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Abstract. Multisensory Environments have been focused on use cases
centered on learning skills and cognitive rehabilitation, which limits physi-
cal exercise to be ameans rather than an end. A novel solution to this prob-
lem comes from Sensorized Climbing Walls, which will allow UX design-
ers to explore a previously unexplored interaction mode using the entire
wall as an interactive surface and suggest physical activities with a clear
and central physical rehabilitation goal. Research on Sensorized Climbing
Walls to date has mainly focused on measurement for enhancing perfor-
mance. Merging Sensorized Climbing Walls and Multisensory Environ-
ments, new opportunities arise to offer more playful experiences to better
engage patients in otherwise strenuous exercise routines. The two tech-
nologies have proven valuable assets to support children with disabilities
and offer complementary sets of stimuli. The development of this new inte-
grated system will open up a new field of study for multisensory physical
rehabilitation, Multisensory Environments, and climbing therapy.
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1 Introduction

NeuroDevelopmental Disorder is a term covering several pathologies arising dur-
ing children’s development. The most common effects are connected to cognitive,
social, and motor deficits [12]. Patients may find it difficult to complete even sim-
ple daily tasks, with significant impact on their lives and their families [7].

A MultiSensory Environment (MSE) is a dedicated indoor space combin-
ing various sensory experiences and motor interaction to promote motivation,
interests, leisure, and relaxation . These practices are grounded on Sensory Inte-
gration Theory [13] and Embodied Cognition [10,16].

MSEs have proven effective for improving motion and equilibrium skills
[9,11]. Using Nirvana [4] resulted in a significant improvement in the trunk
motion test and in cognitive skills. FutureGYM [15] successfully introduced a
synchronization of running motion in children. A different approach is to include
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standardized physical practices in the MSE. Many sports have space require-
ments incompatible with MSEs, with climbing representing a rare exception.

Our aim is to combine the growing technologies of Sensorized Climbing Walls
[1,14] and MSEs to achieve two very innovative goals: using the potential of
multiple sensory stimuli to improve the overall experience of climbing for children
and introducing an incredibly innovative interaction method for MSEs.

2 Magic Room and ACCEPT

Based on our state-of-the-art analysis, we believe there is significant potential
for employing MSEs in the realm of physical rehabilitation, especially in cre-
ating a playful experience for enhancing motor coordination and equilibrium.
To the best of our knowledge, existing interactive systems designed for physical
rehabilitation are restricted to either floor-based or wall-based interaction. For
instance, FUTUREGYM [15] and iGYM [8] employ floor projections to enrich
the experience of traditional exercises or sports to improve the user’s engagement
and overall experience. However, the metrics derived from such experiences are
coarse and fail to accurately gauge the compromised physical abilities of children.

On the contrary, several systems have adopted a different approach by uti-
lizing a touch surface [5] or gestures (e.g. Nirvana [4]) to run exergames in
the vertical space, with the objective of rehabilitating upper limb functional-
ity. Although these systems offer numerous specialized exercises, they often lack
an immersive aspect in the gaming and fail to facilitate collaboration, which is
fundamental for the children’s development.

Our MSE, described in the subsequent subsection, already leaverages floor
projection to create playful virtual environments suitable for floor-based activi-
ties. Furthermore, it incorporates gesture-based interaction to enable upper-limb
rehabilitation, and both these interaction methods are friendly to wheelchair
users. Integration with a Sensorized Climbing Wall presents an immensely valu-
able compromise: by combining full-body tracking and measurement of the forces
applied to each handhold we achieve precise mapping of user skills. Addition-
ally, the integration of the projections and other components of the Magic Room
enables us to generate a captivating gaming experience involving climbing activ-
ities for one or more users, fostering collaboration among children.

Among the vast amount of technological support for the training and rehabil-
itation of such skills, we have identified very promising potential support in the
use of a climbing wall. Vice versa, the potential of the Magic Room immersive
stimulation can support and improve the rehabilitative and training potential of
a Sensorized Climbing Wall. For this reason, we propose the integration of an
MSE, the Magic Room [6], and a Sensorized Climbing Wall, ACCEPT [2,3]

2.1 The Magic Room

The Magic Room (Fig. 1) is an interactive MSE that enables innovative, playful
interventions for children. The Magic Room integrates digital worlds projected
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on the wall and on the floor with a gamut of ”smart” physical objects to enable
tactile, auditory, and visual stimuli. The Magic Room is equipped with A) a
frontal and B) a zenithal projector, C) an audio system, D) custom smart objects,
E) a custom camera-based body tracker, F) soap bubble makers, G) a tablet for
caregivers to control interaction flows, and H, I) smart lights, a PC orchestrates
the system behavior. The interaction with the smart space uses gestures and
body movements or the manipulation of the smart toys (Fig. 2).

Fig. 1. The Magic Room’s components Fig. 2. The ACCEPT climbing wall

2.2 ACCEPT

ACCEPT is a climbing wall, approximately 3mwide and 2.5m high, equippedwith
triaxial force sensors measuring the magnitude and direction of forces applied to
each hold. The wall allows the placement of standard climbing holds on a grid of
attachment points, spaced according to typical children’s anthropometric mea-
surements. The sensors are hidden in the wall and invisible to the user.

The system reads synchronous force information from each sensor through a
controller area network and serves it through an API, allowing a tablet applica-
tion to show live the measured forces, visualize the data, store it, and associate
it with a specific athlete. The app also stores the physical position and orien-
tation of each sensor, so that forces from different sensors can be meaningfully
composed.

3 Opportunities and Design

The integration of ACCEPT into the Magic Room environment would constitute
the first example of a climbing wall within an Interactive Smart Space (ISS). The
first level of integration will allow the Magic Room to access the data provided
by ACCEPT, enabling the development of activities that react to the position
of the user on the climbing wall and to the force vectors applied to each of the
climbing holds. In a second integration phase, the wall could also be modified to
act as an actuator by extending the ACCEPT system with different hardware
elements like smart lights embedded into the holds. When not in use, the hold
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attachments may be used for mounting Radio-Frequency IDentification (RFID)
receivers on the vertical wall, robotic components to act as stimuli, and up to
fully working interactive smart objects, all of which may be removed when not
needed without permanently impacting the structure of the room itself.

This new technological advances open new design horizons for activities: the
vertical dimension could be exploited, adding a variety of interactions in the nar-
rations or developing entirely new challenges for the user. To our knowledge, at
present time there exists no ISS or MSE that allows exploring the vertical space.
Additionally, activities can be designed not only for cognitive training but also
for physical training, widening the rehabilitation potential of the environment
itself. Sessions with the ACCEPT system may also take advantage of the room’s
capabilities, exploiting it to create new stimuli and feedback and overall improve
the engagement and user experience of its users. The following activities are an
example of what could be achieved without additional setup.

Fig. 3. Silhouette game activity Fig. 4. Cooperative climbing activity

3.1 Silhouette Game

In this activity (Fig. 3), after a narrative introduction the silhouette of a body is
projected on the ACCEPT system, prompting the user with a position he/she
should assume on the climbing wall. This may be a simple game objective, or
be used to test the physical strength of the user in a predetermined position.
Depending on the positioning of the climbing holds on the wall, the path the user
will have to follow can be unique , or he/she can retain the freedom of choosing
among multiple paths. As the user fits into the projected silhouette, the tracking
system is able to detect the correct positioning and (optionally after a perma-
nence time) provide the user with positive feedback for the accomplishment of
the goal, e.g. by changing the color of the smart-lights. At this point, the room
instructs the user to climb down the wall and the activity terminates.

3.2 Cooperative Climbing

This activity (Fig. 4) requires at least two users: one will be climbing on the
ACCEPT wall, while the other will remain on the ground. The goal of the
activity is to enhance cooperation and communication skills by having the user
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on the ground direct the movements of the climber. The climber will start the
activity with hands on two climbing holds and feet on the ground. On the floor
a copy of the climbing wall will be projected, highlighting the next hold to be
used according to some predefined sequence. The users on the ground will have
to guide the climber’s moves, communicating by voice. If the climber interacts
with the correct hold the Magic Room will provide small feedback (through
the smart lights only for example), while if the user moves into the wrong hold
nothing will happen. The activity can be configured to have the sequence ends
with the user on the ground again. After the entire sequence has been executed
correctly, the activity is considered successfully completed and the Magic Room
provides all the users a strong rewarding feedback.

4 The Call

MSEs have made strides in overcoming the limitations of cognitive rehabilita-
tion, relegating physical rehabilitation to a secondary role. The incorporation of
Sensorized Climbing Walls offers a unique opportunity to break free from this
constraint: by exploring a novel interaction mode that utilizes the entire wall
, we can propose physical exercises with explicit rehabilitation purposes. Prior
research on Sensorized Climbing Walls has focused on enhancing performance
measurement. Nonetheless, MSEs present an avenue to introduce more play-
ful experiences, aiming to increase patient engagement during arduous exercise
sessions. Our study seeks to address the following research questions:

1. Can MSEs provide a superior experience compared to traditional rehabilita-
tion programs in terms of acceptability, engagement, and well-being?

2. Does the MSE experience yield measurable improvements in terms of reha-
bilitation outcome?

Answering the last question necessitates a comparison between rehabilitation
outcomes in the MSE and those in a conventional therapy setting. To obtain
scientifically valid conclusions, a considerable number of users are required. In
the interim, we can monitor the effect of our solution on the overall well-being of
the users. Our work paves the ground for a realm of multidisciplinary research,
seamlessly integrating MSEs, multisensory cognitive rehabilitation, and physical
rehabilitation through climbing. This integration presents a landscape of exciting
challenges and unparalleled opportunities for groundbreaking innovation.
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