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ABSTRACT

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.
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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 Al-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
13t of June, 2018 [15].
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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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