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Abstract. Chronic pain causes substantial disability, and people living with 

chronic pain often use protective behaviours and movements to minimize pain 

and worry about exacerbating pain during everyday activities such as loading 

the washing machine. We present work in progress on ubiquitous interactive 

sonification of body movement to help people with chronic pain to understand 

and positively modify their movements in clinical and functional situations. The 

sonification blends informational and aesthetic aspects and is intended for daily 

use. 

1. Introduction 

People with chronic pain experience long-term pain that is not associated with ongoing 

tissue damage (Raja et al. 2020).  This pain can have significant impacts in day to day 

functional situations.  We undertook a survey of people living with chronic pain and 

respondents (n=37) identified varying extents of difficulty (including total inability) in a 

range of activities involved in daily life e.g. lifting things, bending, turning while sitting, 

and ascending and descending stairs.  Respondents indicated difficulties in everyday tasks 

such as shopping, laundry, and cleaning.   

Previous work has shown the potential of movement sonification to increase self-

efficacy and pain management for people living with chronic pain (Singh et al. 2016, 

Newbold et al. 2016).  It showed that movement sonification could variously increase 

confidence, relaxation, and self-regulation in individual instances of painful or protective 

movement.  Other work found that music can be effective in reducing pain, depression, 

anxiety, and feelings of powerlessness in study participants with chronic pain (Guetin et 

al. 2012, Siedliecki & Good 2006). The distracting power of music was also somewhat 

evidenced in our survey results: Of the respondents (n=30) who reported that time passes 

less quickly for them when their pain is more than usual, the majority (n=25) reported 

that listening to music during this period made time pass the same as or more quickly than 

on a usual day.  

The work we report here is focused on combining generative sonification of body 

movement with music, to support affective use of the sonification in day to day functional 

situations.  This might be seen as a form of eco-composition (Flores et al. 2009): bringing 

together agent (the person living with chronic pain), tools (body-worn sensors, mobile 

phone, headphones, sonification algorithms/apps), and environment (the home).   Whilst 



the activities (day to day tasks like loading the washing machine or unpacking shopping) 

are not artistically-focused (e.g. performance, composition (Flores et al. 2009)), the result 

of using such a sonification in task support will result in ‘informational music’ created by 

the user’s interaction with the system (the kind of sonic by-product Flores et al. identify, 

except that here the music itself aims to change the affordance of the environment and 

activity from which it is being created).  Keller et al. (2019) note the potential for well-

being and health applications of ubimus technologies, citing the Beathealth project 

(Timoney et al. 2014) as an example.  Like the Beathealth project, our work is not directed 

primarily at musically-creative outcomes, but aims nonetheless at everyday music-

making irrespective of musical expertise (see Keller et al. 2020). 

We envisage multiple linked use-cases: in therapeutic situations where an 

individual is working with a physical therapist to understand, review recordings of, and 

improve movement confidence and quality; working with a partner to support movement 

practice; and when alone, drawing on the music and sound developed in these other 

situations to stimulate and give confidence to tackle functional tasks. 

2. Sonification 

An initial prototype designed to sonify simple arm extensions was followed by a more 

complex sonification of a daily task (unloading the washing machine). We used Notch1 

sensors to measure rotation and/or tilt angles of shoulder, knee and chest.  Data from the 

sensors was then downloaded and sonified using SuperCollider2.  At this stage of our 

work, the data is simply recorded and replayed to the sonification engine as if in real-time 

(to minimize the need for participant involvement in each execution and to overcome 

some current technical limitations).  In future we intend the tool to function interactively 

in real-time to support the range of use-cases identified above. 

The sonification design drew on Hunt and Hermann’s (2011) criteria for 

interactive sonifications, considering the system and user as a “closed loop”, each 

influencing the other’s reaction and behaviour. We developed four behavioural goals and 

corresponding sonic mechanisms, drawing on the findings of previous research into 

chronic pain sonification design (Singh et al. 2017).  The result is a multi-layered musical 

soundscape, with morphing harmonic sounds and individual chiming chords playing over 

a slow-moving generative bassline. The behaviour-sound mapping is shown in Table 1. 

Several videos show the sonification of movement data captured from one of the 

authors and from study participants. In the first, a series of isolated crouch movements 

clearly demonstrate the “threshold chimes” when the figure bends their knee past a 

certain point3. The other videos demonstrate the full washing machine task, but with the 

sonification of “threshold values” taken from different dimensions of movement: knee 

bend4; chest lean forward5; and reaching (shoulder extension)6. Additionally in each 

animation, the movement of the band-pass filter frequency and the texture of the 

ambient melodic sound change as the velocity of the participant’s movement changes. 

 
1 https://wearnotch.com 
2 https://supercollider.github.io 
3 https://youtu.be/RPhH8NTUhyI - Video of isolated crouch movements 
4 https://youtu.be/JuNyJpaPLcY - Unloading the Washing Machine, Study Participant, knee bend 
5 https://youtu.be/Mv3TuWPIGhE - Unloading the Washing Machine, Study Participant, lean forward. 
6 https://youtu.be/TEp66ysbIKo - Unloading the washing machine, researcher 

https://wearnotch.com/
https://supercollider.github.io/
https://youtu.be/RPhH8NTUhyI
https://youtu.be/JuNyJpaPLcY
https://youtu.be/Mv3TuWPIGhE
https://youtu.be/TEp66ysbIKo


Table 1. Sonification Design Factors 

 

Goal Rationale Sonification Design 

Reduce anxiety Movement can 

exacerbate pain 

leading to 

significant anxiety 

about movement. 

Generative, slow-tempo, ambient sounds 

with long attack/release times provide a 

foundation to reduce anxiety. 

Foster feelings of 

achievement/progress 

People living with 

chronic pain can 

benefit from an 

awareness of 

progress in range 

of motion over 

time. 

“Positive” (major, chiming) sound 

triggered when reaching a pre-defined 

movement threshold (set by the user 

and/or therapist in advance).  Thresholds 

can be set to reflect gradual changes in  

range of motion. 

Objective self-

monitoring 

Agency over the 

sound is needed, 

thus some 

sonification 

elements must 

directly map to 

movements. 

1. Angular velocity is mapped to the 

frequency of a band-pass filter (100Hz-

3kHz) applied to a pink noise generator, 

to indicate when motion is taking place. 

2. The “energy function” (see Fod, 

Matarić & Jenkins 2002) of a user’s 

movement is mapped to the trigger rate, 

grain duration, and amplification 

parameters of a granular synthesizer, 

resulting in the texture (smooth vs. 

grainy) of the sound varying in response 

to the dynamism of movement. 

Promote exploration To motivate 

continued use, the 

soundscape should 

encourage 

playfulness and 

creativity. 

The integration of the sonic layers is 

designed to promote fidelity of sonic 

outcome in response to movement but 

remain interesting to the user. 

3. Conclusion 

This paper has reported work in progress on a musically-oriented movement sonification 

to support people with chronic pain.   Future work will include empirical evaluation of 

the sonification in a range of settings to investigate the balance between information and 

musical coherence, investigating more advanced movement recognition, and considering 

possible applications beyond chronic pain.   

This work is funded by the EU Horizon 2020 FET Proactive project 

“EnTimeMent”, grant number: GA824160.  Ethics approvals: UCL 5625/001, 

UCLIC/1516/012/Staff Berthouze/Singh; NRES Committee - 11/0514, UCL 5095/001. 
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