else happened in the world or 

Europe at this time? 

Future of Quantum technology What other technology is currently in a 

rapidly developing phase and expected 

to change?  

Difference between normal and quan-

tum computer. Environmental impli-

cations.  

Information visualised of how time 

and energy consuming some calcula-

tive tasks are 

Subatomic phenomena, electrons, and 

the uncertainty principle 

Comparison to solar system and what 

would it look like in planetary scale. 

What would it look like for the visitor 

to be this small? 

Connecting Quantum and Games  Explaining why art is useful for science 

with transdisciplinary example pro-

jects 

Quantum computing and Qiskit  Visualisation of new problems and 

questions a developer must ask com-

pared to traditional programming 

questions 

 

Finding levels of abstraction that supports learning for different kinds of 

audiences can be challenging, as something that is well established to some 

of the campus area audiences might be entirely new to others. Data visuali-

sation was used in some of the foam boards, especially when explaining some 

of the exhibitions demo kits and samples with the help of diagrammatic il-

lustration and pictograms, but since a large part of the exhibition dealt with 

topics that were impossible to photograph or directly observe, the im-

portance of artistic rendering became quite central for topics such as the five 

quantum phenomena.  

Since artistic illustration is highly speculative form of information visual-

isation, the exhibition might have benefitted of underlining more the reasons 

why illustrations and storytelling were strongly used instead of for example 

infographics and how it further connected into the use of arts as part of sci-

ence understanding. As pointed out in Data visualization handbook by Kopo-

nen and Hildén (2020) regarding the ethics of information visualisation, 
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since the audience has no way of knowing the difference between real and 

invented details, visuals needs to be clear on fictious material (Koponen and 

Hildén, 2020). Creating a clearer visible statement for the playfulness of the 

exhibition and what it means could have worked well to be displayed in a well 

observable spot in the exhibition.  

As a final learning from the exhibition, many of the visitors were inter-

ested to discuss with scientists and designers both while looking at the exhi-

bition items or interacting with the games. We were not always able to pro-

vide the audience with answers to their questions if the right experts were not 

present from our team, such as quantum scientists. We had physicists in our 

team, helping with the design of the exhibition but they were only limitedly 

present at the exhibition while the audience would have benefitted of discus-

sions with them. Many visitors were interested to also learn about the quan-

tum physics studies in general, outside the topics discussed in the exhibition, 

so it would have been beneficial to have physicists more present at the exhi-

bition, perhaps on beforehand informed days and times, so that visitors could 

have planned their visit better. Some questions could have perhaps been an-

swered through a pre-recorded discussion between the scientist and the de-

signer around a visualisation of a quantum phenomenon.  

 

4.4 Ludic Quantum Project 
 

 
Figure 35. Quantum Games course website banner depicting particle-waves. 

 

With an aim to facilitate multidisciplinary game development within the 

arts and science student community in Aalto University, the Ludic Quantum 

Project was part of a piloted course, Quantum Games Course, during which 

students could learn the very basics of game development and quantum 

physics through combining the learning outcomes of both topics. Eight key 

concepts, four of game design and four of quantum phenomena were created 

and fitted into Playable Concepts format and used as a supplementary mate-

rial for student learning on the course website. The outcomes games of Ludic 

Quantum Project we aimed to be useful especially in the beginning of stu-

dents learning journey, so that the course participants could study the topics 

of both quantum physics and game making briefly before starting the devel-

opment of their actual course work games in multidisciplinary groups. Dur-

ing the course, the students were also offered lectures on the key topics of the 

course, so the material on website was supplementary to the teaching, too.  
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Aalto Quantum games course was organised first time as a pilot by Ludic 

Quantum Project (LudicQ) and Aalto Quantum Play (AQP) project in 2020. 

LudiQ was funded by Aalto Online learning pilot funding and AQP by the 

Centre for Quantum Engineering. Ludic Quantum Project organising team 

consisted of three people: 

• Dr. Annakaisa Kultima as the project lead  

• Teemu Kokkonen as a project associate and content creator for 

four playable concept games 

• Me as a project associate and content creator for eight playable 

concept games, website graphics (Figure 35, Figure 36 and Figure 

37.) and quantum phenomena texts associated with respective 

games.  

 

The same team also took part in organising the running program during 

the Quantum games course. 

One of the main tools of exploring the topics of quantum physics and mak-

ing games was the use of another project outcome, called Playable Concepts, 

that was running parallel to the Ludic Quantum Project. Playable Concepts, 

created by Annakaisa Kultima, Christina Lassheikki and Solip Park, studied 

the effectiveness of learning better, when a topic could be learned with the 

help of tiny playable embedded games along with written text. Quantum 

physics being an intriguing, but infamously complex topic to learn, it was 

seen that combining playable concepts methodology with Ludic Quantum 

Project outcomes might benefit the wider goals of Quantum Games Course 

students learning.  

The course started with an opening seminar with speakers from both art 

and science departments along with experts from the industries outside uni-

versity. The guest lecturers and other contributors included in the opening 

seminar and during the course were  

• James Wootton, a researcher of Quantum Technologies in IBM 

Zurich,  

• Perttu Hämäläinen, Assistant Professor at Aalto University,  

• Jaakko Kemppainen, Regional Artist of Art Promotion Centre Fin-

land,  

• Sami Hakala, Producer at Remedy Entertainment,  

• Teppo Seesto, Solution Architect at IBM Nordic and IBM Q Ambas-

sador Finland,  

• Jasmin Dahncke, Senior UX Designer at Mainframe Industries,  

• Dr. Jan Goetz, CEO at IQM,  

• Jaana Vapaavuori, Assistant Professor at Aalto University,  

• Elisa Mekler, Assistant Professor at Aalto University, 
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• Emmi Pouta, Doctoral Candidate of Mobile Cloud Computing at 

the Department of Design in Aalto University and 

• Fredrik Brange, Postdoctoral Researcher at Aalto University.  

 

Furthermore, other experts included in the design and execution of the web-

site material, such as advising were  

• Ingela Waismaa from Bluefors,  

• Tomi Kauppinen from Aalto Online Learning,  

• Markus Ahola from Aalto Research Platform,  

• Tiina Saivo from Aalto ARTS,  

• Pirjo Kääriäinen from Aalto ARTS,  

• Samuli Jääskeläinen and Miranda Nordico from Varjo and  

• Silvia Cotroneo MSc.  

 

The wider goal of the project aimed to broaden the perspective of how art 

and science could communicate through various mediums of expression, 

through the creation and accessibility of eight playable concepts and through 

offering curated teaching of games and quantum physics during the course. 

Speakers were invited to talk about their own expertise, but also to discuss 

examples of collaboration done between art and science paradigm to remove 

siloed belief of multidisciplinary practises.  

 

The beginning of the course was met with an unfortunate parallel with the 

first wave of Covid-19 pandemic, forcing the teaching after the beginning 

seminar to be changed into fully online format. Bearing in mind that remote 

studying methods were still quite unknown to most people, this could be con-

sidered as a setback and may have affected many parts of the execution of 

game making. While offering the possibility of remote work, Quantum game 

jam events earlier had been predominantly in-person events where teams 

could interact with each other quite freely to learn and teach their expertise. 

Figure 36. The Quantum Games course logo 
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As the first Aalto Quantum Games course became fully remote course in the 

curriculum, both teachers and students had to adapt remarkably.  

 

Aside from the design and visualisation of the quantum games, the design 

for the course included website visualisations, course logo and prototyping 

visuals to be used in a virtual reality game. Some visualisation work and game 

design were also needed when LudiQ team and the Playable Concepts team 

created an example game in a short game jam event to be added to the Quan-

tum Games Course website. This game, called Beach buddy diet, aimed to 

offer an example into making games using game design and quantum com-

puting tools and to get an overall understanding of all the materials the stu-

dents would need to also create aside from the game, such as banners for the 

website showcasing. Another part of creating the playful quantum teaching 

material was the creation of a virtual reality game Finding Quanta, designed 

by Annakaisa Kultima and executed largely by Miranda Nordico from Varjo, 

with some visual assets done by myself. 

 

4.4.1 Gamifying the Four Key Quantum Concepts  

 

The Quantum Games course introduced students into eight key concepts of 

which four were game design and four quantum mechanics related. Playing 

these games was aimed to offer a new perspective into how the concepts from 

quantum mechanics, namely the phenomena of quantum tunnelling, quan-

tum entanglement, superposition and superconductivity had also been intro-

duced as part of the QuEx exhibition in the earlier year, excluding the fifth 

concept called Measurement.  

All the games were developed with simple game mechanics that could be 

played with one finger clicks on mouse or dragging the mouse with one but-

ton pressed. This was done so that the cognitive jump between reading a text 

and interacting with a game nested into it would stay as small as possible and 

even those less familiar with gaming would feel comfortable in trying the 

gamified content. Only one of the games, Superposition, had a four-way 

movement enabled while the other games had a limited player control on up-

down movement. The idea in choosing these movement patterns was to give 

the player enough feeling of control and participation, but to also make the 

player observe the causality their actions had in the games.  

Figure 37. Banner design for use in the web and other possible visualisations. 



66 

 

 

 

 

 

In Quantum Tunnelling depicted in Figure 38, the player could only 

choose a starting point with limited estimation of the outcome. Estimating 

the best probable outcome was difficult and the player was meant to end up 

testing different solutions and observe. The most important takeaway of this 

playful concept game was to demonstrate the uncertainty principle described 

in the text and how it led to a chance for a particle to tunnel through a wall.  

 

Figure 38. When the particle successfully tunnels to the other side of a col-

ourful wall, the game can be replayed for new outcomes. 

Figure 39. Early ideas of how Spooky could tunnel by using its tentacles. 

Detail of the mass movement beyond obstacle. 
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After some attempts the player could most likely perceive weaknesses in 

the wall (indicated by colours in Figure 38.) and when reading the accompa-

nying article further, she’d understand the pragmatic reasons why under-

standing tunnelling was a key to creating quantum computer parts. Tunnel-

ling was heavily iterated from its very first ideas however and the idea of the 

wall being made out of force field balls came from Teemu Kokkonen. My own 

original idea (Figure 39.) was much closer to the potential well idea that was 

described in the text accompanying the topic on website.  

 

In terms of interaction complexity, Superconductivity and Quantum En-

tanglement offered slightly harder gameplay but easier understandability. 

With Superconductivity, the important takeaway was to understand that cer-

tain kind of electron structures, Cooper pairs (Figure 40.), in enough cold 

environment could acquire attributes that could be seen as helpful ones when 

used in right kinds of technical solutions.  

Figure 40. Superconductivity visualises a cooper pair travelling on a super-

conducting disc. 

Figure 41. Superconductivity was designed as a racetrack from the very be-

ginning. 
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Superconductivity was visualised as a Möbius strip shaped racetrack for a 

Cooper pair where the player controlled the temperature of the system and 

could choose when the Cooper pair acquired the special attribute of levita-

tion. The visual idea was based on an experiment often demonstrated physi-

cally for example in science fairs with a magnetic track setup and cooled su-

perconductor pinned in levitation above it (Miryala and Koblischka, 2014). 

Original design in Figure 41 and the final design of the game remained re-

markably similar, probably because there were already existing and quite 

popular real life science instalment examples of how superconductivity holds 

a small plate in the air under cold circumstances. Using temperature as the 

switch to levitate (Figure 42.) in our game felt like a fast and straight forward 

way to describe the phenomenon.  

 

Figure 42. Jumping control felt intuitive in the sketch but was discussed later 

concerning intuitiveness. 

Figure 43. Entanglement follows two particles traveling in different spaces, 

one controlling the other's movements. 
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Quantum Entanglement gameplay was designed to help the player under-

stand the correlation of changes happening between two entangled particles, 

regardless of how far apart they were. After setting the game into initial mo-

tion, the player could observe two seemingly identical particles traveling 

across different backgrounds (Figure 43.) and that he could only control di-

rectly one of them. Within the players capabilities was to pick up small tokens 

and avoid hitting obstacles with the first particle.  

 

After picking up one token the player would notice that both particles 

changed their spin direction, opening the possibility for the player to affect 

indirectly the entangled second particle. Understanding this would give the 

player the possibility of gathering points indirectly from the entangled sec-

ond particles space if he would be able to manoeuvre the first particle suc-

cessfully.  

Figure 44. ‘The invisible chord’ that entangles two particles, visualised. 

Figure 45. Weak measurement beam and particle in Superposition. 



70 

 

The idea of particles being far away from one another had come up already 

when developing the visualisations for entanglement in Quantum Explora-

tions Exhibition. Invisible tie between the particles across space (Figure 44.) 

was first seen as something that would enhance the players understanding of 

the unseen connection, but in the final design it was left out.  

Of the four game concepts Superposition was the most complex game con-

trol wise, an aspect mirrored by the game’s contextually challenging topic. 

During the QuEx exhibition in 2019, superposition had been discussed ex-

tensively in design phase regarding best ways of visualising it but now visu-

alising the activity of being in superposition had to be made somehow con-

crete through the gameplay. Superposition called attention to simplifying 

something that was conceptually quite challenging since understanding su-

perposition required understanding concepts like wave-particle duality, 

decoherence and the difference of observation and measurement.  

 

The playable concept game Superposition was designed to visualise ‘quan-

tumness’ from the particles point of view and describe the fragility of this 

superposition state as visualised in Figure 45. Rather than explaining con-

ceptually other details, such as wave-particle duality, the concept game 

aimed to cement the idea of superposition being a very fragile state of being 

that can be easily lost if the scientists are not careful when measuring it. 

 

Figure 46. Superposition game flow had to be planned carefully to control the 

flow of the experience. 



71 

 

4.4.2 Project Reflections  

 

The development of the quantum phenomena games was straightforward 

during the project, as in order to help the programming, I made flow charts 

of all the game mechanics and how I envisioned them to be played. While I 

cannot be entirely sure whether there were bigger problems during the pro-

gramming of the game, I am under the impression that the visual planning 

helped to better communicate the key ideas we wanted the games to express. 

Some topics, such as superposition could have also used the help of a design-

capable quantum scientist to verify our design decisions. Teemu Kokkonen 

and I spent time discussing the game mechanics and how details should be 

visualised and did testing of the mechanics while iterating the games, but 

there was still too little time to put enough time to all the designs in the end.  

Internal feedback of project outcomes was collected regarding the 8 game 

concepts on the course website that included the quantum concept games. 

The feedback provided useful information regarding the playability and un-

derstandability of the games and highlighted the main problems in develop-

ing this format for communication. According to the collected feedback (5 

different people answering almost all questions, 3 people answering all ques-

tions) the main problems were the lack of visual consistency through all the 

games, difficulty in understanding the core of such complex phenomena as 

superposition and superconductivity through gameplay and the size in which 

the games had to be played on the website, as details were hard to see espe-

cially on mobile phone screen. In general, the games were considered in-

formative and nice in visual presentation. The themes, such as the race track 

riding Cooper-pairs in Superconductivity were considered cute and enter-

taining. When the games were later, during 2022 showed to some expert 

members of the Quantum Karelia (KvanttiKarelia) project, it was particu-

larly the Entanglement game that was commented to be intuitive and a good 

example of how quantum phenomena are realised effectively in educational 

game purpose.  

Quantum Games Course was designed with a working, interesting looking 

website and interactive information offered with the help of existing visuali-

sation based on QuEx and research from Playable Concepts, which became 

aspects that served extremely well the students learning paths regardless of 

the major changes into the course format. Another aspect of the design of the 

course was that both the student game outcomes and learning reports were 

added into the course website as “learning legacy” material that would bene-

fit the design of the future courses by offering previous examples and iterate 

the course contents and learning in future course runs.  

Regarding the quantum concept games developed with playable concepts 

methodology, turning scientific research style text into game form was chal-

lenging. During the project there was no time to make extensive playtesting 

with test audience, which could have helped in revealing the bottlenecks in 
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communication of the idea and mechanics. Most of the time the playtesting 

was done inside the team which meant that iterations were mainly done on 

first-order perspective. Much better iteration rounds with clearer focus on 

communication of the scientific topic could have been achieved, had the play-

testing been done by including a test audience with questionnaire regarding 

understanding the game topic. This would have on the other hand, made the 

project much longer, which we could not afford.  

All in all, the example games worked in the format of being part of a writ-

ten article on the same topic. The connection between key information given 

in the written form and how players motivation was directed in the game 

concepts held mostly well, but there were also some aspects that would have 

needed more refining. Such aspects appeared in the topics of Superposition, 

Superconductivity and Quantum Tunnelling. Some of the quantum games 

were not seen as helping the understanding of the topic, so the connection 

between a playable concept and text didn’t work out as we hoped. It might be  

that a website with less text and more dynamic scrolling of information for 

example could work better, but this was not evaluated.  

 

The decision to leave out the fifth quantum phenomenon of measurement 

was made on the premises that the topic of measurement had been discussed 

already during QuEx heavily and judged thematically different from the other 

phenomena. Incorporating it into one of the existing four themes, the Super-

position (Figure 47.) was not done without compromising some of the under-

standability of the topic. Thematically, making a weak measurement the 

main interest of players action in the game reduced interest for understand-

ing Superposition itself. A clearer way might have been to design the game in 

Figure 47. Early sketch of attempting to conceptualise the possibility of incor-

porating observation, measurement and superposition. 
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such a way that holding on to Superposition would have allowed the player 

to perform more favourable actions, than if caught in superposition-breaking 

strong measurement. This way the players goal would have not been the weak 

measurement itself but performing weak measurement to hold on to super-

position longer.  

In the topic of Superconductivity, a weakness existed in the game’s com-

munication of what Cooper pairs in practise could enable. Being in a super-

conductive stage the Cooper pairs could avoid obstacles, but just like in the 

game of superposition, this simply underlined the players motivation of 

avoiding risk, not going towards desirable outcome. Designing the game bet-

ter would have been to take into consideration the players ultimate motiva-

tion of what can be achieved with superconductivity. In the case of a racing 

track like game design, adding an AI particle that cannot superconduct as a 

point of reference could help to emphasize the Cooper pairs advantage. In-

stead of unmovable blocks on the path, the blocks could be timed to disap-

pear sometimes to let a computer-controlled AI particle pass, but not without 

having to wait considerably long sometimes, almost like having red traffic 

lights in the middle of a racetrack. Having the player zoom past these red 

traffic lights and above the AI particle by becoming superconductive would 

in this way acknowledge the players superiority, and superconductivity’s use-

fulness, through successful gameplay.  

One of the challenges of Quantum Tunnelling was to firstly separate the 

two ideas of what tunnelling meant in the macro scale world and what it 

meant in quantum scale. Going through an obstacle or wall was not the point 

we wanted the player to understand, but that it was made possible by the 

quantum scale of the particle and its wave-particle duality. The aspect of the 

wave function was visualised as a probability cloud of small particles around 

the main particle in the game, but it was not taken into consideration that the 

game was played nested within online text, subjected to website design and 

screen size. The intended probability cloud was therefor left unnoticeable.  
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An adjustment that would highlight the importance of the uncertainty in-

volved in our Quantum Tunnelling game could be done by visualising the 

particles overall movement through the wall in a unique way. Instead of hav-

ing one clear midbody and satellites around it, the particle could have been 

visualised as a constantly fluctuating ‘amoeba-like’ form (Figure 48.) that 

once touching favourable ‘weak’ wall structure, would immediately teleport 

to that location. While alone this would not yet highlight the players main 

motivation goal, it would explain quantum tunnelling better while no 

changes would be needed in the gameplay. 

 

4.5 LIT – Of Quantum and Life 

Figure 49. LIT gameplay happens within a leaf, by photon travelling in super-

position across different pathways. 

Figure 48. Early sketch of Tunnelling with amoeba-like structure. 
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LIT – Of Quantum and Life is a turn-based single player game played on 

PC where the player guides a light photon in superposition through two paths 

within a leaf of a Gingko Biloba tree shown in Figure 50. The aim is to find 

the path through plant cells power centres called chloroplasts to the leaf’s 

reaction centre, where photosynthesis happens (as shown in Figure 49. as a 

bright green dot). In order for the photon to be absorbed in the end, the two 

paths must form a harmonious cooperation through a phenomenon called 

interference. If the superposed dual-lane photon arriving at reaction centre 

is out of phase through the different length of steps taken on paths, it fades 

and cannot enable photosynthesis. If the two paths collide in the end in 

phase, the photons power is reinforced, and the player wins the round. In the 

gameplay the player can guide only one of the pathways, as the computer 

chooses the other pathway and moves along the player, never choosing the 

same node as the player has.  

LIT was made during IF Quantum game jam event. The event started with 

greetings from organisers and presentations of the themes, Quantum Com-

puters, Quantum Biology and Quantum Physics & the Brain, curated by the 

members of the events scientific board, namely Maria Luisa Chiofalo, Andrea 

Ferrara, Sabrina Maniscalco, Marcos Valdes, and James Wootton. 

 

The teams in this event were organised online into their separate team 

Discord rooms where they could discuss either in writing or in a voice chan-

nel and get advice from the organisers. The participants mainly did the team 

formation themselves through socialisation online and expressing their in-

terest for certain project ideas. After the event, all the games, including LIT 

were uploaded and published in an online indie game database called itch.io 

Figure 50. The opening screen of LIT shows the tree branch before zooming 

into a single leaf. 
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(“Lit,” 2020). Internet Festival (IF) Quantum game jam was organised 9.-

11.10.2020 over a weekend as a mainly online event over Discord platform. 

While some of the participants were in same physical location during the 

event, the development, team communication and presentation of the out-

comes took place online. The team that was built in the Discord server was 

built around people’s interest towards the topics presented in the event. I 

ended up in a team that shared my interest in designing around quantum 

biology and had already an existing working group called FunQuantic. In a 

way I joined a ready-made team that was only in the need of a designer.  

The team members for this project were:  

• Walter Marino as a Game Design 

• Giovanni Palmitesta as a Sound Designer 

• Andrea Cianfanelli as a Programmer 

• Nicola Pranzini, Dario Alexander Chisholm and Marilù Chiofalo as 

a Quantum Physicists 

• Me as a 2D artist  

 

4.5.1 Design and Practise 

 

Figure 51. Imagining waves travelling through two possible routes means 

that when they meet, they either strengthen each other, or cancel out, ac-

cording to their phase. Image: Stephen Hawking – A Brief history of Time. 
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In this event I was mainly participating as an artist, and much less as a game 

designer. I felt this was the easiest way to participate in the online jam, and 

to enable the rest of the team to work on the game design. I was the only non-

Italian in our team and since at least some of our team members were also in 

same physical location, it was much easier for them to communicate together 

regarding the game design process. 

  

In the game LIT we wanted to introduce the player into the research and 

theory of quantum phenomena present in photosynthesis, presented by 

Laura Piispanen in the IF Quantum game jam opening talks. According to 

the theory introduced in the talk (2020) the path that photons take as they 

move through the chloroplasts of a green plant to the reaction centre to pho-

tosynthesize, is not necessarily random, but uses a quantum superposition of 

the photon. Assuming this possible would mean that a photon goes through 

all the possible pathways available inside the chloroplast system to choose 

the most efficient one. (“IF Quantum game jam,” 2020) The efficiency or 

destruction of this phenomena is called interference, based on the wave-par-

ticle nature of, for example, photons (Figure 51. Hawking, 2009, p.59).  

Figure 52. Player gets to awaken different branches through the tree with 

gameplay. 
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 To simplify the idea of this process visually, our team agreed that a cuta-

way drawing silhouette of a tree leaf would present the gameboard, so that 

the player would initially understand where photosynthesis happens. Since 

the game was designed to be played in a step-by-step-manner, drawing the 

steps into a map diagram where physical reality is abstracted into nodes and 

pathway lines further helped to visualise the gameplay. In the lack of time 

and with considerable limitations to communication the HUD menu was left 

without much attention, but an effort was made for it to communicate at least 

some of the players actions.  

 

For visual communication I used a technique I had established in the wake 

of online meetings becoming more popular in general, which was to sketch 

and stream during design meetings. By using my time in meetings by sketch-

ing out ideas helped the other members to comment quickly on the develop-

ment direction. In these online meetings the discussions around physics and 

the actual topic of our game, interference, was left mostly out. This was prob-

ably because most of the team that was working on this game, were familiar 

with each other from before and also located in same place. It was much eas-

ier for them to communicate the physics details in person.  

I planned to add animations into the game, to make the leaves sway in the 

wind and offer a better organic feeling to the game as a striking contrast to 

the simplified gameplay. In earlier projects, such as the Ludic Quantum Pro-

ject, our design team had established the use of git repository for shared de-

velopment opportunity. In this project I did not use myself git directly to en-

able project development, but simply created the visual assets and sent them 

to the other team members through a cloud storage to further work on. The 

reason why git was not set up between all team members was most likely due 

Figure 53. The place of beginning the gameplay is indicated in a ghostly leaf 

without photosynthesis. 
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to the communicational difficulties in English and hurry that is always pre-

sent with short projects. 

 

4.5.2 Project Reflections  

 

Online platforms, such as Discord and Itch.io enable many ways for interna-

tional teams to collaborate entirely digitally, regardless of their location 

physically. This opens possibilities of collaboration but also can harm some 

information flow and communication, especially when language, culture and 

time-zone issues emerge. While game jams always require an investment of 

time and effort and communicating this with the other team members, in the 

fully digital space it might do well to design a system that helps the organisers 

and teams in c0mmunicating this even better, to reduce aspects that might 

cause accessibility problems or inclusivity problems.  

As a seasoned game jammer, I felt a little cornered in my inability to fully 

take part in all the development process of our game. Earlier in game jams I 

have been able to use my visual game design skills to a fuller potential, but 

due to not being physically present with the others, it became quite difficult 

for me to organise enough time into the extra communication methods. A 

visual artist, one particularly attempting to visualise the process and itera-

tions should always have a strong connection to the team members, be able 

to ask questions and verify ideas that are being formed. Game jams are short 

events, where team dynamics must work quite well from the beginning. 

Without it, the team risks losing considerable amount of time with project 

planning or losing useful skills altogether from making the game. Being un-

able to discuss the game mechanics with the team to the full extend for ex-

ample reduced my possibilities of looking into the HUD development.  

The communicational challenges between game designers, artists and 

physicists were underlined, in a comparable situation as in earlier project ex-

periences, such as in making the game Through the Quantum Gate game in 

2015. Some of the most demanding mental gymnastics the whole developing 

team had to do during a short development time, was to actively try and un-

derstand the way others think, which was increasingly difficult due to lan-

guage problems. Language, in the case of this process, was definitely one of 

the main problems as it led for example into the difficulty of anyone being 

able to explain in English how interference exactly worked. In our game de-

sign backlog there were five attempts to explain the basic idea of our game, 

but none of them was fully able to open up what interference means, when 

no previous understanding is assumed from a team member.  

In the case of IF Quantum game jam, the overall realisation of the devel-

opment as a fully online event would have benefitted of stronger facilitation 

in the form of ready-made tools, such as assets for UI creation, better under-

lining of game design tools and design processes and better bootstrapping of 

team members to familiarise with one another. Developing a game that was 



80 

 

interesting thematically through its connection to our every-day life on earth 

and to a basic quantum phenomenon was an opportunity that would have 

deserved better overall team communication to be implemented through vis-

ualisations and textual content in the game. In a way having more quantum 

physicists in the game may have offered them a better way to discuss how to 

best simplify a complex topic into gameplay, but the outcome could not reach 

its full potential since game design and physics decisions were not reflected 

with visual art.  

 

4.6 Playful Asset Package 
 

 

Figure 54. Playful Asset Package visualised if it was used in a game design 

setting. 
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Playful Asset Package is a set of visual tools that a make of quantum games 

can use as ready-made assets to enhance their development process. Visual-

ising some of the common quantum phenomena and ideas in a playful and 

colourful way, the Playful Asset Package offers animated 2D assets and 

rigged 3D assets, such as the QChar character, that can be explicitly imple-

mented as a game character. Aside from the game character the asset package 

offers visual assets for creating the game environment and UI elements, en-

couraging game makers to produce their own use for the elements and use 

them in diverse ways. Playful Asset Package aims to be only partially accu-

rate, leaving many things to the developer’s imagination and to find their own 

metaphors for the asset’s actual meanings. Some assets, such as the cryostat 

offer a very tangible visual concept to be used, for example to signify quantum 

computer presence or extremely cool environment.  

 

Following the pilot course organised in 2020, Aalto Quantum Games 

course 2021 continued the legacy of learning and making quantum games in 

Aalto University. Quantum Games Course was organised by the Department 

of Media in collaboration with the Department of Applied Physics, taking its 

official place in the running study curriculum of transdisciplinary game 

Figure 55. Assets in a catalogue, including both 2D and 3D assets. 
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studies. After a year of getting used to remote teaching and studying, it was 

natural that the course was organised with fully online teaching, with a kick-

off seminar and lectures taking place in the courses Twitch channel. The topic 

of this year’s course was “Inside Quantum Computer.”  

Instead of offering the students a five-week running game project course 

that had earlier proven to be quite heavy on students new to game design, the 

2021 course offered weekly lectures where students could also occasionally 

take actively part in a workshop-like manner teaching. The game develop-

ment part of the course was offered as a game jam, making it easier to manage 

and encouraging small game projects instead of bigger ones.  

In order to facilitate learning and game making, an asset package was cre-

ated primarily for the use of Playable Concepts (PlayCo) project, but also to 

be openly used by the students of future quantum games courses and availa-

ble online, under Creative Commons license. The primary reason for ready-

made assets was to provide easy access to game making.  

 

4.6.1 Design and Practise  

 

My task during this project was the visual design and creation of the PlayCo 

asset package. Creating a ready-made asset package in the style of the courses 

theme for the students meant that there was no need for the students to cre-

ate their own assets if they were short on time or lacked the skills. The asset 

package was designed to contain both 2D and 3D assets for different kinds of 

game needs, forming a minimum viable graphic asset package. Instead of us-

ing the graphics originating from the QuEx exhibition as had been done in 

the earlier year, the asset package offered a new visual style from the course’s 

general layout style on the website.  

The work started with planning on a general level what kinds of assets are 

needed in games made in short game development projects and what kind of 

assets would feel easy to approach and interesting to use. Because the devel-

opment time for the project was also short, I aimed to design assets that 

would be usable in multiple ways without losing their functionality.  

I chose a low poly aesthetics for the 3D assets because of their simple sil-

houettes and usability in both big and small screen sizes. Without knowing 

what kind of projects students would be making, I wanted to give them the 

freedom to not rule out for example a possibility of developing for a mobile 

device. After participating in several game jams, I had noticed that low poly 

aesthetics was also often used to compensate for the brief time artists had in 

their hands, so my other goal was to help the end products feel visually more 

‘game jam-made’ like. Low poly aesthetics can also be used for a refined look 

if the team has extra time to put into such aspects as lightning and rendering.  

The overall visual style in the 2D assets aimed to be a mix between South 

Beach Art Deco and 80’s pop-culture with pastel neon colours and wave-like 

repeating patterns. The asset package also included a set of seven 2D 
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character animation sequences that could be used to perform various actions 

on the 2D character design. Both the 2D and the 3D character resembled a 

same kind of entity that could be described as a head of a cartoon cat with 

two stick like legs. 

In many ways designing the asset package was designing for both the end 

users that were the game making teams, but also the final audience of the 

games. I made some mock-ups using the assets I had created, to help the de-

sign teams with ideas of how to use the assets, and to give myself an idea of 

how the different elements would fit together. In the asset package there were 

two recognizable quantum computer parts, the quantum chip, and the cryo-

stat cooling system, but the other assets were forms and structures resem-

bling cables and flowing information without a clear real-life function. 

Other than the visual asset package I contributed to the project by holding 

a presentation on another on-going project, the Quantum Moss campus art 

installation. Together with Laura Piispanen, we wanted to give an example of 

a different kind of approach to quantum and art combining projects to the 

students participating Quantum Games course. In this point the Quantum 

Moss project was still in development so instead of presenting the outcome, 

we displayed various projects, including those mentioned earlier in this the-

sis, aiming to inspire a wider interest for visualising quantum science 

through playful and visual means. 

 

4.6.2 Project reflections 

 

Playful Asset Package seemed to have enabled some of the games to be made 

with time optimised into other game development tasks. Offering an asset 

package from the course’s organisers behalf seemed to have helped more 

people to take part in the courses workshops and test game making ideas a 

little faster. There is a possibility that the assets inspired creativity through 

better testing possibilities of game development within the topic of quantum 

physics. In earlier playful projects I had noticed that if sometimes there was 

a lack of quantum scientist participation, equally needed other times were 

artists, designers, and programmers. Therefor giving ready-made assets to 

teams would at least facilitate teams that do not have artists. Another way to 

look at this would be seeing art assets as a possibility to enable quantum 

game developers who work alone for example with programming, but do not 

have artistic skills or programs to use for asset creation. In such cases as the 

LIT – Of Quantum and Life project having ready-made assets might have 

helped the physicists of the group to bounce around ideas and show what 

they want to design, even if the visuals would be in the end different than the 

ones used in ideation.  

Art and visuals are only one aspect of game making so in order to further 

develop on tools that can help potential quantum game makers, ready-made 

code or even ready-made dummy games could be offered for study purposes. 
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During the course, the participants were given workshop like teaching on 

some helpful tools, such as Construct 3, but even with such tools the effort to 

make a quantum game for a non-scientist can be challenging.  

Ultimately game making is a learning experience to which time must be 

invested accordingly, but at times further facilitating might benefit projects 

that include aspects outside computer science and digital arts, such as mak-

ing for example board games, quantum roleplay games or playful wearable 

electronics, or that do not have clear outline, such as personal hobby projects 

tend to be. Creating wider playful tool packages for quantum science projects 

could be both creative and open innovative ideas for more accessible playful 

quantum projects.  

An interesting development goal would be the creation of all kinds of as-

sets through an interdisciplinary practise, without the motivation of combin-

ing them into outcomes. Such toolbox might prove an interesting playground 

for a variety of projects or be used in settings that do not have a clear goal of 

producing artefacts at all, while still enabling science communication. 

 

4.7 Heisenberg’s Bicycle 

 

Heisenberg’s Bicycle is a single player PC game, playable online through 

itch.io (Dodson et al., 2021). The player plays a character bicycling through a 

park, namely as the physicist Werner Heisenberg, but due to a theory devel-

oped himself, the Heisenberg’s Uncertainty principle, he cannot find his final 

goal while knowing both the velocity of his bicycle and direction where he 

heads towards. The game offers the player some tries on finding their way, 

Figure 56. The splash screen for Heisenberg's Bicycle game. 
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but also highlights the dilemma that is often seen only in a theoretical level 

in subatomic world, in a very concrete, humoristic bike-ride allegory.  

 

 

Heisenberg’s Bicycle was made as a part of Online Quantum game jam 

that took place in October 2021. It was mainly organised in Discord and 

streamed in Twitch. The event was organised by IGDA Finland, Aalto Uni-

versity and University of Turku, with student-initiative group IndiQ and non-

profit global organisation QWorld. The event was hosted by Laura Piispanen 

from Aalto University, Daria Anttila from University of Turku, and Natasha 

Skult from IGDA Finland. The event started with introductory seminar pro-

gram and activities, brainstorming ideas, and pitching them, after which 

teams were formed and organised in the events Discord server. I had a bit 

less time to put into this jam as I had hoped, which resulted in me not being 

able to participate constantly in the jam. I lost some parts of the design phase 

but was still able to offer my skills quite well into the key parts.  

The team that I joined consisted of:  

• me as a game artist 

• Andy Dodson as programmer and game designer 

• Victoria as a physicist 

 

We also had some help from people working with programming and music, 

but because they joined the project after the beginning and were not named 

in the project documentation, I cannot unfortunately credit them by name 

here.  

Figure 57. Final gameplay visuals with map and UI in place. 
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4.7.1 Design and Practise 

 

In this game jam, I was part of a team that aimed to create a game to help in 

understanding Heisenberg’s uncertainty principle, that is considered one of 

the central concepts explaining the inherent uncertainty in quantum sys-

tems. Even though my earlier playful projects had not directly touched on the 

topic of Heisenberg’s uncertainty principle, for example developing the visu-

alisations for QuEx and its exhibition material had required thorough inves-

tigation to uncertainty, for example through the concept of particle-wave du-

ality and superposition. Particle-wave duality and superposition were also 

the topics of LIT project, through interference.  

 

The game project started with a theme of Heisenberg’s car, where the 

player would learn about the concept of uncertainty while driving the car 

from place A to B as displayed in Figure 58. The dilemma in this seemingly 

easy task is that when it concerns a quantum system, it is impossible to know 

both the velocity and direction accurately. Instead, the player must choose 

one attribute they want to know precisely but uncertainty affects the other, 

making a seemingly simple task much harder. The game was designed to be 

played turn based, giving the player a certain number of tries to correct their 

velocity or direction, before the game ends. Another idea that Andy sug-

gested, was an idea of a helicopter being used, or a mix of car and helicopter. 

 

Figure 58. Early concept visualisation done by Victoria where the game is 

visualised with a car. 



87 

 

One of my first thoughts upon this topic was that instead of car or helicop-

ter, we should use a bicycle, making the game into Heisenberg’s Bicycle. My 

reasoning for this was that storytelling wise, bicycle fitted well into the idea 

of our main character, Werner Heisenberg, leisurely driving around and hav-

ing a measure of inherent uncertainty. Bicycle left the character to be seen, 

which adds into relatability. This would have not been so easily done in a 

helicopter, without design efforts to create a noticeably light structured body 

for it. A car would need to drive on a road, but bicycle gave more freedom 

into taking vastly different directions and turning suddenly into the opposite 

direction. Bicycle conceptually also includes the idea that even if you fail with 

a bicycle, the outcome is less critical than what might entail a car. Simply put, 

bicycle in my opinion visualised better many aspects of creative problem 

solving and opened possibility of developing a range of narrative elements.  

 

After reading a little bit background material for Heisenberg I had found 

an article describing his love for music and his poetic nature when it came to 

personal life (Popova, 2018). This inspired me further to set the bicycle trip 

into a romantic setting, of traveling from a flower stand to a picnic place (Fig-

ure 59). According to my own experience quantum physics was often de-

scribed in game jams with quite technical and futuristic themes. Creating a 

quantum game with strikingly everyday storytelling, and natural, close to 

earth atmosphere felt to me like a relatable and easily approachable theme. 

Quantum physics may inspire many people to think about science fiction and 

technology, but it is realised also in nature. It also simplified the needs of 

what assets would be needed for the project.  

Figure 59. Sketching the story, visuals and UI flow of Heisenberg's Bicycle. 
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During this project I continued to use the method of live sketching while 

the team was designing together in a Discord call. Especially because I had 

proposed different visual aspects and I had a strong vision for my idea, it was 

particularly important that other team members felt invested in the visual 

outcome and would they want to, they could suggest other details or aspects 

for consideration. The team was not immediately in favour of my bicycle idea, 

since the idea of car had been already visualised by another team member 

earlier, but after showing them sketches and discussing in the meeting, the 

decision to continue with a bicycle instead of a car was accepted as a more 

fitting concept. If anything, I believe it might have helped that some visuali-

sations already existed, since it meant that team members had taken some 

time to think about fitting denominators for game elements.  

Through sketching I could also suggest the UI layout for the game and help 

the other team members to imagine the outcome better. Because our game 

was set to be a 3D game, I could also immediately start creating the 3D assets 

based on just one design meeting, which saved me a lot of time. Because of 

this I was able to implement some 3D animation and character rigging that 

is not usually possible due to the lack of time. 

In this game jam, even though our team worked through the weekend, I 

had unfortunately less time than normally to invest into the game making. 

Still, with the swift and understandable design workflow I was able to create 

the cover art for the game, along with animated 3D character and 3D assets 

for the world.  

The HUD menu was designed to have only a couple of important parame-

ters to communicate the players position, direction, and velocity of traveling. 

We used a familiar style of HUD from driving games where the map is placed 

in the right upper corner. Usually, the rest of the information is either on the 

left side or on the bottom of the screen. We chose to place the rest of the 

information on the bottom of the screen, because there was no real need to 

keep your gaze constantly on the terrain as the game was designed to be 

played as a turn-based game. An arrow on the ground was added to the 

ground in one iteration, since we realised it is difficult to know simply by 

looking at the map where the player should go. The arrow always pointed 

towards the winning condition, a picnic blanket. 

 

4.7.2 Project Reflections 

 

In this game the visual design practise worked very well. Perhaps the biggest 

reason for this was that the team acknowledged the designers’ skills, and the 

projects needs for visualised outcomes to help explaining the idea behind the 

quantum phenomena. Iterative work came through first with the physicist’s 

initial sketch but then developed once I joined in the design process. 
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Heisenberg’s Bicycle was a good example of how little makes for a playable 

game that explains a difficult concept. It is safe to say that the game was not 

visually or storytelling wise completely ready since UI was quite simple, but 

for a demo game it worked remarkably well to portray the difficulty of esti-

mating accurately a particles position and speed at the same time. Heisen-

berg’s Bicycle riding becomes after 10 play times a strange trip where it 

seems easy to constantly choose a wrong direction for some reason and the 

player will most likely end up giving up the classic logic all together if they 

want to find the end point.  

What the game does not address is the real reason Heisenberg’s uncer-

tainty principle works this way. Explaining this or adding it into the game 

mechanics or visuals would have perhaps helped the player to connect the 

actual information about theory into what they see happening on the screen. 

To do this, a couple of ideas come to mind. Firstly, a bicycles velocity and 

direction do not connect many players directly into a concept of particles 

speed and position. Even though this is done in the game’s programming un-

der the hood, it would be better to show on screen the changing numbers of 

speed and position. Because velocity is a vector quantity, meaning that it has 

a direction and is dependent on time used to travel along that vector, it might 

also be effective to connect this mathematical idea with the number of turns 

indicated in the HUD. Instead of turns, the player would for example follow 

a clock turning for example quarters towards the time when you must arrive 

in the destination. This kind of change would also better highlight the players 

ultimate motivation to be in at the picnic on time.  

Another way that might have helped the player to connect with the strange 

nature of quantum phenomena, is explaining the reason uncertainty is so in-

herent to a quantum particle. For example this could have been done in 

added text between or during the riding turns, as a text on the screen explain-

ing more about the problematics of measurement and how quantum me-

chanics actually predicts a number of different outcomes, rather than one 

definite one (Hawking, 2009, p.58). Having this in mind, perhaps the possi-

bility of many outcomes could have been visualised better, in multiple inter-

esting places to end up to, other than the picnic blanket.  

Making playable games for broad audiences highlights the importance of 

building the game story and game mechanics to serve the players end goals, 

even though neither one of these would constantly service finishing the game. 

The player still needs to know what is expected of them, even if they choose 

to engage in playful testing during the game to learn the mechanics better. 

Understanding the end users’ needs asks for the developers to occasionally 

step into the role of a user experience designer. Quantum games particularly 

are designed to help players understand better ideas that might be otherwise 

difficult or limitedly visualised. Science game projects therefor, might greatly 

benefit from the basic understanding of user experience design and the hu-

man-centred design paradigm. 
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4.8 Quantum Moss (QMoss) 
 

 

 
Figure 60. Quantum Moss art installation at the Aalto Campus. Photo by: 

Mikko Raskinen / Aalto University 

 

Quantum Moss (QMoss) is an interdisciplinary contemporary artwork that 

reflects quantum physics through depicting the probability distribution of a 

particle through a quantum carpet simulation visualisation. In the artwork 

the information of a quantum carpet simulation has been layered into five 

separate structures of which the deepest one signifies the most probable out-

comes. The layers form a kind of pergola style structure that arches into a 

cave like structure. This cavern holds the potential of being a suitable urban 

home for mosses and other plants that require humidity and shelter from 

wind, giving the artwork its name. QMoss therefor has a meaningful role, not 

only for visualising otherwise little-known quantum physics information, but 

as a home for carbon capturing lifeforms that may prove incredibly im-

portant in how climate change will be tackled. QMoss challenges the viewer 

to stop and sit down to think about the world that is ever present around us, 

in the form of microscopic life but also as subatomic phenomena that give 

rise to everything that we see around us. Designed as a semi-permanent art-

work installation, QMoss aims to be an inspiration and a reminder for all of 

its audience, that even if something is not deemed important or noticeable, it 

may hold the key to solving the biggest mysteries and challenges of our 

planet.  

QMoss is the outcome of mine and Laura Piispanen’s artistic work of tak-

ing part and winning in an art installation competition. Aalto University or-

ganised a competition between 1.6.-30.9.2020 to seek ideas from the Aalto 

community members for installation art for the campus area. The competi-

tion was organised according to the one percent art principle for funding new 



91 

 

building projects, by a working group of Outi Turpeinen, Joel Himanen, Satu 

Kankaala, Aapo Pihkala and Fanni Perälä, supported by AYY and ACRE. 

With a framework of financing the making of the winning entries with 120 

000 euros, the competition sought ideas for art instalments that would liven 

the campus area with interesting and imaginative ideas, benefit the Univer-

sity’s future visions and raise critical questions based on the school’s values.  

Choosing the two winners was done by a jury consisting of representatives 

from different Aalto faculties and organisational bodies, with Vice President 

Ossi Naukkarinen as the chair and Eeti Ahola, Ville Jokela, Julia Lohman, 

Elisa Mekler, Aapo Pihkala and Alice Wickström as members and Outi Tur-

peinen as the coordinator. The competition encouraged strong artistic vision, 

questioning the lifecycle of installation art, and embracing themes of the Uni-

versity’s new strategy, such as sustainability and entrepreneurship. The com-

petition aimed to find ideas that could be further developed and actually re-

alized. (“Campus Art Competition,” 2020) Myself and Laura Piispanen cre-

ated one of the competition winning ideas, called the Quantum Moss leading 

us to work with the help of half of the competition financing and further de-

velop our winning entry for two years between 2020-2022 into a realised 

semi-permanent art installation. 

We set out to create an art piece that would combine natural science and 

human centred design paradigms, but the design grew much bigger during 

the process. During the process of creating QMoss the project outcome 

changed in many ways through materiality, design innovation and final loca-

tion while holding on to its original principles of strong artistic, scientific, 

and innovative vision to tackle ‘wicked’ problems (Sleigh and Craske, 2017), 

such as material sustainability and science discourse inclusivity. Through the 

development process many experts were consulted in the academia and on 

private business sector regarding the materials, structures, and related re-

search (Stapleton, 2022). The installation was revealed in the end of 2022 at 

the Aalto University Campus, becoming the first semipermanent quantum 

science related installation at the Otaniemi campus.  

 

4.8.1 Background for Making a Quantum Art Installation 

 

The initial idea for our entry to the competition with Laura Piispanen was 

built on the experiences we had with visualising and gamifying quantum sci-

ence in our own research works and earlier collaboration works. A consider-

able amount of this research had been done in projects related to Aalto Uni-

versity, for example in my part during Quantum Wheel game jam, QuEx ex-

hibition and Aalto Quantum Games course. Our motivation for creating 

QMoss was to challenge ourselves and the constructed environment around 

us and to think art and science in a new way.  

We also saw this as an opportunity for Aalto University to present in prac-

tise the outcomes of some of their transdisciplinary study and research 
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opportunities that we both had taken part in. These transdisciplinary studies 

included for example a Nordic Biomaterials course offered by Aalto Che-

marts that I used to further my research on moss research and entrepreneur-

ship course that both myself and Piispanen took, to better understand prod-

uct design aspects of interdisciplinary work. QMoss was intended as a semi-

permanent installation art combining the visual and playful expertise from 

the New Media Department, the quantum physics expertise from Applied 

Physics department and the maths expertise from Computer Science depart-

ment. By including design decisions based on sustainability, posthumanism 

and multispecies conservation, we aimed to develop the installation project 

into a radically new, climate-wise direction. 

 

The core of the science information in QMoss is an optimized mathemati-

cal pattern based on a quantum carpet simulation created by Laura 

Piispanen. Quantum carpet is an intricate weave-like pattern created of the 

probability distribution of a particle such as electron or atom, represented in 

a limited space-time. The outcome pattern resembles ridges and valleys or-

ganised into visually repeating ripple patterns, according to energy spectrum 

of the particle’s propagation. The height patterns do not signify classical tra-

jectories, but the whole pattern design is created from interference. (Kazemi 

et al., 2013). Different probabilities can be plotted to have distinct colour val-

ues or separated all together from one another, making this information ac-

cessible for further design work.  

We concluded that visualising the original quantum carpet data in a mean-

ingful and understandable way was the centre of our development process. 

Like other quantum science visualisation works done before QMoss, the 

Figure 61. The probability distribution of a particle confined into one dimen-

sional space with an outside magnetic field. In relation to time this creates an 

interesting "weaving" pattern. Simulation by: Laura Piispanen 
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visual design of the quantum information was also the most challenging part 

of the process, because it ultimately meant knitting together different para-

digms, starting from natural science paradigm, and ending in human centred 

design paradigm. Successful application of this however, could yield im-

portant learning outcomes for designing meaningful, user experience centred 

science installation art.  

 

4.8.2 The Progress of QMoss 

 

 

Together with Laura Piispanen we used visualisation in many forms to in-

form us about the outcome during the design process. The design that we 

used to apply to the competition with, was done by layering the quantum car-

pet simulation visualisation on a 3D modelled rendering, that was then pho-

tobashed into photos of locations where we wanted to see the outcome real-

ised. Visualised like this we ended up with quite realistic idea of what the 

outcome would look like.  

The QMoss artwork changed drastically during the development process 

as our understanding of materials, technology for manufacturing processes 

and the needs of the changing campus area became clearer. The idea we en-

tered the campus art competition with was developed into a wall-like con-

crete structure where moss would form mathematical patterns according to 

a quantum physics simulation data 

 

Figure 62. Original competition entry included a stone or cement wall struc-

ture with a living moss surface pattern. 
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Through design work conducted we justified plywood as material, because 

a wider access to wood building and structural expertise both within and out-

side of Aalto University offered a better-grounded design actualisation. Fur-

thermore, we wanted to offer an example of art that would be both biode-

gradable and made from a material usually considered of less value and end-

ing up having a short lifecycle. Even though our primary interest was in vis-

ualising science, the materiality issues had to be considered carefully because 

of the long life of the artwork. 

Figure 63. Watercolour painting depicting an early possible design direction. 

Figure 64. 3D visualisation of Quantum Moss, designed into five layers visu-

alising the probability distribution. 
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Instead of visualising the quantum carpet pattern in a graffiti-like manner 

on wall, the design was developed into a three-dimensional form by simpli-

fying the design pattern of the original data enough to distinguish separata-

ble levels in the probability distribution, as visualised in Figure 64. These lay-

ers were converted from 2D to 3D objects and further designed in a 3D pro-

gram with various visualisation ideas. The digital model was constantly kept 

in same scale as the physical installation would be, making it easier to be 

constantly aware of the proportions we would be finally working with.  

 

 

As the final location of the installation was under consideration until the 

beginning of 2022, we used photobashing 2D and 3D models of design itera-

tions to view the possibilities of location, until we knew for certain where the 

installation would be. When the location was finalised, I used the open map 

data of the area, derived from Espoo Karttapalvelu (“Espoon karttapalvelu,” 

2012) and converted the data into visual 3D form by combining it with more 

Figure 65. Design iteration. 

Figure 66. Design iteration with bench and 90-degree angled extension. 
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detailed measurements done on site regarding structures under the installa-

tion and built details such as paths and ventilation pipes. Creating a 3D vis-

ualisation of the surrounding 15m x 15m area, the final 3D visualisation of 

the art installation was then placed in the 3D scene and rendered from vari-

ous angles, together with a true size human model.   

 

The final version of the design was made in a design workshop including 

the structural architects of the project and Aalto University project coordina-

tors, so that we were able to include structural designs into the area and art 

installation visualisation.  

Visualising the artwork design process like this was helpful and hastened 

the design decision making considerably. We were able to move considerably 

quickly into the CNC milling of the physical pieces after we had verified the 

art installation and all its surrounding physical aspects through 3D visuali-

sation and renderings.  

Figure 68. 3D visualisation of long bench and artwork. 

 

Figure 67. Near area and installation visualised in a 3D scene. 
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The design was then cut in a CNC milling machine with the help of Hannu 

Paajanen, Hongfei Bi and Eszter Nagy and assembled in such a way that the 

most probable outcomes appeared to be deeper than the less probable out-

comes. In the final design an optimisation of form was done to benefit the 

natural growth of moss on the inner parts of the artwork, by fashioning the 

artwork to resemble a partly cave-like structure.  

In the outcome of the art installation, we decided to follow a design think-

ing that would offer the natural moss growth best possible opportunities of 

growth. Part of this was to ensure a favourable microclimate by choosing the 

location carefully within the boundaries offered by the competition, design-

ing the artwork structure in a way that would benefit still air existing near the 

surface, rather than strong lateral airflow (Kimmerer, 2003, p.16-17) and 

planning the material treatment in a favourable way to support the micro-

scopic life development. We planned to visualise the moss growth itself 

through a simulation that would advance through time, but in the end, we 

didn’t have time to create simulation such as this, even though it might have 

been very helpful in being able to see what the artwork will look like in future.  

 

4.8.3 Project Reflections 

 

Quantum Moss was without a doubt the most complex quantum visualisation 

and design process I had done by the end of 2022. The aspect of visualising 

scientific information without losing its complexity and value remained as 

key aspect of artwork but creating an installation out of it offered added chal-

lenge as well. Without the flexibility of updatability and late-on changes 

Figure 69. Final installation of Quantum Moss, situated outside the ABloc 

building in Otaniemi, Espoo. 
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offered by a digital outcome, decisions in the final visualisation had to be 

done quite early on, since design was followed by multiple meetings, consult-

ing and planning. The physical building operations and construction had to 

be given a considerable slice from the timetable as well. Using visualisation 

in the form of 2D and 3D art was therefore extremely useful, both for under-

standing better the material look, design iterations and installation place-

ment in the physical world. Through visualisation during design, we were 

able to share our vision better with each other and with the wider design team 

stakeholders.  

Some of the most demanding design tasks during the project I considered 

personally to be not only in the crossroads of natural science and human cen-

tred design paradigms, but in the crossroads of human centred and posthu-

man centred design paradigm. Taking into consideration the competitions 

call for artwork based on sustainability, to create art based on this value 

called for the research of anthropogenic climate change and questioning the 

anthropocentric perspective of materiality. Solutions, such as creating moss 

friendly environments instead of simply propagating moss into unlikely en-

vironments, were ways of taking multispecies ethics into consideration in a 

design process. Making art entirely biodegradable, but at the same time sem-

ipermanent was a demanding task on its own. Designing an art piece to be 

consciously ethical on top of that was even more so.  

Figure 70. Early iterations of QMoss installation stone wall. 

 

Figure 71. Wigner function visualisation as a moss graffiti. Early iteration. 
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A tangible challenge for creating QMoss was also that the longer the pro-

cess took, the harder it was to find expertise from the various fields that were 

needed for understanding the complex design challenges. In addition, some 

process simplifying tools, such as project handling platform was divided to 

different platforms because of the many different communicating parties and 

variety of disciplines included in design process. Better information sharing 

and early on consultation between the project team and the competition or-

ganisers could perhaps have helped the design process take flight and in 

faster production start. Between the two designers, finding points of mutual 

understanding through visualisation was a slow process, during which the 

design of the outcome went through several iterations, many of them visual-

ised in this chapter. Collecting design iterations into a design backlog was an 

imperative part of a long process and will undoubtedly help in further design 

learnings. 

In QMoss project we had one consultation session regarding the design 

process and changes that were most likely to happen. Having in mind that 

our team with only two people in the central role was new to installation art 

making, we would have benefitted of more bootstrapping from the organis-

ers, for example in a series of two or three meetings where different aspects 

of making installation art was discussed with different experts, who were part 

of the organising team.  

In 2022 QMoss is an example of a novel and innovative artwork that de-

fends its position as a transdisciplinary artefact. To help the accessibility of 

installation art making to transdisciplinary work groups, a workshop or a se-

ries of workshops could have proven greatly beneficial, as it would remove 

the need for the easily long process of looking for where to start. The novelty 

of materials and information weaved into the artefact still offer much further 

research point of views as the artwork is opened for audiences to enjoy. The 

natural continuation for this project therefor is to consider ways to conduct 

user research that enlightens the audiences’ interests towards the installa-

tion. To further develop the best practises of creating installation art from 

science information, being able to visualise the various parts of the project 

beforehand could be very useful. Particularly in a project that takes longer 

than a year, the aspect of funding and running costs lead into organisational 

work. A long project might mean putting a lot of time into running errands 

such as bookkeeping, project backlog maintenance and handling subcon-

tracting so enough time should be put early on in evaluating sincerely several 

aspects of the full project, such as the need for different organisational and 

executive roles. 
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4.9  The Weaving of Reality 

 

Weaving of Reality is a digital visualisation of a quantum carpet pattern cre-

ated by Laura Piispanen for the QMoss project, but instead of visualising the 

quantum carpet simulation in a physical form, Weaving of Reality aims to 

expose the details and potential of the original data in a digital form, where 

it becomes audio-visual and interactive through the design of the original 

data and information. Audience that interacts with the Weaving of Reality 

can pull out information of the highest probability information and learn 

about the extremely intricate unseen information behind everything that we 

deem visible in the real world. The artwork is repeatedly crossed with a wave 

of measurement that turns the peaks and valleys of the probability into 

sounds. With a touch (Figure 72.) the audience can stop and reverse the 

soundwave, find interesting points to listen from the information and let go 

again to hear the background sound of The Weaving of Reality. The artwork 

studies our possibility of interacting with the unseen phenomena of quantum 

physics with the help of digital representation.  

Weaving of Reality was created during the Audiovisual Studio workshop 

course organised by the Aalto department of New Media design in spring 

2022. As an advanced studio course, the goal of the course was to explore the 

possibilities and examples of real-time video art, generative art and audio-

visual performances and aim to create an example work of your own. Most of 

the examples explored during the course used a software called TouchDe-

signer that enables information visualisation methods for example though 

projection mapping and creating visual user interfaces connected to infor-

mation inputs and visual outcomes.  

Taught by Matti Niinimäki from the Department of New Media Design in 

Aalto ARTS, the course ran for six weeks during which the students built their 

Figure 72. Weaving of Reality on touch screen in a gallery space. 
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own project to showcase. Audiovisual Studio workshop course is an advanced 

course that is offered only after some basic knowledge is already achieved 

through other studies. I took this course on my second year of master’s stud-

ies, making it my final playful quantum project that I aimed to include in my 

thesis research.  

 

4.9.1 Design and Practise 

 

My workshop practise and project during the Audiovisual workshop entailed 

creating an audio-visual and interactive installation depicting a quantum car-

pet. As an intricate weave-like pattern of the probability distribution of a par-

ticle in the quantum scale of things, the design possibilities for information 

were aesthetically very interesting. Since the concept of the likelihood of ex-

istence, or probability, is often difficult to explain in other means than math-

ematics, I wanted to challenge myself into looking at an existing visualisation 

made from this data, a quantum carpet pattern, and re-imagine it with inter-

activity. 

 

For this I used a quantum carpet pattern created by Laura Piispanen, already 

familiar for me from the Quantum Moss project that we worked together on. 

Developing further on the ideas of Quantum Moss in The Weaving of Reality 

instalment offered a synergy in creating variations into means of visualising 

the probability distribution. One of the main similarities between these two 

installations was the use of three-dimensional layering to translate the prob-

ability distribution. With Quantum Moss our work was limited to our chosen 

physical material representation, but with the Weaving of Reality, it was pos-

sible to visualise the information digitally in more detail (Figure 73). 

Figure 73. Final presentation of the artwork as seen on the computer screen. 
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At first, I thought about the possibility of making a visualisation that 

would be audio-visual and perhaps interactive, but that would not express 

scientific information but simply be aesthetically attractive (Figure 74.) but 

this idea couldn’t incorporate well enough the aspect of interactivity that I 

had in mind. I kept this idea as my backup idea, if it would look very much 

like I would be unable to master the previously unknown software, TouchDe-

signer, well enough.  

 

Based on what I wanted to gain, namely, an experience that was both au-

dio-visual and interactive, offering the audience a tangible way to interact 

with visuals and sounds created from quantum carpet, I designed a workflow 

(Figure 75.) for myself to get things done timely enough. Visualising the 

workflow helped me to also see better how long I should spend time with 

different parts of the project.  

 

Figure 74. Early ideas of how the quantum carpet would be visually struc-

tured into changing kaleidoscopic patterns. 
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Since the original quantum carpet pattern was already quite detailed, by 

adding a 3rd axis into the image I mapped the saturation information of the 

original image into a height pattern. A lighter saturation that signified a 

higher probability yielded a higher position on the y-axis (Figure 76.) and by 

adjusting the relative distance I could separate the most probable points 

more clearly from the less probable parts. 

In addition to a visual 3D representation, Weaving of Reality was de-

signed to interpret vertical slices of pixels from the original 2D quantum car-

pet pattern into different patterns of sound according to its horizontal reso-

lution. Vertical image slices with changing patterns were translated into au-

dio input compatible format and driven through a range fitted audio oscilla-

tion pattern. As the program read the picture horizontally from left to right, 

it played the sound scape from each pixel slice, effectively creating a kind of 

song, that would repeat itself when the installation was running. To visualise 

better the timing of the experience, I added a wave-like reading indicator that 

scrolled along the x-axis in time with the sound.  

Figure 75. Workflow visualised for better time management. 
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A more personal interactivity experience was added with a possibility to 

choose what part of the information was most interesting to listen to, by 

touching the screen. The touch screen used as the experience platform 

worked as an information input that froze the time scrolling to the x-axis 

point indicated with a touch, making it possible to slide finger on the screen 

and produce forward of backwards sounds or simply listen to one sound. The 

wave-indicator switched to follow the touch in accordance, until the screen 

was released of the user input. Final visual touches were added in colour and 

tone balance as well as with a slight tilt shift lens effect that is sometimes used 

in photography, to make something large appear tiny. An effect I felt added 

into the communication of presenting something exceedingly small on a large 

screen. 

 

4.9.2 Project Reflections 

 

Weaving of Reality was a continuation to the Quantum Moss instalment in 

many ways and provided me with some information that I was hoping to be 

able to investigate when designing Quantum Moss. One of these was being 

able to interpret the quantum carpet information meant for Quantum Moss 

as visually close to what natural mosses look like. While this was mostly done 

through an artistic lens and without any definite plan of using these two art-

works together in any point, I wanted to test the possibility of creating a pro-

jection pattern that shared the visual layout with Quantum Moss. 

Even though the original visual 2D image data was not created by myself, 

but was the handywork of Laura Piispanen, I found it interesting to translate 

and further work on realising new aspects of her visual information derived 

from quantum physics. The horizon of possibilities that TouchDesigner as a 

software provided was wide to incorporate many solutions, but my own 

Figure 76. Layering of probability distribution on the y-axis shows highest 

probability in towering points from most data. 
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newness as a user directed and narrowed what I could realise using this soft-

ware. Rethinking the dimensional data that I created could also lead into 

other solutions regarding it. On another platform such as virtual reality or 

topographical surface projection, the quantum carpet pattern could yield an 

interesting outcome as a surface to walk on or touch.  

The instalments interactivity was grounded on the idea that being able to 

discuss and share ideas around difficult topics enhances learning experience 

and opens different interpretations. Judging from the reactions of users in 

the first viewing of the instalment, interactivity was one of the most interest-

ing aspects to the Weaving of Reality instalment. With truly little back-

ground knowledge to quantum mechanics, the artwork opened discussions 

between exhibition visitors into interpreting the visualised information and 

phenomenon. Had there been a quantum scientist present to discuss the sci-

entific details, I believe that this experience could have helped significantly 

to add interest and touch points into a topic that is otherwise often consid-

ered difficult to visualise.  

I wanted to create an experience that resonated particularly well with the 

audience. Because of this, I did not create a program that would universally 

interpret any kinds of 2D images into sound for example, but one that was 

fitted to Quantum Moss visualisation. Testing the program with other im-

ages, from different colour adjustments of the same picture into completely 

different visual data, resulted in significantly different outcomes that were 

incomparable in quality and style. Considering usability from a wider per-

spective of source material therefor means that Weaving of Reality is not 

made to universally fit very well together with other than the Quantum Moss 

visualisation. It would be possible to create a more universal converter with 

the help of tools such as TouchDesigner, but this would need more time and 

a further study of the software and its interface to understand better the de-

pendencies of different actions in the writing of the program.  

As an example of translating still 2D information into audio-visual inter-

active 3D information, it resulted in higher usability than what the original 

source material would have been able to offer. Using new media tools and 

software that enables translating information into new forms with the help 

of art can be seen as a beneficial and interesting way to learn science.  
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5 Results 
 

The method of research through design underlines the importance of design-

ability or changeability of research objects in order to receive innovative 

ideas (Michel, p.215). These innovative ideas are the real valuable findings of 

my study.  In this thesis the research object was the design process of quan-

tum projects, meaning that the innovative ideas and quantifiable results are 

reflections of key learnings derived from them. These learnings, the chal-

lenges and solutions of visualising quantum physics in playful projects, are 

opened through the next Chapter 5.1 Lessons Learned from Design Projects, 

where I proceed to analyse the data derived through Chapter 4 Experiences 

from Developing Playful Quantum Projects. By forming understanding on 

the key challenges and solutions, I propose a list of best practises, which aim 

to address these points. I continue opening the results in the discussion part, 

on whether my findings can be considered as improvements into what we 

currently know and fulfil the methodology’s requirement for innovative 

ideas.  

The nine quantum visualisation projects conducted between 2015 – 2022 

were significantly different when comparing their lengths, team sizes and 

number of stakeholders included around the projects, but all of them shared 

the aim of creating playful, visual experiences from quantum science infor-

mation, fulfilling their purpose as research objects. While having this innate 

motivation for the creation of design artefacts, they provide understanding 

into the practise and potentially helpful learnings of how quantum physics 

can be better addressed in design process that aims for visual outcomes. Re-

flecting on these projects offers a window into aspects of playful quantum 

science visualisation work from the point of view of designability.  

 

5.1 Lessons Learned from Design Projects 
 

I was first motivated to start designing playful quantum projects in order 

to learn more about quantum physic. However, during the multidisciplinary 

design process it became apparent that a greater understanding of interdis-

ciplinary design was required, in order to create transdisciplinary design ar-

tefacts of quantum physics. Developing my understanding towards how to 

visualise quantum physics in understandable visual discourse metaphors 

pointed out challenges in design communication and also other challenges 

too. These among others are some of the aspects of my learnings that I will 

next draw together as I go through all of the projects one more time. This 

time however the hierarchy is created through the common denominators 

that have either helped or hindered the process of design work in a multidis-

ciplinary group work that aims for the creation of transdisciplinary quantum 

physics design outcomes.  
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5.1.1 Technical and Other External Challenges  

 

Challenges that are either technical or external to the design practice itself 

often take time from the design practice itself. This was seen in Through the 

Quantum Gate, Quantum Cabaret, Ludic Quantum Project and LIT – Of 

Quantum and Life. Technical problems were more noticeable in the earlier 

projects, such as Through the Quantum Gate and Quantum Cabaret but they 

were still causing noticeable delay in the later projects where time was of the 

essence. Design process that happens in an unusual environment, such as a 

science centre in making Through the Quantum Gate, requires organiser fa-

cilitation, if time is of the essence and technology is a bottleneck. The same 

goes for a location such as the venue used for making Quantum Cabaret. 

Technical problems were my own obstacle in this project as I had to install 

and re-install programs for a disproportionally long time before I could even 

start proper development. For an opportunistic design process, such as game 

jams, this could mean for example better visual and written instructions 

given to how key technology, such as making a game for a planetarium screen 

while making Through the Quantum Gate, is realised or offering technology 

to be used that is simple enough for anyone to start using without prior train-

ing.  

The other kind of external challenges were difficulties related to skill gaps 

and unavailability of knowhow in some of the key development roles. In par-

ticularly again an aspect to short game projects, such as Through the Quan-

tum Gate, Quantum Cabaret, but was also an aspect of Ludic Quantum Pro-

ject. In Through the Quantum Gate our team included two programmers but 

one of them was not available all of the time and the other didn’t feel very 

comfortable with the size of the programming task. In Quantum Cabaret the 

team had enough programming power but felt in general that there was fa-

cilitation missing from the quantum physics knowhow. In this project I 

hoped to also take more part in development in various sides, but due to the 

challenges with my own laptop, I was unable to use my skills to the fullest 

potential. In Ludic Quantum Project there was only myself and another per-

son in the development team, which meant that any shortcomings in for ex-

ample programming affected directly the amount of iterating, making the 

process longer and forcing us to simplify some of the ideas to be better real-

ized. Even though the project was longer than the game jam ones, the time 

for making the playable games that communicated quantum physics for the 

website was difficult without having a quantum physicist in the active game 

making team to hasten the design iteration process.  

The other projects didn’t suffer that much from technical or external chal-

lenges in that sense, since they were either done under well-curated supervi-

sion such as Quantum Explorations Exhibition, or benefitted from consistent 

self-reflecting with the help of design backlog, such as used in Quantum Moss 
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(QMoss) and were longer, which removed the tight time-table. Technical and 

external challenges were also minimal in projects where I was working 

mostly on my own, such as Playful Asset Package and The Weaving of Real-

ity. In the latter one of these I was also using project management tools, such 

as planning my workflow, which made time management easier even when 

technical problems appeared in using new software. The lack of technical and 

external challenges in Heisenberg’s Bicycle seems to point towards other rea-

sons than those mentioned, however. The team in this project was slightly 

smaller than in all the other group works, but the team had one programmer, 

physicist and artist that had professional level in their respectful skill. 

 

5.1.2 Importance of Informal Communication  

 

The importance of informal communication became apparent in the projects 

where the group members did not feel entirely like they were working on 

solving problems together. It is to be expected that everyone who was work-

ing on any of the nine projects were doing so based on their own personal 

interest and willingness to learn more, but what was new to perhaps many 

was the actual practise of interdisciplinary communication as problem solv-

ing tool. Through the Quantum Gate was a good example of a project where 

informal communication worked, perhaps because all of the project mem-

bers were physically in same place and because there was enough facilitation 

from quantum physics side, which usually is one of the challenging design 

topics. The event itself felt quite safe in many ways too, which might have 

helped the participants to also express their shortcomings and building trust 

much better, than for example in later projects where participants were 

partly of fully in an online environment.  

Quantum Cabaret, Ludic Quantum Project, Heisenberg’s Bicycle and 

Quantum Moss (QMoss) had a good amount of informal discussions between 

the team members which affected in the possibility of sharing pain points in 

development process and ultimately hastening iteration. The lack of commu-

nication on a more general level on the contents of offered tools, for example 

concerning the understanding of Quantum Black Box as a tool in Quantum 

Cabaret can be considered as a hinderance for the general understanding.   

 Playful Asset Package and  The Weaving of Reality were created between 

teams and people who were quite well familiar with each other already and 

informal communication was less needed, and it happened more naturally. 

The lack of informal communication, however, was quite apparent in LIT – 

Of Quantum and Life as the lack of comfortable common language and my 

own part as joining in as an ‘extra member’ in an already working group af-

fected how communication happened between myself and the other team 

members. In this case the project outcome and the experience of developing 

both would have become more enjoyable, had there been a chance to discuss 
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informally around common interests before the development process started 

for example.  

 

5.1.3 Building on top of Previous Work  

 

Building on top of previous work means that the designers either know a lot 

about the practise of making quantum games and artworks from before or 

they can use tools and assets that have been created based on multidiscipli-

nary information. The importance of acknowledging the sources of previous 

knowledge became particularly relevant in processes where either the exper-

tise of certain field was missing, or the project required learning of new tools 

that took time from the design process. In my project experiences, two pro-

jects in particular reflected the need for easily accessible ready-made tools. 

Playful Asset Package project was done to provide the students of Quantum 

Games Course with tools that would help them in their own learning process. 

On the other hand, I used a ready-made asset myself in  The Weaving of Re-

ality when I used the visualisations that had been done previously into the 

use of Quantum Moss (QMoss).  

Particularly in the case of the latter one, the advantage was also that myself 

and Laura Piispanen, the creator of the original simulation visualisation, had 

discussed lengthily regarding the quantum physics, during Quantum Moss 

(QMoss). In addition, we had discussed the visualisation of a variety of quan-

tum phenomena through many projects, such as Playful Asset Package, Lu-

dic Quantum Project and Quantum Explorations Exhibition. We had in other 

words collaborated for many years in different types of projects and could 

build on top of our common previous work history.  

In some way the development of good practises can also be seen in general 

through work that continues for a long time. Simply considering my own 

practise, my understanding of the visualisation aspects of quantum phenom-

ena and in which ways visualisation can be used to help the design process 

have developed. For example regarding wave-particle duality and decoher-

ence the visualisation skills through Quantum Explorations Exhibition, Lu-

dic Quantum Project, LIT – Of Quantum and Life, Playful Asset Package, 

Quantum Moss (QMoss) and  The Weaving of Reality have all built my un-

derstanding of how to communicate these phenomena better visually. 

 

5.1.4 Importance of Sketching  

 

Importance of sketching shows up in many of the projects. Whenever only 

little sketching had been done in the early process, such as initial design pitch 

visualisations, these original idea sketches were used a lot to help the com-

munication between team members. Multiple sketches showed their im-

portance when they were made to help iteration during the early process, or 

even in later phase when final product was not yet realised. Quantum 
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Cabaret, Quantum Explorations Exhibition, Ludic Quantum Project and 

Quantum Moss (QMoss) are good examples of projects where sketching was 

used a lot to help the formation of final conceptual design understanding of 

the quantum phenomena. Particularly the projects that consisted of visualis-

ing the quantum phenomena in a detailed level, such as in Quantum Explo-

rations Exhibition and in Ludic Quantum Project, required plenty of sketch-

ing of design ideas and discussing them with other team members. In the first 

one of these the sketching helped to iterate information together with quan-

tum scientists and on the second one together with the programmer of the 

team. What Heisenberg’s Bicycle showed was that sketching was also possi-

ble during the design process, through online tools made available. During 

this project I first used a simplified sketch that had been made by the physi-

cist but iterated on it while discussing the changes and current ideas. This 

resulting in a well-established synergy of creating understandable quantum 

information design through visualisation.   

In Quantum Moss (QMoss) sketching is perhaps a bit downplaying word 

of the process since the outcomes were visualised at times with textured real-

time rendered 3D scenes, but this process too started with just a couple of 

sketches drawn on paper. Having sufficient time during Quantum Moss 

(QMoss) enabled many surprising sketches to be made during design meet-

ings, that helped the designers to understand better the possibilities of ma-

terials and design ideas. Excessive time was a rarity for most of the projects, 

however. What this suggests is that sketching can be a useful tool for short 

projects too, perhaps even more so since single sketches become more im-

portant as references.  

Through the Quantum Gate had just one sketch done of the gameplay 

ideas during the early design phase, but it was often referred to and parts of 

it were discussed many times. This game idea pitch was done by me, meaning 

that I used my skills as a storyteller and visual artist to convey various aspects 

of the game. On top of that, what helped tremendously to share a common 

vision in this project was the existence of shared fantasy, born from the ex-

isting story behind the inspiration of the game.  

 

5.1.5 Shared Fantasy  

 

A shared fantasy means that from the beginning of the design project there 

exists a visual design concept or story that can used as a metaphor for the 

design project at hand. This was particularly obvious in Through the Quan-

tum Gate because of the reference to Alice in Wonderland fairy-tale, but ex-

amples of similar storytelling aspects were seen in Heisenberg’s Bicycle by 

connecting a real life story of Heisenberg’s life into the aspects of his uncer-

tainty theory. Even Playful Asset Package utilized shared fantasy in the sense 

that the QChar was designed as a cat, a nod towards the Schrödinger’s cat 

theory offering immediately feeling of shared ideas. Some aspects of shared 
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fantasy were also present in  Ludic Quantum Project game of Superconduc-

tivity that was based on a real-life science experiment that both the develop-

ers knew well. Same aspects can be seen up to some extent in LIT – Of Quan-

tum and Life, but being able to understand how photosynthesis works in the 

microscopic scale takes some previous knowledge and cannot therefore be 

considered as an easy narrative.  

A shared fantasy as a learning outcome crosses thematically with both the 

previously mentioned importance of sketching and building on top of previ-

ous work, since both of these earlier aspects point towards existing models 

being memorised from before or being created on the spot. Shared fantasy 

does not necessarily require either one of the earlier ones, as Through the 

Quantum Gate exemplified that even one picture is enough if the story that 

is used as a shared fantasy is familiar enough and doesn’t contradict ideas of 

quantum physics. The problem with many common narratives is however, 

that they follow macroscopic world structures. In Quantum Cabaret it was 

actually quite difficult to think immediately of a classic Noir narrative that 

would include entirely unsolvable mysteries. A shared fantasy based on fairy-

tale might have offered a more fruitful ground.  

Aspects of shared narrative were quite little used when looking at all the 

projects, since other tools of creating a shared ideas were used a lot. In pro-

jects such as Quantum Moss (QMoss) and  The Weaving of Reality there was 

no aspects of a shared fantasy used. The reason for this is most likely in the 

project maker’s own grown understanding through previous work, but 

shared fantasy should be seen having a wider role than one of design process, 

since it can also help further discussion to form with stakeholders and audi-

ences.  

 

5.1.6 Approachability as a Design Goal  

 

Team members and audiences’ possibility to engage better creates possibili-

ties for understanding through discussion and observation. Games and art 

are acknowledged for their potential to help scientists in their own work, but 

when the goal is to create shared understanding, other multidisciplinary ac-

tors must be considered. This can be done by accepting approachability as a 

design goal. Short projects, such as Through the Quantum Gate, Quantum 

Cabaret, LIT – Of Quantum and Life and Heisenberg’s Bicycle offered vari-

ous learnings on how approachability was designed during a short process of 

making. Through the Quantum Gate offered a very tangible example of this 

through user experience design. Because the experience was played on a full 

dome projector in a planetarium, we were expecting that everyone would see 

the outcome at once and draw conclusions based on that experience. To de-

sign for such an imposing output technology the design of the game was also 

a feat of the team’s ability of depicting well the feeling of Alice in Wonderland. 
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Having multiple, experienced artists in the team definitely helped in ap-

proachability.  

Quantum Cabaret  and LIT – Of Quantum and Life had a similar chal-

lenge in the sense that both of them aimed to visualise something phenome-

nally quite complex, while trying to stay very simple gameplay wise. The at-

tempt of keeping things simple robbed the final outcome of some under-

standability, because the gameplay could not hold interest for long. While 

visually approachable, the gameplay felt either confusing or got boring fast. 

Better informed game design choices could have helped the approachability 

of these projects considerably, even if it might have reduced the overall quan-

tum understanding.  

‘Simplified but relatable’ was much better incorporated in the five key phe-

nomena of Quantum Explorations Exhibition, because the Spooky character 

offered a personified metaphor for various ideas to be formed and discussed. 

For exhibition visitors it seemed more important to be able to discuss the 

topics than to immediately know everything. In other ways the exhibition 

could have done better though, as aspects such as size of particles, speed of 

electron spin and other ontological concepts were not supported with meta-

phors.  

Ludic Quantum Project aimed for approachability of quantum infor-

mation through the combination of games and science articles by combining 

them with PlayCo’s ‘dual-coded’ presentation method. The games were in-

deed easy to find, but they were not approachable in all aspects, particularly 

since the text and game together were small on a mobile screen where they 

were often studied. In one way the games were able to simplify difficult quan-

tum phenomena into games, but whether for example Superposition suc-

ceeded in explaining a difficult topic through incorporating the idea of meas-

urement, is debatable. Approachability would have been better realised at the 

point where the audience finds a connection to the phenomenon, which is 

not a scientist performing a measurement on a quantum particle.  

Playful Asset Package aimed to be extremely approachable in its visual 

style, which was intentionally funny and simplified. Though lowering the 

cognitive barrier to use them with humour and candy-like colours the assets 

definitely were designed with usability and approachability in mind. The fact 

that the assets were also in 2D, and 3D form, supported approachability, and 

indeed, both 2D and 3D assets were used in the game projects. Similarly, hu-

mour was used in Heisenberg’s Bicycle to increase approachability and the 

visual game style was precisely changed in order to make the game more in-

teresting and different than many others. With small instructional updates 

Heisenberg’s Bicycle could become extremely fun to replay several times, be-

cause the basic physics information in it is also straightforward. The game 

succeeds to describe something from the quantum world with traditional 

physics terms.  
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 Quantum Moss (QMoss) and  The Weaving of Reality aim both for a 

slightly different kind of approachability than the other projects, as they were 

both created as installation art. The design of Quantum Moss (QMoss) was 

originally quite flat and located in a place that was much less used by the 

Campus audiences, but in the end it was developed to be both visually inter-

esting in depth and located in a place where more audiences can see it. A 

bench was incorporated as perhaps the most notable element of approacha-

bility, literally inviting the audience to approach and sit down. What Quan-

tum Moss (QMoss) depicts scientifically is perhaps not approachable on its 

own, but the incorporation of living mosses and growth, natural light and 

aesthetically interesting background are the visual elements for this project 

in the same manner as art is for the earlier game projects.  

 The Weaving of Reality goes one step further in approachability through 

incorporating audio-visual aspects and interaction. Particularly the sound 

pattern developed from the vertical slices of quantum carpet and made to 

resemble music is the part of  The Weaving of Reality that increases the sci-

ence approachability by introducing a new sensory experience.  

What all of these projects exemplify is that being aware of the audiences 

and project outcomes relationship makes it possible to take various steps 

during the process to develop communication and include design aspects.  

 

5.2 Design Guidelines  
 

 

The main learnings highlight the importance of aspects of technical and ex-

ternal challenges, importance of informal communication, building on top of 

previous work, importance of sketching, shared fantasy, and approachability 

as a design goal. Next, I want to suggest a set of guidelines obtained from 

Figure 77. Design guidelines with visualisations.  
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these learnings and formed into useful points normatively. I open these 

guidelines further in Chapter 6, where I make observations of their reliability 

and connection to larger encompassing concepts. The design guidelines (Fig-

ure 77.) for addressing the challenges and solutions in visualising quantum 

physics in playful projects:  

 

1. Plan for unknown external challenges: There will always be un-

known challenges that are non-quantum in nature. It’s good to pre-

pare for these challenges with time, planning and skill  

2. Include informal communication and familiarising with the 

team: Being aware of design teams strengths and weaknesses both 

can help understanding and bonding in a way that encourages under-

standing at large.  

3. Consider previous visualisations and building on top of 

them: Building longevity of understanding between designers and 

utilising existing visuals helps in faster bootstrapping.  

4. Involve early sketching in the design process: Incorporating 

visual design practise early on makes design iterations more accessi-

ble and builds point 3.  

5. Consider existing fantasy: Shared narratives, common metaphors 

and storytelling can offer accessible visual touch points to multidisci-

plinary teams.  

6. Picking your battle of visual accuracy in quantum physics: 

Understanding has more chances to succeed when complexity is toned 

down with approachability and user centric design.  
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6 Discussion 
 

The design guidelines offer a point of discussion to the credibility and 

trueness of these findings as an outcome. Firstly it is noticeable that very few 

of these points are in fact new on their own, since they have been discussed 

in various forums and established as good practises in other design situa-

tions. Planning for unknown external challenges is a challenge for any project 

that happens in a situation that is not hermetic and fully controlled. Informal 

communication practises have been a part of Game Jam culture for a long 

time, including team building through playful game activities, speed intro-

ductions, shared pizza delivery and sharing same working stations. Using 

previous visualisations as the base for design process is also quite common, 

particularly in game design where many commercial programs offer toolsets 

and asset packages to hasten game design learning. Early sketching can be 

pointed towards the direction of User experience design and service design, 

where ideas are regularly discussed in a group, with a help of for example a 

white board and note taking. Existing fantasy and sharing ideas of metaphors 

is a practise familiar to storytelling and animation, where it can help to flesh 

out innovative ideas with the help of existing connection points. Simplifying 

complex ideas through picking one’s battle again is a wisdom that can be 

added to any complex problem-solving situation.  

What might be the most critical point about these guidelines is perhaps 

that they combine information from various fields of creative practises and 

ideas, in order to service the situational needs of the projects of this thesis. 

What the research through design methodology has exposed in other words, 

is the knowledge that the guidelines for this type of projects are found in a 

wide array of different design spheres and by coming together they form a 

new sphere of knowledge particular to designing these playful and artistic 

quantum projects.  

It is worth being aware of the specific and conditional information that the 

learnings were based on. Having only a designer’s point of view described 

through the learnings, this might mean that a scientist or programmer has a 

vastly different view of best practises or guidelines, even when they have been 

part of the same project. It’s encouraging though that all of the guideline 

points are in the boundary of design and visual design practises, meaning 

that the guidelines may indeed offer a valuable tool for a designer to under-

stand design challenges and solutions in visualising quantum physics.  

Whether it can alone foster better design culture and result in quantifiably 

better interdisciplinary outcomes cannot be concluded through this research.  

An interesting point derived from the results is that from nine projects, 

examples of successful collaborative problem-solving between quantum sci-

ence and design where the outcomes were clearly recognized as interdiscipli-

nary outcome, did not happen in every project. In my experience neither 

Quantum Cabaret or LIT – Of Quantum and Life had a visual discourse 
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development through interdisciplinary work between quantum science and 

design, even though they both were visually well realised projects. True in-

terdisciplinary problem-solving outcomes between scientists and designers 

were hard to achieve and even harder it is to conclude how much transdisci-

plinary understanding the project outcomes delivered.  

Both scientist and non-scientist audiences were interested in many of the 

outcomes, for examples those of Quantum Explorations Exhibition (QuEx) 

and The Weaving of Reality because easy approachability and freedom to try 

things created ground for heightened understanding and offered other expe-

rience benefits, such as social connection while talking with others. In a study 

of narrative visuals, Ana Figueiras (2014) points that certain level of freedom 

of exploration in narrative data visualisations can increase proficient audi-

ences interest towards the experience (Figueiras, 2014). I would add that this 

kind of explorative freedom and telling engaging stories of science can also 

be laced into the more approachable experiences of quantum physics.  

Personally I feel that many of the projects could have included more sto-

rytelling, even the ones that were ‘rich’ in narrative, such as Through the 

Quantum Gate and Quantum Cabaret. In the Art of Game design Jesse 

Schell describes storytelling as one of the crucial functions to our imagina-

tion. Our imagination fills in gaps of information when story is laid out, even 

when the story is considerably short (Schell, 2014 p.125-126; Wojtkowski & 

Wojtkowski, 2002). This would suggest that had for example  The Weaving 

of Reality been tied to storytelling somehow, the audiences might have en-

gaged with it even more. Audiences personal experience with abstract infor-

mation is a challenge that would be worth researching more regarding design 

possibilities. Before that however, I believe more project making and study-

ing the learnings is needed in understanding and developing the design 

guidelines presented in Chapter Design Guidelines5.2.  

The point of approachability means that understanding audience motiva-

tions in gamified projects may help interdisciplinary teams to deliver science 

information to different audiences in forms that align better with their inter-

ests. Heisenberg’s Bicycle felt fun to play many times in a row, but LIT – Of 

Quantum and Life lacked some motivation of replay, even though the topic 

was interesting. Curiosity to try a science game can be enough to play a game 

once but incorporating the outcome with more motivational factors from 

game design, such as interest for competition (Schell, 2014, p.224), could 

have been incorporated in Ludic Quantum Project game Superconductivity. 

More immersive storytelling (Yee, 2021) incorporated in Quantum Cabaret 

on the other hand could have made the audience feel more included.  

In many of the projects described in this thesis, the design process was in 

fact faster when interdisciplinary practise was not utilised. This might be one 

reason why usually multidisciplinary project outcomes end up being only 

partially interdisciplinary and cannot offer fully transdisciplinary under-

standing of all design team to their audiences. If design aspects are 
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considered as the central tool for engaging audiences, designers need to be 

included fully in the process of creating these outcomes. What this means is 

also that designers must see themselves as an important, active part of deliv-

ering the cognitive information. My own experience is that the underlining 

tone in many science-art projects tends to be close-knit to the theoretical sci-

ence side or the technical execution, such as programming, but design and 

art as a tool of communication and approachability should be seen just as 

important if transdisciplinary understanding is to be achieved.  

According to the findings through this research, the way to create valuable 

project outcomes that enable better general understanding of quantum phys-

ics, is through nurturing a culture of science understanding realised with 

tools of design thinking. To bring such culture forth, the aspects of encour-

aging imagination, visualisation, storytelling, opportunistic design process 

and common motivational goals from various fields of design can help in 

bringing multidisciplinary team members around same design table. Under-

standing common motivations may help in reducing the fear of communica-

tional problems and accept them as a natural part of a design process and 

iteration.  

An interesting learning is that there seems to be no singular way that the 

phenomena of quantum physics are understood. There are no specific icons 

or visual metaphors yet that would be recognized by the majority of people 

engaging in a design process of quantum phenomena, such as might exist in 

other fields of science. Metaphors are a strong communicational tool for sci-

ence, acknowledged for their power to for example increase understanding 

of non-human scale phenomena (Dahlstrom, 2014). In all the playful projects 

visual conventions were re-imagined through various ways and often through 

metaphors. Some of the projects had also an agenda of helping potential vis-

ual conventions to emerge into further use. Such as for example, the creation 

of serious and Playful Asset Packages from the visual materials of Quantum 

Explorations Exhibition project and the outcome material of project Playful 

Asset Package. 

From a visualisation point of view, the most successful design process hap-

pened when shared attention was given to visual design work when design 

was happening in real time, in person or live streaming. This does not prove 

visualisation to be the ultimate tool of solving interdisciplinary design pro-

cess problems, but points towards careful consideration to be done, when 

teams decide which discourse works best for everyone in the team. When at-

tention is given to the different discourses aside from written one, new op-

portunities arise, and team members strengths are highlighted in a new way. 

As a practical design process method, I suggest that teams try drawing to-

gether and translating the drawings by describing them in different ways. 

Visualisation of information process might be an option to consider too, for 

example through flow charts as used in Ludic Quantum Project and The 



118 

 

Weaving of Reality, since visualisations are culturally more and more used 

as domains of cognitive information production (Michel, 2007, p.36).   

The critique of Iconic Turn and centralizing communication around im-

ages points towards their problematics too as source of information, because 

seeing is also a biological aptitude (Bertolini, 2015, p.127). A society that puts 

a lot of weight value on images, affects social arrangements, and potentially 

leaves out visually impaired audiences. This is an ethical issue (Bryman, 

2012, p.6). As much as better inclusivity of information was one of the im-

portant aspects of my conducted research, by default the use of visual lan-

guage leaves out a part of society. I was unable to expand my research to en-

compass these challenges thoroughly better, but I made an interesting open-

ing into this direction through making The Weaving of Reality, that was 

acknowledged in the results for its ability to read the visualisation of the 

quantum carpet pattern through audio output and the user’s ability to ma-

nipulate audio through touch.  

The topics introduced and discussed in this thesis were largely unable to 

touch on some of the topics that surfaced during the design practises and 

during the writing process related to the global aspects of science under-

standing needs and inclusivity. Quantum Explorations Exhibition (QuEx),  

Quantum Moss (QMoss) and  The Weaving of Reality in particular high-

lighted the importance of communicating challenging and sometimes painful 

voids in understanding technology, climate change and inclusivity. In my 

opinion, it is extremely important that we pay attention to these aspects too, 

when designing potential future projects and research of quantum physics 

from audience’s point of view.  

It is important to think about how we communicate about the possibilities 

and expectations of quantum technology (Binosi, 2016) and how this com-

munication can develop as quantum computers develop and approach their 

full potential (Gibney, 2019). Quantum Explorations Exhibition (QuEx) 

opened up a little bit this discussion, by offering a possibility for anyone to 

look at the findings and development possibilities of quantum technology, 

but much more would be needed in order to offer opinions of many stake-

holders on how these technologies could potentially develop. Quantum tech-

nology is increasingly in the headlines as it develops, but so far there is truly 

little talk about ethics and inclusivity, when it comes to realising its expected 

potential. There are many ways that the culture of how quantum technologies 

are imagined can develop, but it is noteworthy that an aspect of science-art 

and design that acknowledges information ethics (Kop, 2021) is not yet 

widely discussed, even though quantum technology is repeatedly acknowl-

edges for its topicality in changing how we understand the world around us. 

The present seems like the time when ethics, openness, inclusivity and soci-

ety at large should be imagined in many ways as part of the shared future, for 

example in open science exhibitions, art installations and other interdiscipli-

nary design practises.  
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The Weaving of Reality offers a possibility of interacting and manipulat-

ing the visual and audio information, translated from the quantum carpet 

simulation. Studying further the possibilities engaging with quantum infor-

mation through many ways and various sensory inputs could offer inclusivity 

in a level where it has been very little used. Quantum theory offers curious 

designers a world that is truly little explored and opens up possibilities to 

communicate the real in a new, inclusive way.  

Envisioning the future of quantum technology should be an interest for 

variety of designers and storytellers of science, because visualising ideas of 

the exciting quantum theory are not limited to currently impossible fantasies, 

such as the popular topic of time travelling (Milford, 2019; Newton, 2016), 

but can help us understand for example our environment better. We could 

imagine and visualise more how quantum technology and quantum mechan-

ics can make us understand the world around us here and now. Quantum 

Moss (QMoss) is an example of a Quantum Artwork that aims to connect our 

interest of the unseen quantum world and unnoticed heroes of the plant 

world to one another. One aim of QMoss is to enable the local people at Ota-

niemi to notice and follow the growth of plant species, perhaps even looking 

for ways to understand them more.  

Visualising the unseen world of quantum physics certainly includes imag-

ining the surreal and wild, but visions and playful outcomes can also help us 

to understand topical and equally interesting aspects of how a variety of un-

seen, but very real aspects of our world are structured. Through the Quantum 

Gate incorporates fantasy as a means to understand the aspects of real quan-

tum computers, with the help of metaphors. One of the first actual tasks for 

enough powerful quantum computers is expected to be the ability to simulate 

complex chemistry, changing how we imagine and use fuels, fertilizers, med-

icine, materials and food (Hillenbrand, 2022). Quantum technology and the 

development of quantum computers can be potentially utilised to tackle the 

wicked, systemic problems of today (Tromp, 2018), such as the climate 

change and energy crisis (Cooper et al., 2022) giving hope of a radically better 

world. An understanding of how quantum computers can help solving sys-

temic problems would be a very useful topic for a design project.   

These visions, stories and artefacts of the unseen world of quantum phys-

ics need more designing, more learning research and better interdisciplinary 

practises, much more than I’ve been able to describe in this thesis. Learnings 

of design practise do not only show us what can potentially be our future, but 

what practical and cognitive bridges we need to build to get there in the now 

and who do we give the opportunity for more people to be a part of it. 
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7 Conclusions 
 

This thesis work describes the learnings acquired from participating in the 

design process of nine gamified and artistic quantum physics design projects, 

conducted between 2015 and 2022. The research through design was done to 

understand the challenges and solutions in visualising quantum physics in 

these playful projects. The learnings highlight the importance of six aspects 

of challenges, namely technical and external challenges, importance of infor-

mal communication, building on top of previous work, importance of sketch-

ing, shared fantasy, and approachability as a design goal. Furthermore, the 

learnings highlight the following solutions in a form of design guidelines as 

planning for unknown external challenges, including informal communica-

tion, familiarizing with the team, considering previous visualization, and 

building on top of them, involving early sketching in the design process, con-

sidering existing fantasy and picking your battle of visual accuracy in quan-

tum physics. Within the context of research through design done on gamified 

and artistic quantum physics projects, the design guidelines offer a notewor-

thy set of ideas that can be further investigated and discussed between teams 

and individuals who wish to develop their interdisciplinary design practises 

and inclusive understanding of their project outcomes.  
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