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Abstract
Spinal cord injury (SCI) can cause a wide range of motor
impairments. Exergaming has been shown to be as effec-
tive as physiotherapy for limited forms of SCI, but it remains
a challenge to design exergames that are accessible to the
broader SCI population. We present adaptations made to
the Liberi Exergames that make them accessible to people
with a wide range of disabilities due to SCI. These adapta-
tions will be tested at a rehabilitation hospital in Fall 2019.
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Introduction
Spinal cord injury (SCI) can lead to a wide range of mo-
tor impairments, such as impairment of the upper limbs,
the lower limbs, or both. This impairment may range from
loss of sensation to a complete inability to control the limb.
People with SCI are among the most physically decon-
ditioned humans, and cycling-based physiotherapy has
been shown to reduce the effects of musculoskeletal de-
cline [5]. However, this physiotherapy is reportedly “boring”
and “monotonous” [7, 8]. Exergaming has been found to be
as effective as physiotherapy for some forms of neurological
disability [7], while providing a more enjoyable experience
than traditional physiotherapy. However, exergames that



require players to pedal a stationary bike are inaccessible
to those who cannot control their lower limbs, and games
requiring the use of a gamepad are inaccessible to people
with deficits in manual control.

Games can be designed to be accessible to a large audi-
ence. For example, one-switch games require the use of
only a single button or switch to play1; use of a bite switch
makes these games accessible to almost everyone with
SCI. But these games run the risk of being so simple that
they are just as boring as physiotherapy. An alternative
is personalization of games, where gameplay is adapted
to the individual. However, common personalization tech-
niques, such as skill assistance [4], provide insufficient
adaptation to make more complex games accessible to all
people with SCI.

To address the physiotherapy needs of the SCI population,
we are investigating the use of automation to adapt an ex-
ergame’s interface and control scheme to the abilities of
individual players. To this end, we’ve chosen to use artifi-
cial intelligence to automate game features that the player
is not capable of controlling. For example, the game might
automate avatar movement for a player who cannot use a
joystick. For players who cannot pedal a bicycle, a passive
cycling device, such as the MOTOmed viva2 (Figure 3), is
used. This approach enables people with SCI, regardless
of their abilities, to play exergames that are more complex
than is afforded by the one-switch approach.

Figure 1: Mock up of experimental
set up. The subject is playing Liberi
with full control of the Power input,
provided by pedalling the bike, and
the Action input, provided by the
bite switch, with input automation
controlling Direction. Figure 3
shows a cycling device accessible
to a person in a wheelchair.

Related Work
Prior work has investigated the use of exergames to enable
physical activity for people with SCI, but has been limited to
a narrow slice of the SCI population with low motor impair-
ment [8]. Mat Rosly et al. found Move Boxing to be a more

1OneSwitch. http://oneswitch.org.uk

enjoyable and equally effective alternative to boxing with a
heavy bag [8]. Gerling et al. have demonstrated how games
can be controlled by young people using wheelchairs with
very different physical abilities, leveraging the adaptations
available to players to control their wheelchairs [2].

One-switch games often employ automation techniques1,
allowing the player to control all of the original game’s in-
puts with just the switch, to achieve the desired simplifi-
cation [10]. Although automation has been a useful tool
for making games that are widely accessible, the design
of these games is limited by the simplicity of their control
scheme.

Automation for Personalization
We have used input automation, providing inputs along
some or all of a game’s input dimensions, to allow person-
alization of the Liberi exergames to people with radically
different physical abilities due to SCI. Liberi is a collection
of minigames originally designed for children with cerebral
palsy [3].

Liberi can be personalized for people with different abilities
through player balancing algorithms such as ability-based
balancing [6] and aim assistance [4]. However, the differ-
ence in physical abilities of people with SCI are too large to
be accommodated by player balancing algorithms.

Liberi’s minigames require the player to provide control in-
puts along three dimensions: Power, Direction, and Action.
Power determines how quickly the player’s avatar moves;
and is controlled by varying the cadence with which the
player pedals a stationary bike or similar device. Direction
is used to specify the avatar’s movement and aiming di-
rection, provided via a gamepad’s left analog stick. Action
triggers an in-game action; this happens when any of the
gamepad’s face buttons are pressed.



MOTOmed Gamepad Joystick Bite switch
Power Direction Direction Action

Action
Tetra A(22.4%) X X X
Tetra B(5.6%) ~ ~ ~
Tetra C(6.5%) ~ ~
Tetra D(15.3%)
Para A(18.6%) X ~ ~
Para B(4.7%) ~ ~
Para C(5.4%)

Para D(12.8%)

Can use(%) 40 - 50.3 33.5 - 68.9 38.2-68.9 100

Table 1: Speculation as to which devices may be accessible to
players in different AIS classes, given descriptions of the motor
impairments typical of each class [5, 9]. A checkmark indicates
that a player likely can use a device, while a ‘~’ indicates that it is
less likely. We estimate the percentage of the SCI population that
can make use of each device, drawing from epidemiological
data [1].

Figure 2: A development rendering
of Dino Dash showing the forces
that the dino uses to navigate.
Green areas draw it closer, while
red areas push it away.

Figure 3: The MOTOmed viva2
can be used by people in
wheelchairs. The user can actively
or passively pedal.

Should a player be incapable of providing any of these in-
puts, then those axes are instead controlled via artificial
intelligence. For example, a person with paraplegia might
be able to pedal a cycling device to provide Power to the
game, while using a traditional game controller to provide
Direction and Action inputs. A person with tetraplegia might
require AI assistance for Power and for Direction, while us-
ing a bite switch to provide Action inputs. Table 1 shows
the likely ability of people with different forms of SCI to use
different input devices.

Example: Dino Dash
In Dino Dash (Figure 2), a simple minigame found in the
Liberi collection, each player controls a small dinosaur and
competes to be the first to collect 10 eggs. Power and Di-
rection causes the dino to move and steer, while Action

causes the dino to shoot out a roar that stuns opponents on
contact. Players gain points by picking up eggs and bring-
ing them to the player’s home nest. Players for whom any
of the game’s input dimensions are inaccessible receive
support from a Dino Dash playing agent that chases eggs,
avoids obstacles, and roars whenever an opponent is within
range and directly in front of the player.

Future Work
In the Fall of 2019, we will launch a study to investigate how
input automation for personalization of an exergame’s con-
trol scheme affects participants’ experience, and specifically
enjoyment, of physiotherapy and Liberi. Participants will be
persons with SCI with a wide range of abilities, recruited
from a local rehabilitation hospital. All participants will use
a pedalling device, called the MOTOmed viva2, which fea-
tures a motor that passively cycles for the user, should they
be unable to actively pedal. The MOTOmed was chosen
because it is currently being used to rehabilitate people
with SCI at the rehabilitation hospital where the study will
take place. As per the Includification2 and Game Accesi-
bility Guidelines3, participants who are unable to manipu-
late a gamepad will be provided an adapted interface in the
form of a joystick, for Direction, or a bite switch, for Action.
Control inputs will be provided by an agent, such as the
one used in Dino Dash, along 0, 1, or 2 axes, should any of
these inputs remain inaccessible by the participant.

Participants in this study will be classified by the number of
input dimensions along which they receive assistance. We
hope to observe how exergames that can be played regard-
less of the player’s physical abilities can be used to address
the goals of rehabilitation for SCI. As well, we are interested

2Welcome to Includification, http://www.includification.com
3Game Accessibility Guidelines, https://gameaccessibilityguidelines.com



to see how the number of automated input dimensions af-
fects participants’ feelings of autonomy, mastery, and enjoy-
ment during play.
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