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This research aims to democratise accessible controller
production through a modular leverless controller that users can
design and modify with low technical knowledge requirements;
this should benefit individuals with degenerative illnesses.

I. INTRODUCTION

The World Health Organization identified the current barriers
to assistive technology for people with a disability, including
high costs, procurement challenges, and inadequate product
range[22]; democratising accessible hardware production
would reduce or mitigate these barriers[12] and enable the
viable development of devices tailored to individual users.
Due to the lack of democratisation in accessible controller
production[9], gamers with disabilities face financial barriers
to entry[4], which are exacerbated by the cost of living for
people with disabilities[20] and poor consumer choice[4].

Baltzar et al.[5] found that custom controllers were one of
the most used and needed products for disabled gamers but
were considered too expensive or hard to source by those
surveyed; further research[6, 23] has found that many
mainstream games can be inaccessible to gamers with
disabilities due to control mechanisms and an inability to
input the necessary commands due to current controller
design. Currently, accessible controllers are too general for
most individuals[4], so gamers with disabilities often rely on
modifications from charities, such as The Controller Project?;
disabled gamers will be better served and be able to take
ownership of controller development through the
democratisation of accessible controller production[12].

Currently, accessible physical controllers cannot be modified
specifically for user needs, so the community has taken a DIY
approach[13]. Accessible controller breakthroughs[9] rely on
customisable virtual interfaces[15], which are not suitable for
tournament play or portability or are designed for specific
individuals and contexts, limiting the number of users who
can benefit from the products. Larreina-Morales[14]
identified that while customisation is key to creating an
accessible experience, many modern controllers lack full
customizability. Stoner[18] discussed the need for evolving
customisable accessible hardware for individuals with
progressive illnesses and accessible hardware with small
form factors for portability, which highlights issues with
current accessibility controllers.

L https://thecontrollerproject.com/
2 https://thearcadestick.com/category/types/modular
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Egliston[10] identified that disabled gamers are reliant on
third-party developers for the creation of specialised devices,
with Dalgleish[8] highlighting that as games rapidly evolve,
the interaction demands on gamers with disabilities become
unfeasible; this results in an ecosystem with a growing
number of inaccessible games and a user reliance on third-
parties rather than the game developers themselves.

The fighting game community has a wide range of controller
types and preferences utilised by users[11]; examples can be
seen in Figure 1. Due to the variance in user preferences,
developers of consumer controllers for fighting games have
begun creating modular systems that enable user
customisation?; however, these controllers rely on preset
modules that users cannot fine-tune. DIY projects, such as
Open Ultra Arcade?, simplify user creation of controllers but
require knowledge of CAD and electrical engineering for fine-
tuning as they only provide preset controllers and module
templates rather than a simplified design suite.

Leverless Controller
(HitBox shown)
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Gamepad
(PlayStation 5 DualSense Wireless Controller shown)

Arcade Stick
(8Bitdo Arcade Stick shown

Keyboard and Mouse
(RedThunder K84 shown)

Fig. 1. Fighting Game Community Controllers

The need for evolving customisable accessible hardware for
individuals with progressive illnesses[18] has been reiterated
by the charity AbleGamers[1]. Prior research into game
controller design for individuals with degenerative
ilinesses[7] identified the potential design challenges within
this domain but viewed symptoms of the ilinesses as discrete,
assuming users either had or didn’t have the symptom;
currently, there is no research within game controller design
that views degenerative illness symptoms as continuous and
evolving, which is true to their nature.

3 https://github.com/Ultra-Arcade/open-ua-cnc



II. RELATED WORK

While there are currently no evolving controllers, the Xbox
Adaptive Controller * is state-of-the-art for adaptive
controllers[16]; the Xbox Adaptive Controller serves as a hub
for accessible input devices, with many gamers with
disabilities using the hub within their gaming setup[21].
Anabire’s case study on the Xbox Adaptive Controller([3]
found that the controller was aimed towards gamers with
limited mobility issues and was designed to be fully
customisable; however, the controller relies on third-party
modules to meet user needs and may have a financial barrier
to entry for those that need the controller most[18]. The
Xbox Adaptive Controller can be adapted over time for
individuals with degenerative disorders; however, many of
the available add-ons for the controller are too
generalised[4]. The Xbox Adaptive Controller also assumes
advanced needs and may not be suitable for individuals who
are only just beginning to experience symptoms of
degenerative disorders.

Controllers Maggiorini et al.’s One-Handed Controller[15] is a
customisable virtual adaptive controller built for individuals
with upper limb disabilities; the controller builds upon
commercial devices designed for gamers with one hand, such
as the ASCIl Grip7. The controller itself has an analogue
joystick and a touchscreen display that enables users to
customise a virtual controller interface. Within the research
paper for the controller, it was identified that the controller
could be uncomfortable to use, is less suited for gamers with
physical disabilities than a general controller, and often users
were unhappy with the configuration options[15]. Maggiorini
et al.[15] found that users saw potential in highly
customisable devices for gamers with disabilities, but the
implementation required refactoring.

Video-game-related studies often focus on game design and
usability rather than the controllers and physical
interfaces[2]; however, research that focuses on video game
controllers has found that mapping, which users deem to be
natural, is key to user acceptance[2]. Comfort and
performance are important to user acceptance of a
controller[2], but these factors are correlated to the mapping
of a controller[17]. Allowing individuals with degenerative
ilinesses to evolve their controller mappings as their illnesses
progress would enhance their acceptance of controllers,
which should reduce the barrier to entry for these gamers.

Gaming peripheral companies have created modular hot-
swappable controllers for abled gamers, such as the Razer
Naga Trinity, as seen in Figure 2; however, through research
for this project, 3D-printable and console-compatible hot-
swap solutions could not be identified.
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Fig. 2. Razer Naga Trinity

4 https://www.xbox.com/xbox-adaptive-controller
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III. IMAGINGED OR EXISTING PROTOTYPE SKETCHES/DRAWINGS/PHOTOS

The prototype will utilise a leverless controller interface style,
as seen in Figure 1, for simplicity of design. The prototype
aims to enable hot-swappable modules for a leverless
controller that users can plug and play without the need for
remapping. The key design challenges are developing a way
for mapping to be memorised in modules, designing a
standardised method for hot-swapping modules, and
producing an easy-to-use tool for creating modules. The
design objective can be summarised as follows:

Develop a modular leverless controller

Enable hot-swappable and plug-and-play modules
Enable easy remapping for the controller

Create methods for generating new modules

To achieve the design objectives, the prototype should be
built upon the RP-2040 microcontroller to enable GP-2040
configuration; GP-2040° is a multi-platform compatible,
customisable firmware for game controllers using RP-2040.
3D model designs should be generated parametrically, with a
simple user interface for modification of the parameters, to
enable users with lower technical ability to generate
modules. A singular base should be developed, with the
majority of circuitry contained within it; this enables users to
only need to modify the modules rather than the entire
controller. Kailh switches enable buttons to be hot-
swappable, too, with little know-how, enhancing the
modaularity of the controller.

A. Design Sketches

GP-2040’s documentation® provides PCB pinouts for most
RP-2040 boards, so no new PCB design is required for the
prototype. An initial parametric model has been created in
CADQuery, as seen in Figure 3, but requires refinements,
including hollowing the objects, adding a USB port, and
enabling users to access the internal area of the objects. The
model in Figure 3 was built parametrically, enabling all
buttons to be manipulated using variables; currently, buttons
are modified through variables for button size, spacing, slope
of buttons, and position of the left module’s thumb button.
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Fig. 3. CADQuery Model for Prototype Controller

The next iteration of the prototype will include a module for the
GP-2040 settings buttons, as seen in Figure 4; improvements that
are planned for the next iteration also include a USB port and
hollowed interiors. Multiple iterations will be made for tolerance
testing of the next model to identify the required wall thickness.

5 https://gp2040-ce.info/



Settings Button Module

Left Module Right Module

Fig. 4. Module Layout for Prototype Controller with Settings

B. Hot-swap Methods

Enabling hot-swappable and plug-and-play modules for the
modular controller is a key design focal point; this prevents
users from having to remap controllers whenever a module
is changed. Currently, the prototype design has two
proposed methods: a pin-based and an RFID-based method.

The pin-based method is simplistic in design, with modules
communicating with the base controller via electrical pins
that correlate to GP-2040 mapping, as shown in Figure 5; this
method may wear over time and is reliant on either magnetic
connection and pogo pins, akin to the Razer Naga Trinity, or
a large pin and leg connection, as used by keyboard switches.

NOTES

Notation uses GP2040
standard notation:

gp2040-ce.info/usage

Xinput
GP2040-CE Switch PS4
Xbox One

Fig. 5. Proposed Hotswap Pin Notation

The RFID method would enable modules to be quickly swapped
with mapping stored in an RFID chip; however, this would rely on
modification of the GP-2040 firmware per module.

C. Further Design Notes

To simplify module creation, a board that sits each switch
could be created; this should be parametrically modifiable.
The board for switches would enable users to easily swap
switches based on user preference and allow for wiring to be
simplified by embedding it into a singular system.

The prototype could be further enhanced to enable users
with low technical skills to develop modules by implementing
a universal design method; this could enable modules to
‘snap’ together, similar to Lego, with no wiring, soldering, or
screws required.

Currently, the modular controller only implements a leverless
design, relying on buttons and switches to control all inputs.
The creation of modules that incorporate joysticks, sliders,
and other inputs would enhance the accessibility of the
controller while enhancing user choice.
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IV. RESPONSIBLE INNOVATION

While environmental sustainability is not the focal point of
this prototype, it is a byproduct of the design. Research into
controls for gamers with disabilities results in bespoke
controllers[15], but these controllers need to be completely
replaced when changes are required; modularity within
controller design enables users to replace only the parts of
their controller that require modification, reducing waste.
Modularity could also reduce waste for non-disabled gamers;
for example, if an individual wanted a leverless controller and
arcade stick, as seen in Figure 1, they could simply buy or
create a joystick and a leverless movement input module for
their controller instead of having to buy two controllers.
Modularity also greatly increases user freedom and
customisation as the number of layouts / available to a user
with n modules can be calculated using equation (1), resulting
in exponentially less waste and resource consumption as
users opt for modules over new controllers.

I=n’+n (1)

The research will aim to follow the responsible innovation
process[19] by identifying potentially negative impacts on
users and barriers to adoption and attempting to mitigate
these. The design of modules for the controller is a potential
barrier to adoption, and due to this, it could be identified as
an area for harmful monetisation by third parties; to avoid
this barrier of adoption, open-source methods that enable
users to develop modules themselves will be created. The key
societal benefit of the prototype is that it provides gamers
with degenerative disabilities, which are currently
overlooked within controller development, with a platform
that enables the development and design of controllers that
can evolve over time. The prototype will begin to
democratise accessible controller design by providing
ownership of accessible controller production to gamers.
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VIII. APPENDIX
A. CADQuery Model Notebook

The Jupyter Notebook used to generate the model seen in

Figure 3 can be found at Pro2 CadQuery Model.ipynb.




