
A New Mould Rush: Designing for a Slow Bio-Digital Game 
Driven by Living Micro-organisms

Raphael Kim
een Mary University

London
United Kingdom

r.s.kim@qmul.ac.uk

Siobhan omas
London South Bank University

London
United Kingdom

thomass5@lsbu.ac.uk

Roland van Dierendonck
Studio Roland van Dierendonck

Amsterdam
e Netherlands

roland@rolandvandierendonck.com

Stefan Poslad
een Mary University

London
United Kingdom

stefan.poslad@qmul.ac.uk

ABSTRACT1

A biotic game integrates real biological materials and processes
into digital/video gaming platforms. Given its relatively recent 
introduction to the field of game design, there are limited 
examples and discussions around biotic games to help designers 
to explore this genre in depth. This paper introduces a new type 
of biotic game called Mould Rush. It is a part-tangible, part-
digital, online multiplayer strategy game, mostly driven by real-
time growth of living micro-organisms. By outlining the design 
process of Mould Rush, the paper aims to use the game as a case 
study to highlight the opportunities and challenges that need to 
be addressed in creating games of this nature, speed, and scale. 
In particular, we suggest that the slowness of microbial growth 
may not necessarily compromise playing experience, but rather, 
enhance it instead. We also highlight the complexity of human, 
biology and computer interaction pathways that are involved in
biotic gaming. And finally, we acknowledge the potential value 
of designing formal evaluation models that would help in
meaningful evaluation of a ‘biotic’ gaming experience.
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1 INTRODUCTION

1.1 Bio-Digital Games
A bio-digital, or a ‘biotic’ game, is a genre of game first described
by Riedel-Kruse et al. to categorise games that integrate real 
biological materials and processes into digital and/or video 
gaming platforms [1]. 

Typical non-human ‘characters’ that feature in biotic games 
are micro-organisms, which include bacteria, yeast, and fungi
(Figure 1), although in theory, any living matter or a biological 
component can be part of the biotic game set up, provided that 
they form a part of a biological-digital hybrid. In biotic games, 
the non-human organisms interact with humans and/or 
computers through various physical stimuli that are presented 
to, and, produced by them [1]. Such stimuli include (but are not 
exclusive to) electrical fields, chemicals, light, temperature, food, 
and fellow microbial competitors [2].

1.2 Related Work
Some of the well-known biotic games are based on single-celled 
micro-organisms called Euglena gracilis [3] (hereafter referred as 
Euglena). Harnessing their natural tendency to align their 
direction with a light source, a number of biotic games have 
been designed and developed around these species: In Euglena 
Soccer Game [3], players use joystick-driven LED lights to guide 
each individual Euglena cell, to ‘dribble’ and ‘shoot’ a virtual 
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football. Similarly, Euglena PacMan Game [3] involves turning 
Euglena cells into “pac-men”. The Euglena, controlled by players, 
chase and eat virtual food items found inside a virtual maze. 

In terms of biotic games that are based around microbial 
growth, Luursema’s Slime Mold Andi [4] is an example which 
harnesses the behaviours of Physarum species. As the slime 
mould Physarum (named Andi) grows and moves towards a food 
source positioned at each letters of the alphabet, Andi becomes a 
mysterious medium, spelling out answers to questions that are 
posed by members of the public online. 

In 2015, Van Eck and Lamers published a paper, which
outlined a technique to generate evolving game terrains through 
living micro-organisms [5]. By regularly scanning and imaging 
microbial growth patterns over time, and subsequently relaying 
them as height-maps using a software, the authors propose a 
method in which simulated terrains of video games can be 
substituted, by those created by growth and movements of real,
living, micro-organisms.  

Further examples of biotic games can be found in the 
database section of Hybrid Biological Digital Games [6], a website 
created by Van Eck and Lamers. Containing a comprehensive 
archive of biotic games that are in the public domain, the 
database demonstrates a wide range of materials and processes 
that are involved in biotic games, as well as the contexts in 
which each game was designed under (e.g. artistic, commercial, 
or scientific). 

Figure 1: A series of constantly-evolving landscapes 
created by growth of bacterial, yeast, and fungal colonies, 

captured over three days.

1.3 Why Biotic Games?
From a designer and a developer’s point of view, biotic game 
offers an opportunity to experiment with often alternative, living 
materials and processes, to create video games. This may 
resonate particularly for those who are independent: As we 
observe the emergence and growth of global Do It Yourself (DIY) 
biology movement [7], tools and materials of biotechnology are 
becoming more accessible and affordable, especially to those 
outside of the confines of conventional professional laboratories. 
Microbes, traditionally feared and fermented, can now be readily 
gamified using computers at home.   

As for the players, given the relatively nascent nature of 
biotic games, a certain novelty factor usually accompanies the 
players of biotic games. They play the game with curiosity, and 
often wish to find more information about its background, which 
in turn allow them to learn about the biology as well as its 
digital gaming platform(s). 

One of the common topics under discussion in biotic games is 
the comparison between simulation and reality, in providing a 
high-quality gaming experience that is meaningful, and 
economical and practical to produce. Some may argue that the 
advances in machine learning and Artificial Intelligence (AI) will
produce a completely authentic simulation of living systems,
eventually removing the need to integrate real living organisms 
into biotic games altogether. 

Although a comprehensive discussion around this is beyond 
the scope of the paper, there are a few points that we would like 
to address.

Although we acknowledge that AI-driven simulations can 
theoretically function in the same way as a real organism, due to
the complexity of biological systems, currently this would be a 
major challenge to overcome.  

To facilitate meaningful discussion, it is also worth noting 
that fully defining the term ‘simulation’ is necessary, as the 
concept can manifest and interpreted in many different ways [8]. 

And finally, there is an emerging yet limited body of
empirical evidence, to suggest that a player’s realisation, that a 
certain biological behaviour is not simulated but real, can 
significantly change their experience and attribution of 
relevance [3,9]. Furthermore, biotic games can: 1. Encourage 
ethical discourse, as it deals with living matter [10], 2. Aid 
towards animal welfare, as it encourages pet-caregiver 
relationship to develop [11], and 3. Facilitate scientific research 
that would need a tangible physical outcome (e.g. molecule
discovery and synthesis) [12]. 

2 OBJECTIVES
By introducing an example of a new biotic game, and by 
narrating its design process, it is hoped that the paper becomes a 
useful case study for designers and developers, who may wish to 
make games of this nature, speed, and scale. Furthermore, the 
paper aims to open up new avenues, not only for general
discussions on the practical and ethical implications of biotic 
games, but for setting new research questions around Mould 
Rush game. 
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Figure 2a: Mould Rush in action. Gameplay screenshot 
from a typical Twitch broadcast. Commands are relayed 

via chat box (bottom right hand corner).

Figure 2b: Image processing to capture and calculate cell 
coverage and point collection.

3 MOULD RUSH GAME
This paper introduces a new type of biotic game that is currently 
being pilot-tested, called Mould Rush [13,14]. It is a part-tangible, 
part-digital, online multiplayer strategy game, that is played on a 
slow but constantly-evolving landscape, shaped by real, living 
micro-organisms such as bacteria, yeast, and fungi (Figure 1). 

As multiple microbial species with different colours and 
shapes grow and move across a nutrient-filled agar matrix, they 
are imaged at regular intervals by an automated, high-resolution 
flatbed scanner [5]. The result is a continuous generation of 
images that capture microbial behavior in almost real-time, 
allowing the players to observe any physical changes, as and 
when they occur. 

The transition between one image to the next is then live-
streamed on social media platform Twitch [14], where the game 
is played and moderated (Figure 2a). Mould Rush is the first 
biotic game to be live streamed on Twitch, making its debut on 
13th of June, 2018 [15]. 

The goal of Mould Rush game is to compete with fellow 
Twitch viewers and collect as many microbial cells as possible,
over a five-day period. With a help of a virtual grid that is 
overlaid over the image of microbes, players select individual 
segments containing cells inside, by relaying commands on 
Twitch chat box (Figure 2a). Points are awarded based on the 
coverage of cells on the selected segment, and it is calculated 
using an image processing tool such as Open CV (Figure 2b). 

Additionally, players can physically kill and clone cells, that 
are found in segments of their choosing, in order to strategically 
attack the opposition, and to expand the player’s colony. The 
commands for these actions are executed by the moderator 
during the gameplay broadcast. Using manual laboratory 
techniques such as micro-pipetting and sterile loop inoculation,
the commands are fulfilled as captured in Figure 3. 

Figure 3: Physical commands from players are executed 
during live broadcast, carried out by the moderator. 

Killing with droplets of bleach (left) and cloning of cells 
onto a new area using an inoculation loop (right).

By playing Mould Rush, it is hoped that the game can be a 
useful educational tool to teach players the elemental concepts
behind microbiology, such as cell culturing, colony morphology, 
and colony behaviour. Furthermore, the strategic components of 
the game, in conjunction with the inherent slowness of microbial 
behaviour (e.g. growth), may help players to develop memory 
and observation skills, as well as patience and perseverance.

4 DESIGN HEURISTICS
In 2016, Gerber et al. published six major practical design 
heuristics for integrating biological matter into digital games [2]. 
These were as follows:

1. Choose a robust and programmable Biotic Processing 
Unit (BPU) and biological material

2. Match human and microbiological length and time scales
3. Use hardware and software solutions to counter 

biological variability
4. Bring biology and technology forward to the player
5. Address ethical and biosafety considerations
6. Consider audience and application
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These heuristics were consulted when designing Mould Rush. 
Below is an outline of each heuristic, accompanied by brief 
explanations on how each of them was addressed.

4.1 Biotic Processing Unit (BPU)
“A robust and programmable Biotic Processing Unit (BPU) and 
biological material should be chosen.” [2]

A BPU is defined by Gerber et al. as ‘a device that houses 
biological material, as well as physical actuators and sensors 
(that) communicates via digital input/output channels with other 
computers’ [2] . These BPUs effectively ‘(allow) the game 
designer to treat the biological component with the same 
convenience and abstraction as other electronic components 
such as Game Processing Units (GPUs), or a physical engine’ [2]. 

For Mould Rush, the relatively low maintenance and cost 
requirements involved with bacterial, yeast, and fungal
culturing, meant that many parts of the BPU design could be 
kept simple (Figure 4). The organisms can be housed in a cheap 
(but strong and sterile) petri dishes, and they can survive for the 
entire duration of gameplay without any further intervention.

Figure 4: Biotic Processing Unit (BPU) of Mould Rush. The 
BPU holds the biological material (i.e. microbes) and 

mediates input and output of various physical and digital 
components. *Currently in development.

To facilitate effective visualization of microbes during 
gameplay, a technique developed by Van Eck and Lamers was 
used [5]. This involves removing the lid of the petri dishes and 
raising the level of nutrient agar close to the brim of the dishes, 
leaving only around 1mm gap. Once these dishes are flipped so 
that the nutrient agar surface faces the scanning bed, the narrow 
gap between the two surfaces mean that high resolution imaging 
could be achieved without major glare or condensation, whilst
the seal created by the rim of the petri dish and the scanning bed 
minimise evaporation of water from the agar (Figure 4).  

4.2 Magnification and Time Scales
“Intrinsic speed of the biological process and the magnification of 
the system should match the human response time and scale.” [2]

No special magnification consideration was necessary when 
designing Mould Rush, as the microbial growth patterns were 
sufficiently large enough to be seen with naked eye. 

The slowness of microbial growth, however, meant that some 
of the human inputs during gameplay could not produce an 
instant visual feedback, which is often observed in most video 
games. A typical bacterial or fungal growth can only be made 
visible to the human eye after several hours of incubation, and 
other species may take much longer (e.g. a few days or even 
several weeks).

As a result, some of the functions in Mould Rush, such as cell 
detection, and cell propagation could only be made possible after 
significant waiting time. Instead of seeing immediate visual 
growth, players had to wait for several hours or days to see the 
results of their commands. 

Despite this, the authors note that the slow responsiveness, 
or more specifically, the slow feedback of the gamers commands, 
do not necessarily compromise the enjoyment of the game.

Rather, we argue that such slowness can aid or even enhance 
enjoyment, by offering a different type of playing experience.

This is partly demonstrated by the popularity of turn based, 
play-by-mail (PBM) games such as Correspondence Chess [16], 
and more electronically, play-by-email, and play-by-post forum 
games that gained avid players in the last couple of decades [17]. 

Furthermore, Bertran’s Slow Games [18] comprises of a series 
of three physical cubic consoles with minimal interfaces for 
interaction. The games are essentially modified versions of 
popular classic games; Mario, Tetris, and Pong. Yet Bertran’s 
creations are much slower, allowing only one move per day. 

By reducing the pace of the games drastically, Slow Games
avert the need for good hand-eye coordination and 
concentration, that are often required by traditional video games. 

Instead, Slow Games invite us to ‘challenge our memory, 
capacity of observation, and patience’. 

Similarly, Mould Rush also aim to offer a different set of 
gaming experience that faster online strategy gaming cannot 
provide. In light of this, and given the fact that most micro-
organisms grow slowly, the authors propose to extend the 
current design heuristic to account for slow biological processes 
that may not necessarily match or satisfy typical human 
response times. 
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Figure 5: A range of completed 'battlegrounds' generated 
by Mould Rush gameplay. (Image credit: Raphael Kim)

4.3 Biological Variability
“Use hardware and software solutions to counter biological 
variability.” [2]

In Mould Rush, micro-organisms are cultured under low 
stringent conditions. For example, the nutrient that is used to 
culture them, is known in microbiology as a type of ‘non-
selective media’, which allows several different species to feed 
and grow on it. As such, a typical Mould Rush game produces a 
wide and often unpredictable mix of microbial communities
(Figure 5). This way of culturing is usually encouraged and 
celebrated in Mould Rush, as the visual diversity generated from 
various species, would not only enhance the dynamics of the 
gameplay, but may also help gamers to keep visually engaged, an 
experience that can often be challenging to maintain, during a 
slow-paced game. 

In some circumstances, a single species can grow 
aggressively, and outgrow other species that may be present in 
the culturing container (see ‘channel 4’ (CH.4), from Figure 6).

This may result in reduction of visual diversity, which in turn 
could compromise the engagement of the gamer. What’s more, 
the colony surface texture of some species can be unpredictable, 
thus making any physical execution of online commands 
impractical. For instance, the application of bleach during the 
killing process may not produce a clear and precise area of 
destruction: Sometimes the cells can be too slimy and thick for 
bleach to penetrate properly.  

To counter these issues in Mould Rush, two solutions were 
proposed. Firstly, the moderator of the game was given the 
option to remove the species in question, using a scalpel, and 
also to introduce substitute species by transferring them from 
another dish, using a cotton bud. The simple design of the petri 

dishes and the BPU (Figure 4) meant that such actions could be 
executed easily and quickly, and minimised disruptions to the 
flow of the game. 

Secondly, the large surface area of the scanning bed meant
that multiple petri dishes (up to six dishes with current model)
could be placed and housed in one single BPU (Figure 6).

This effectively created multiple game channels, on which 
different cultures could be simultaneously maintained and be 
ready for gaming at any given time. If a channel ‘went down’, or
became unplayable, the moderator could simply switch to other 
channels on which the growth was more favourable for play.

This was done by adjusting the area of video capture for the 
image processing and broadcasting softwares. 

Inevitably, the rate of growth between different microbial 
species can vary. This meant that some areas of a given game 
channel did not produce visible outputs as fast as the rest, which
produced a risk of the area becoming visually ‘stale’ and dull. In 
order to address this, a wide range of graphic overlays were used 
to keep the viewers engaged, including an animation of bomber 
planes, and a series of flashing arrows that indicated historical 
and anticipated trajectories of growth (Figure 7).

Figure 6: A single BPU can house up to six small petri 
dishes (or two large ones), effectively creating separate 

‘channels’ that are ready to host games. Of note, channel 
CH2 had produced zero growth, whereas CH4 had been 

saturated by a single aggressive yeast strain.
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Figure 7: Use of graphic overlays and animations to keep 
visual interest for the player, and also to narrate the game.

4.4 Biological and Technological Transparency
“Bring biology and technology forward to the player.” [2]

The main set of biological features that was observed in 
Mould Rush was the intricate and colourful growth patterns 
produced by different microbial colonies (Figure 8). By using a 
programmable flatbed scanner, high resolution images of 
microbial growth in progress could be captured, uploaded, and 
presented to the players at regular intervals. 

Realness of biological materials and processes is a prominent 
and distinguishing feature of biotic games. Also, projection of 
such realness has been observed to be advantageous over 
simulated systems in offering alternative interaction pathways
[3,9]. Therefore, it was critical that the ‘realness’ of bacteria, 
yeasts, and fungi grown in Mould Rush, and their interactions 
with the players and the computer-driven actuators, were shown 
to the players. This was achieved in three ways. First, a tutorial 
was created and shown to the players. This consisted of a series 
of schematics that were designed to teach players how the game 
was set up, ensuring that the underlying technologies were made 
transparent and easily understandable to them. 

Secondly, a video camera was used at specific points during 
the game. It was used to show the internal and external set up of 
Mould Rush’s BPU, and also to show any significant actions of 
the game moderator, such as insertion of the culturing container 
into the BPU, and manual removal of the cells, as well as the 
execution of killing and cloning commands (Figure 3).

Thirdly, once the game had finished, the players were 
provided with a couple of mementos to take away: a time-lapse 
video of their campaign, and also an artistically-composed
photograph of the finished ‘battleground’ (Figure 8).

4.5 Ethics and Bio-Safety
“Ethical and biosafety considerations must be addressed.” [2]

Both the ethical and safety considerations were addressed in 
designing Mould Rush. For ethics, the four minimal 
recommendations that were made by Harvey [10] were 

addressed in Mould Rush design: No Pain, Engage with Public, 
Respect the Player, and Respect the Organism.

In the case of Mould Rush, micro-organisms that were
integrated in the game were of non-sentient and often single-
celled variety, all of which were incapable of feeling pain. 

Additionally, since the gameplay took place online, there 
were no physical risks posed by the micro-organisms to the 
players. The moderator who was hosting the micro-organisms 
and the BPU that housed them, had consulted appropriate
government guidelines and professional advice, to determine the 
best location to run the game. This location’s safety provisions
had reflected in accordance with the level of risk the specific 
microbes posed to human health.  

Figure 8: Post-game aesthetics. Colourful and intricate 
growth patterns produced from each gameplay can be sent 

to every player as a memento, along with a time-lapse. 
(Image credit: Raphael Kim)

4.6 Audience and Application
“Consider audience and application.” [2]

Mould Rush is a slow game, with each session intended to be 
played over 3-5 days. With this in mind, a nutrient that permits 
growth of bacterial, yeast, and fungal species over other types of 
microbes, were favoured to be used in the game setup. 
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The microbes that were grown from this formulation could
survive for a long duration under appropriate conditions (up to 
several weeks). It did not require continued maintenance to keep 
them alive. And as such, the game could be played several times 
over, as the cells kept growing after the first gaming session. 
Furthermore, the BPU was designed to ensure minimum 
dehydration of the nutrient-rich agar medium (Figure 4), which 
can collapse into undesirable shapes once they dry out. 

In relation to the long duration of gameplay, Twitch was 
chosen as the platform for the live broadcasts, partly due to its 
capability to host almost unlimited duration of streaming. Also, 
Twitch allows broadcasts in full High Definition (HD) (1080p), 
which meant that high-resolution images uploaded from the BPU
could translate well online. Consequently, the microbial images 
could be studied by players in great detail, which may have
helped them to learn about microbial growth, colony 
morphologies, and microbe-to-microbe, interspecies interactions. 

5 DISCUSSION

5.1 Complexity of Human-Biology Interaction 
Biotic games, including Mould Rush, belong to an emerging field 
known as Human-Biology Interaction (HBI) [2,9] . It is an 
investigative space exploring often playful interactions between 
humans and biological entities (such as organisms, cells or 
molecules) that are usually mediated through computers. It is a 
relatively new field of research, with the term first being 
mentioned by Lee et al. in 2015 [9]. HBI is often compared with 
Human Computer Interaction (HCI) too [2], and it is often 
regarded to be a subdomain within the HCI field itself [9]. 

Figure 9: Interaction schema for Mould Rush. From an 
interaction perspective, the human (H) sees and stimulates 

the microbial cells (B), as well as controlling and seeing 
virtual objects (D). Microbes (B) are not directly influenced 

by virtual objects (D) but they drive image processing

In agreement with Gerber et al., HBI is a compelling field that 
brings a rich design space: Many HBI applications that exist 
today, including Mould Rush, are bio-digital hybrids that lead to 
a three-way interaction between the human (H), biological (B), 
and digital worlds (D) (Figure 9) [2]. By framing it so, the three 
agents create a significantly wider range of interaction pathways 
compared to those created by two-agent set up, consisting of 
human and computer only. As such, the HBD offers additional 
interaction opportunities for designers to explore. 

Whilst it opens up a rich area for exploration, at the same 
time, we must not only be considerate, but also establish an 
appropriate way to assess, measure, and analyse HBI systems, in 
order for the field to move forward as part of the HCI sub-
domain. Apart from the potential challenges in safety and ethics 
of using biological materials, the major aspect that need 
addressing is the complexity of HBI systems. Such complexity 
can rise from two characteristics. Firstly, the involvement of 
three elements (Humans, Biology and Computers) instead of two 
(Humans and Computer), brings added complexity toward 
evaluation of HBI systems. In the context of User Experience 
(UX) evaluation, existing methodologies used for HCI systems 
[19] may not be sufficient to work with HBI, and would require 
new models to be developed. So far, there are no models that 
exist to assess user experience of HBI systems. 

Secondly, biological elements such as cells and organisms are 
hard to predict and manipulate, given their complex biological 
nature. Therefore, in terms of game design, the challenges of 
evaluation of HBI systems would also apply to biotic games. 

5.2 Measuring Biotic Fun 
Whilst we recognize the educational value in introduction of 
novel and interactive biology games, we also concur with Riedel-
Kruse et al.’s view that such games should not necessarily be 
confined to serious games category, but that they should also be 
played just for fun [1]. Better still, we feel that developing 
qualitative and quantitative methods to measure so-called ‘biotic 
fun’ would be a helpful step towards not only a better 
understanding of how such games could be enjoyed, but also
lead towards better biotic game design in the future. 

Although outlining a comprehensive enjoyment evaluation 
model for biotic games as a whole is beyond the scope of this 
paper, we emphasize our support for a call for a distinct, bio-
specific evaluation strategies that should be used to explicitly 
address human-microbial interactions, aesthetics, and materiality 
as a contributing factor towards enjoyment. 

5.3 Internet of Biotic ings (IoBT) 
Internet of Things (IoT) framework focuses on the 
connectedness of an increasing range of physical things via 
smart devices, smart environments and smart interaction, to tag, 
sense, actuate, and to control more of the physical world [20,21].

To date, much of the focus for IoT has been on sensing larger 
biological things such as plants, animals and humans, with 
applications including smart agriculture to improve human food 
sources and security [22]. 

However, there is also an increasing focus on connecting 
micro and nano-sized biological things to the Internet too, with 
potential implementations in biomedicine and sustainability [23]. 

By introducing Mould Rush game, we are adding to an 
increasing body of biotic games that are mediated by the IoT 
framework [12,24] . Using Mould Rush as an example, we 
speculate on some of the potential advantages of connected 
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biotic gaming. We recognize, however, that such explorations 
require empirical verification. 

Given the slow and pervasive nature of Mould Rush gaming 
sessions, making the game available on smart mobile devices 
would facilitate the player experience. It would allow the game 
to be played constantly, at any time and at any location with an 
internet connection. 

Also, the current use of cloud storage system in Mould Rush
(Figure 10) helps the moderator to analyse the growth images 
remotely, away from the cells in the lab. We propose that the 
cloud system could also benefit the players in the future too, 
especially if the game develops further into an educational or 
research-based application that generate scientific data. A recent 
development of cloud-based labs that are specifically designed to 
facilitate real-time and remote experimentation of biological 
matters [24], offer some insight into this potential.

And finally, an Internet-based biotic gaming would prove 
useful from a practical point of view. It would allow off-site 
gaming, whereby players are safely away from potentially 
harmful biological interactions. 

Figure 10: Connecting microbes to the Internet for biotic 
gaming. Overall flow of interactions in Mould Rush. 

*Currently in development

5.4 Future Steps 
As mentioned previously, Mould Rush is currently being pilot-
tested, and the outcomes will be announced soon after its 
completion. It should offer a good understanding of the 
robustness of the game’s design, and, shed light on how effective 
or limiting Gerber et al.’s heuristics have been in creating a game 

of this nature, speed and scale. Furthermore, additional studies 
will be conducted to measure and evaluate player experiences in 
playing Mould Rush. These will focus particularly on the 
slowness of the game pace, as well as investigating advantages 
and disadvantages of simulated versions of Mould Rush. And 
finally, workshops will be organized to unite gamers and bio-
hackers together, not only to share skillsets and to explore 
concepts underlying Mould Rush further, but to expand on the 
culture and discourse around biotic gaming.

6 CONCLUSIONS
Biotic game is a relatively new genre of video game, that 
integrates real, living materials and biological processes. Some of 
the plausible reasons behind why biotic gaming may prove 
useful for designers, developers, and players, were outlined, and 
these were illustrated in some part, with the introduction of a 
new biotic game. 

Mould Rush is a part-tangible, part-online, multiplayer 
strategy game that is driven by the slow but constantly-evolving 
landscape, shaped predominantly by real-time microbial growth.

The first biotic game to be broadcast live on Twitch, Mould 
Rush is designed to challenge player’s observation skills, 
patience, and memory, whilst teaching them about general 
microbiology concepts, such as culturing and cell growth, to 
name a few.  

During the design process of Mould Rush, Gerber et al.’s 
heuristics for biotic games were consulted, in order to create a 
comparable framework on which the game’s integrity could be 
tested. Below is a summary of the resulting design decisions: 

 Bacterial, yeast, and fungal species were chosen as the 
biological component of choice in Mould Rush, due to 
their relative ease of culturing and maintenance, as 
well as their non-sentient nature (i.e., their inability to 
feel pain from physical stimuli). This in turn informed 
the Biotic Processing Unit (BPU) design, which was 
kept simple yet durable, which resulted in generation 
of clear, high-resolution images that could be managed 
remotely and over a long period of time. 

 Slow microbiological growth was used to drive the 
Mould Rush gameplay, despite Gerber et al.’s 
recommendation of favouring faster systems that 
matched reasonable human response times. The 
authors propose to extend Gerber et al.’s heuristic, and 
to encourage the use of biological processes that are 
inherently slow (e.g. microbial growth), as it may 
provide an alternative gaming experience. 

 A non-selective growth media was used to cultivate 
microbes in Mould Rush, despite some of the colonies 
that blossomed from it rendered the game unplayable 
at times. We felt confident that such scenarios could be 
overcome using hardware and software solutions. We 
also felt that microbial diversity should be protected 
and balanced, to provide a visually engaging spectacle 
for the players.
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 The realness and tangibility of living micro-organisms 
was brought forward, by creating a tutorial, and also 
broadcasting physical interventions on the microbes by 
the moderator, during gameplay. 

 Mould Rush was designed as a game to be played 
online, partly due to the remote nature in which the 
players could interact with microbes, safely away from 
any danger that the microbes may have posed.

 Twitch was chosen as the broadcasting platform for
Mould Rush, given its ability to stream continuously for 
a long duration of play, as well as for the full high 
definition video functionality it offers.

The latter part of the paper highlighted some of the areas that 
were of additional interest. This included the need to 
acknowledge the complexity behind not only the biological 
systems themselves, but the large number of interaction 
pathways that bio-digital hybrid games can produce. In relation 
to this, a call for an effective, meaningful evaluation model or 
methodology that could be used to evaluate potential enjoyment 
of biotic game, was made. And finally, the potential advantages 
behind the use of IoT (or IoBT) framework in running biotic 
game was highlighted. As a result, it has created an avenue for 
additional studies to verify such potential.

Overall, the topics under discussion may prove to be
appropriate starting points for further research. By introducing 
an example of a new biotic game Mould Rush, and by narrating 
its design process, it is hoped that this paper can serve as a 
potentially useful case study for designers and developers who 
wish to create and explore games of this nature, speed, and scale.
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