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Figure 1: Example activities supported by the MoTTs: biceps curl and leg extension supported by the Angle MoTT; coordination 
activities supported by the Points MoTT; and a tilt game supported by the Maze MoTT. 

Abstract 
An expanding variety of interactive technologies has been shown 
effective to support movement-based experiences in domains such 
as physical rehabilitation and training. While they can range in 
complexity, here we argue for a minimal technological approach 
that can be both effective while also considering pressing sustain-
ability needs. We present the Movement and Training Technologies 
(MoTTs), minimalist wearables providing multisensory movement 
feedback while leveraging the hardware of already-existing smart-
watches. They resulted from embodied co-design activities in a 
Research through Design project focused on a specific rehabilita-
tion context in neurorehabilitation after peripheral nerve transfer 
surgery. However, their minimalism, open-endedness and general-
isability made them apt for reappropriation to support other reha-
bilitation and training goals. We demonstrate the range of physical 
activities the MoTTs can support and prompt collective reflection 
on sustainable design drives and how they can coexist with com-
monplace expectations of technological development. 
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1 Introduction 
Movement-based application domains such as physical rehabili-
tation and training can benefit from interactive technologies, as 
exemplified by the explosion of technological prototypes and ap-
proaches that have emerged over the last years. Although exciting, 
we contend that this growth, in line with the dominant paradigm 
of technological expansion, is at odds with preventing further ex-
ceeding of planetary limits by human-based activity, and therefore 
cannot be sustained [9, 11, 18]. In this sense, we resonate with 
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calls proposing alternative approaches for technological develop-
ment [11], including computing within limits [3, 9]—proposing the 
exploration of computer-supported well-being in human civiliza-
tions living within global ecological and material limits [9]—and 
minimal computing [10], which involves deeply questioning what is 
necessary and sufficient [10] for a given computing application. We 
find inspiration in works addressing the possible roles of Interaction 
Design within sustainability, for example arguing for the value of 
reusing devices [1] and of not creating new custom hardware [7]. 

Engaging with this perspective is of critical importance, espe-
cially when involving other complementary design drives and val-
ues, such as critical and feminist perspectives for interface design 
and data tracking considerations. However, we also recognise that 
it can be challenging to balance these points of view with com-
monplace expectations of technological development. For example, 
within a medical application domain, there might be specific require-
ments regarding hardware safety and manufacture which might 
constrain the type of devices that can be used, or there might be 
needs for data tracking to attend the achievement of goals, which 
might challenge an approach of no data logging. 

We have experienced these tensions first-hand, in a Research-
through-Design project with a focus on supporting physical reha-
bilitation after peripheral nerve transfer surgery [20]. Throughout 
this process, we found that the design drives of minimalism, open-
endedness and generalisability could lead to interactive technologies 
that simultaneously supported given physical rehabilitation goals 
while also reckoning with limits. 

Emerging as prototypes from this design process, here we present 
the Movement and Training Technologies (MoTTs), minimalist 
wearables that provide multisensory feedback in response to move-
ment while leveraging the hardware of already-existing smart-
watches (Figure 1.) We demonstrate three MoTTs: Angle, Points 
and Maze, aimed at supporting different types of physical exercises 
(Figures 2a, 2b, 2c). Because they originally targeted a complex 
application domain requiring a high level of adaptability and per-
sonalisation to address specific normative goals, they are poten-
tially suitable for multiple other application domains. This potential 
has been explored in domains of occupational therapy and physi-
cal training, where expert practitioners have re-appropriated the 
MoTTs for different uses. 

In this Interactivity demonstration, to illustrate the potential and 
adaptability of the MoTTs, we accompany them with a collection 
of objects focused on physical exercises, such as weights, balance 
boards, elastic bands, steps, and more. We provide three example 
activities to engage with, which can be adapted to different levels 
of mobility and desired exertion. If participants desire to engage 
further, we invite them to ideate other possible activities that could 
be applied to their own areas of expertise, and to discuss broader 
topics such as the affordances of the prototypes, applicable degrees 
of minimalism, reappropriation of available technologies, and the 
possible roles of open-endedness within a normative context. 

2 Background 
The MoTTs are wearables that leverage the already-existing hard-
ware of off-the-shelf smartwatches to provide custom interactions, 
providing multisensory feedback in response to movement data. In 

this line, several works have explored how to use smartwatches 
to support physical rehabilitation in different ways, detecting and 
evaluating rehabilitation movements with promising results [4, 5], 
or studying the effects of providing feedback on activity levels in 
rehabilitation across time [2, 14]. 

Prior work has problematised several design decisions behind 
commercially available smartwatches and fitness trackers. For in-
stance, these devices tend to embody a normative and healthist 
approach to activity tracking, emphasising an individual respon-
sibility for health and well-being instead of cultivating a suitable 
social support system [12]. Many of these devices demonstrate a 
level of opacity [22] in the measures and data they present to the 
wearer, which becomes more problematic when they are reductively 
taken as signs of fitness and health without accounting for the real 
context, needs and experience of the wearer [6, 12, 17]. These criti-
cal and feminist considerations pave a way for smartwatch-based 
applications with a more holistic understanding of health, activity, 
rest, and data tracking. For instance, to address some of these issues, 
one can design using open-ended multisensory feedback [16] and 
non-judgmental interfaces [13], such as we have intended. 

The design drives of minimalism, open-endedness, and generalis-
ability guided the design process of the MoTTs [20]. These were 
informed by previous works with minimalist technology probes that 
have been reappropriated for multiple application domains beyond 
rehabilitation [8, 15]. The minimalist approach also resonates with 
the perspective of minimal computing, which asks what is necessary 
and sufficient [10] within a given application context. In this sense, 
it is worth considering that custom hardware tends to be more 
expensive to create, control, modify, maintain and distribute [7], 
while also resulting in higher carbon emissions than those of its 
operation [18]. Therefore, reusing already-existing devices [1] and 
designing technologies within limits [9] might be what we need [10] 
for present and future interactive technologies. 

3 The MoTTs 
The MoTTs are three minimalist prototypes designed to support 
physical rehabilitation and training activities by providing multi-
sensory feedback in response to movement (Fig. 2.) They originated 
in a Research-through-Design process with a focus on supporting 
physical rehabilitation after peripheral nerve transfer surgery in the 
upper limbs [20]. Each one was designed for different rehabilitation 
goals, including passive motion therapy, repetition of precise hand 
movements, and isolation of upper limb movements. Preliminary 
embodied explorations with experts suggest that they can support 
a variety of rehabilitation and physical training activities, such 
as upper and lower limb motor rehabilitation, yoga, Pilates, and 
strength training in general. 

The MoTTs consist of a Wear OS app running on off-the-shelf 
smartwatches (Samsung Galaxy Watch 7, 40mm) attached to velcro 
straps. The app [19] is free and open source software, compatible 
from smartwatches running Wear OS 3.0 and later. The MoTTs are 
stand-alone and do not require any connection to other devices or 
to the Internet. Relevant application parameters, such as sensitivity 
thresholds, are saved in-device. Sound and vibration are emitted 
from the device, although Bluetooth headphones or speakers can 
be connected as alternative audio outputs. 
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(a) Angle MoTT 

Worn distal to the 
joint of interest

Calculates the angle 
between two target 
positions

Emits sound and vibration 
when reaching the positions 

Real-time visual feedback 
throughout the action 

(b) Points MoTT 

Buons save a point based 
on the MoTT position 

Colour, sound and 
vibration are provided 
when reaching a point 

Numbers show how 
many times each point 
has been reached 

Circle sizes show how 
close the MoTT is to 
the saved points 

Circles shrink and 
become white 
when reaching point 

Grey circle indicates 
threshold to trigger 
feedback 

(c) Maze MoTT 

Ball moves when 
tilting the MoTT

Colour, sound and 
vibration when 
crashing with a wall

Walls move across 
the screen

Figure 2: The MoTTs: Angle, Points and Maze 
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3.1 Angle 
The Angle MoTT provides multisensory feedback in the form of visu-
als, sound and vibrations to support repetitive movements between 
two target positions (Figure 2a.) It calculates the angle between 
the two targets and also the current angle of the body part with 
respect to them, based on a tilt angle of the device. One can use the 
device or the mobile companion app to configure the target points, 
the detection threshold to trigger the feedback, and the number of 
repetitions for the activity. 

3.2 Points 
The Points MoTT provides multisensory feedback when arriving to 
up to four positions which can be chosen and configured depending 
on the target activity (Figure 2b.) The saved positions depend on 
the absolute orientation of the device—a quaternion—and therefore 
allow for rotations around any direction. 

3.3 Maze 
Finally, the Maze MoTT consists of a minimalist and movement-
based game, focusing on the coordination of repetitive flexion-
extension movements (Figure 2c.) The game has three parameters 
that can be adjusted depending on the activity: (1) Sensitivity: how 
much the ball responds to the tilting of the device; (2) Speed: how 
fast the obstacles move; and (3) Duration: how long the game lasts, 
from 10 to 60 seconds. 

4 The Demonstration Experience 
We intend to demonstrate the potential and adaptability of the 
MoTTs through a first-hand experience of physical activities sup-
ported by them. We will accompany the MoTTs with a bodys-
torming basket—an assortment of relevant materials for embodied 
ideation [21]—focused on physical exercises, containing weights, 
balance boards, elastic bands, steps, and more. We will leverage the 
velcro straps of the MoTTs to allow participants to efficiently affix 
them to the target body parts. We provide three example activities 
to choose and engage with, which can be experienced individually 
or in small groups. Each activity is supported by a different MoTT 
and adaptable to different levels of mobility and exertion: 

(1) Biceps curl: Performed with or without weight or resistance, 
and catered to the mobility range of the participant. It is 
supported by the angle-based feedback of the Angle MoTT, 
configured at the moment by setting the two target points 
of the movement (Fig. 2a.) 

(2) Balance activity: Reaching predefined points in space with 
a free leg or arm (Fig. 2b.) The positions are defined and 
saved at the moment with the corresponding buttons of the 
Points MoTT. Depending on the confidence and fitness level 
of the participants, and the desired level of exertion, other 
elements such as yoga blocks or balance boards can be used 
as standing platforms. 

(3) Tilting game: Performed as a flexion and extension of the 
wrist, elbow or ankle, and supported by the Maze MoTT 
(Fig. 2c.) This activity does not require calibration so it is the 
most appropriate for quick experiences. Regardless, it is also 
possible to change the level of difficulty, by adjusting game 
parameters or introducing weights or elastic bands. 

If participants desire to engage further beyond the example ac-
tivities, we will invite them to ideate other possible activities that 
could be applied to their own areas of expertise. Participants and 
spectators alike are invited to discuss broader topics such as the 
affordances of the prototypes, applicable degrees of minimalism, 
reappropriation of available technologies, and the possible roles of 
open-endedness within a normative context. 
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