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Results: RFCSA (median and IQR) was 5.44 [3.56–6.57] cm2; 4.29 [3.58–4.50] cm2; 6.06 [4.61–9.41] cm2 and 7.99 [5.92–9.41]
cm2 for ILD-HP, COPD, elderly and young people, respectively. RFT results were 1.51 [1.08–1.78] cm; 1.16 [1.07–1.53] cm;
1.64 [1.36–1.76] cm and 2.06 [1.68–2.27] cm, respectively. There were significant differences in RFCSA (p¼ .027), RFT
(p¼ .041) and QT (p¼ .011) between COPD and elderly people. No differences were found between ILD-HP group and
elderly. Significant differences between the elderly and young groups were found for the same measurements (RFCSA
p¼ .034; RFT p¼ .016; QT p¼ .034). Moderate and negative correlations were found between age and RFCSA (rs¼–0.416),
RFT (rs¼–0.540) and QT (rs¼–0.450). A strong and positive correlation was found between RFT and RFCSA (rs¼0.891).
Discussion and conclusions: Our results seem to corroborate previous findings supporting the existence of quadriceps
muscular wasting in patients with COPD when compared with age-matched healthy controls [2,4]. In the group of
patients with ILD-HP, muscle mass seems to be somewhat preserved. To confirm our results, future studies should
include a larger sample with quantitative measures of muscular quality (e.g. echointensity) and relationship between
muscle size/quality and muscle strength.
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ABSTRACT
Introduction: In clinical practice, physiotherapists often support 3–5 patients, simultaneously. They are frequently roam-
ing throughout the room, switching between patients, taking notes, planning, demonstrating, coordinating, and monitor-
ing multiple exercises. In such demanding environments, it is common for important events to go unnoticed. In light of
this, context-aware computing – the ability to recognise people/activities and present timely information – can support
rehabilitation practices for both clinicians and patients. Previous research proposed augmenting everyday objects to aid
medical professionals [1] or using large interactive whiteboards that show situational information in operating rooms [2].
Nevertheless, the potential of context-aware computing remains largely unexplored in rehabilitation spaces as technolo-
gies fail to support the dynamic nature of clinical settings. In this work, we propose ARCADE, a proximity-aware system
that leverages motion tracking and interactive displays to support patients’ rehabilitation and provide meaningful and
timely information to physiotherapists. The design of the system is grounded on the theory of proxemics [3]; particularly,
we leveraged the concept of interpersonal distance (i.e. relative distance between two people) to adjust the information
being displayed to both patient and professional. ARCADE is sensitive to 3 interpersonal distances: intimate (<0.5m), per-
sonal (0.5–1.5m), and social (>1.5m). When therapists are attending other patients (social), the information displayed can
be adequately be seen from a distance, showing progress and whether the patient is performing the exercises correctly.
When therapists move towards the patient (personal), the display changes smoothly to show critical performance infor-
mation. Furthermore, therapists can use their hand as a virtual stethoscope to display detailed measures about a specific
body segment/joint (intimate). The information being displayed at each interpersonal distance emerged from field studies
with physiotherapists from local rehabilitation institutions. The user study aimed to answer two main research questions:
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(1) is ARCADE effective in illustrating the patients’ performance in unsupervised exercises? and (2) are proxemic interac-
tions useful in rehabilitation environments?
Materials and methods: We conducted an evaluation with 9 physiotherapists, using both quantitative and qualitative
methods to understand the system’s potential to be used in clinical settings. The study had two stages. First, we demon-
strated ARCADE to participants and used a think-aloud protocol to elicit feedback about its usefulness in clinical settings.
We then conducted a thematic analysis to all qualitative data. In the second stage, we simulated a situation where
patients perform an exercise while unsupervised. We compared therapists’ performance in scoring the quality of move-
ment using ARCADE’s visualisations against real-time video performance of patients. ARCADE’s visualisations used a
human body representation with 20 joints and included measures such as task completion rate, joint angles, body seg-
ment paths, number of compensatory movements, and common compensations. The visualisations illustrated patients’
unsupervised performance based on the video recordings.
Results: Therapists responded positively to the visual measures displayed by ARCADE, and how information changed
based on proximity. Interestingly, they were able to combine multiple measures to assess patients’ performance and
uncover hidden information that is not visible by the human eye (e.g. joint angles and compensation movements).
Results from stage 2 showed that post-assessment of patients’ performance using ARCADE was similar to physiothera-
pists’ real-time observations in terms of movement speed, amplitude, precision and overall movement quality.
Discussion and conclusions: We present ARCADE, a novel proximity-aware system that displays meaningful and timely
information to patients and physiotherapists. ARCADE demonstrated potential to be used as a rehabilitation tool and
enable professionals to assess the performance of multiple patients, simultaneously, without individual performance loss.
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ABSTRACT
Introduction: Chronic obstructive pulmonary disease (COPD) often leads to an increased dependence on the informal
carer, which can result in higher levels of distress, anxiety or depression associated with the burden of caregiving and,
consequently, reduced quality of life [1]. Several instruments have been used to assess carer burden in COPD; however,
their measurement properties have been poorly assessed in this population [2]. The Question�ario de Avaliaç~ao de
Sobrecarga do Cuidador Informal (QASCI) is a Portuguese questionnaire, originally created for carers of patients with
stroke [3] and later validated in a sample with various chronic diseases, including respiratory diseases [4]. However, its
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