
 

 

Growable, Invisible, Connected Toys: Twitching Towards 
Ubiquitous Bacterial Computing 

Raphael Kim 
 Queen Mary University 

 London, United Kingdom, 
r.s.kim@qmul.ac.uk 

Stefan Poslad 
 Queen Mary University 

 London, United Kingdom, 
stefan.poslad@qmul.ac.uk 

ABSTRACT 
With the help of advances in synthetic biology, scientists are 
beginning to create early forms of bacteria computers, driven by 
artificial DNA circuits. We identify two immediate opportunities 
that would benefit the HCI and ubiquitous computing 
communities in better engagement with such developments. 
These are 1) The broadened curriculum for basic biological 
training and education, and 2) Increasingly shifting perception of 
living matter as hardware in interaction design. We introduce 
MouldCraft, a smartphone-controlled edutainment console, 
designed to facilitate playful interactions between humans and 
living micro-organisms. Main objectives of the console are to 
teach basic concepts in microbiology, and to re-frame the notion 
of bacterium as a growable, invisible, and connected ‘toy’, that 
can sense, actuate and communicate with computer systems and 
humans. With its accessible modular and interchangeable 
components, MouldCraft can be a timely toolkit for those outside 
of professional labs to start engaging with bacteria and their 
possible futures. 
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1 Introduction 
The analogue natural and physical world is still largely very 
distinct from the digital technological world. Yet this distinction 
is becoming increasingly blurred, at least on two accounts. First, 
it is becoming increasingly easier to embed smart devices into 
the natural world, and to create smart environments [1]. Second, 
we are beginning to use organic materials (e.g. carbon-based 
small molecules or polymers) to synthesize new, cheaper and 
more sustainable organic types of smart devices [2]. For 
example, we can create digital displays from OLED (organic 
light-emitting diodes) consisting of a thin film of organic 
material that emits light under stimulation by an electric current 
[3]. However, such organic materials are non-living. A further 
evolution is to turn living material into digital smart devices 
using synthetic biology (artificial biological) systems.   

1.1 Bacteria Computers 
Following Adleman’s introduction of the concept of using DNA 
as a manipulatable substrate for computation [4], the strive to 
construct nano and microscopic, living computers de novo has 
been gathering momentum in the last couple of decades. This has 
been helped by the emergence of synthetic biology, which in 
part implement electrical engineering principles to biology [5].  

In synthetic biology, pieces of DNA are artificially 
programmed, synthesized, standardized, and assembled into 
‘genetic circuits’ [6], which, once inserted into a cell, can 
transform organisms such as bacteria to function as custom-built 
computers. Currently, bacteria can be customized to biologically 
mimic, at least on a relatively modest level, some of the typical 
electronic and computing activities. These include operations of 
toggle switches [7], oscillators [8], and logic gates [9, 10], that 
are constructed from DNA and RNA. Engineered bacteria have 
also demonstrated the ability to solve mathematical problems 
[11], to store binary data [12], and to memorize past cellular 
events [13, 14]. Moreover, with a relatively recent arrival of 
CRISPR-Cas9 technology, more complex biological circuits seem 
to be on the horizon too [15]. 

As micro-organisms, bacteria computers would offer several 
economic advantages over silicone-based counterparts. Bacteria 
can self-reproduce quickly (‘Bacteria as computer making 
computers’ [16]), and in vast quantities too, by doubling in a 
relatively short period of time of twenty to thirty minutes. 
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Furthermore, bacteria can function in high densities, as well as 
in extreme, toxic, and changing environments [17, 18]. 

As such, bacteria promise a range of promising applications 
in our everyday lives, including their implementation as 
ubiquitous computers. Serving us as a form of ‘microbial 
wetware’ – which may also be referred to as “smart dusts” (P. 
196) [1] – the bacteria would thrive and function just about 
anywhere and everywhere: Tracking and remedying our health 
inside our bodies [19], collecting and sending environmental 
data from potentially hazardous or polluted areas [20], and 
helping us to cultivate food in Mars [21]. 

1.2 Synthetic Biology and Calm Computing 
In some ways, such bacteria-driven future seems to align well 
with Weiser’s vision of calm computing. In the 1990s, in the 
hope of making computer technology ‘invisible’, and thus less 
distracting to end users, Weiser outlined his seminal concept of 
calm computing [22, 23]. It depicted a future with seamlessly 
integrated, ubiquitous computers in our daily lives, where the 
technology could efficiently dip in and out of our peripheral 
attention according to our whims and/or our needs. 

With bacteria, computers would disappear quite literally, at 
least according to our naked eyes. Embedded into our clothing 
[24], ‘dissolved’ in water [25], and propelled outside of the 
Earth’s stratosphere [21], the microbes would be conveniently 
hidden. They would remind us of their presence, and function, 
only when needed, through gene expressions such as GFP (green 
fluorescent protein) which enable bacteria to glow like 
gemstones and stars in the sky. 

Furthermore, if we consider the prominent themes 
underlying Weiser’s calm computing concept, which are 
Context-Aware Computing, Ambient and Ubiquitous 
Intelligence, and Recording, Tracking and Monitoring [26], they 
are also present in the biotech industry as frameworks for 
research and development. In the field of medicine and human 
microbiome [27] for instance, researchers are aiming to engineer 
personalized bacteria that can sense and function in accordance 
to the human host’s physiological and pathological contexts. 
Living inside the lining of the gut, they would spring into action 
when triggered by presence of certain molecules, all the while 
recording, monitoring, and reporting back the host’s 
physiological condition. 

2 Opportunities 

2.1 Excitement of Biology-Based Interaction 
In 2006, around ten years after Weiser’s calm computing 
proposal, Rogers [26] provided a constructive critique of 
Weiser’s vision of calm computing. Partly in response to 
ubicomp industry’s frustrating lack of progress at that time 
towards realizing Weiser’s vision, Rogers called for broadening 
of its scope, by encouraging alternative perspectives and 
practices in which ubiquitous computing could be perceived and 
implemented. 

Rogers argued that calm computing was not only difficult to 
achieve, but its narrow focus was counterproductive in 
progressing ubiquitous computing field forward. Further still, 
Rogers recognized that the technology had potential to offer a lot 
more: Rather than being used as a passive tool, technology could 
be harnessed as an engagement medium to enrich human lives 
as well as augmenting scientific practices. One of the ways to 
achieve this, as suggested by Rogers, was to design interactive 
systems that could be used to inspire, provoke, teach, and 
entertain users into thinking about a wide variety of implications 
of ubiquitous computing. 

In a similar vein, we also recognize the value of broadening 
the implementation of technology, to engage people in ways that 
may fall foul of de rigueur ideals expected by the industry. While 
synthetic biology community seeks seamless functioning of its 
microbial computers in offering cost-effective comfort and 
convenience to our lives, our motivation is to divert away from 
such notion. 

Biological systems, such as those embodied by bacteria, are 
compelling to engage with [28–30]. They are inherently noisy, 
clunky, mysterious, unpredictable, sometimes hazardous, and 
often ethically polarizing. So why not embrace, celebrate, and 
harness these traits to generate an alternative set of bio-
flavoured excitement of interaction? 

2.2 Biology for HCI and Ubiquitous Computing 
A caveat that we acknowledge in this paper, is that functioning 
bacteria computer models, that are capable of performing 
computation, are not currently readily available, even to those in 
professional laboratories. One of the reasons behind this, is that 
standardization of biological circuits has been proving to be a 
tough nut to crack, ironically due to “circuit unpredictability, 
incompatible parts, or random fluctuations” (P. 342) [31]. In 
other words, we do not yet have the luxury of established, 
affordable and/or accessible computer hardware and software for 
us to tinker, build, and play with, in the same way that computer 
scientists, artists, and hobbyists do nowadays with computers 
like the Raspberry Pi. We do not see this as a major problem, 
however, as we can identify tools and systems that resemble a 
functioning bacteria computer to a reasonable degree, which 
would be a good starting point for engagement. 

Moreover, we also recognize that the HCI and ubiquitous 
computing community today face a more pressing and 
immediate challenge/opportunity, which our paper and our 
proposal will address. We see that there are essentially two types 
of opportunities, which may stem from the lack of basic 
knowledge, and limiting mindset of biology for meaningful 
integration. As Pablo Picasso once said, “learn the rules like a pro, 
so you can break them like an artist”. 

2.2.1 Basic Biology Training. In recent years, helped by the 
widening accessibility of the knowledge, tools, and materials of 
biotechnology outside of professional biology labs [32, 33], a 
growing number of HCI and ubiquitous computing researchers 
and practitioners are exploring the notion of integrating micro-
organisms with interactive computer systems [33–37]. As the 
principles, materials, and techniques of biology become better 
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acquainted within these communities, their curriculum has 
naturally broadened too. This has created a fresh scope for basic 
biological education and training, to cater for those who may be 
unfamiliar with the discipline.  

2.2.2 Shifting Perception of Living Matter as Hardware. The 
gaining of momentum in HCI and ubiquitous computing for the 
exploration of biologically integrated interaction designs indicate 
a gradual shift in perception of living matter as hardware, that 
can be designed to sense the world and interpret the input into a 
meaningful output as feedback. Yet much work is needed to 
grow the philosophy that can be implemented in a larger scale. 

3 MouldCraft 

3.1 Definition and Overview 
In order to address the challenges and take advantage of 
opportunities outlined in this paper, we introduce MouldCraft 
[38], a game console for education and entertainment (hereafter 
called ‘edutainment’ [39]). MouldCraft is a smartphone-
controlled console, which enables users to interact remotely with 
micro-organisms (Fig. 1 and Fig. 2).  

The idea is to enable users to learn about the basic aspects of 
microbiology (e.g. culturing, morphology, colony behaviour etc), 
and to explore the idea of bacterium as a connected device that 
can interact with humans and computer systems. Below we 
outline and discuss the main concept in further detail. 

 

Figure 1: Interaction overview of MouldCraft game 
console. A: Player input using smartphone-based 
interface. B: Digital feedback from console in the form of 
notifications and changes in game screen graphics. C: 
Physical input by console to bacteria (e.g. heat and 
chemicals). D: Physical changes in bacteria (e.g. colour 
production) that are detectable by electronic sensors. 

3.2 Main Concept 
3.2.1 Bacterium as a Connected Device. In order to address the 
potential impact of the two emerging technologies – synthetic 
biology and nanotechnology – on Internet of Things (IoT) 
applications, Akyildiz et al. [19] coined the term Internet of Bio-

Nano Things (IoBNT). It encompasses communication and 
network architecture that consist of biological materials (e.g. 
cells and DNA), as well as nanoscale devices.  

Elaborating on the concept of IoBNT further, Kim and Poslad 
[40] drew comparisons between E.coli bacterium and a 
commonly-used modern IoT device, the Raspberry Pi. By 
comparing the key aspects of sensing, actuating, communicating, 
and processing, Kim and Poslad argued that E.coli can be 
considered as an IoBNT device, that offered distinctly-
microbiological characteristics absent in conventional digital and 
electronic IoT devices. 

 

Figure 2: Examples of MouldCraft smartphone user 
interface, built using Blynk application. Left: Culturing 
mode. Right: Game mode. 

This notion of bacterium as a ‘connected device’ – which in 
our case, a ‘connected toy’, defines the bacteria used in our 
MouldCraft console, an edutainment toolkit that can be used to 
demonstrate and teach players on the various mechanics of 
bacteria functioning as part of an IoBNT framework.  

We consciously made the decision not to call our bacteria a 
‘computer’, but rather a ‘device/toy’. We define the former as 
something that is capable of being artificially programmed to 
perform computation using DNA-based circuits, whilst the latter 
we define as an organism with a broader and more attainable 
specifications. This has alleviated the technical and practical 
challenges associated with creating synthetic biological circuits 
capable of computation, whilst retaining enough computer-
related features to start engaging the users. We describe the 
biological components of MouldCraft that further illustrate this 
point, below. 

3.3 Biological Components 
3.3.1 Microbe. This is a key component of the MouldCraft 
console, as the microbe effectively drives the games that are 
played from it. There is no limitation in terms of the type of 
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microbe that can be used with MouldCraft. Just as an example, 
however, here we specify and break down a cell of genetically 
transformed E.coli DH10B. It is a common bacterial strain used by 
the console, and the one that contains features analogues to 
computer components that are relevant in our discussion.  

3.3.2 Synthetic Biological Circuit. This is commonly referred 
to as a plasmid in biology. It is a circular loop made out of 
several DNA components, each designed with specific function. 
The plasmids can be artificially synthesized and inserted into 
most bacterial cells, and this would transform the microbial 
hosts with added capabilities. Fig. 3 shows the map of a 
particular circuit, pNCBE-Kan-GFP, which is found in our 
transformed E.coli strain. It contains several components, 
including a ‘control region’ (CR) which functions as the sensory 
and the actuating switch unit of the bacteria. 

To address our point made in the main concept, it is worth 
noting that the circuit we present here is a relatively simple 
design. It is insufficient to illicit computation in bacteria, thereby 
rendering the organism not a computer per se, but a device of 
sorts that sense and react to stimuli. The circuit is, however, 
significantly easier and cheaper to obtain, and are also much 
more stable for functioning, than those with complex designs. 

 

Figure 3: Simplified map of DNA circuit (plasmid), pNCBE-
Kan-GFP, for use in bacteria. Image courtesy of National 
Centre for Biotechnology Education, University of 
Reading, UK. 

3.3.3 Sensor. This component of our pNCBE-Kan-GFP circuit 
is designed to sense the presence of IPTG (Isopropyl-β-D-
thiogalactoside), a sugar-like molecule. Once detected, molecular 
chain of events in the cell allows the activation of a switch that 
actuates production of GFP, effectively making the bacteria glow 
with green fluorescence under ultraviolet light (Fig. 4, bottom). 

Such effect is somewhat analogous to a green LED on an 
electrical circuit (Fig. 4, top). 

3.3.4 Actuators. Here we define actuators as components that 
produce physical behaviour from bacteria, that are visible to the 
naked human eye, and more crucially, detectable with electronic 
sensors, such as colour and light sensors. The physical 
behaviours include growth, production of colour emitting 
proteins (e.g. GFP), and movement. All of these behaviours can 
be generated from an appropriately transformed E.coli strain. 
Multiple types of molecular actuators are responsible for each 
behaviour, including proteins, enzymes, DNA, and RNA. It is 
these electronically-detectable physical outputs of bacteria (and 
other micro-organisms) that enable them to interact with its 
computer host, which would then relay the information back to 
the human players via their smartphones. 

 

Figure 4: Circuits and their outputs. Top: (open) electrical 
circuit for LED light emission. Bottom: Simplified DNA 
circuit pNCBE-Kan-GFP for GFP gene expression in 
bacteria. CR: Control Region. 

3.4 Non-Biological Components 
3.4.1 The Console. Overall, the MouldCraft console is divided 
into two parts. First is the control unit, which houses most of the 
electronic components. The job of the control unit is to translate 
online commands made by players into physical stimuli for the 
microbes. A player’s smartphone MouldCraft Application 
(facilitated by Blynk [41] server) would process his/her 
commands and produce a specific set of RGB values in one of the 
three RGB LEDs via Arduino micro-controller (Fig. 5, parts A and 
B). These values in turn are read by RGB colour sensors of the 
Lego Mindstorms EV3 [42], which executes specific actions 
powered by a series of Lego motors (Fig. 6). The control unit is 
essentially a facilitator between human users and the microbes. 
Given the wide range of value combinations that can be 
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generated with RGB LEDs, the actions that can be executed by 
the Lego robot can be extremely diverse and detailed. 

 

Figure 5: MouldCraft console. A: Arduino micro-controller. 
B: RGB LEDs. C: Lego RGB colour sensors. D: Lego EV3 
Mindstorms Intelligent Brick. E: The Playground. F: 
Thermostat (with a fan and heating element, not shown). 

3.4.2 Robotic Arm. The players’ commands are executed 
physically via the robotic arm, which are built using Lego 
components. These can be customized to the game’s needs, by 
taking advantage of Lego’s flexibility in allowing diverse 
structures to be built quickly. For example, the arm could consist 
of a liquid handling unit [43], with attached syringe to provide 
chemical injection to the microbial cultures. The arm can be 
modified further too, by attaching cotton buds (e.g. for microbial 
swabbing and cell transfers) (Fig. 6, part B), an extra colour 
sensor (e.g. to detect specific colours or glows produced by 
bacteria) (Fig. 6, part C), an electroporator (e.g. for introducing 
new genes into bacteria through application of electrical pulse), 
or a webcam. 

3.4.3 The Playground. This part of the console is where the 
micro-organisms are grown and stored (Fig. 5, part E). Its 
ambient temperature is controlled and monitored by a 
thermostat (Fig. 5, part F). The playground is fenced off by the 
walls of an appropriate container (e.g. culturing dish/disc), which 
can be any shape or size, even as tiny cubes (Fig. 7, part B), as 
long as it fits inside the console. The playground in many ways is 
similar to a video game disc for PlayStation or Xbox consoles, as 
they are both encoded with information, albeit in cellular and 
genetic formats. 

The physical grounding for the playground is provided by 
agar, a nutrient-infused seaweed-based material that is 
commonly used in microbiology for culturing most micro-
organisms. Agar can also be customized too, by changing its 
viscosity, nutrient contents, and pigmentation. Fig. 8 shows 
examples of a visually compelling game scene that could be 
produced through ‘re-grounding’, i.e., changing the formulation 

of the agar, and also through the physical and chemical 
stimulations delivered by the robotic arm. 

3.4.4 Webcam. The console allows a space for a webcam or a 
smartphone to be mounted onto the console (image not shown) 
that can capture the progress of a game, and live stream the 
footage directly; not only to the user’s smartphone application 
(Fig. 2), but also onto social media, such as Twitch, Facebook, 
YouTube, and Instagram. This is potentially useful for collective 
learning and for generating discourse over a global audience. 

 

Figure 6: MouldCraft robotic arm. A: Standard arm with 
syringe and pipette tip attachment [43]. B: Standard arm 
with secondary cotton bud attachment. C: Addition of 
colour sensor to the robotic arm. 

3.5 Interchangeability 
As described above, most components of MouldCraft console is 
modular and interchangeable, which provide versatility for 
tailored explorations and learning. As such, MouldCraft can be 
regarded as a form of hybrid gaming console, in the sense that it 
combines the modular qualities of both the tools of synthetic 
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biology as well as those from the traditional, physical, and 
electronic disciplines together. A summary of the 
interchangeable components is provided in Table 1. 

Table 1: Interchangeable components in MouldCraft 

Biological Non-Biological 
DNA Circuits Lego Bricks 

Microbial Species Arm Attachments 
Nutrients The Playground 

Stimulants Sensors 
 Micro-controllers 

 

 

Figure 7: MouldCraft console in action. A: Overview of 
physical components. B: Small cubic playground. C: 
Application of nutrients and stimulants via robotic arm 
and the syringe-pipette. 

3.6 Bio-Ethics and Safety 

Given the biological integration in MouldCraft console, potential 
ethical and safety issues must be addressed. For the users of 
MouldCraft, it is recommended that the physical console should 
be operated under controlled laboratory environment, in order to 
minimize risk to the moderator. Games will be played online, 
through a smartphone application, which will ensure that no 
physical contact can be made between the players and the 
microbial cultures. For hosting of the console, the organisms and 
biological processes used by MouldCraft console should match 
the containment level of the hosting laboratory (e.g. high-level 
certified labs for potentially pathogenic micro-organisms). And 

lastly, ethical guidelines provided by Harvey et al. [44] is 
recommended for the gameplay: No pain; Engage with Public; 
Respect the Player; and Respect the Organism. 

 

Figure 8: Examples of possible microbial visual outputs 
from MouldCraft. Top: Collection of cubic playgrounds 
with different species of micro-organisms grown in 
customized culturing conditions. Since each cube can 
produce unique palette of colours, they can be used as 
triggers for Lego colour sensors, and to mediate gameplay. 
Bottom: Colourful, procedurally-generating game scene. 

4 Playful Vignettes 
Below we outline some of the primitive ideas which could be 
developed into biotic games [45] that would be played on the 
MouldCraft console. We felt that these were appropriate starting 
points for exploring the basic concepts of microbiology, as well 
as their role in future IoT and ubiquitous computing. Moreover, 
the organisms and materials used in these ideas were chosen 
deliberately for their ease of access. All of the concepts listed 
here could utilize the infrastructure of the MouldCraft console to 
facilitate interaction between the user and the micro-organisms 
involved. For example, any significant colour outputs produced 
by microbes during gameplay could be detected by the colour 
sensor, which would in turn subsequently relay this information 
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as a form of a smartphone notification or digital changes in the 
game head-up display (HUD) (Fig. 2). 

4.1 Command and Contaminate 
4.1.1 Game Concept on Microbial Ubiquity and Self-Replication. 
This is designed to teach players about the basic growth 
principles of micro-organisms, such as bacteria, yeast, and 
moulds. Furthermore, it demonstrates ubiquity of microbes by 
visualizing the formation of colonies and their ability to spread 
onto new regions (Fig. 8). Each player is given a colony (in single 
cubes) to spread onto other cubes, over a given period of time. 
This could be achieved by swabbing a microbial colony using the 
robotic arm and transferring it onto a designated cube. The 
player with most occupied number of cubes would be declared as 
the winner. 

4.2 Micro-Olympics 
4.2.1 Game Concept on Sensing and Actuating Through Cell 
Motility. This concept teaches players on how bacteria sense the 
environment (e.g. an exposure to directional light) and act 
accordingly. The cyanobacteria imaged in Fig. 9 is showing 
movement pattern which resembles a race towards a light 
source. Players could choose a particular strain of cyanobacteria 
and race against others, and also control the intensity of the light 
using their smartphones to vary the outcomes. 

 

Figure 9: Cyanobacteria phototaxis (example of an upward 
migration). The migration of individual colonies produce 
finger-like patterns. Image adapted from Ursell et al. [46]. 

4.3 Treasure Hunt/Micro-Sweeper 
4.3.1 Game Concept on Genetic Circuits. This demonstrates how 
genetic circuits can be used by bacteria to sense and actuate. A 
plasmid (a short circular DNA) can be designed online, using 
open source software, to include specific functional component 
of the player’s choice. For example, GFP gene could be included 
in the plasmid circuit design, which can be expressed when 
certain environmental trigger is activated. Once the circuit is 
designed, it can be ordered to be manufactured by a third party. 
Once the plasmid is delivered, it can be applied to microbes in 
the MouldCraft console to let the bacteria take up the plasmid 
into their cells. A game could be designed around this, for the 
players to anticipate which colonies of bacteria have taken up 

the circuit. GFP can be then made visible through exposure to 
ultraviolet light to reveal those that have taken up the plasmid 
successfully (Fig. 10). 

 

Figure 10: Detecting green fluorescence produced by GFP-
transformed bacteria. Without UV light (top), and with UV 
light exposure (bottom). 

4.4 Hidden Messages 
4.4.1 Game Concept on Molecular Communication and 
Digital/DNA Data Storage. This is an adaptation from a scientific 
experiment carried out by Tavella et al. [47]. This concept is 
relatively more complex than the previous examples, but it 
nevertheless teaches the player several aspects of bacterial 
computing.  

At the start of the game, motile bacteria are released at one 
end of the playground, which arrive at the center (Fig. 11). They 
meet with another, non-motile colony of bacteria at the center, 
which have digital information encoded inside their cells in the 
form of DNA. The transfer of this DNA to the motile bacteria 
occurs, through a natural conjugation process (a form of mating), 
which effectively passes on the encoded digital information to 
the motile bacteria. The motile bacteria with new information 
arrive at the end of the playground, and they subsequently 
express the GFP gene to indicate successful data pick up and 
transportation. This could be gamified further by making the 
encoded DNA messages cryptic in some way. 
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Figure 11: A playground to demonstrate bacterial motility, 
data storage, data transfer, data transport, and an 
indicating marker gene expression. A: Area for releasing 
motile bacteria. B: Center of playground where motile 
bacteria receive data from non-motile bacteria through 
DNA transfer. C: Motile bacteria glows green by switching 
on the GFP-circuit to indicate successful data pick-up. 

5 Further Work 
As part of our continuing strive to create better engagement 
with synthetic biology and its impact on future ubiquitous 
computing, we identify three areas for further development and 
evaluation. For the immediate future, we aim to develop some of 
the game vignettes that were proposed, into functioning 
prototypes. These will be user-tested and evaluated for their 
impact on user engagement, especially from the perspective of 
the game’s ability to generate discourse and shifts in perception 
of bacterium (and other microbes) as a playful, connected device.  

Second, we aim to create a form of an online repository called 
The Registry of Biotic Gaming Parts. It would consist of 
interchangeable genetic circuits and DNA components that can 
be inserted into bacteria and other micro-organisms. We do not 
wish to limit ourselves with circuits that only produce GFP, but 
also utilize a wide range of circuits that can produce a palette of 
colours too. We could also use other components that would be 
potentially ‘gamifiable’ too, meaning that they could be used to 
improve or change the host organism’s behaviour, and thereby 
change the dynamics and/or speed of the game. Thirdly, we will 
continue to generate discussions between synthetic biologists, 
computer scientists, artists, and designers, through talks, 
workshops, and game jams. In doing so, we strive to develop a 
set of hybrid philosophies that would help the HCI and 
ubiquitous computing communities to engage with the concept 
of bacterial (and microbial) computing in a creative, thought-
provoking, and entertaining manner. 

6 Summary 
If we begin to wonder about the future of ubiquitous computing 
through a biotechnological lens, we would encounter computers 
of a rather different kind. With the emergence of synthetic 
biology, the notion of creating bacteria computers anew, using 
circuits made from standardized DNA components, is becoming 
closer to reality. Once established and fine-tuned, bacteria 
computers would save lives, improve our health, and solve 
environmental issues with great efficiency and cost-effectiveness 
that could outperform their conventional silicone-based 
counterparts. Should such future arrive, it would draw parallels 
with that envisioned by Weiser and his calm computing concept. 
Not only would bacteria computers operate invisibly in the 
literal sense, they would perform their duties seamlessly with 
molecular precision and sophistication. 

And contrastingly, as the biotech industry endeavours to iron 
out the inherent imperfections of biological systems – instability, 
unpredictability, noise, and so forth – we argue that 
incorporating such qualities in interactive systems can enrich 
user experiences, as they can become catalysts for provocation, 
inspiration, and entertainment. Yet before we can implement our 
philosophy, there is an immediate imperative for laying the 
foundation consisting of basic biological knowledge and the 
appropriate mindset, within the HCI and ubiquitous computing 
community. 

We have introduced MouldCraft, a smartphone-controlled 
edutainment console that allows playful interaction between 
human players and micro-organisms. The aim of the console is 
two-fold. First, to educate players on the basics of microbiology, 
and second, to demonstrate bacteria as a connected device that 
can sense, actuate and communicate with its computer host and 
remote players through gaming and play. The accessibility and 
modularity of the interchangeable parts in MouldCraft can offer a 
cost-effective, safe, and practical pathway to engage those 
outside of synthetic biology and novices to the concept of 
bacteria computing. 

And finally, we hope that MouldCraft can also offer a positive 
case study for practitioners in HCI and ubiquitous computing, in 
helping to create alternative products and toolkits of their own, 
that would allow alternative, re-framing of technology for 
engagement, provocation, and entertainment. 
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