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New Musical Interfaces for Older Adults in Residential Care: Assessing a User Centred 
Design Approach 

 
John R. Taylor, Andrew Milne & Jennifer MacRitchie 

The MARCS Institute for Brain, Behaviour and Development, Western Sydney University  

Abstract 
For older adults in aged-care, group music-making can bring numerous physical and 
psychological benefits, ultimately improving their quality of life. However, personalising 
music making to optimise these benefits is  often difficult given their diverse ages, experiences, 
abilities and cognitive motor skills, and their experience with music technology. In this study, 
we conducted a 13-week group music-making intervention in an aged-care home, using a 
prototype digital musical instrument that we iteratively refined by following a user-centred 
design approach from direct resident feedback. The prototype instrument adopted a novel 
method for errorless learning in music-making settings, which we also refined, by increasing 
the difficulty level of the instrument’s operation. We also assessed the residents’ engagement 
with the sessions by obtaining feedback from caregivers and facilitators. Results show that 
residents’ enjoyment decreased as the complexity (difficulty) of our errorless learning 
implementation increased. We also found that resident engagement increased when changes to 
the prototype digital musical instrument were provided, but not when residents were giving 
feedback. Results also found that participation over the course of the intervention, and the 
number of songs played during each session also enhanced engagement. Overall, our results 
show the intervention was beneficial to residents, although we note some areas of enhancement 
for further interventions in designing prototype musical instruments for group music-making 
in aged-care settings. 
 

Implications for Rehabilitation 

• Older adults positively engage with novel music technology, and do so increasingly 
over subsequent sessions. Repeated sessions may have the potential to enhance 
longer-term adoption of technologies as well as any rehabilitative effects of the 
group music-making activity. 

• There is significant potential for residents with different abilities to all make music 
together, although to maximise the sustainability of the devices, the sessions, and 
the subsequent rehabilitative benefits, residents must be given the right 
adaptation for individual interfaces that balances ambition and ability. 

• Rapid DMI prototyping positively enhances engagement among older adults, 
suggesting that in the case of a custom DMI, an upgrade schedule should be 
aligned with key rehabilitative milestones. Similarly, in the case of pre-
developed digital music systems, resident exposure to new features or 
functionality should be strategically introduced, so as to maximise engagement 
for key phases of resident rehabilitation. 
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1. Introduction 
Residential aged-care homes provide support for older adults with different ages, experiences, 
abilities, and cognitive and motor skills. Older adults are more susceptible to experiencing a 
lower quality of life (QoL) through lack of social connectedness and increased loneliness, 
which can result in chronic physical and mental health problems (de Jong Gierveld, 1998; 
Dunphy et al., 2019; O’Rourke, Collins & Sidani, 2018). However, for older adults, there is 
evidence that music-making has social and emotional benefits (Creech, Hallam, McQueen, & 
Varvarigou, 2014; Dinh, 2019; O’Rourke, Collins & Sidani, 2018), and that music listening 
and music instrument learning are associated with better cognitive and motor performance 
(Garrido, Dunne, Perz, Chang & Stevens, 2018; Schneider, Hunter & Bardach, 2018; 
Macritchie, Breaden, Milne & Mcintyre, 2020). Furthermore, similar associations have been 
found in older adults with dementia (Aldridge, 2000; Koger, Chapin & Brotons, 1999; 
O’Connor, Ames, Gardner & King, 2009; Pérez-Ros et al., 2019; Svansdottir & Snaedal, 2006).  
 
“Receptive” music sessions – where a group listens to pre-recorded music – can improve social 
interaction and social “connectedness” to other residents (Garrido et al., 2018), while music 
sessions comprising live musicians (where residents actively participate by singing along), 
have been found to improve self-esteem and depressive symptoms (Cooke, Moyle & Shum, 
2010b; Holmes, Knights, Dean, Hodkinson & Hopkins, 2006). Experimental studies featuring 
short-term musical instrument training programs, without singing, have suggested there are 
associated increases in cognitive performance (Buitenweg, Murre, & Ridderinkhof, 2012; 
Macritchie, Breaden, Milne & Mcintyre, 2020), decreases in loneliness and depression (Joseph 
& Southcott, 2015; Seinfeld et al., 2013; Zhang et al., 2017), as well as an improvement in 
motor control for stroke patients (Villeneuve, Penhune & Lamontagne, 2014; Schneider, 
Schönle, Altenmüller & Münte, 2007). When considering implementing these musical 
interventions in an aged-care setting, efforts to make the activities customisable (or 
personalised) to an individual’s skills and tastes have seen positive outcomes (Garrido, Dunne, 
Chang et al., 2017; Garrido et al, 2018; Garrido, Stevens, Chang, Dunne & Perz, 2019). By 
increasing resident engagement with musical interventions, the rehabilitative effect of music 
can be enhanced. Unfortunately, it is quite often the case that the associated costs and lack of 
resources in aged-care homes are barriers to more extensive live (interactive) music 
experiences (e.g. the cost of different live musicians), short-term musical instrument training 
programs (e.g. the cost of musical instruments and music teacher/therapist), or the lack of 
specialised training of caregivers to provide or facilitate music interventions (Garrido et al., 
2018). These difficulties arise, in part, from an assumption that, in order to make music, older 
adults must use traditional musical instruments. 
 
The increased affordability and capability of technology suggests that music-based technology 
could be designed to overcome some of these existing barriers with traditional musical 
instruments. Emerging technologies offer a number of possibilities for enhancing music-based 
activities for older adults (Creech, 2019). Although older adults are generally interested in 
using new technology to sustain and improve their cognitive and motor control (Heinz et al., 
2013), only 16% of music therapists in Australia, Canada, UK and USA self-reported using 
technology with clients aged over 65, even though 71% of therapists report using technology 
during general practice (Hahna, Hadley, Miller & Bonaventura, 2012). Staff who work in aged-
care facilities, while passionate and well trained in providing care, will likely have different 
degrees of musical and technological skill and experience. The current state-of-the-art in 
music-based technologies require a degree of musical experience or technological training such 
that staff are perhaps not always able to foster an optimum participatory musical environment 
(Dinh, 2019). An intersection of these barriers is experienced by aged care facilities when 
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trying to choose the most appropriate device for music instrument learning and joint music-
making; staff then attempt to balance accessibility for the largest number of residents with 
potential training and financial constraints (Krout, 2014).  
 
There is a paucity of technology designed to facilitate musical instrument learning and group 
music-making for aged-care residents with varying cognitive, motor and musical ability. 
Commercially available music technologies have idiosyncratic drawbacks that preclude their 
use by certain groups of older adults (for recent reviews and critiques of the technology, see 
Creech, 2019; Frid, 2018; Topo, 2009; Ward, Davis & Bevan, 2019). User-centred design 
(UCD), specifically participatory design (PD), is an emergent methodology in product design 
and development, particularly in aged care, health services and dementia (Ancient & Good, 
2014; Dopp, Parisi, Munson & Lyon 2019; Hendriks, Truyen & Duval, 2013; Kopec, Nielek 
& Wierzbicki, 2018; Müller & Kuhn, 1993; Ward, Woodbury & Davis, 2017) where the end-
users, are at the centre of the design process. UCD is an approach to developing interactive 
systems that take into account users’ needs and requirements, iteratively refining the outputs 
based on their use. In the case of digital musical instrument (DMI) design for playing and 
learning, the design approach must consider the interaction between the player and the 
instrument (specifically the human interaction with the controller), and also the relationship 
between the DMI and the music, or the mapping (Miranda & Wanderley, 2006).  
 

1.1. Aims 

In this article, we detail and assess a 13-week (20-session) intervention in an aged-care home 
in <anon>, which followed a user-centred design (UCD) approach to create novel digital 
musical instruments (DMIs) for group musical performances and interaction. The DMIs had a 
variety of different controller interfaces designed to accommodate different cognitive and 
motor requirements within the aged-care setting and allow residents to experience different 
types of interaction. By using feedback from residents and caregivers, over a range of music-
making sessions, to modify these prototypes, we aimed to enhance the potential adoption and 
sustainability of the DMIs.  
 
This is one of the few studies where older adults have been involved in a co-design process of 
digital musical instrument controllers. In our analyses, we seek to ascertain how participants’ 
engagement with the session is influenced by the entire intervention as well as by the extent to 
which they interacted with the different digital musical instruments. Their engagement was 
assessed with the Music in Dementia Assessment Scale (MiDAS) rating scale (McDermott, 
Orrell & Ridder, 2015), comprising subscales for participant interest, response, initiation, 
involvement, enjoyment. The MiDAS ratings were provided by aged-care staff and facilitators 
before and during or after each session as per McDermott, Orrell & Ridder’s (2015) 
recommended usage guidelines. The degree to which the participants interacted in each session 
was gauged over two primary measures: i) the change requests logged via verbal feedback 
during the session, ii) the number of songs played by each participant in the session.  
 
Specific aims were to investigate: 

1. Whether participants (n=20) experienced an increase in engagement, as perceived by 
staff or facilitators, within individual sessions and over the course of all sessions.  

2. Whether aspects of participation (songs played, controllers played) affected the ratings 
of engagement. 

3. Whether aspects of the UCD process (e.g. requests made, or changes implemented) 
affected the ratings of engagement. 
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The remainder of this paper is organised as follows: Section 2 presents a brief overview of 
UCD considerations relevant to music controllers and DMIs, particularly user requirements 
unique to our participant group; Section 3 describes our experimental approach; Section 4 
presents the results of our experimentation and associated analytical models; and finally, 
Section 5 draws conclusions and briefly outlines some areas for further work. 

2. Towards A User Centred Design Approach 
Participatory design is best described as a design process where the ultimate end-users of a 
system play a role in designing it (Schuler & Namioka, 1993) and user-centred design (UCD) 
approaches have been successful in a variety of aged care and musical settings (Franz & Neves, 
2019; Jiancaro et al., 2017; Orpwood, 2004; Orpwood et al., 2010; van Besouw, Oliver, 
Hodkinson, Polfreman & Grasmeder, 2015). Following the framework for UCD activities 
for developing interactive systems described within ISO 9241-210:2019 (International 
Organization for Standardization, 2019), we developed our interfaces and controllers using the 
approach shown in Figure 1. 

 
Figure 1. The user-centred design process adopted in this study, adapted from ISO 9241-
210:2019. 
 

2.1. Context  

In consultation with staff at <anon> (a residential aged-care facility in <anon>), we designed a 
project in which residents would be given 20 group music making sessions using a prototype 
DMI comprising a range of different musical controllers. The lead diversional facilitator 
specified the general aim to have an instrument that would help fully realise the creative needs 
of all the residents. In the facility there were a mixture of residents with different physical 
abilities and cognitive abilities (both ranging from healthy to impaired). Musical experience 
was also mixed, where residents interested in music-making ranged from having no previous 
experience, to having previously played mainly guitar or piano. The residents were familiar 
with using iPads for other activities. In terms of experience with existing music technologies, 
the lead diversional facilitator reported recently attempting to use the Soundbeam (beam 
controller and single pad-like switches) but had experienced difficulties with latencies in the 
system. This resulted in the activity being restricted to storytelling with residents interjecting 
various sound effects using the system, even though they had expressed a desire to play music 
together as a group. 
 

2.2 DMI Design 

In this study, we developed prototype controllers which receive and transmit gestures made by 
performers. These may be physical (e.g., a device with buttons that can be pressed) or virtual 
(e.g., a multitouch interface on an iPad). We also developed the mapping of those gestures to 
musical output, mediated by custom software. We refer to the combination of the controller 
and the mapping as a DMI, or digital musical instrument. In order to develop our controllers 
and DMI, we evaluated the state of the art in music technologies with the criterion of being 
flexible enough to support varying physical and cognitive impairments. The music 
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technologies we evaluated included DMIs developed in research communities such as new 
interfaces for musical expression (NIME); human-computer interaction (HCI), for a variety of 
purposes: from the design of novel music touch interfaces to new digital musical instruments 
(Nath & Young, 2015; Seymour, Matejka & Foulds, 2017), ranging from music ensemble 
performance (Takehara et al., 2017) to assistive music improvisation (Challis, 2013).  
 
Our evaluation of different technologies identified some important criterion that a DMI or 
music controller should have for the end users (older adults) in our project: how easy it is for 
novice players to learn (learning complexity), which is important for adoption; how usable it 
is for people with motor or cognitive impairments and how flexible it is in suiting the different 
abilities of older adults; how portable it is to allow for swapping instruments in a group music-
making setting; whether the sounds play at the same time as the touch (latency) thus avoiding 
confusion, and; whether it allows for more than one type of interaction (multi-gesture; e.g. 
swiping vs. tapping) to facilitate interest and enjoyment. We also identified some important 
criteria that a sustainable DMI should have for the stakeholders (the care home) in our project: 
the connectivity to allow connection of different controllers in the future; the configurability so 
that it can be adapted to improvements in user performance; the cost of initial purchase, or 
subsequent upgrade; and ease of troubleshooting, in case the DMI or controller stops working. 
In the following sections, we shall briefly provide exemplars of currently available 
technologies through the lens of these criterion. We note this is not an exhaustive list; for a 
comprehensive review, see Ward et al., 2019.  
 
2.2.1. Special-needs music systems 
One popular system in special-needs education is the SoundBeam (SoundBeam, 2019a; 
Lindeck, 2013), which uses a proprietary beam controller (although wired and the more 
portable wireless switches can also be used). The SoundBeam has been successful because of 
ease of learnability of the novel vibroacoustic “beam” controller, although it can be problematic 
for users with limited movement (Ward et al., 2019). Indeed, our own assessment of the 
SoundBeam found high latencies (greater than 100ms) when the RF switches were used 
wirelessly which makes cognitive and motor usability difficult: large asynchronies between 
tactile and auditory feedback are disruptive to professional musicians during performance 
(Jack, Mehrabi, Stockman & McPherson, 2018; Pfordresher, 2006). The SoundBeam also 
needs training for modification and troubleshooting because of the complex proprietary 
submenus. 
 
2.2.2. Multifunction devices 
Tablet computers, such as iPads are versatile music controllers, as music can be performed 
using purchased or custom-made software, as well as useful complementary tools for informal 
music learning (Humberstone & Taylor, 2015). iPads have been previously used as music 
interfaces for older adults: previous research has found tablet computers to increase learning 
speed; however, those with more severe dementia tended to use less complex apps, and age 
was negatively correlated with frequency and duration of use (Vahia et al., 2017). In an aged 
care setting, iPads have been used as a standalone media player (Garrido, Stevens, Chang, 
Dunne & Perz, 2018); as an interactive device that uses the touchscreen as a controller (Favilla 
& Pedell, 2014); and augmented with other hardware and used as display and playback device 
(Seymour, Matejka, Foulds, Petelycky & Anderson 2017). For interfaces that use the 
touchscreen directly, users may experience a lack of feedback and tactile uncertainty making 
usability and learning more difficult (Norman, 2002). 
 
2.2.3. Generic MIDI-based controllers 
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Generic MIDI-based controllers can be customised to control a range of musical parameters, 
and the costs vary. These MIDI controllers can provide different types of haptic feedback 
depending on their design: for example, we assessed the Roli Lightpad Block (Roli, 2019), a 
square hand-held Bluetooth MIDI controller that allows swiping and button pressing with a 
soft-to-the-touch interface. These can be connected together to form one larger instrument, and 
they can also be configured to have different numbers of non-physical buttons (the buttons are 
indicated by under-the-surface LEDs) on each block (e.g. 1, 2, 4, 8, 16). We felt this interface 
would be portable, easy to use, and could easily be swapped among participants between songs. 
Other generic MIDI-based controllers, such as Novation’s Launchpad (Novation Music, 2019) 
and Akai’s APC Mini (Akai, 2019), have numerous buttons, which can be daunting to older 
adults unfamiliar with technology (Waycott et al., 2019). In fact, generic MIDI-based 
controllers provide limited participatory design choices as the hardware is fixed, and so any 
changes as a result of user-centred design are limited to musical parameter mapping. This in 
itself could end up being a barrier to musicking and social interaction (Cappelan & Anderson, 
2014) and ultimately the development, and adoption of an holistic musical system. 
 
2.2.4. Digital Audio Workstations (DAWs) 
DAWs refer to computer software capable of supporting electronic musical instrument 
performance, together with audio playback. DAWs such as Logic Pro (Apple, 2019a) and 
Cubase (Steinberg, 2019), are largely unsuitable for an aged-care setting because of their high 
cost (together with the cost of the hardware to run them), their learning curve (complex settings 
and submenus), and the difficulty in configuring and troubleshooting. This means that residents 
are unlikely to use it unsupervised, and specialist training will be required for staff. Although 
these programs offer accurate timing, connectivity and good choice of instruments/sounds, co-
design is limited to content and instrument/sound choice. While other DAWs such as 
GarageBand (Apple, 2019b) incorporate built-in music lessons, the software can still be 
difficult to navigate. In contrast, the interactive music performance software Max/MSP 
(Cycling’74), allows customised musical instrument and interface design which can be tailored 
for a range of technical abilities, as well as device parameter mapping capable of supporting 
artistic co-creation (Taylor, 2016), user-centred design (Nath & Young, 2015) and performance 
analysis (Favilla & Pedell, 2014).  
 
2.2.5. Overview of our prototype system  
Ultimately, we opted to develop a series of prototype controllers in our DMI (Figure 1), using 
custom built hardware (incorporating sensors and an Arduino), with custom music controller 
software using Max/MSP. This would allow us to rapidly prototype the hardware and software, 
and change any musical and hardware control mappings between sessions in response to user 
feedback. We chose to develop our own software for three reasons: i) we needed to consider 
the software interface and the usability of the software so that it could eventually be delivered 
by aged-care non-specialist staff, ii) we wanted to be able to modify the content for 
sustainability and interest during the process, iii) we wished to collect performance data from 
the controller inputs via our DMI (e.g. timing data, button pushes) so that we might assess each 
individual’s improvement in music performance. Our prototype controllers are shown in Figure 
1, and described in more detail in Appendix S1 of the supplementary material online. 
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Figure 1. The controllers used as part of our DMI. (1) eBass; (2) eGuitar; (3) eFlute; (4) iPad 
1; (5) iPad 2; (6) iPad 3; (7) Block 1, as a single button; (8) Block 2, as four buttons; (9) Guitar 
Hero Controller. Note that the button colours on the eFlute and iPad are (from left to right): 
red, blue, yellow, and green. 
 
Miranda & Wanderley (2006) broadly categorise DMIs and their controllers as “instrument-
like” (controllers that behave like their real counterpart instruments; e.g. piano/keyboard); 
“extended” (a real instrument with added sensors); “instrument-inspired” (a device that 
resembles a real instrument, but behaves differently); and “alternative” (a completely novel 
controller unlike any real instrument). For practical reasons, we designed or used music 
controllers to be “instrument inspired” (eBass (Fig 1; 1), eGuitar (2), iPad Piano interface (6), 
Guitar Hero (9)) or “alternative” (eFlute (3), iPad 1(4), iPad2 (5), Block 1 (7) and Block 2 (8)). 
 
Where possible, we also designed the controllers in pairs, allowing small differences in 
appearance and response so that we could assess the impact of these differences. For example, 
the colours, operation and size of the arcade-style buttons on the custom-made eFlute was 
replicated on iPad 1, allowing us to determine whether residents preferred the tactile feedback 
on the eFlute over having no tactile feedback when using the iPad. Both the eGuitar and eBass 
used Passive Infra-Red (PIR) motion sensors, which were identically calibrated and operated 
as a virtual tripwire: the only difference being the instrument under control. The Roli Blocks 
had identical tactile feedback mechanisms but were configured so that Block 1 had one button, 
while Block 2 had four buttons. iPad 2 was a single multitouch green button, and iPad 3 was a 
polyphonic piano keyboard. None of the iPad interfaces produced tactile feedback. The final 
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pair of instruments was the eGuitar and Guitar Hero guitar. Both had similar functions; both 
looked like guitars and were designed to be held like a guitar, and although both controlled 
guitar sounds, the Guitar Hero guitar was operated using buttons, while the eGuitar required 
no direct physical touch. 
 
2.3. Planned Musical Complexity and Parameter Mapping 

DMIs can be controlled using either direct input (e.g. a touchscreen slider whose movement is 
linearly mapped to musical data such as pitch or loudness) or indirect input (e.g. a nonlinear 
translation of movement to control data; e.g. squeezing a Skoog (Skoog, 2019)), and influences 
the physical interaction and musical control of a DMI. Direct input can be problematic for older 
adults with impaired motor control; conversely for indirect input, connecting the physical 
movement with the resultant output can be more cognitively demanding for older adults 
(McLaughlin, Rogers & Fisk, 2009). Striking a balance between the two (especially for a group 
of older adults with varying cognitive and motor abilities), is important and requires careful 
design consideration. 
 
For  DMI control, performance of difficult musical pieces can be simplified by adjusting the 
parameter mapping (e.g. the musical functions assigned to particular controls). Our approach 
considers parameter mapping to be a key determinant of performance complexity and, as such, 
we make use of the principal of errorless learning. Errorless learning is <can we have a brief 
definition – there doesn’t appear to be one> . It makes use of implicit memory and has been 
found to be more effective for rehabilitating memory-impaired individuals (Kessels, 
Boekhorst, & Postma, 2005, Mimura & Komatsu, 2007) than typical learning where learning 
mistakes can be made. Our errorless parameter mappings operated on both timing and pitch 
but, primarily on the former. Musical timing is a parameter that i) requires minimal musical 
ability and training ii) is achievable in residents with physical or cognitive impairment, and ii) 
could be improved upon in subsequent sessions. Timing also has the benefit of contributing 
towards a sense of joint music-making. Musical pitch as a parameter that i) caters for a range 
of people with different musical abilities: its use requires minimal musical ability to use at a 
basic level, but to use in any advanced form, such as playing sequences of correct notes 
competently, requires training; ii) could be engaging for residents with physical or cognitive 
impairment, and iii) could trigger improvements in both control and pitch discrimination over 
a number of sessions. 
 
For our errorless timing control, we composed accompanying musical instruments (parts) to 
existing songs and muted each part at the end of each bar (while the underlying song continues). 
When residents pushed a button (or operated a controller) their musical instrument/part would 
unmute until the end of the next bar, inviting residents to engage with the music, and to learn 
basic musical measures and timing. This also allowed residents to improve their motor skills 
and familiarise themselves with the instruments whilst preventing them from making timing 
errors that might compromise the group music-making output. 

 
At the beginning of our process, we wanted our DMI to be easy to play for older adults with 
low motor and cognitive ability, by giving residents very little musical control, but also 
requiring little effort to operate the controllers. We achieved this by allowing instrument 
control at one-bar intervals. This ensured that repeated and in-time control was achievable 
among participants with reduced motor control or cognitive function. The motor and cognitive 
complexity began to vary mildly as we added more musical material with varied tempi, despite 
the physical interaction of the controller and DMI remaining the same. 
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As participants became accustomed to the interactions at bar-length levels, we doubled the 
speed of the interactions by introducing half-bar intervals. This required an increased amount 
of motor control and, because the intervals between button presses halved, the cognitive and 
motoric demands increased. We also introduced quarter-bar length intervals, to increase the 
effort, motor and cognitive demands even further, while maintaining relatively little musical 
control/ few MDOF.  
 
We also introduced errorless pitch control by assigning different sequences of notes (e.g. 
different melodic parts) to different buttons that could be played together and in tune, while 
maintaining the errorless timing intervals. For example, each of the eFlute buttons (Figure 1(3)) 
played different melodies that could be played on their own, or all together in harmony, without 
being out of time, or out of tune. The errorless pitch control was added to the bar/half-
bar/quarter-bar intervals, increasing the motor and cognitive complexity, by introducing some 
additional musical control/MDOF. We also allowed a “free play” mode, which was not 
errorless as participants were able to play notes unconstrained, and was designed for those who 
were comfortable with playing, and able to play, appropriate pitches for the reference material. 
 
2.3.1 User-feedback: mapping and complexity 

At points within the weekly feedback from residents, two main requests formed the motivation 
for adjusting the mapping of the DMI: 1) a request for increased complexity of interaction once 
the errorless learning approach had been mastered, and 2) the creation of interfaces that bore 
similarities with other familiar instruments (e.g. a piano). To respond to the first request, as 
discussed above, we introduced shorter durations (half bar and quarter bar length) between the 
mute-points used in the errorless timing. This required the residents to tap/operate their 
controller at 2 and 4 times the speed, respectively. The choice to add shorter durations was a 
pragmatic one to allow an incremental increase in difficulty (Compared to other methods, such 
as abnormal divisions, irregular rhythms, extra-metric groupings, which would have been too 
complex for most participants). In each session, participants were free to decide whether to use 
the more complex parameter mappings. 
 
Both requests were met with the introduction of a Piano keyboard interface (iPad 3). This 
particular interface was set up such that both timing and pitch could be controlled 
independently of both the reference song and the other instruments, essentially removing the 
errorless learning approach in this particular interface. However, after requests from residents 
to prevent others from playing “out of tune”, we reintroduced errorless pitch performance by 
transposing the piano notes so that every piano note was in the same key as the reference song 
at all times. In this scenario the timing was still independent, but the pitch was kept errorless. 
To respond to the second request, without interfering with the errorless learning approach in 
terms of individual note timing, we introduced a function that allowed a user to adjust the pitch 
and timbre in one of the controllers. We did this by introducing continuous pitch control on the 
horizontal axis (left = lower pitch, right = higher pitch), and filter resonance across the vertical 
axis (bottom = no resonance, top = high resonance) on iPad 2, which was played horizontally. 
 

2.4. Evaluation 

Evaluation of the prototypes within each session was captured via verbal feedback from the 
participants. During sessions, participants were prompted to provide feedback on any aspect of 
the session: the controllers; the songs; the structure of the music lessons and; how they felt in 
general about the process. The facilitators made notes of these comments, and, together with 
the full transcriptions of the audio recordings, collated the feedback from each session. Weekly 
meetings between the facilitators and the software and hardware development team facilitated 
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rapid responses to the documented requests. Where these changes could be enacted quickly, 
new iterations were pushed out for the sessions the following week. Larger changes were 
planned over several weeks, or coinciding with a break in sessions (see Procedure). 

3. Experimental Methods 
3.1 Procedure 
An initial workshop was conducted at the facility in order to provide information about the 
project and to staff and prospective participants. This initial workshop facilitated a broad 
conversation with residents as to what types of interfaces they might like to use. This enabled 
the initial design of the controllers. The user-design workshop series was planned for two main 
periods where participants would be offered group music making sessions twice a week: 1) 12 
sessions bi-weekly over a period of 6 weeks, and 2) a further 8 sessions bi-weekly for a period 
of 4 weeks.1 These two main periods were separated by a period of 7 weeks to allow for major 
iterations of the controllers and DMI to be carried out. The sessions were run by two 
facilitators, who were independent Registered Music Therapists, with additional support from 
staff at the facility.  
 
Our hybrid approach to group music-making using technology included a number of individual 
music activities, which individually have previously been shown to have positive effects on 
the quality of life for older adults. For example, our participants were able to receptively listen 
to music in a group setting, which has been shown to improve social interaction (Garrido et al., 
2018); participants were able to sing along with the music which has positive effects on self-
esteem and depressive symptoms (Cooke, Moyle & Shum, 2010b); they were able to actively 
make music by playing the DMI (Creech, Hallam, McQueen, & Varvarigou, 2014; Dinh, 
2019), and; we also provided short-term musical instrument training (on the DMIs), which has 
been shown to decrease loneliness and depression (Joseph & Southcott, 2015; Zhang et al., 
2017).  
 
Our novel approach diverges from previous music-based studies because we developed custom 
music controllers for our DMI, and incorporated errorless learning. We also modified the 
musical parameter mappings for our DMI to provide a range of different types of errorless 
interaction, as well as different levels of effort as a result of introducing complexity via 
increased musical control. We also adopted a UCD process, and involved residents in the 
development of the DMI in terms of hardware and software changes, and content additions. 
 

3.2. Participants 

Twenty participants (75% female, 25% male, age range 65–96) participated in the sessions at 
some point during our trial, which was held at <anon> residential home in <anon>. The project 
was approved by <anon> University Human Ethics Committee (approval number: H12931) 
and participants (and family members, where appropriate) provided informed written consent. 
 
In signing up to participate, residents were made aware that they could attend as many or all of 
the sessions as they wished. Attendance was monitored as a proxy of engagement with the 
process2 with the number of sessions attended varying with each participant (M = 4.5, 
SD = 4.16, min = 1, max = 13). Four participants attended more than ten sessions during the 
process. 
 

 
1 The second period experienced a delay in completing the sessions due to an influenza lockdown at the facility. 
2 Although illness and other reasons not to attend were not captured by this process. 
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3.3. Materials  

3.3.1 DMIs and equipment 
Following an assessment of existing controllers, and DMIs (see Section 2.2), we opted for a 
selection of custom-built prototype controllers and commercially available instruments. The 
commercially available instruments comprised: two Roli Light Blocks and two iPads (using 
Cycling’74s MIRA app; see Figure 4) and a Guitar Hero controller (introduced in later 
sessions) were connected to a MacBook Pro using Bluetooth. The custom-built prototype 
instruments comprised an eFlute (with four arcade style LED backlit momentary push buttons), 
an eGuitar, and an eBass (both of the latter used passive infrared (PIR) motion sensors 
configured as a tripwire that could be triggered using a strumming action). The buttons and 
PIR sensors on the prototype instruments were powered by an Arduino Mega, connected via 
USB to a MacBook Pro. Performance data from all instruments were musically mapped and 
captured using Max/MSP which also controlled the audio playback of popular songs. Audio 
was played back via a JBL Charge+3 speaker using the line input.  
 
3.3.2 Songs 
Initially, two reference songs were chosen by residents and staff prior to the commencement 
of the sessions, and more were added upon request throughout the process. Table 1 shows the 
complete playlist of reference songs as was accumulated by the end of the whole process 

Artist Song title 

Doris Day Que Sera Sera 
Bing Crosby You Are My Sunshine 
Perry Como Catch a Falling Star 
Peter Dawson The Road to Gundagai 
Laurie London He’s Got the Whole World in His Hands 
Elvis Presley Wooden Heart 
Louis Armstrong What A Wonderful World 

Table 1. All reference songs used during the process. 
 
Each reference song contained full instrumentation and vocals. We composed custom melodic 
instrumental parts as an accompaniment (and in harmony) to each song, and assigned to each 
controller (e.g. guitar parts for the eGuitar etc.). Each such melodic part lasted the full duration 
of the reference song so that, whenever the instrument was unmuted, it was in time and playing 
an appropriate pitch. To allow for pitch control, we composed multiple instruments parts so 
that multiple instrumental parts could be assigned to each controller to allow for either harmony 
or melodic change. Participants collectively chose the order of the songs to play with and chose 
the DMIs they wished to play. The number of songs played in each session, and the number of 
controllers any one participant chose to use were then subject to change depending on the 
participants’ requests. For each instrument, performance data were captured comprising, 
timing, inter-onset-interval (IOI), button ID, and in the case of the multitouch iPad screen, the 
number of fingers used and the coordinates of the fingers relative to the screen. However, these 
data are outside the scope of this article. 
 
3.3.3 Measurements 
The Music in Dementia Assessment Scale (MiDAS) was used in order to collect measures of 
the five key areas of Interest (in the music), Response (to others), Initiation (e.g. actively 
verbally requesting things or sharing stories), Involvement (e.g. in the instrument playing) and 
Enjoyment (of the session) (McDermott, Orrell & Ridder, 2015). These individual paper-based 
MiDAS ratings were made on five separate visual analog scales (VAS), each of which was a 
continuous 100mm line without intervals. The two extremes of the scale were labelled “none 
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at all” and “highest”.3 Both staff and facilitators judged the maximum of each VAS score (i.e. 
“highest”) based on the best possible outcome for the individual in question, rather than a pre-
set value that is the same for every individual. Administering the MiDAS involved receiving 
completed scales from both the facilitators conducting the session, and a caregiver (in this case 
a staff member). The facilitator completed the MiDAS scale twice as per McDermott, Orrell & 
Ridder’s (2015) recommended use: once for the beginning of the session (pre-session) during 
the first 5 minutes, and once in-session, during the most clinically significant 5 minutes, as 
judged by the facilitator within their therapy process for each client (without stopping the 
session). Staff also completed the MiDAS scale, again as per McDermott, Orrell & Ridder’s  
(2015) recommended use: twice but pertaining to different timepoints than the facilitator: once 
for before the music session (pre-session) and once for after the music session (post-session). 
This is done to a) confirm the extent to which any changes are noted outside of the context of 
the session (i.e. whether the rating is ‘in the moment’, or whether it would last longer than the 
length of the music making session), and b) to minimise bias since the staff worked closely 
with the residents on daily basis, whereas the facilitator did not. We obtained an overall 
measure of participant “engagement” in each music session by calculating the mean score for 
each MiDAS rating in each session. The five MiDAS rating scales (and our calculated mean 
values) are the dependent variables modelled in the forthcoming analyses. 
 
Each of the sessions was recorded through video and audio; primarily so that resident feedback 
and specific requests could be documented and rapidly translated into iterations of the 
controllers and DMI, software and song content. This documentation of requests based on the 
audio-visual recordings was conducted by the facilitators running the sessions. 
 

3.4 Data Analysis 

We performed multilevel Bayesian regression to analyse the data using the R package brms 
(Bürkner 2018), which provides a high-level interface into the Bayesian MCMC sampler Stan 
(Carpenter et al. 2017). A total of three models were run. The first model tested whether the 
facilitator’s in-session MiDAS ratings were higher than their pre-session MiDAS ratings, and 
whether the staff member’s post-session MiDAS ratings were higher than their pre-session 
MiDAS ratings. The second model was used to establish whether MiDAS ratings were 
associated with: session number (i.e. did the ratings generally improve or get worse over the 
20 weeks); the number of songs performed by each participant; the complexity of the mappings 
used in that session. The final model also explored whether MiDAS ratings were associated 
with developments requested by participants, and changes made by the project team in response 
to those requests. Before detailing the results of each of the models, we now briefly summarise 
the dependent variable (how the MiDAS ratings were quantified) and the predictors of that 
dependent variable. We then outline how to interpret the models’ coefficients (due to the family 
and link functions used in the models), and how we estimate the strength of evidence for each 
coefffient (effect) using the Bayesian approach of evidence ratios. 
 
3.4.1 Dependent Variables 

The five individual MiDAS ratings were measured from the markings on each rating scale, to 
two decimal places (0.00–10.00). Although staff were asked to complete a MiDAS rating prior 
to, and at the end of, each session, this ended up being a burden on time when they needed to 
be caring for residents, and so we did not collect data from staff for a number of sessions 
(12/15).  

 
3 See https://vbn.aau.dk/ws/portalfiles/portal/316447795/Music_in_Dementia_Assessment_Scales_MiDAS_.pdf 

for an example MiDAS rating scale (University of Aarhus, Denmark). 
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Rating diff. In the first model, we are specifically interested in the difference between the post-
session MiDAS rating (or in-session rating) and the pre-session rating. For this reason, the 
dependent variable for each VAS scale – denoted Rating diff – was that scale’s post-session (or 
in-session) rating minus that scale’s pre-session rating. This difference score, which is in the 
interval [–10, 10], was then normalized to the interval [0.0001, 0.9999] by multiplying by 
0.4999/20, then adding 0.5.  
 
Post-session rating. In the second and third models, the dependent variable was only the post-
session rating or in-session rating (in the interval [0, 10]) and this was normalized to the interval 
[0.0001, 0.9999] by subtracting 5, multiplying by 0.4999/10, then adding 0.5. For brevity, the 
resulting variable is denoted Post-session rating whether the rating occurred post-session or 
in-session.  
 
3.4.1 Predictors 

Session number is the number of the session (an integer from 1 to 20), which has been linearly 
transformed to have a mean of zero and a standard deviation of 1. 
 
Songs played is the number of songs played by the participant in the session (an integer), which 
has been linearly transformed to have a mean of zero and a standard deviation of 1. 
 
Complexity The complexity levels used by each participant (per song, per session) was 
captured, where 1 = no complexity, 2 = half-bar complexity, 3 = quarter-bar level complexity. 
To account for participants playing multiple complexity levels during a single session, we 
calculated the median complexity level per participant per session resulting in four different 
median values: 1, 1.5, 2, and 3. These medians were used as monotonic predictors (a monotonic 
predictor is ordered but the distance between the levels is not fixed) in our Bayesian models so 
that we could assess the effects of the different complexity levels. 
 

Pre-session rating. In the latter two models, the pre-session rating was also included as a 
covariate. In each session, we expect a participant’s post- or in-session ratings to be strongly 
associated with their pre-session ratings (as they rate the same thing but at different time 
points); an advantage of including the pre-session rating as a covariate rather than regressing 
on the difference between the post-session (or in-session) and pre-session ratings (i.e., Rating 

diff) is that the former allows the rating’s increase to vary across differing pre-session ratings 
(Gelman & Hill 2007). 
 
Requests all is the total number of requests related to software, hardware, and content made by 
participants for each session, across all sessions. 
 
Changes all is the total number of changes related to software, hardware, and content 
completed by the developers for each session, across all sessions. 
 
We also tried a model with a predictor coding the number of times each DMI was played per 
session per participant. But we found this overfitted the data (as assessed by cross-validation) 
and do not report on this further. 
 
Participant. In all models, the intercept was allowed to vary, as a random effect, by participant. 
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3.4.2 Model Family, Link Function, and Effect Size  

As mentioned above, the MiDAS ratings, after normalization, are appropriately modelled as 
beta-distributed variables. We used the logit link function to transform the linear predictors’ 
scales to the unit interval. This means that the interpretation of the models’ coefficients 
becomes multiplicative and nonlinear: an effect 𝛽 of a given predictor implies that a rating of 

𝑟! becomes 𝑟 =
"! #$%(')

)!#$%(')*"!+,
 when that predictor increases by 1 unit. For example, given a 

unit increase in a predictor, a “small” effect of 0.1 changes a medium rating of 0.5 into a rating 
of 0.525; a “moderate” effect of 0.5 changes a rating of 0.5 into a rating of 0.622; a “large” 
effect of 1 changes a rating of 0.5 into a rating of 0.731.  
 
3.4.3 Strength of Evidence and Hypothesis Testing 

To ascertain evidence in favour of an effect, we use Bayesian evidence ratios: for an effect 
whose posterior has a positive mean, it is the posterior probability of that effect being greater 
than zero divided by the posterior probability of it being less than zero; for an effect whose 
posterior has a negative mean, it is the posterior probability of that effect less than zero divided 
by the posterior probability of it being greater than zero. We interpret evidence ratios greater 
than 10 as being sufficient to warrant further discussion. 

4. Results 

4.1. Model 1: Evaluating participant engagement in music-making sessions 

In order to evaluate the success of the individual music-making sessions in engaging the 
participants, we assessed whether residents saw an improvement in their MiDAS scores. We 
conducted multilevel Bayesian regression intercept-only model on the post session ratings 
minus the pre-session ratings – i.e. on the difference between the pre-session and post-session 
(or in-session) ratings (see MiDAS diff as defined in 3.4.1 above). These results are shown in 
Table 2. 

Staff/ 

facilitator 

Post-session 

MiDAS 

rating 

increase 

Hypothesis Est. 
Est. 

Error 

CI 

Lower 

CI 

Upper 

Evid. 

Ratio 

Post. 

Prob 
 

Staff Mean Intercept > 0 0.07 0.14 -0.16 0.29 2.61 0.72  

Interest Intercept > 0 0.06 0.12 -0.12 0.25 2.51 0.72  
Response Intercept > 0 0.07 0.14 -0.16 0.29 2.4 0.71  

Initiation Intercept > 0 0.09 0.13 -0.12 0.32 3.58 0.78  

Involvement Intercept > 0 0.09 0.15 -0.17 0.34 3 0.75  

Enjoyability Intercept > 0 0.09 0.18 -0.19 0.37 2.58 0.72  

Facilitator Mean Intercept > 0 0.22 0.08 0.09 0.35 332.33 1.00 * 

Interest Intercept > 0 0.11 0.03 0.06 0.16 >1999 1.00 * 

Response Intercept > 0 0.12 0.03 0.07 0.18 >1999 1.00 * 

Initiation Intercept > 0 0.14 0.04 0.08 0.21 665.67 1.00 * 

Involvement Intercept > 0 0.17 0.03 0.12 0.23 >1999 1.00 * 

Enjoyability Intercept > 0 0.11 0.04 0.04 0.17 165.67 1.00 * 

Table 2. Results of Bayesian regression with the formula Rating diff ~ 1 + (1 | Participant). 
Note that Est. = Estimate; CI = 95% Confidence Intervals; Evid. Ratio = Evidence Ratio; Post. 
Prob. = Posterior Probability. ‘*’: The posterior probability of the hypothesis exceeds 95% (an 
evidence ratio of 19). 
 
For the facilitator’s in-session ratings, we found very strong evidence to suggest an 
improvement over the pre-session ratings in all areas of the MiDAS ratings (including the mean 
ratings), particularly noting the evidence for increases in interest, response, and involvement. 
For the staff, however, we found negligible evidence that the MiDAS scores increased over 
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each session; this may be due, in part, to the pre-session ratings already being practically at the 
ceiling (note in Fig. 4 that the staff’s median ratings are above 9.5 for every item).  
 

4.2. Model 2: Evaluating participant engagement and participation in music-making 

sessions 

Our UCD approach meant that there were incremental changes in content and DMI 
functionality over the course of all 20 sessions; furthermore, any benefits arising from the 
intervention may accumulate. For these reasons, we constructed a model to determine if there 
was any cumulative effect of the sessions on engagement. This same model also included 
indicators of participation (how many songs or DMIs a participant played, as well as the 
complexity of those DMI mappings) as predictors of engagement. We ran a single Bayesian 
beta regression for each in-session MiDAS item score. The resulting models’ estimated effects 
are summarised in Table 3. Here we report only the effects for which the evidence ratio is 
greater than 10 (i.e., the evidence is “strong”). A full summary of all effects is provided in 
Appendix S6, in the Supplementary.  

Table 3. Results of Bayesian regression with the formula Post-session rating ~ 1 + Session 

number + Songs played + Pre-session rating + Complexity [monotonic] + (1 | Participant). 
Note for the mean ratings we used only the Pre-session mean rating. Also note that we have 
included all effects with evidence ratios greater than 10; Est. = Estimate; CI = 90% Confidence 
Intervals; Evid. Ratio = Evidence Ratio, Post. Prob. = Posterior Probability. ‘*’: The posterior 
probability of the hypothesis exceeds 95% (an evidence ratio of 19). For full results see 
Appendix S6 in the Supplementary.  
 
The model summarised in Table 4 shows strong evidence to suggest that the number of songs 
played (Songs Played) has a large effect on the facilitator’s ratings of overall participant 
engagement. For the individual MiDAS items, there is no evidence that Songs Played has an 
effect on any of the facilitator’s other MiDAS item ratings. Table 4 also shows strong evidence 
that Session No. has a positive effect on both the staff and facilitators’ mean MiDAS ratings. 
For the individual staff MiDAS ratings, evidence suggests a positive effect of Session No on 

MiDAS 

Item 

Hypothesis Est Est. 

Error 

CI. 

Lower 

CI. 

Upper 

Evid. 

Ratio 

Post. 

Prob 

 

Staff Mean Session No. > 0 0.27 0.15 0.03 0.52 29.16 0.97 * 

Facilitator 

Mean 

Session No. > 0 0.18 0.04 0.11 0.25 >3999 1.00 * 

Songs Played > 0 0.10 0.04 0.04 0.16 332.33 1.00 * 

Staff Interest Session No. > 0 0.29 0.13 0.07 0.51 62.83 0.98 * 

Facilitator 

Interest 

Interest (before) > 0 0.65 0.19 0.35 0.97 >3999 1.00 * 

Involvement (before) > 0 0.49 0.18 0.20 0.79 172.91 0.99 * 

Facilitator 

Response 

Session No. < 0 -0.10 0.05 -0.18 -0.02 63.52 0.98 * 

Response (before) > 0 0.39 0.14 0.16 0.62 399.00 1.00 * 

Initiation (before) < 0 -0.32 0.10 -0.48 -0.15 799.00 1.00 * 

Involvement (before) > 0 0.29 0.18 0.00 0.58 19.10 0.95 * 

Enjoyment (before) > 0 0.21 0.12 0.02 0.40 24.16 0.96 * 

Facilitator 
Initiation 

Session No. < 0 -0.10 0.06 -0.19 0.00 20.62 0.95 * 
Interest (before) > 0 0.40 0.24 0.01 0.80 21.10 0.95 * 

Staff 

Involvement 

Session No. < 0 0.29 0.16 0.03 0.56 29.13 0.97 * 

Facilitator 

Involvement 

Session No. < 0 -0.11 0.05 -0.20 -0.03 55.34 0.98 * 

        

Staff 

Enjoyment 

Session No. > 0 0.33 0.15 0.09 0.58 67.18 0.99 * 

Facilitator 

Enjoyment 

Session No. > 0 0.16 0.06 0.06 0.26 209.53 1.00 * 

Enjoyment (before) > 0 0.27 0.13 0.06 0.48 79.00 0.99 * 

Complexity < 0 -0.36 0.16 -0.65 -0.04 65.67 0.99 * 
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ratings of interest, involvement and enjoyment. On a per-session basis, for each additional 
session attended, there was an increase in the MiDAS interest and enjoyment ratings of up to 
50%. In contrast, for the facilitator’s MiDAS ratings, the evidence suggests there is a positive 
effect of Session No on enjoyment, but not for interest. For facilitator ratings of response, 
initiation, and involvement, Session No had moderately negative effect.4 We also found very 
strong evidence that complexity has a negative effect (-0.35, CI -0.66 to -0.05), where this 
effect refers to the change in Post-session rating associated with changing from median 
complexity 1 to median complexity 3 (42% of this total effect accounted for by changing from 
median complexity 1 to 1.5; 31% by changing from median complexity 1.5 to 2; the remaining 
27% from changing from median complexity 2 to 3. 
 

4.3. Model 3: Evaluating the user-design process  

We then investigated whether the UCD process affected participant engagement; specifically, 
to determine whether the inclusiveness of our approach, as well as the rapid response in 
software and hardware developments to such feedback, improved the post-session engagement 
ratings. An overview of the weekly number of change requests made by participants, and 
development changes made by the project development team is shown in Appendix S4. 
Because participants were unlikely to articulate specific technical requests for functionality, 
we coded the participant feedback created into three areas, based upon the whether the request 
required modification to the software, the hardware, or the musical content (see Appendix S2 
and S3). Because the changes and requests were often made/deployed together, a correlation 
matrix (Appendix S7) of the individual requests and changes found correlations above 0.80 
between hardware and software changes and requests. Thus, any model using the individual 
predictors would not adequately distinguish between the individual effects of these predictors. 
Consequently, the model to answer this is presented in Table 4. For our analysis we used the 
same predictors (Session No., Songs Played, Complexity, and MiDAS pre-session mean 

ratings), and added the total number of changes, and total number of requests made by 
residents, irrespective of whether the change or requests was software, hardware or content-
focussed.  

 
4 We had hoped for a positive predictive influence of DMI use on MiDAS ratings, as part of Hypothesis 2. 

Specifically, we wanted to evaluate the efficacy of the custom-made DMIs, as compared to off-the-shelf DMIs. 

Three different Bayesian models were fitted to assess the possible effect of DMI use. In each case, predictors for 

each DMI were added to the model in Table 4. For the three models these additional predictors were, respectively: 

1) a binary code for whether each given DMI was played at least once per session per participant; 2) a count of 

the number of times each given DMI was played per session per participant; 3) same as (2) but also including a 

squared count term to allow for a nonlinear effect. All three models performed worse under cross-validation than 

the Table 4 model, which does not include DMI. This means that our data are not sufficiently informative for us 

to make useful inferences about whether the different DMIs have different effects on our participants’ MiDAS 
scores. 
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MiDAS 

Item 

Hypothesis Est Est. 

Error 

CI. 

Lower 

CI. 

Upper 

Evid. 

Ratio 

Post. 

Prob 

 

Staff Mean Session No. > 0 0.21 0.47 -0.56 0.97 2.19 0.69  

 Songs Played > 0 0.09 0.56 -0.79 1.04 1.25 0.56  

 Requests all < 0 -0.09 1.31 -2.21 1.96 1.12 0.53  

 Changes all < 0 -0.12 1.35 -2.31 2.01 1.15 0.54  

 MiDAS Pre mean > 0 0.16 1.19 -1.65 2.11 1.22 0.55  
 Complexity > 0 0.04 0.60 -1.11 1.31 1.08 0.52  

Facilitator 

Mean 

Session No. > 0 0.18 0.04 0.10 0.25 >3999 1.00 * 

Songs Played > 0 0.14 0.04 0.08 0.20 >3999 1.00 * 

Requests all > 0 0.04 0.06 -0.05 0.14 3.62 0.78  

Changes all > 0 0.13 0.04 0.07 0.19 >3999 1.00 * 

MiDAS Pre mean > 0 2.10 0.67 1.01 3.20 499.00 1.00 * 

Complexity < 0 -0.08 0.12 -0.31 0.16 3.21 0.76  

Table 4. Results of Bayesian regression with the formula Post-session rating ~ 1 + Session 

number + Songs played + Complexity [monotonic] + Pre-session rating + Requests all + 
Changes all + (1 | Participant). Bayesian regression model of mean staff and facilitator post-
session MiDAS ratings and hardware, software, and content changes and requests. Note that 
here we have included all effects with evidence ratios greater than 10; Est. = Estimate; CI = 
90% Confidence Intervals; Evid. Ratio = Evidence Ratio, Post. Prob. = Posterior Probability. 
‘*': The posterior probability of the hypothesis exceeds 95%. 
 
The model summarised in Table 4 shows strong evidence that changes made to the DMIs, 
either in the form of software, hardware or musical content had a positive effect on facilitator 
in-session MiDAS ratings. There is no evidence to suggest that participants had an 
improvement in their MiDAS rating as a consequence of providing feedback.  

5. Discussion 
This paper has demonstrated that, in general, participants experienced an increase in 
engagement cumulatively over the course our 20-session intervention, as perceived and judged 
by staff and facilitators. We also obtain strong evidence from the facilitator’s ratings that 
engagement increased for individual sessions. This is consistent with findings from previous 
music studies with older adults.  
 
We hypothesised that participants would experience an increase in engagement, as perceived 
by staff or facilitators, over individual sessions and over the course of all sessions. For the 
individual sessions, the slight increase in the staff post-session mean MiDAS ratings as 
compared with the pre-session MiDAS ratings, suggest a slight increase in participant 
engagement as a result of the attending the session, although we are unable to confirm our 
hypotheses owing to limited staff ratings data (as described in section 3.4.1) and because their 
pre-session ratings were so close to the ceiling. Nevertheless, we found strong evidence in the 
facilitator’s in-session MiDAS ratings as compared with their pre-session mean MiDAS 
ratings, which suggests a positive increase in participant engagement as a result of attending 
an individual session. Specifically, our Table 3 shows that the sessions significantly increased 
participant, interest, response, and involvement.  
 
In Table 4, we assessed the MiDAS ratings over the course of all sessions, and looked at the 
effect size of each predictor on the various individual MiDAS items. Again, we found the lack 
of completed staff MiDAS ratings problematic for supporting our hypothesis. In contrast, the 
mean facilitator MiDAS ratings were strongly influenced by Session no., suggesting that 
participants were generally more engaged in the sessions, and enjoyed them more, as they 
participated more. While it is difficult to pinpoint exactly why this is the case, there are a 
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number of potential possible causes. Firstly, participants will have become more familiar with 
the controllers as they attended more sessions, thus the sessions evolved to become more 
“restorative activities” as the sessions went on (Creech, 2019). Secondly, the sessions may have 
had some cumulative effects: improved social interaction with other participants (Garrido et 
al., 2018), which may have resulted in decreased loneliness and depression (Joseph & 
Southcott, 2015; Zhang et al., 2017) improved self-esteem and reduced depressive symptoms 
(Cooke, Moyle & Shum, 2010b). Furthermore, as Session No. increased the facilitators in-
session MiDAS response ratings decreased, although we can only speculate as to why this is 
the case: even though residents enjoyed the sessions as they participated more, there may have 
been other confounding reasons why they appeared less responsive to the facilitator, including 
concentrating on playing the DMI using increased complexity levels. We found strong 
evidence suggesting that Complexity levels had a negative effect on enjoyment. 
 
We also hypothesised that aspects of participation (songs played, controllers played) affected 
the ratings of engagement but the data was not sufficiently informative for us to assess this. 
However, we did find very strong evidence from the facilitator’s ratings that Songs Played had 
a positive effect on overall engagement. In Tables 3 and 4, we found that the facilitators’ pre-
session MiDAS interest and involvement ratings were strong predictors of the facilitators in-
session MiDAS interest ratings, and to a lesser extent interest was a predictor of initiation 
ratings. Pre-session enjoyment was a strong predictor of in-session enjoyment as rated by 
facilitators, suggesting that if participants enjoyed the session at the beginning, the effect was 
likely to last throughout the session. Similarly, we found strong evidence to suggest that 
participant pre-session enjoyment, responsiveness, and involvement was positively associated 
with increased responsiveness, although pre-session initiation was found to have a negative 
effect on responsiveness. 
 
We also hypothesised that aspects of the UCD process (e.g. requests made, or changes 
implemented) affected the ratings of engagement. Firstly, our UCD approach meant that we 
added new songs to the DMI regularly over the sessions, and so musical variety increased as 
the sessions went on. Secondly, these new songs were specifically requested by participants, 
yet we found no significant evidence to suggest that residents’ overall engagement increased 
when change requests were made: rather, development changes were greater predictors of 
overall engagement. This suggests that participants preferred seeing changes come to fruition 
rather than the space to simply give feedback, and is consistent with previous studies that have 
found merit in personalisation and user-acceptance (Ancient and Good, 2014). 
 
In fact, as part of this final hypothesis, we thought that by introducing more complex musical 
mappings (a requested change from participants), we would improve MiDAS ratings, as 
compared to basic musical parameter mappings (e.g. transitioning from one-to-many mappings 
to one-to-one mappings). However, Table 4 suggests that that complexity is not significant at 
all in predicting overall engagement despite the fact that complexity has a negative effect on 
enjoyment in Table 3. It is useful to note that the facilitator was aware of when the changes to 
complexity occurred so this may have biased their responses; hence, we should exercise some 
caution with this inference. 
 
Overall, our implementation of complexity did not provide us with the positive results we had 
hoped for, but there were a lot of underlying assumptions about how we operationalised 
complexity for our DMI. From the requests, participants wanted more complex musical parts 
and more complex interactions, but it appears that when changes were implemented to address 
these requests, participants did not enjoy them. This may be due to a number of factors such as 
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the increased concentration required, that the complexity was implemented in such a way that 
it was not helpful, or that our implementation of complexity did not operate on the right 
musical/motor/cognitive DMI elements that enhanced older adults’ enjoyment. Thus, further 
work should investigate the nature of complexity, either in terms of musicality, motor or 
cognitive ability, for older adults with varying abilities. This should include a comprehensive 
investigation into the DMI design elements that should be made more complex, and those 
elements that should remain easily playable, with a view to ultimately being able to automate 
changes in complexity where possible. 

6. Conclusion 
This study focussed on the benefits of a music-making session with residents in an aged-care 
home, specifically with regards to health and wellbeing, interaction with music technology, 
and our user-centred design (UCD) approach. Our analysis focussed on two key areas: the 
immediate effect of each session, and the medium-term effect of the entire intervention, on the 
residents’ engagement.  
 
We sought to understand whether custom DMIs enhanced residents’ engagement but were 
unable to quantitatively verify this due to insufficient data. Qualitative data captured during the 
process is currently being analysed and might enhance our understanding of the impact of the 
DMIs on resident wellbeing. Similarly, across the whole process we captured the button press 
data for each DMI, which is also currently under analysis, with a view to assessing whether 
our process saw improvements to resident’s musical ability and motor control, using different 
complexity mappings, and different instruments. 
 
In terms of assessing our UCD approach to developing the DMIs, we found that development 
changes had a positive effect on the mean MiDAS ratings. While we were expecting a more 
modest effect size, we found limitations in our data that were in part a result of our UCD 
approach, which involved rapid prototyping. Because a UCD approach relies upon feedback 
from end-users, it is difficult to structure development changes so as to avoid correlation and 
conflation between changes made and the response measures. Similarly, our request 
mechanisms were unstructured, so as to facilitate ad-hoc and confident discussion among 
residents, so that we could develop a sustainable music-making tool. Consequently, further 
studies seeking to evaluate UCD and rapid prototyping approaches might consider a more 
structured approach to the feedback and development process. Despite this, we hope that our 
qualitative data will enhance our understanding of the efficacy of our approach.  
 
Our approach has implications for rehabilitation of older adults, particularly those with motor 
and cognitive impairment. Firstly, we have found that older adults will positively engage with 
novel music technology. By overcoming this significant barrier to adoption, we can enhance 
the longer-term rehabilitative effect of group music making. Secondly, we have demonstrated 
the potential for residents with different abilities to all make music together, although to 
maximise the sustainability of the devices, sessions and the subsequent rehabilitative benefit, 
residents must be given the right adaptation for individual interfaces that balances ambition 
and ability. Finally, we found that rapid DMI prototyping positively enhanced engagement, 
suggesting that in the case of a custom DMI, an upgrade schedule should be aligned with key 
rehabilitative milestones. Similarly, in the case of pre-developed digital music system, resident 
exposure to new features or functionality of the device might also be strategically introduced, 
so as to maximise engagement for key phases of resident rehabilitation. 
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Following our process, we received feedback from managers and carers of the aged care facility 
saying that our music making sessions with DMIs was a success, and we achieved our primary 
objective: to make a sustainable hardware and software based DMI prototype, which is still 
being used in the aged care facility. At the end of our process, we trained care staff on the 
operation of the DMIs, and the group music-making sessions are now a hotly anticipated, 
permanent, two-weekly event. 
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