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Abstract

This project aims to harness the potential of music-making and robotic interaction to enhance creative
expression and cognitive function among individuals with cognitive impairment and dementia. With the
aging population, there is a growing demand for innovative interventions that support cognitive health
and active engagement. Music therapy has demonstrated effectiveness in stimulating cognitive function
and emotional expression in individuals with dementia. Creative expression through music serves as a
unique outlet, fostering cognitive functions and emotional well-being. This study explores the synergy
between music therapy and Socially Assistive Robots (SARs) to develop a more immersive therapeutic
intervention. It represents an exploratory investigation into an end-to-end robotic intervention, propos-
ing various interaction elements and examining their functionalities. Each element is designed to foster
engagement, enhance perceptions of collaboration, and promote feelings of creativity.
In this thesis, we propose an end-to-end interactive music-making experience designed for use with the
Pepper robot, an SAR. The system features a user-friendly interface with eight color-coded boxes, each
corresponding to a musical note. Users simply tap the boxes to create melodies. The Pepper robot acts
as a guide, assisting users in interacting with the interface. It additionally implements an engagement
tracking system by monitoring user interaction through the screen taps on the interface and provides
real-time feedback and encouragement. If a period of inactivity is detected, Pepper gently nudges the user
to re-engage. Furthermore, the robot functions as a collaborative musical partner, providing rhythmic
accompaniment if the user desires. The system also records user-created music and provides playback
functionality, allowing users to revisit their compositions.
Methodologically, the study involves an end-to-end system comprising an intelligent music-making inter-
face and an interactive robot providing real-time feedback and rhythmic accompaniment. Insights from
the exploratory study highlight the benefits of real-time feedback in enhancing engagement, particularly
among participants with musical backgrounds. However, rhythmic accompaniment shows mixed results
in fostering collaboration, indicating a preference among participants for emotional connection in collab-
orative settings. Since this is an exploratory study, the empirical study focuses on healthy older adults,
a population with an increased risk of cognitive decline. This is because individuals with dementia are a
vulnerable group. Music interventions have shown promise in improving cognitive function and engage-
ment in individuals with dementia. Therefore, this study informs the design of future interventions for
people with early-stage dementia.
Key findings underscore the potential of real-time feedback and interaction in promoting engagement in
the activity. The intelligent music interface also shows potential to support creative exploration, albeit
with improvements needed for advanced musical participants. Participants appreciate the playback fea-
ture, enhancing their sense of creative ownership and motivation. Despite promising outcomes, the study
acknowledges limitations in sample size and participant demographics, primarily recruiting from music-
engaged older adults rather than the target demographic of individuals with cognitive impairments.
Future research directions include expanding participant diversity, refining robot interaction capabilities,
and addressing technical challenges to improve system usability and accessibility. Integrating findings
from ongoing research on music and memory could further enhance personalized interventions. Ulti-
mately, this study lays the groundwork for future developments in robotic interventions that promote
well-being through music therapy for individuals with cognitive impairments.
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1 Introduction

The world’s demographic landscape is shifting dramatically. The population of older adults is rapidly
expanding [21], leading to a significant increase in individuals experiencing age-related cognitive decline
[26]. This decline can have a profound impact on a person’s well-being, often leading to difficulties with
memory, focus, and information processing. These cognitive challenges can also restrict an older adult’s
ability to engage in stimulating activities and express themselves creatively [48]. As a result, there’s a
growing need for innovative interventions that can support cognitive health, promote creative expression,
and foster continued engagement in this increasingly prominent demographic [46].
Music therapy has emerged as a prominent evidence-based intervention to achieve personalized goals
over the past five decades [71]. It offers a unique avenue to stimulate cognitive function, foster social
engagement, and even enhance emotional expression in individuals with dementia and cognitive impair-
ment[46]. The American Music Therapy Association (AMTA) 1 is a leading advocate for music therapy
and it has become particularly impactful for individuals with dementia. It shows promise in enhancing
patient and staff experiences in acute dementia care settings with numerous scientific studies support
its effectiveness [32][15]. Notably, a pilot study [28] investigated the impact of Creative Music Therapy
(CMT) on older individuals with delirium and/or dementia in an acute care setting. They found that
CMT sessions led to lower negative engagement and affect (mood) compared to a control group receiving
usual care. Additionally, the individuals showed higher average pleasure ratings during the CMT ses-
sions. This suggests that music therapy can benefit beyond traditional settings and offer a non-invasive
intervention for managing dementia symptoms. However, traditional methods can sometimes pose chal-
lenges for older adults with cognitive decline, such as requiring complex musical knowledge or precise
motor skills to play instruments [51].
Specialised music interfaces designed to address the challenges faced by those with cognitive decline often
feature simplified controls, visual cues, and adaptive features that cater to varying cognitive abilities. A
case study [35] investigated the use of an accessible electronic musical instrument called Cymis [1] in mu-
sic therapy for a patient with severe vascular dementia and worsening of behavioural and psychological
symptoms. Despite declining cognitive function, the patient was able to play the Cymis and participate
in music therapy sessions for 18 months. This suggests that even in late-stage dementia, patients may
benefit from music therapy using accessible instruments that cater to preserved motor and visuospatial
skills.
The integration of Socially Assistive Robots (SARs) with such music interfaces holds particular promise.
Research suggests positive teacher and parent attitudes towards using SARs for music learning, high-
lighting their potential to motivate and provide feedback [62][63]. While these studies focus on children,
they demonstrate the potential for SARs to be adapted for use with older adults with cognitive decline.
SARs can provide additional support and engagement through features like offering guidance and encour-
agement, adapting to user preferences, and fostering a sense of social interaction. Hence, complementing
music therapy with SARs creates a well-rounded approach to supporting the well-being of elderly people
and people with dementia

1.1 Motivation

This thesis is motivated by the potential to leverage the synergy between music therapy and SARs. By
combining the emotional and cognitive benefits of music with the accessibility and potential for compan-
ionship offered by SARs, we aim to create a more engaging and effective music therapy intervention for
individuals with cognitive impairment. The goal is to potentially improve the lives of people through
enhanced creative expression with a user-friendly tap-to-play interface. This interface might empower
individuals to express themselves creatively through music, even with diminished cognitive abilities.
Additionally, increased engagement through real-time feedback and encouragement could potentially

1https://www.musictherapy.org/
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1 Introduction

improve user engagement and motivation to participate in music therapy sessions.Improved social con-
nection through collaboration with the robot might foster a sense of connection and social interaction,
potentially reducing feelings of isolation among the elderly and people with cognitive impairment. Fur-
thermore, increased accessibility by potentially allowing individuals experiencing cognitive decline to
participate in music therapy more regularly, even in situations when a human therapist might not be
available, is another significant advantage. Overall, this integrated approach seeks to use the strengths
of music therapy and SARs to enhance the well-being of individuals with cognitive impairments.

1.2 Research Gaps

While research on SARs as well as music therapy and its benefits for people with dementia are ongoing,
there are still gaps in understanding how to best integrate technology like robots into these interventions.
The following are the primary research gaps in this domain that this project addresses.

1. SARs design and use - to enhance music therapy for cognitive impairment: While ex-
isting studies acknowledge the general benefits of SARs for social interaction in older adults [42],
there is a gap in understanding how SARs can be programmed to effectively guide and support
individuals during music therapy activities [59]. Studies [16] show promise with a music-playing
social robot - Pepper [40] - triggering positive responses in PwD. But, the human-like appearance
highlights a need for future research on robot design that balances user-friendliness with realistic
expectations. Additionally, the potential for SARs to enhance user engagement and collaboration
through real-time feedback, musical accompaniment, and encouragement [25] [67] is a relatively
unexplored area. Furthermore, long-term effects of integrating SARs with music therapy on cog-
nitive function, social interaction, and user acceptance among PwD require investigation [7]. This
comprehensive research is crucial to ensure effective adoption and integration of this technology
into dementia care routines.

2. Design of Music Interfaces for Cognitive Impairment
While user-friendly interfaces are crucial for people with dementia, the optimal design elements
for music therapy applications remain unclear [17]. Beyond interface design, more research is also
needed to explore user experience in music creation. This includes investigating how to address
limitations, such as constraining musical choices through curated selections to ensure harmonious
results [34]. Additionally, adaptive music generation could be explored. This approach would
involve developing interfaces that adapt to user input and generate complementary musical el-
ements, fostering a sense of co-creation without requiring complex user actions[55]. Ultimately,
understanding how factors like touch screen size, simplicity of controls, feedback mechanisms, and
the limitations of music creation itself can impact engagement and success for this population is
crucial [59].

1.3 Research Questions

This thesis aims to explore the potential of using a humanoid robot as a companion for facilitating
music-making through a user-friendly tap-to-play interface. By leveraging technology in this manner, we
seek to enhance musical creativity among individuals with dementia, make music-making more accessible
and less daunting, and ultimately promote their overall well-being. The research questions guiding this
investigation are as follows:

1. How does real-time feedback and encouragement from an interactive robot influence engagement
in the activity among older adults?

2. Does rhythmic accompaniment from an interactive robot enhance perceived collaboration in music
creation among older adults?

3. Does an easy-to-use music interface foster musical creativity among older adults?

2



1.4 Report Outline

1.4 Report Outline

The literature review for this thesis is covered in Chapter 2. The implementation details of the experiment
are described in Chapter 3. Chapter 4 contains the methods utilized to address the research questions.
Chapter 5 presents the results and discussions of the experiments. Chapter 6 discusses the conclusions
that are drawn from the results and observations, elaborates on the limitations and explores future work
in this domain.
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2 Related work

2.1 Theoretical Background

2.1.1 Cognitive Impairment

Cognitive impairment refers to a decline in thinking skills that falls outside the expected range for a per-
son’s age and education. This decline affects memory, attention, language, creativity, problem-solving
and other cognitive functions [65]. Age-related cognitive decline, such as dementia affects millions of
people worldwide. While there is no cure, various interventions can improve quality of life for those
living with it[26].
Dementia is a progressive decline in cognitive function that interferes with daily life. It is a specific
syndrome characterized by a progressive decline in cognitive function that impacts a person’s daily life
significantly [70]. Unlike age-related memory decline, dementia affects multiple cognitive domains and
interferes with a person’s ability to perform daily activities [69]. It is a progressive disease, meaning its
symptoms worsen over time. While the specific progression can vary depending on the underlying cause,
many forms of dementia follow a general pattern of stages. These stages are not always clear-cut; some in-
dividuals may experience symptoms differently. This is a breakdown of some common stages of dementia:

• Early Stage: The symptoms are subtle. There are signs of forgetfulness, difficulty concentrating,
and problems with planning and organization. Individuals can often maintain independence at
this stage, although they might require some assistance with complex tasks. Early signs can be
mistaken for normal age-related memory decline [69].

• Middle Stage: Cognitive decline becomes more noticeable. Memory problems worsen, confusion
and disorientation become more frequent and difficulties with language and communication may
arise. Individuals may need help with daily activities like dressing, bathing, and managing finances.
Some behavioural changes such as mood swings, anxiety and social withdrawal can become more
prominent [69].

• Late Stage: There is significant cognitive decline. Memory loss becomes severe, individuals
may have difficulty recognizing familiar faces, and communication may become limited. They may
require total care for all daily activities. Physical health may also decline and there is an increased
risk of infection and other medical complications [38].

Despite the challenges of cognitive impairment, there are various strategies to improve well-being. Music
therapy has emerged as a promising approach, offering a unique avenue to stimulate cognitive function,
foster social engagement, and even enhance emotional expression in individuals with dementia [46].

2.1.2 Music Therapy

Music therapy has emerged as a prominent evidence-based intervention to achieve personalized goals
over the past five decades [71]. The American Music Therapy Association (AMTA) 1 is a leading advo-
cate for music therapy, championing the use of music as a therapeutic tool. This approach has become
particularly impactful for individuals with dementia, while numerous scientific studies support its effec-
tiveness [32][6], suggesting that music therapy can reduce agitation, improve memory recall, cognitive
function and promote emotional well-being among individuals with cognitive impairments. This high-
lights the potential of music therapy to support cognitive health in elderly care settings. This section
explores the existing research on music therapy for dementia, examining its effectiveness in improving

1https://www.musictherapy.org/
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cognitive function, reducing agitation, and promoting emotional well-being in individuals with this con-
dition . One such application involves incorporating music therapy into cognitive stimulation therapy
(CST) [50], a program designed for those with early- to mid-stage dementia. CST aims to stimulate
cognitive function and foster social engagement. This approach, whether in group or individual settings,
encompasses activities like singing, listening to music, playing instruments, and improvisation, which can
evoke reminiscence, alleviate anxiety and depression, encourage social interaction, and reduce agitation.
Music therapy has even shown promise in enhancing patient and staff experiences in acute dementia
care settings, as evidenced by preliminary studies [15]. Music-making has a small but statistically sig-
nificant effect on cognitive functioning for older adults with probable Mild Cognitive Impairment (MCI)
or dementia [19]. Future music interventions can benefit from rigorous intervention protocols that iso-
late specific activities. One study [20] showcases the adaptability of music therapy. It explores online
music-making in response to COVID-19 restrictions, identifying current opportunities for digital music
activities. While challenges like digital accessibility and sound quality exist, the study highlights the po-
tential for music therapy to reach wider audiences through online platforms. Research investigated the
use of music for maintaining attention in older adults with cognitive impairments [27]. While a control
group performed well on an attention task involving music and silence, the cognitively impaired group
initially struggled. However, after repeated sessions with a therapist, their attention improved when lis-
tening to both music and silence. This suggests that music listening interventions, potentially including
music making elements, can be beneficial for maintaining attention and possibly social interaction in this
population. Another study investigated the short-term effects of music therapy on cognitive function in
older adults with dementia [10]. Similar to [27], it involved music listening but incorporated active music
therapy sessions. Patients who received music therapy showed significant improvements in cognitive
function the next morning compared to the control group. While these improvements were short-lived,
they suggest music therapy can positively impact cognitive function in people with dementia. The above
mentioned research highlights the potential of music therapy, particularly music making activities, as
a promising direction for improving cognitive function, attention, and overall well-being in older adults
with cognitive decline. Future research can explore how to design and deliver music therapy interven-
tions, both in-person and online, to maximize their effectiveness for various cognitive impairments. Since
music therapy interventions are resource intensive and require trained therapists, social robots present
themselves as a potential solution to enhance and expand the reach of music therapy.

2.1.3 Creativity and Collaboration

Building on the potential of music therapy for cognitive health in older adults, we try to understand the
role of music in creativity and creative collaboration. Creativity is defined a characteristic of someone
that forms something novel and valuable.2 Notably, a pilot study [28] investigated the impact of Creative
Music Therapy (CMT) on older individuals with delirium and/or dementia in an acute care setting. They
found that CMT sessions led to lower negative engagement and affect (mood) compared to a control
group receiving usual care. Additionally, the individuals showed higher average pleasure ratings during
the CMT sessions. This suggests that music therapy can benefit beyond traditional settings and offer a
non-invasive intervention for managing dementia symptoms.
A research [13] reviewed the link between creativity, music, and quality of life in older adults. Par-
ticipating in creative music-making, which offered opportunities for self-expression, social engagement,
collaboration, and inclusivity, was associated with improved well-being and social connections. These
benefits included positive emotions, engagement, stronger relationships, a sense of meaning, and accom-
plishment. It also suggests future research to explore how to best facilitate creative musical expression
for diverse older adults to maximize these benefits. The impact of music on senior citizen well-being is
researched to understand the challenges and opportunities in music education for older adults, drawing
on research from various fields [24]. Through these, the authors (who participated in the musical groups)
offer insights and a call to action: music education should empower all ages to experience the enriching
power of music. [4] highlights the complex interplay between musical, social, and personal factors that
contribute to successful creative collaboration. In terms of music creation, collaboration was seen as
central to creativity. Combining improvisation and composition was a common approach, with varying
tempos (fast-paced vs. slow and evolving) observed. The research also showed a link between timing syn-
chrony and successful collaboration. Informed by the identified benefits of collaborative music-making,
our research introduces an interactive music-making experience designed for use with a social robot. It

2https://en.wikipedia.org/wiki/Creativity

5



2 Related work

encourages a collaborative experience between the user and the robot, potentially improving creativity
and contributing to a more engaging and stimulating musical experience. This collaborative approach
has the potential to enhance user creativity and engagement.

2.2 Socially Assistive Robots

Building on the potential of music therapy and collaborative creativity for cognitive health, we explore the
emerging field of social robots designed specifically to address the needs of the elderly population. These
robots go beyond basic functionality, offering companionship, cognitive stimulation, and even assistance
with daily tasks, potentially improve well-being in older adults [8] . Several studies have explored the
positive impacts of social robots on elderly people. Social robots have been found to improve mood,
reduce loneliness, and foster social connection in older adults [8]. Similarly, a review [11] suggests that
social robots can be helpful in reducing anxiety and improving social connection for elderly people.
Notably, some studies [25][52][36] also found that social robots can improve independence, security, and
reduce stress in elderly people, even those with dementia. These findings suggest that social robots can
be a valuable tool to enhance elderly care. Building on these findings, SAR-Connect [22] describes a
robotic system designed to engage elderly people in social and physical activities through virtual reality.
This system can work with one or more elderly people at a time, and a small-scale study found that it
was well-received by participants. The researchers believe this system has the potential to improve social
and physical well-being, but acknowledge the need for further research, particularly on long-term effects
and use with people of varying cognitive abilities. However, there are limitations to the current body of
research. Many studies suffer from methodological weaknesses, including small sample sizes, short testing
periods, and a lack of control groups [25][36][2]. Additionally, most research has focused on robots like
Paro and Aibo, and have been conducted in Japan, limiting the generalizability of the findings [8].
Future research needs to address these limitations by employing more rigorous methodologies, including
larger and more diverse study populations [25][36][2]. It is also important to consider the long-term
effects of social robots on elderly users [25]. Involving social scientists and healthcare professionals in
the development of social robots can ensure that these robots are designed to meet the specific needs
and preferences of the elderly population [52]. Despite these limitations, the current research suggests
that social robots have the potential to be a positive force in elderly care. Social robots can provide
companionship, reduce loneliness, improve mental and social well-being, and even assist with daily tasks.
Further research and development will ensure that social robots are effectively integrated into elder care
programs. Building on the potential of social robots in elder care, this thesis explores their application
in facilitating participatory music making for older adults. Imagine a social robot leading a music
activity. It could provide clear instructions, offer encouraging feedback, and even adapt the difficulty to
match the participant’s abilities. This engaging intervention, powered by music, could promote social
interaction, cognitive stimulation, and enjoyment among elderly people. While research on social robots
specifically for music making is still emerging[16], the positive impacts seen in elder care settings suggest
this technology holds promise for enriching the lives of older adults.

2.3 Technology and User Interaction

The core of this thesis lies in the interaction between a user and technology, specifically a social robot
(Pepper) [40] and a music-making interface, to create a positive impact on individuals with cognitive
decline. In this section, we will explore the existing research on technology and user interaction within
the context of music making and cognitive health.

2.3.1 Music through Machine Learning

The realm of artistic creation is undergoing a transformation with the integration of machine learning
(ML). This section delves into the research behind ML-powered music, exploring how algorithms are
pushing the boundaries of creative expression. Google is spearheading this revolution through projects
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like Magenta3 and Chrome Music Lab4.These initiatives foster a unique space for musicians and devel-
opers to collaborate with Artificial Intelligence (AI) tools to generate and explore entirely new artistic
possibilities.One way this collaboration is happening is through Magenta.js5, a JavaScript API powered
by Tensorflow.js6 which is a library for machine learning. As described in [44], Magenta.js allows the
creation of various musical tools like a melody autocompletion tool, arpeggiator, and drum machines.
These tools empower users to input musical ideas and receive AI generated continuations or variations,
helping them explore and create music in new ways.
AI Duet [37], a collaborative effort between Magenta and Google Creative Lab teams7, is another exam-
ple. This user-friendly system allows users to create music interactively with an AI model. It translates
user input on a virtual piano keyboard or MIDI (Musical Instrument Digital Interface) device into
musical continuations, fostering creative exploration for musicians and non-musicians alike. Built with
open-source Magenta tools, AI Duet exemplifies the potential of machine learning to inspire novel creative
avenues. Clarion Lite [41] further expands the possibilities. This web-based experiment that empowers
users to create music through a playful and accessible interface. Users can explore different on-screen
patterns and personalize their musical experience. Playing these patterns is achieved in two ways: either
through traditional mouse and keyboard interaction, or by using their webcam to track a designated
body point, adding a layer of movement and physical expression to the music-making process. This
thesis explores a similar concept with the integration of Piano Genie [18]. This system, designed to de-
mocratize musical improvisation, translates user input on a simple eight-button interface into meaningful
musical sequences through machine learning, Piano Genie empowers individuals with no prior musical
background, particular promise for users with cognitive impairments who may find traditional instru-
ments challenging. It achieves this by striking a balance between user control and unexpected musical
results, ultimately boosting confidence and competence. The implementation of this model is further
described in Section 3.

2.3.2 Interactive tools for Cognitive Impairment

Traditional musical instruments can be challenging for people with cognitive impairment, physical limita-
tions, or memory problems. This section explores how new interfaces have been developed to make music
creation more accessible. These interfaces often feature simplified controls, visual cues, and adaptive fea-
tures that cater to varying cognitive abilities. A case study [35] investigated the use of an accessible
digital musical instrument (Cymis) in music therapy for a patient with severe vascular dementia (VaD)
and worsening behavioral and psychological symptoms (BPSD). Despite declining cognitive function and
worsening BPSD, the patient was able to play the Cymis and participate in music therapy sessions for
18 months. This suggests that even in late-stage dementia, patients may benefit from music therapy
using accessible instruments that cater to preserved motor and visuospatial skills. A prototype for music-
making tech for PwD has also been developed [54]. The study with people with dementia established that
they were able to use the system to create pleasant-sounding music and that with minor adjustment, the
system could provide an easy way to bring active music-making to people with dementia, whether for use
at home, in residential housing, or day-care centres. Additionally, A human-centered design process for
a Virtual Reality application [56] aims at supporting users in their creative endeavours when composing
percussive beats in virtual environments. To achieve this goal, they drew insights from existing literature
on factors influencing creativity and conducted focus group interviews to gain an understanding of how
virtual environments and 3D user interfaces (3DUI) can be tailored to support creativity. A cognitive
architecture for robots [31] has been developed based on neuro-psychological principles, enhancing an-
ticipation and perceptual simulation. Tested with a non-anthropomorphic robotic lamp in collaborative
tasks, the approach proved more efficient and fluent than systems lacking these features. Findings sug-
gest mutual improvement between robots and humans, impacting human perception. Self-report data
showed differences in team dynamics and attitudes towards the robot. This work lays a foundation for
enhancing robot-human collaboration. [23]reviews how technology is creating new musical instruments
(ADMIs) for people with disabilities. The authors analyzed existing research and found there are many
ways to control these instruments, with most using physical controllers. Sound is often produced using
common music software. The study concludes that more research is needed to create ADMIs for a wider

3https://magenta.tensorflow.org/
4https://musiclab.chromeexperiments.com/
5https://github.com/magenta/magenta-js/tree/master
6https://www.tensorflow.org/js
7https://experiments.withgoogle.com/search?q=google%20creative%20lab
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range of people and disabilities. There’s potential to make these instruments more customizable and
incorporate new technologies. Kibo [3] is a musical instrument controller for elderly people’s cognitive
and motor rehabilitation. It utilizes tangible user interfaces and digital technologies for playing music
through web-based games. The design incorporates feedback from therapists to improve usability and
cater to different user abilities. The study believes that Kibo can stimulate cognitive functions, improve
motor skills, and promote social engagement among elderly people. This study draws focus on usability
and ensures that the mechanics of the interface are easy to understand for users with cognitive limita-
tions. A music player [60] has also been designed for people with dementia. It has reconfigurable buttons
and knobs that can be easily changed by caregivers to match the user’s abilities. This is important
because dementia is a progressive disease and a person’s needs can change over time. The design also
uses familiar controls such as knobs and buttons so that people with dementia can easily understand
how to use it. It was successful in a user study and the researchers believe it can improve the lives of
people with dementia by giving them more independence and control over their music. While this is a
music player and not a music making interface, we can derive some design principals like using simple
and familiar interactions in our music-making interface. An investigation was conducted to understand
if music helps older adults with cognitive impairments focus[27]. Researchers played short music clips
followed by silence to a group of older adults and compared their responses to healthy adults. The
older adults with impairments had more difficulty staying focused during the silence than the music.
However, after repeated listening sessions with a therapist, their ability to focus during both music and
silence improved. This suggests music listening could be a tool to help maintain attention in older adults
with cognitive decline. There are also challenges faced by elderly people with memory problems using
technology [30] . These challenges highlight the importance of user-friendly interfaces for them to stay
independent. The authors of [30] propose design principles for such interfaces and describe Mylife, a
system that uses familiar devices like touchscreens to offer easy access to essential online services like
calendars and photos. Mylife can be customized to individual needs and caregivers can manage the
system remotely. A study [33] investigated how new musical interface designed for elderly people in res-
idential care affects their engagement. The researchers built a prototype instrument and made changes
to it based on feedback from the residents over a 10-week intervention. They found that the residents’
enjoyment decreased with more complex versions of the instrument. Overall, the residents were more
engaged when the instrument was easy to use and new songs were added over time. The study suggests
that user-centered design with ongoing refinement is a good approach for developing musical interfaces
for older adults. This research informs our own design choices, as we will describe in the Section 3 where
we discuss the implementation of a user interface based on the Piano Genie web demo [18], redesigned
to be more suitable for our target audience.

2.4 Evaluation Techniques

2.4.1 Qualitative Analysis methods for Social Robot Experiments

While quantitative data provides valuable insights into user behavior and performance metrics, social
robot interactions often involve deeper emotional and social elements. To fully understand the user
experience and the impact of social robots, qualitative analysis methods become crucial. This section
explores the diverse qualitative methods employed in studies evaluating social robot interactions. These
approaches offer valuable insights beyond numerical data, revealing the subjective experiences and per-
ceptions of users interacting with social robots. Several studies highlight the importance of qualitative
research in understanding user perspectives. For instance, one study [64] argues that social robots for
older adults should be designed based on their actual needs and preferences. Currently, robots are often
designed with assumptions that may not reflect the desires of older adults. Through interviews with
older adults and their caregivers, the researchers found that older adults value their experiences with
technology and are wary of robots that are overwhelming or not truly helpful. This paper emphasizes
the importance of qualitative research to understand users’ perspectives and calls for social robots to be
developed with consideration for the social networks and contexts in which older adults live. This aligns
with our goal of understanding how engagement with robots affects user well-being and user percep-
tion of the robot’s helpfulness. Building on this foundation, our research incorporates a multi-method
approach that echoes the work of [68] on measuring user experience (UX) with humanoid robots. Par-
ticipants verbalize their thoughts and feelings during robot interaction through a think-aloud protocol
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implemented where the robot asks questions to make conversation. This provides qualitative UX data
beyond metrics. Additionally, we will combine video analysis with questionnaires and potential think-
aloud prompts based on participant reactions. This multi-method approach, similar to [68], offers a richer
understanding of UX and societal impact compared to relying on a single method. Another study[66]
advocates for the importance of qualitative research methods in the field of Human-Robot Interaction
(HRI). The authors propose a taxonomy to categorize qualitative research in HRI based on study type
and specific methods used to standardize qualitative methods and reporting. The taxonomy proposed
has two dimensions: study type and qualitative method. It helps researchers situate their research within
the interdisciplinary field and follow best practices in selecting and using qualitative methods. In our
own research, we believe that observational analysis through videos can be used to support insight-driven
research by exploring how engagement in specific activities, well-being, and physiology interact. Tex-
tual analysis through questionnaires, both quantitative and subjective, can also provide valuable data.
While our ideal approach would have involved reflective and narrative accounts gathered through semi-
structured interviews, limitations such as a language gap between participants and the interviewer, and
time constraints, prevented this method.

2.4.2 Questionnaires for User Experience Evaluation

Building on the insights obtained from qualitative methods, questionnaires provide a complementary
approach to UX evaluation in social robot research. They offer standardized data collection, facilitating
efficient comparisons across studies and participants. This section examines the role of questionnaires
in UX evaluation and their integration with qualitative methods to achieve a more comprehensive un-
derstanding of user experience with social robots. While questionnaires like the one proposed for senior
usability evaluation [58] can be helpful in general, they may not capture the specific aspects of user
experience relevant to social robots. This scale focuses on general usability for applications, whereas
social robots involve collaborative experiences with emotional and social dimensions. The Flow Short
Scale (FSS) Questionnaire [53] is a 16-item self-report tool designed to assess the flow state. The FSS
can be applied in various contexts, such as computer games, experimental settings, and daily activities.
It measures three factors: fluency, absorption, and worry. Fluency denotes the smooth execution of an
action, absorption signifies complete immersion in an activity, and worry indicates the extent of concern
about making mistakes. The FSS can assess flow as a continuous variable or classify a person’s expe-
rience into distinct categories. While insightful, this scale may not be entirely suitable for our research
focused on insights, as it relies solely on participants’ self-reported feelings. Although social robots can
be engaging, user experiences with them might not always achieve a flow state. For social robots, observ-
ing user behavior and interactions can provide valuable insights that a self-report questionnaire might
overlook. The Godspeed Scales questionnaire [5] is a widely used tool for assessing human perceptions of
robots. It measures four key dimensions: Anthropomorphism, Likeability, Intelligence, and Social Pres-
ence. While the questionnaire provides valuable insights into how users perceive robots, it is not ideal for
our research. This is because it primarily measures users’ perceptions of the robot itself rather than the
quality of the user experience during interaction. Although perception can influence experience, they are
not the same. The System Usability Scale (SUS) [9] is a widely utilized questionnaire designed to assess
overall system usability. It comprises 10 brief Likert-scale statements, with response options ranging
from ”strongly disagree” to ”strongly agree.” The responses are aggregated into a single score between 0
and 100, with higher scores indicating better usability. SUS primarily addresses general usability aspects
such as ease of use, learnability, and efficiency. However, it does not explore emotional responses, the
quality of social interactions, or user perceptions specific to social robots—areas critical for our research.
Additionally, SUS mainly measures objective usability metrics like task completion time and error rate.
While these are important, the user experience with social robots also encompasses subjective elements
like enjoyment, helpfulness, and emotional connection. Our research primarily uses a questionnaire that
contains subjective questions to understand the ENJOY scale[14], a new tool for measuring enjoyment
across various activities. The ENJOY scale assesses enjoyment through five dimensions: pleasure, re-
latedness, competence, challenge/improvement, and engagement. The adaptability of this scale proved
valuable. By tailoring the questions to focus on aspects like enjoyment of social robot interaction and
user engagement, we gain valuable insights. While the scale is less established in the specific field of HRI
(Human-Robot Interaction), it provided a structured way to quantify user experience and understand
participant engagement during social robot interactions, despite the limitations in participant numbers
for strong quantitative analysis.

9



2 Related work

2.4.3 Observational Metric Design for Video Analysis

While questionnaires offer valuable insights into user experience, they can miss some of the richness
and subtlety of user interaction. This section explores observational metrics designed for video analysis.
These metrics allow researchers to capture non-verbal cues, user behavior patterns, and the overall flow
of interaction during user studies with social robots. By analyzing video data, we can gain a deeper
understanding of how users engage with social robots and identify potential areas for improvement in
the design and functionality of the robot. This approach complements the insights gathered from ques-
tionnaires, providing a more comprehensive picture of the user experience. [12] is the Observational
Measurement of Engagement (OME) questionnaire, a tool used to assess engagement in people with de-
mentia. It records direct observations of a person’s interaction with a particular stimulus. It can be used
to measure a variety of things, including a person’s attention level, disruptive behaviour, and attitude
towards the stimulus. The OME is a standardized tool that can be used to compare engagement levels
between different people or groups. While quantitative analysis with tools like the Observational Mea-
surement of Engagement (OME) questionnaire ([ometool]) might be ideal, our small sample size hinders
its effectiveness in drawing strong conclusions. [45] provides a valuable framework for understanding
the internal aspects of engagement. It goes beyond measuring outward behaviors (like the OME) and
delves into the core components of user experience during an activity. The researchers developed a
model called ENGAGE-DEM and tested it by collecting data on participants with dementia engaged in
various activities. The results showed that the model successfully captured the different components of
engagement and the relationships between them. This model could be used to develop new systems for
measuring engagement in human-computer interaction (HCI) and human-robot interaction (HRI). Based
on the ENGAGE-DEM model, we propose a coding scheme described in Appendix 3 focusing on the key
aspects of user engagement with the music-making robot - affective, behavioural and cognitive.
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3.1 Introduction

As discussed in Chapter 1, our objective is to address three key research questions. In summary, these
questions aim to explore the impact of a musical interface, enhanced by social interaction, on creativity,
engagement, and collaboration. Specifically, we need an interface that allows cognitively impaired indi-
viduals to create music, regardless of their skill level. Additionally, the interaction with a social robot
should cognitively stimulate the user, providing necessary support, encouragement, and collaboration.
To achieve this, we leveraged elements of both interface and interaction design in our prototype. We
developed an intelligent music interface using the existing PianoGenie model [18] (introduced in section
2.3.1) and connected this interface to a socially assistive robot (SAR) called the Pepper Robot [40] (in-
troduced in section 2.2). Details about the model and the robot will be provided in the following sections
of this chapter. The rationale behind choosing this model and robot is elaborated below.

3.2 Design Rationale

In developing the prototype for this study, several design choices were made to ensure that the system
would meet the objectives outlined in our research questions. These choices were driven by the need to
create a user-friendly, engaging, and effective music creation environment for individuals with varying
musical backgrounds and cognitive impairments. Below, we elaborate on the considerations and the
rationale behind these design decisions.

1. User Accessibility: Ensuring that the musical interface is intuitive and easy to use, regardless of
the user’s prior musical experience led to the adoption of the PianoGenie [18] model. The decision
to use this model was based on its ability to map complex piano inputs to a simplified eight-button
interface, thus reducing the cognitive load on users.

2. Engagement and Motivation: Enhancing user engagement through real-time feedback and
encouragement led to the use of The Pepper Robot. Its ability to provide personalized interaction
and encouragement are critical for maintaining user motivation. The design aimed to use Pepper
not just as a facilitator but as an active participant in the music creation process, providing real-
time feedback and encouragement. This choice was informed by studies highlighting the positive
impact of social robots on engagement and collaboration in various activities, particularly among
older adults [25].

3. Social Interaction: Leveraging the social aspects of human-robot interaction to foster a sense of
collaboration and support. Pepper’s capabilities in recognizing and responding to human emotions
and its ability to use gestures and voice modulation were key factors in this decision.

4. Creativity Stimulation: Providing an environment that supports creative expression. The in-
terface’s design and the robot’s interactive capabilities were aimed at making users feel confident
and motivated to explore their musical creativity.

Based on this design rationale, we integrated the Pianogenie [18] model with the Pepper [40] robot. This
integration facilitated an interaction that supported the use of the music interface. Consequently, our
prototype consisted of:

1. The Intelligent Musical Interface

2. The Human-Robot Interaction (HRI)
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These components were developed independently and subsequently integrated, as the HRI component
relies on user interaction with the musical interface. The Musical Interface was powered by a neural
network model combined into a user-friendly interface. Concurrently, the HRI component orchestrated
a dynamic interaction between users and the social robot, enhancing engagement and creativity. The
design overview of this implementation are also described in Figure 1.
In the following sections, we examine the technologies and frameworks used for the different components
of the system and explain how they were integrated to achieve the overall system’s goals. We detail how
the user interacts with the interface, the mechanisms behind the musical generation, and the features of
the HRI system that provide personalized feedback, rhythmic accompaniment, music recording and play-
back, and conversation to foster a collaborative music-making experience for individuals with cognitive
impairment.

Figure 3.1: Overview of the musical interface implementation and its integration with the HRI system

3.3 Intelligent Musical Interface

To make an accessible musical interface, it is crucial to ensure that it is as easy for novice musicians as it
is for experts. PianoGenie [18] is a model which allows people with no musical background to improvise
on the piano. This is a part of Magenta1, an open source research project exploring the role of machine
learning as a tool in the creative process. We will delve into the details of the model and the technology
used to implement it in the following subsections.

1https://magenta.tensorflow.org/
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3.3.1 Introduction to the Piano Genie Model

[18] introduces a system called ’Piano Genie’ - an intelligent musical interface which allows people with
no musical background to improvise on the piano. It is a system for learning low-dimensional discrete
representation of piano music. The system utilizes a user interface with eight buttons that the user
interacts with. These button presses are then fed into a machine learning model, specifically a bidi-
rectional recurrent neural network (RNN) autoencoder [57] with a discrete bottleneck, which interprets
the button presses and translates them into sequences that can be played on a standard piano. Thus,
an encoder RNN compresses piano sequences (88 keys) into many fewer buttons (8). A decoder RNN
is responsible for converting the simpler sequences back to piano space. The model producing music is
not only playable but also sounds natural. To achieve this, the model is trained on a dataset of piano
pieces performed by skilled pianists. Additionally, the model incorporates musically relevant constraints
to make the generated music more intuitive. Thus, Piano Genie enhances creative expression through
its simplified interface, real-time feedback, and balance between control and surprise.

3.3.2 Model Adaptation

For this thesis, we adapted the core functionalities of the Piano Genie model. We trained the model on a
more updated dataset from the Piano-e-Competition 2. This was primarily done to increase the training
data available for the model. The remaining model specifications, network architecture and training
parameters remained the same as described in the original paper.

3.3.3 Dataset Acquisiton

For training the model in our project, we utilized the MAESTRO dataset v3.0.0 [29] in Musical In-
strument Digital Interface (MIDI) format. MIDI is a special code that lets electronic instruments and
computers communicate with each other. This lets them work together to play, edit, and record music.
The MAESTRO dataset is curated from the international Piano-e-Competition 2 and offers high quality
paired audio and recordings of piano performances.It is an updated version of the original dataset used
in [18] with additional high-quality data. This dataset provided precise musical data in MIDI format
making it a strong choice to train the improvisation model.

3.3.4 User Interface

The user interface (UI) for our model was based on the Piano Genie web demo [18]. Maintaining consis-
tency with the original system, we utilized Tensorflow.js 3 at the back end of our web application to handle
the real-time processing of user input and generation of musical sequences based on the trained neural
network. When a user presses a button, the input is sent to a trained decoder, which generates a vector
of 88 logits representing the 88 piano keys. These logits are converted into a probability distribution,
from which the next note is sampled, as detailed in the original paper [18]. On the front-end, the goal
was to make the user-interface accessible and simplistic so that it is suitable for our target demographic.
[72] acknowledges various types of UI for people with disabilities (PwD), emphasizing the widespread
use of touchscreen interfaces on tablets for rehabilitation and daily life, and highlighting the importance
of social participation. Given that this study involves real participants over the age of 60, we designed a
digital tablet interface (refer to Figure 3.2). The interface follows principles of simplicity, natural motion,
and familiarity with music, featuring a tap-to-play functionality that minimizes complexity. Inspired by
a keyboard, the design includes colored rectangular boxes that play notes when pressed and allow mul-
tiple notes to be played simultaneously. This approach fosters familiarity, as tapping boxes to generate
music mimics the natural expectation of playing a percussion instrument. Additionally, the eight-button
layout, derived from [18], reduces cognitive load and promotes immediate engagement. Dynamic music
generation based on user input fosters a sense of agency and control, while unexpected musical elements
add joy and motivation. This balance allows users with cognitive impairments to contribute creatively
and explore new possibilities. Producing recognizable and surprising music boosts self-confidence and

2 http://www.piano-e-competition.com/
3https://www.tensorflow.org/js
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3 Prototype Design and Implementation Methodology

Figure 3.2: User Interface hosted on the Chrome browser on an Android tablet

competence, encouraging ongoing engagement with the system. For this setup, we require an Android
tablet with the Chrome browser (Figure 3.2) that supports WebMIDI (Web Musical Instrument Digital
Interface). WebMIDI is an application programming interface (API) that allows browsers to under-
stand and use MIDI messages, enabling real-time interaction with musical instruments through the web
interface.

3.4 Human-Robot Interaction

3.4.1 Pepper Robot

The Pepper robot [40] is a humanoid robot developed by Softbank Robotics4 designed specifically for
social interaction, differing from its industrial counterparts used in manufacturing. Pepper boasts a
friendly and expressive design that features a large tablet-like chest screen to display information and
emotions ( Figure 3.3). This socially adept robot can recognize and respond to human emotions through
facial expressions and voice tones. Its repertoire extends beyond emotional intelligence, as Pepper can
engage in conversation, tell jokes, and even perform dances. Pepper’s ability to navigate its surroundings
and interact effectively with people stems from its array of sophisticated sensors, including cameras,
microphones, and lasers.
Pepper’s compact size (120 cm height, 28 kg weight) allows for maneuverability in various settings.

Its 48 cm depth and 40 cm head width further contribute to its ability to navigate around people and
objects. A single charge provides Pepper with up to 12 hours of operational life, ensuring consistent
engagement and interaction throughout the day. Pepper’s capabilities position it as a valuable research
platform in the field of Human-Robot Interaction (HRI). In addition, Pepper finds practical applications
in real-world scenarios, such as greeting customers in businesses [43] and guiding visitors through muse-
ums [61] .
In this experiment, the Pepper robot fulfills dual roles as both a companion and a guide for the partici-
pants. Further elucidation on the design and interaction flow will be provided in Chapter 4. Fundamen-
tally, our aim is to capitalize on Pepper’s anthropomorphic qualities to foster a sense of companionship
and support during the activity. To achieve this, we integrated features, including adjusting Pepper’s

4https://us.softbankrobotics.com/pepper
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Figure 3.3: Pepper Robot. (Source: Softbank Robotics)

voice, utilizing its gestures, modulating facial expressions, and varying tones according to the communi-
cation content. Pepper’s voice could be modified in two ways: speed and pitch. Multiple gestures, such
as clapping, dancing, greeting, saying goodbye, and showing appreciation, were incorporated into the
conversation. Although facial expressions couldn’t be modulated directly, changing the eye colors based
on sentiment created the illusion of facial expression changes. These adjustments were refined through
repeated trials with an expert, peers, and a pilot study, detailed in Chapter 4. We also aimed to utilize
the tablet on the Pepper robot to display captions, assisting users who might struggle with Pepper’s
accent or speaking pace. Unfortunately, this feature could not be implemented because the tablet on
the robot was incompatible with our framework. This issue is discussed in more detail in the limitations
section of Chapter 6. It is important to note that the robot was specifically programmed and deployed
to facilitate interaction and the social aspect of the experiment during the evaluation process.

3.4.2 Social Interactive Cloud Framework

The Social Interactive Cloud (SIC) framework5 is a lightweight and user-friendly tool developed by the
Social AI group at Vrije University, Amsterdam. It is used to simplify the development of socially inter-
active systems, particularly for physical devices such as robots. It empowers developers to create robots
that can naturally interact with humans. It offers a range of services to make interactions more natural
and social. It also supports multi-modal interaction, meaning it can handle different forms of commu-
nication like speech and gesture. It enables seamless interaction across different devices and provides
independent services that developers can choose to build custom applications.
SIC offers components that facilitate the integration of various robots, online services, and data pro-
cessing tools. These components serve as the fundamental building blocks of the framework. Each
component is capable of receiving input, executing processing tasks, and potentially generating output.
An apt analogy is to liken these components to blocks. When programming a robot, we assemble specific

5https://socialrobotics.atlassian.net/wiki/spaces/CBSR/overview
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functionalities by combining these blocks. For instance, to enable the robot to greet a person approach-
ing it, we would need to integrate a camera component for visual input, a face detection component for
identifying the person, and a text-to-speech component for verbal interaction. We employed the SIC

Figure 3.4: Schematic Diagram of Implementation in SIC

framework in our implementation primarily to host our web-based music interface and to deploy the
human-robot interaction (HRI) aspect, where the robot reacts to the user’s performance on the digital
interface. The implementation involves the following setup. A schematic diagram illustrating this setup
is depicted in Figure 3.4.
The WebserverComponent service, operating on the local machine, is primarily responsible for managing
interactions with web clients. In our configuration, the tablet serves as the web client, functioning as
the musical interface for users. The backend of the musical interface acts as the user application control,
sending a HtmlMessage, which represents the user interface front end, as input for the WebserverCom-
ponent to render. Subsequently, the WebserverComponent sends it as a URLMessage to be hosted on
the tablet. When users interact with the colored boxes on the tablet, the WebserverComponent detects
these actions, listening for events originating from the tablet as the web client. It handles the Button
Click event received from the tablet, which is then processed by the application control. The applica-
tion control monitors events transmitted through the WebserverComponent, such as taps on the tablet
screen serving as the music interface. Upon receiving these events, the application sends a NaoqiText-
ToSpeechRequest to the robot, prompting it to respond accordingly. The NaoqiTextToSpeechActuator
then translates text responses provided by the developer into speech, allowing the Pepper robot to vo-
calize these responses. In this manner, the Pepper robot detects user interaction with the interface and
responds in the following four situations:

• If the user is continuously playing music and exploring its full potential, the robot detects the
activity and encourages the user, appreciating their efforts.

• If the user repeatedly presses a single box, the robot provides suggestions to tap different boxes
and hold notes for varying durations.

• If the user takes a short pause, Pepper encourages them to try something new.

• If the user takes a long pause, Pepper asks if they want to stop the activity or try some challenges.

3.4.3 Robots in de Klas GUI (Interactive Robotics)

This system utilized the capabilities of Interactive Robotics, a company specializing in social robots
for healthcare and education. Their robot interaction control framework, accessible through the on-
line platform ’robotsindeklas’6, simplifies robot interaction development using pre-built code blocks, as
illustrated in Figure 3.5. This platform provided the foundation for the HRI aspects of our system,
facilitating supplementary dialogues with the user. The four purposes where this platform was used in
the interaction were:

6https://portal.robotsindeklas.nl/
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Figure 3.5: Robot in de Klas GUI

• Rhythmic Accompaniment: As depicted in Figure 3.6, the HRI module incorporates a feature
– rhythmic accompaniment tailored to user preference. Pepper acts as a musical collaborator,
offering the user the option to add rhythmic backing to their melodies. Pepper first inquires if
the user desires such accompaniment. If the user consents, Pepper presents three difficulty levels:
easy, medium, and hard. This allows users to choose the level that best complements their musical
creation, fostering a sense of agency and control. Should the user prefer to create unaccompanied
melodies, Pepper readily encourages this choice, demonstrating adaptability and attentiveness to
user desires.

• Engagement Through Strategic Buffer Questions: To maintain user interest and promote
a sense of connection throughout the music creation process, Pepper strategically incorporates
subjective questions. These questions delve into themes of creativity and personal experience,
fostering user engagement. The timing of these questions is crucial – Pepper asks them before and
after the music-making activity, as well as during strategically placed pauses, such as breaks or
playback editing intervals. This thoughtful placement ensures that the questions don’t disrupt the
creative flow but rather provide opportunities for reflection and conversation, further enriching the
user experience. To ensure a positive user experience, responses are prepared for both positive and
negative feedback. When a user responds negatively, Pepper’s replies are carefully crafted to be
supportive and avoid any negativity that might discourage them. The implementation of this is
shown in Figure 3.7

• Record and Playback (Wizard-of-Oz Approach): Following the collaborative music-making
session, Pepper offers the chance to playback the user’s creation. This playback functionality
employs a creative ”Wizard-of-Oz” technique. While Pepper initiates the playback request, a
human operator (the wizard) manages the recording and editing process outside the robot. This
ensures high-quality audio for playback. The wizard records the music during the session and
makes any necessary edits during the buffer conversations. Upon user consent, the wizard then
initiates playback, allowing the user to relive their musical creation. This collaborative approach
between Pepper and the human operator enhances the user experience by ensuring both a seamless
recording process and high-fidelity playback.

• Failsafe Mechanism for Unheard Dialogue: Anticipating situations where Pepper might miss
user responses due to background noise or other factors, a failsafe mechanism is incorporated
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Figure 3.6: Rhythmic Accompaniment

through the interactive robotics platform. This mechanism ensures a smooth user experience by
empowering a human operator (the wizard) to remotely trigger a response from Pepper through the
remote control seen in Figure 3.7. If Pepper doesn’t detect user input within a certain timeframe,
the wizard can intervene by sending a signal that prompts Pepper to request clarification or offer
additional guidance. This ensures that the activity or conversation continues uninterrupted, even
in scenarios where Pepper might miss an initial user response.

3.5 Comprehensive Dialogue Process

To ensure a natural and engaging user experience, we employ a dialogue flow between the Pepper robot
and the user. The flowchart in Figure 3.8 acts as a roadmap, illustrating the various conversation paths
that the interaction can take. It depicts the initial prompts offered by the Pepper robot, the potential
user responses, and the robot actions based on those choices. The robot first introduces itself and guided
the participant through the music interface. It enables them to familiarize themselves with the interface
by pressing specific buttons, multiple buttons at a time and holding a button (similar to holding a note).
To get them comfortable, the robot then asks about creative hobbies before offering a choice between a
guided or self-play session.
In the guided session, the robot plays simple beats and instructs participants on specific coloured buttons
to press, gradually building up to combinations. This aims to help participants understand the interface
and spark creative ideas. The self-play session offered more freedom. Participants can choose to play
with or without beats, with varying complexity levels. The robot provided positive feedback, encour-
aging exploration and suggesting alternative colors if repetitive notes are played. During pauses, the
robot gently prompts them to continue, and offered a chance to stop if the pause persists. For an extra
challenge, participants can choose to play with a limited colour palette of three to four colours, with
the robot continuing to offer beats and feedback. Throughout this session, the wizard silently records
the robot and participant’s musical creation. Following the playing session, the robot compliments the
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3.5 Comprehensive Dialogue Process

Figure 3.7: Buffer Questions and Discussion

participant’s musicality and offers to play back the recording. If they agree, the wizard edits out any
pauses while the robot chats with the participant about the experience. Even if they decline to listen,
the robot still maintained a positive conversation. Finally, the participant’s musical creation is played
back, and the robot concludes the activity with positive reinforcement. This approach aims to allow
participants to explore the music interface creatively, receive positive encouragement, and ultimately,
enjoy the experience of creating their own music.

The next chapter covers the research methodology, detailing the pilot study, experimental setup and
design, and how the research questions were addressed and answered through the experiments.
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Figure 3.8: Dialogue Flow
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4.1 Introduction

This chapter details the methodology followed to investigate how a music-making system designed for
older adults with congitive impairment influences their engagement, perceived collaboration with the
system, and overall creative expression. Our main research questions, as outlined in Chapter 1, are:

1. How does real-time feedback and encouragement from an interactive robot influence engagement
in the activity among older adults?

2. Does rhythmic accompaniment from an interactive robot enhance perceived collaboration in music
creation among older adults?

3. Does an easy-to-use music interface foster musical creativity among older adults?

We opted for a qualitative approach to address these research questions. Qualitative methods provide
insights into user experiences which allows us to go beyond simply measuring engagement and enjoyment.
By observing participants interact with the system, analysing their responses to questionnaires, and
capturing their thought process through think-aloud protocols, we aimed to gain a nuanced understanding
of how the system impacted them. This approach also allowed us to understand how the participants
perceived their collaboration with the robot and the system’s potential to foster creative expression.
The following sections of this chapter will elaborate on the specific methods used in the study and the
rationale behind our methodological choices. We will discuss the pilot study conducted to refine the
system based on user feedback, the ethical considerations addressed throughout the research process,
and the recruitment of participants. We will then detail the research design, including the qualitative
methods employed and how they addressed each of our research questions. Finally, the chapter will
outline the data collection procedures and the fail-safe protocols implemented to ensure participant
safety, user comfort, and the smooth operation of the experiment.

4.2 Pilot Study

We carried out a pilot study with students from TU Delft. In this pilot study, participants were given
a scenario and asked to provide feedback within that context. The scenario simulated older adults
experiencing gradual cognitive impairment. The system featured dialogues in both Dutch and English,
so we conducted the pilot with five students: four sessions were in English and one in Dutch. We collected
their feedback through semi-structured interviews that were based on the ENJOY scale[14] detailed in
4.7.1 and the subjective questionnaire detailed in 4.7.1. The most feasible suggestions were incorporated
into the system. The following changes were made based on the pilot study feedback:

• User Interface: Participants requested larger colored boxes spaced out across the tablet, making
the interface resemble a piano. This adjustment helped users interact with the tablet more easily
and intuitively. We also changed the colors of the boxes to avoid any obvious choices, opting for
basic and popular colors so everyone could easily recognize them. Colors like lavender and cyan
were replaced with primary, distinguishable colors. Additionally, the background color was changed
from midnight blue to black to provide better contrast and stimulation.

• Introduction of a Guided Play Session: Initially, the pilot did not include a guided play
session. Participants overwhelmingly requested more guidance, feeling ”thrown into” the self-play
session without sufficient time to familiarize themselves with the instrument. We added an optional
guided play session, catering to participants who needed more orientation, while allowing those with
a musical background to skip it.
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• Adjusting Pepper’s Speaking Speed: Four out of five participants felt that Pepper spoke too
quickly, making it difficult to understand. Consequently, we slowed down the robot’s speech in
both Dutch and English.

4.3 Participant Selection and Rationale

While directly testing with individuals experiencing cognitive decline is the ultimate goal, ethical con-
siderations and potential participant burden necessitate a more controlled initial study. Therefore, this
research recruited older adults without dementia. This population segment is increasingly at risk of
cognitive decline, and studying their interaction with the system offers valuable insights.
Understanding how healthy older adults interact with the system establishes a baseline for cognitive
and physical capabilities of the target age group. This allows us to identify potential design challenges
related to ease of use and engagement. These challenges might be even more significant for those with
cognitive decline. Additionally, studying healthy older adults can reveal age-related cognitive changes,
such as slower processing speed or mild memory lapses, that could inform the design of an adaptable
system. This adaptability would allow for tailoring the system to different levels of cognitive impair-
ment in future iterations. Ultimately, this study lays the groundwork for developing a user-friendly and
engaging music-making system specifically for older adults with cognitive decline.

4.4 Ethical Considerations

This research prioritizes the safety, well-being, and privacy of all participants. The following ethical
considerations were addressed:

• Informed Consent: A written informed consent form, approved by HREC (Human Resource
Ethics Comittee) was provided to all participants, explaining the study’s purpose, procedures,
potential risks and benefits, and participant rights (including the right to withdraw at any time).
The form was written in clear and concise language (Dutch or English, based on the preference
of the participant), understandable to the target population of older adults. Researchers obtained
written informed consent before any data collection begins.

• Cognitive and Physical Considerations: The research team is sensitive to the potential for
cognitive or physical limitations in older adults. The music interface and robot interactions was
designed to be user-friendly and accessible, with clear instructions and opportunities for breaks as
needed.

• Data Privacy and Confidentiality: All participant data is anonymized and stored securely.
Recordings were stored locally and deleted immediately after analysis. Transcripts did not include
any identifiable information. Data will only be used for research purposes and will not be shared
with any third party without explicit consent. Participants are informed about how their data will
be used and stored.

• CE Certifications: All devices use in the study are CE Certified. They are assessed and deemed
to meet the safety, health, and environmental protection requirements set by the European Union.

4.5 Participants

Seven older adults over 60 years old were recruited for the experiments. While five participants had
musical backgrounds from a choir or TU Delft staff (suggesting some musical knowledge), the remaining
two participants offered a broader range of experiences, with one individual even expressing a dislike for
musical activities. Despite the varied musical experiences, data from the seven participants was included
in our qualitative analysis to provide a richer understanding.
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4.6 Material

4.6 Material

4.6.1 Interface and Audio

• A Lenovo Tab P11 was used to run the tap-to-play music interface.

• An iPhone served as the microphone to record the user’s playing.

• Two JBL speakers were set up:

– One speaker played the user’s output from the music interface on the tablet.

– The other speaker played back the user’s recorded performance.

4.6.2 Data Collection

• A smartphone was mounted on a tripod to record the human-robot interaction for all participants.

• The questionnaire and informed consent forms were provided on paper to cater to the preference
of older adults.

4.6.3 Control and Wizard-of-Oz Elements

A laptop and an extra monitor were used to control the robot and any elements of the experiment
requiring a hidden human operator (”Wizard of Oz”).

4.7 Research Design

To answer our research questions mentioned at the start of the chapter, we elaborate our approach and
design to understanding user experience with the music-making system designed for older adults.

4.7.1 Qualitative Methods

This study utilizes qualitative methods to gather rich data and gain insights into how various aspects of
the system influence engagement, perceived collaboration, and musical creativity in older adults. These
methods include video observations, a questionnaire based on the ENJOY Scale [14] and an open ended
questionnaire. The design of these methods are elaborated below.

Video Observations

Participants are observed interacting with the system, focusing on factors like engagement levels, inter-
action with the robot, and use of the interface. Video recordings are used to capture these interactions
for later analysis. Engagement is the extent to which participants actively listen, react and respond to
robot prompts and encouragement. The analysis is based on ENGAGEDEM [45], a model for under-
standing how people with dementia engage with activities. It focuses on the observable and behavioral
aspects of engagement, rather than just emotions or internal states. In the observations, we focus on
active participation and levels of engagement. The model acknowledges that engagement can vary. It
can be high-energy and positive (YES) or low-key and more focused (NO). For ease of understanding,
we divide our session into three phases - Introduction and Setup phase, Music Making Phase and Post
Phase. Based on the ENGAGEDEM model, our coding scheme for video observations cover the following
categories through the different phases.

1. Musical Interest Expression

2. Choice of Guidance

3. Participation Level

4. Exploration of the Music Interface
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5. Challenge Selection

6. Limited Colour Palette use

7. Social Interaction

8. Non Verbal Cues

9. Body Language

10. Frequency of Feedback and Encouragement

11. Participant Initiated Pauses

12. Playback Participation

13. Response to Pepper’s questions

The detailed coding scheme for this analysis is given in Appendix 3.
We used Interrater Reliability[39] to ensure the consistency and reliability of our video coding. Raters
outside the research independently coded a subset of the video recordings. They used the pre-defined
coding scheme (available in Appendix 3) to categorize participant behaviors. We employed the percent
agreement to assess the level of agreement between coders for each category within the ENGAGEDEM
framework.

The ENJOY Scale

We utilized the ENJOY scale[14] as a standardized tool to gather some quantitative data to complement
our qualitative findings on participants’ enjoyment levels while using the music-making system. The
scale uses a 7-point rating system, based on the Likert Scale, with clear labels for each point (like
”Strongly Disagree” and ”Strongly Agree”) to capture how much someone enjoyed an activity. The final
25-item version of the original ENJOY scale is composed of 5 factors: pleasure, relatedness, competence,
challenge/improvement, and engagement. The ENJOY scale was adapted slightly to capture the specific
context of the human-robot collaborative activity. The modified questionnaire, detailed in Appendix 1,
includes 20 questions focusing on user experience in this setting and incorporates 4 out of the above
mentioned 5 factors: pleasure, relatedness (with the robot), competence and engagement. To analyze
the results, we averaged the scores for questions that measure similar aspects of enjoyment. This gave
us sub-scores for different the dimensions. Finally, the overall enjoyment score was calculated by adding
up the averages from each sub-dimension. While our relatively small sample size may limit statistically
significant insights, the ENJOY scale scores provided numerical data points for reporting participant
engagement. A few of the prompts that are in the questionnaire are:

1. I felt encouraged by Pepper during the activity.

2. I found it confusing when Pepper spoke during the activity.

3. I felt immersed in the activity.

4. I felt capable in the activity.

5. The activity was pleasurable to me.

By responding to these statements, participants indicated their state of mind during the activity, allowing
us to visualize their level of enjoyment on a quantitative scale.

Following the ENJOY scale, participants completed a short, subjective questionnaire designed to gather
rich, qualitative data about their specific thoughts and feelings about the music-making system. This
questionnaire aimed to gain deeper insights beyond basic enjoyment levels, particularly regarding their
perception of creative collaboration with the robot. The questionnaire explored various aspects of the
user experience, categorized as follows:
User Interface and Interaction

• Perceived ease of use of the interface: This section focused on understanding how participants
navigated and interacted with the music-making system. Questions aimed to identify any difficulties
or frustrations encountered while using the interface.
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Robot Feedback and Collaboration

• Helpfulness of the robot’s feedback: This section investigated participants’ perceptions of the
robot’s feedback during the activity. Questions explored whether they found the feedback helpful,
encouraging, or confusing, and how it impacted their creative process.

• Sense of collaboration with the robot: This core aspect of the study focused on participants’
feelings of working together with the robot to create music. Questions aimed to understand their
perception of the robot’s role in the collaboration and whether they felt a sense of shared creativity.

Creative Expression and Emotional Engagement

• Level of creative expression experienced: This section delved into participants’ subjective
experiences of expressing themselves creatively through the music-making system. Questions ex-
plored how well they felt they could express their creativity and whether the system fostered new
musical ideas.

Overall Impression and Suggestions

• Suggestions for improvement: This section provided an opportunity for participants to offer
constructive feedback on the system. Questions encouraged them to suggest improvements to the
interface, robot interaction, or overall functionality.

By analyzing the subjective questionnaire responses, we gained valuable insights into user experience
that complemented the quantitative data from the ENJOY scale. This comprehensive approach allowed
us to understand not only how much participants enjoyed the activity, but also how they perceived the
various aspects of the music-making system in relation to creative collaboration, ease of use, and overall
user experience. The entire questionnaire is available for reference in Appendix 2. The coding scheme
used to analyse the questionnaire is available for reference in Appendix 4.

Think-aloud protocols

During the interaction, Pepper asks some questions on creativity and the experience of the participant
to make them verbalise their thoughts while they interact with the system. This also supports the
observational analysis done while watching the videos.

4.7.2 Addressing Research Questions

The following section outlines how we will address each research question using the chosen qualitative
methods and questionnaires:

Research Question 1: Real-Time Feedback and Engagement

To address the impact of real-time feedback on engagement, our observational analysis will focus on
participant behavior throughout the music creation sessions. We’ll be particularly attentive to facial
expressions, body language, and how they interact with both the robot and the interface. This will allow
us to compare their behavior in moments when they receive real-time feedback versus moments when
they are left to play without it. Our coding scheme reflects this focus, with categories like ”Frequency
of Feedback and Encouragement” and ”Participation Levels” directly correlating to engagement levels.
Additionally, the presence of ”Participant Initiated Pauses” can also serve as a valuable indicator of
engagement. By analyzing these observational details, we aim to understand how real-time feedback
influences participants’ level of involvement and enthusiasm during the music creation activity.
Scores on the ENJOY scale provide a quantitative measure of enjoyment with and without real-time
feedback, although statistical analysis may not be feasible due to the small sample size.
The subjective questionnaire includes questions specifically designed to assess participants’ perceptions
of the robot’s guidance and feedback. By analyzing these responses, we can gain valuable insights into
how helpful participants found the feedback and its potential impact on their engagement with the music
creation activity.
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Research Question 2: Rhythmic Accompaniment and Collaboration

Successful creative collaboration requires a complex interplay between musical, social, and personal
factors [4]. To understand the effectiveness and the perception of collaboration in the activity, video
recordings from sessions with rhythmic accompaniment are analyzed to understand participant interac-
tions. Particular focus is placed on communication with the robot and cues suggesting collaboration,
both verbal and nonverbal. The coding scheme incorporates categories like ”Social Interaction,” ”Non-
Verbal Cues,” and ”Body Language during Rhythmic Accompaniment.” These categories can provide
insights into perceived collaboration through the presence of positive expressions and active body move-
ments during interaction with the rhythmic accompaniment.
Responses from the Subjective questionnaire regarding participants’ sense of collaboration with the robot
are analyzed. This analysis aims to understand how the presence of rhythmic accompaniment influences
their perception of working together with the robot to create music.

Research Question 3: Easy-to-Use Interface and Creativity

In section 2.1.3, we defined creativity as a characteristic that forms something novel and valuable,
inducing a sense of ownership. In order to assess the impact of the interface on creative exploration,
participant interactions are analyzed through observations. This analysis focuses on how participants
navigate features, the ease of use of the interface, and the level of creative exploration within the system’s
capabilities. The coding scheme category ”Exploration of Music Interface” directly addresses this aspect.
Additionally, categories like ”Challenge Selection” and ”Limited Color Palette Use” can be informative.
Choosing challenges and actively utilizing the limited color palette suggest participants feel comfortable
pushing the boundaries of their creativity with the interface. Think-aloud protocols further illuminate
participants’ creative thought processes during their interaction. Insights from the ”Response to Pepper’s
Questions” category of the coding scheme can reveal whether the activity fostered a sense of creativity.
Finally, the Subjective questionnaire sheds further light on this topic. Responses to questions regarding
perceived ease of use and the level of creative expression experienced provide valuable data on how
participants’ experience with the interface influenced their creative exploration.

4.8 Combining Qualitative and Quantitative Data

The collected data (video recordings, interview transcripts, ENJOY scale scores, Subjective questionnaire
responses is analyzed using a mixed-methods approach. While the ENJOY scale provides some quan-
titative data, this study primarily focuses on qualitative analysis. We use thematic analysis techniques
to identify recurring themes and patterns in the video recordings, interview transcripts, and subjective
questionnaire responses. By integrating these different data sources, we gain a richer understanding of
how various aspects of the system influence engagement, perceived collaboration, and musical creativity
in older adults.

4.9 Procedure

The study first received ethical approval from the Delft University of Technology’s Human Research
Ethics Committee. Following approval, participant recruitment began. Participants were invited to the
INSYGHT Lab on the Delft campus, where they signed informed consent forms before participating
in the experiment. The experimental setup is illustrated in Figure 4.1 The experiment was designed
to be flexible and accommodating for older adult participants, with a duration ranging from 30 to 45
minutes. This variation depended on the participant’s individual choices and creative exploration within
the music-making system. Upon arrival, participants were greeted warmly and offered refreshments to
ensure their comfort throughout the experiment. This gesture acknowledges the importance of catering
to the needs of older adults. The participant was then seated comfortably at a table within the desig-
nated experimental area, as illustrated in the schematic diagram (Figure 4.1). A photograph from the
participant’s perspective is included in Figure 4.2 to provide further context. The researcher provided
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Figure 4.1: Schematic Setup of the experiment

a clear and concise summary of the informed consent form, including details about video recording, the
right to withdraw at any time, and the questionnaires to be completed after the experiment. A brief
overview of the experimental procedure was also given to ensure the participant fully understood the
process. Following this explanation, both the researcher and the participant signed the informed consent
forms. The researcher then initiated video recording and assumed the role of the ”wizard” within the
experimental setup, operating the system behind the scenes. Pepper, the social robot, and the mu-
sic interface were then activated. Pepper introduced the activity, and the participant engaged with the
music-making system as described in Section 3. The music creation activity itself typically lasted between
15 and 25 minutes. Once the music creation activity ended, the researcher stopped the video recording.
The participant was then provided with the questionnaires, and the researcher explained the purpose
of each section and what kind of responses were expected. Participants were given approximately 15
minutes to complete the questionnaires at their own pace. Finally, after completing the questionnaires,
the participant was thanked for their time and participation, and they were free to leave.

4.10 Fail-safe Protocols

This section outlines the measures taken to ensure participant safety, user comfort, and the smooth
operation of the experiment.
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Figure 4.2: Participant view of Experimental Setup

4.10.1 Safety and User Comfort

We prioritized participant well-being by providing them with full control over the experiment. Partici-
pants could stop the experiment at any point by simply informing the researcher (acting as the ”wizard”)
present in the room. The researcher could then halt the system immediately.
Volume Control: The researcher could adjust the robot’s volume or the music interface to ensure a
comfortable listening experience for the participant.
Breaks: While the music making activity was designed to last under 30 minutes to minimize fatigue,
participants were offered the option to pause the session and take a break at any time.
Simple Interface and Clear Instructions: The music interface and interactions with Pepper were
designed to be clear, user-friendly, and free from complex instructions. The robot offered step-by-step
guidance and could repeat instructions if needed.
Accessibility Considerations: Large buttons on the tablet interface and Pepper’s slower speaking
rate catered to the potential physical limitations of older adults.

4.10.2 Technical Failsafes

Addressing Pepper’s response issue: As mentioned in Section 3.4.3, we anticipated situations where
Pepper might miss a user response. To address this, we utilized the interactive robotics platform to pro-
vide additional support and ensure smooth communication throughout the experiment.
System Malfunctions: In the unlikely event of a system malfunction with Pepper, the robot was pro-
grammed to automatically reboot and restart the application, minimizing disruption to the experiment.
Internet Connectivity: Recognizing our reliance on internet connectivity, the experiment setup in-
cluded access to two separate Wi-Fi networks to provide backup in case of any network issues.
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4.10 Fail-safe Protocols

4.10.3 Data Privacy

The informed consent form clearly outlined data collection and storage procedures, emphasizing partic-
ipant privacy. All participant data was anonymized and kept secure.
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5 Results and Discussion

This section delves into the key findings of our study which explores user experience with the music-
making system designed for older adults. To recap, our research goal was to understand the impact of
a music interface, enhanced by social interaction with a robot, on creativity, engagement and collabo-
ration. We utilized a combination of qualitative and quantitative methods, including observations and
questionnaires, to gather rich data on participant interactions and experiences. Each research question
was addressed based on the method described in Section 4.7.2 of Chapter 4. The analysis of the ENJOY
questionnaire was done based on individual responses while the analysis of the subjective questionnaires
followed the coding scheme described in Appendix 4. The video observations were conducted using the
researcher’s field notes, which were compiled after reviewing a recorded video of the interaction. Addi-
tionally, the coding scheme detailed in Appendix 3 was applied. A summary of the observations based
on this coding scheme is provided in Table 5.1. This coding scheme was also provided to two researchers
outside the experiment, who rated and provided feedback on the videos. As explained in Section 4.7.1,
we used Interrater Reliability[39] to ensure the consistency and reliability of our video coding. The ex-
ternal raters independently coded two of the video recordings. Using the percent agreement metric, we
achieved an interrater reliability of 89.8%. The ratings provided by each researcher and the computation
details are included in Appendix 5.The following sections present the results of our study, organized by
the research questions. For easier understanding, a brief summary of the topics addressed by our research
questions is provided:

• RQ1: Impact of robotic social motivation on engagement.

• RQ2: Impact of rhythmic accompaniment on perceived collaboration

• RQ3: Impact of intelligent music interface on creativity

Table 5.1: Summary of Participant Observations in the Video based on Coding Scheme
Participant ID P 1 2 3 4 5 6 7

SECTION 1: DEMOGRAHPICS
Age 74 60 60 64 68 69 62

3.2 Introduction and Setup(YES/NO
• Interest in music expressed:
Can be coded as Positive (YES)
if participant shows enthusiasm
for music or Negative (NO) if
they show disinterest.

YES YES YES NO YES YES YES

3.3 Music Making session
1. Participation Level
• Initiates exploration (YES):
Participant independently ex-
plores the music interface.
(YES)

YES YES YES NO YES NO YES

• Responds to prompts (YES):
Participant actively participates
in response to robot’s prompts or
suggestions.
• Passively observes (NO): Par-
ticipant watches the robot’s mu-
sic making but doesn’t actively
participate.
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• Disengaged (NO): Participant
shows disinterest and withdraws
from the activity.
2. Choice of Guidance
• Chooses Guided Play (YES):
Participant actively seeks or ac-
cepts the robot’s guidance during
music making. (YES/NO)

YES YES YES YES YES NO YES

• Chooses Self-Play (YES/NO):
Participant prefers to explore the
music interface independently.
This can be coded as YES if the
participant actively explores, or
NO if they show minimal explo-
ration.
3. Exploration of Music Interface
(YES)
• High Exploration (YES): Par-
ticipant tries a variety of but-
tons and combinations, showing
active engagement with the in-
terface

YES YES YES NO YES YES YES

• Moderate Exploration
(YES/NO): Participant ex-
plores the interface to some
extent but not extensively.
• Low Exploration (NO): Partic-
ipant shows minimal exploration
of the interface, suggesting lim-
ited engagement.
4. Challenge Selection
(YES/NO): Accepted Challenge
(YES) or Declined Challenge
(NO).

YES YES YES YES YES YES YES

5. Limited Color Palette Use
(YES/NO): Embraced limited
colour palette (YES) or Did not
stick to the challenge(NO) based
on engagement during the lim-
ited palette segment

YES YES YES NO YES NO NO

6. Social Interaction
• Focuses on robot (YES): Par-
ticipant directs most attention
towards the robot during music
making.(YES)

YES YES YES NO NO NO YES

• Shared interaction (YES): Par-
ticipant interacts with both the
robot and interface during mu-
sic making, without letting the
robot distract them from play-
ing.
• Minimal social interaction
(NO): Participant shows mini-
mal interaction with the robot
during music making.
7. Non-verbal Cues(YES/NO)
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5 Results and Discussion

• Positive expressions (YES):
Participant smiles, laughs, or
shows other signs of enjoyment
during music making.

YES YES YES NO YES NO YES

• Neutral expressions
(YES/NO): Participant has
a neutral expression through-out
the activity.
• Negative expressions (NO):
Participant frowns, looks away,
or shows signs of boredom or
frustration during music making.
8. Body Language (YES/NO)
• Active body movements
(YES): Participant claps, sways,
taps feet, or shows other signs
of physical engagement with the
music.

YES YES YES NO NO NO YES

• Minimal body movements
(YES/NO): Participant shows
minimal physical movement dur-
ing music making.
• Restlessness (NO): Participant
fidgets, looks around, or shows
signs of disengage-ment from the
activity.
9. Frequency of Feedback and
Encouragement (YES/NO):
Retained for analysis but
categorized as Positive Feed-
back(YES) or Encouraging
Feedback (through asking them
to try something (NO) based on
participant’s reaction.

3,
YES

6,
YES

4,
YES

5, NO 4,
YES

2, NO 4,
YES

10. Participant Initiated Pauses
(Number): (Retained)

2 4 3 3 2 2 4

3.4 Post session
1. Playback Participation
• Engaged with playback (YES):
Participant actively watches or
listens to the playback.

YES YES YES NO YES NO YES

• Passively observes playback
(NO): Participant shows mini-
mal interest in the playback
2. Response to Pepper’s ques-
tions (YES)
• Enthusiastic response (YES):
Participant actively responds to
the robot’s questions.

YES YES YES NO NO NO YES

• Subdued response (NO): Par-
ticipant shows limited interest in
responding to the robot’s ques-
tions.
3. Technical Issues (Yes/No):
(Retained)

No Yes
(Mi-
nor)

Yes
(Mi-
nor)

No No Yes
(Mi-
nor)

No
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5.1 Analysis of RQ1

5.1 Analysis of RQ1

The first research question aims to understand the impact of real-time feedback from the robot on
engagement among older adults. As mentioned in Section 4.7.1,we define engagement as the extent to
which participants actively listen, react and respond to robot prompts and encouragement. To address
this, we analyzed data collected through observations, the subjective questionnaire, and the ENJOY
scale.

5.1.1 ENJOY Questionnaire

A questionnaire based on the ENJOY scale was administered to the participants. This scale assessed en-
joyment across four dimensions: pleasure, relatedness, competence, and engagement. The questionnaire
contained the most prompts (7) to understand engagement, followed by relatedness (6), competence (4),
and pleasure (3). This emphasis reflects the primary focus on engagement through interaction with
the robot Pepper. Figure 5.1 shows the average score provided by seven participants across the four
dimensions. Based on this, the average ratings for each dimension were:

• Engagement: 4.5

• Relatedness: 4.5

• Pleasure: 4.4

• Competence: 3.5

Figure 5.1: Average ratings for each dimension of enjoyment

Due to the limited sample size of seven participants, these results are inconclusive. However, a deeper
analysis of specific prompts can provide insights into the participant experiences. Figure 5.2 shows a
participant-wise rating across the different dimensions. Based on the figure, we observe that five out of
seven participants consistently exhibit higher ratings across all dimensions, whereas participants 4 and
6 show relatively lower ratings.

Engagement Analysis
Engagement is high among five out of seven participants. Those with low engagement ratings have con-
sistently low ratings across all dimensions. The majority of participants strongly agreed with prompts
related to high engagement, such as ”I was concentrating on the activity” and ”I blocked out most dis-
tractions in the activity.” Conversely, participants who rated their engagement low gave ratings of 1 or
2 on the same prompts, indicating they did not feel immersed in the activity.
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5 Results and Discussion

Figure 5.2: Participant-wise rating of different dimensions

Relatedness Analysis
The relatedness dimension explored participants’ interactions with Pepper. The prompt ”I liked inter-
acting with Pepper” received a high score, indicating positive interaction. In contrast, the prompt”I felt
frustrated when Pepper spoke” received a lower score. Responses to prompts about feeling connected to
or encouraged by Pepper were more neutral, varying based on individual experiences. These prompts
included ”I felt connected with Pepper during the activity” and ”I felt encouraged by Pepper during the
activity” Overall, relatedness had mixed responses: four out of seven participants had a higher average
relatedness score, while the others rated it below average.

5.1.2 Subjective Questionnaire

Table 5.2 summarizes responses from a subjective questionnaire concerning the impact of Pepper’s real-
time feedback and encouragement on engagement in the music making activity among older adults based
on the coding scheme defined in Appendix 4.
These are the key observations

• Positive Impact on Engagement
The majority of participants (1, 2, 3, 5, and 7) reported a positive influence of Pepper’s feedback
and encouragement on their enjoyment and motivation to continue the activity. One participant
stated, ”The positive feedback told me I am succeeding at something, so it makes me want to
continue and raise the level to reach for,” while another said, ”(the feedback) was positive and en-
couraging.” Words like enjoyable, helped, motivated, and encouraging highlight the positive impact
on engagement. Participants enjoyed the guidance and found Pepper’s encouragement helpful for
staying engaged (refer to participants 2, 3, 5, and 7 in the table). For some participants with
limited musical experience (7), Pepper’s guidance provided structure and a ”baseline” (3) that en-
hanced their enjoyment. One participant commented, ”It is nice to be guided while playing, because
everything is new. It provides something to hold on to,” and another said, ”It did (help) in steering
the activity to a certain level and form. The encouragement helped me to stay in the game.”

• Mixed Impact on Engagement
Participant 4, a beginner with no musical background, reported a neutral impact on both enjoyment
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5.1 Analysis of RQ1

Participant Details Musical Background Social Impact on Engagement
Participant
ID

Age Musical
Experience
Level

Specific
Musical
Skills

Impact of Pepper’s
Guidance on Enjoy-
ment

Impact of Pepper’s
Feedback on Con-
tinuing

1 74 Intermediate Piano Positive - Enjoyable Neutral
2 60 Intermediate Singing Positive - Helped

stay in the game and
steered the activity

Positive - motivated to
continue and improve

3 60 Advanced Professional Positive - nice to be
guided because every-
thing is new and it
gives a nice baseline

Positive - Maintained
engagement

4 64 Beginner None Neutral - No impact Neutral - Could not
take it seriously

5 68 Advanced Singing Positive - Guidance
was sometimes too fast
but I liked it because it
felt like memory train-
ing

Positive - influenced to
play

6 69 Intermediate Beginner Pi-
ano

Negative Neutral - No impact

7 62 Intermediate None Positive - enjoyed the
activity more

Positive - encouraging

Table 5.2: Summary of Feedback from Subjective questionnaire for Research question 1

and motivation, noting difficulty in taking Pepper’s feedback seriously. Participant 5 remarked,
”Yes, it was a kind of memory training, but sometimes I found his guidance too fast.”

• Limited Impact on Engagement
Participant 6 reported a negative impact on their enjoyment but a neutral impact on motivation
to continue. They stated ”no real impact, I found the tablet annoying.”

5.1.3 Video Observations

The analysis of participant behavior during music creation sessions suggests an optimistic relationship
between real-time feedback and engagement. Here’s a breakdown of the key observations derived from
field notes and Table 5.1.

• Positive Influence: Several participants displayed positive reactions to real-time feedback.
Examples include smiling, laughing, and continuing to play after receiving feedback. Many of
them also leaned in during interactions, suggesting enjoyment. One of the participants seemed
to have reached a flow state, where they were tapping their feet in sync with the rhythm, being
immersed in the musical experience. The feedback encouraged a majority of the participants and
served as a boost for interest and motivation. One participant squealed with delight when Pepper
called out their name and praised their playing. A couple of other participants were flattered by
Pepper’s compliments, even though they felt Pepper was being overly optimistic.

• Potential Disruption: Some participants paused or stopped playing entirely after receiving
feedback from Pepper (Participants 1 and 3). Pepper then had to prompt them to continue playing
the tablet. It seemed like the feedback disrupted their musical flow or that they anticipated a new
activity or challenge whenever Pepper spoke.

• Individual Preferences: There were variations in how participants responded to feedback.
Two participants had a disinterested posture and demeanour. They were slouching, fidgeting and
looking at their phone and appearing rushed indicating boredom or lack of engagement. One
of the participants wanted more interaction in Pepper in terms of conversation. They said that
conversing with Pepper about the activity gave them a small break which was enough motivation
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5 Results and Discussion

to continue the activity. While some thrived on encouragement, others seemed to prefer playing
without interruptions.

5.2 Analysis of RQ2

The second research question aims to understand the impact of rhythmic accompaniment from the
interactive robot on the perception of collaboration. As explained in Section 4.7.2, successful creative
collaboration requires a complex interplay between musical, social, and personal factors. To observe this,
we analyzed data collected through videos and the subjective questionnaire.

5.2.1 Subjective Questionnaire

Table 5.3 summarizes responses from a subjective questionnaire concerning the impact of Pepper’s rhyth-
mic accompaniment on perceived collaboration in the music making activity among older adults based
on the coding scheme defined in Appendix 4.

Participant Details Musical Background Cognitive Experience
ID Age Musical

Expe-
rience
Level

Specific
Musical
Skills

Influence of
Pepper’s
rhythm on
musical choices

Exploration of
ideas through
interaction

Robot vs Hu-
man Collabora-
tion

1 74 Intermediate Piano Positive - Hooked Positive - En-
lightening

Not the same
emotionally

2 60 Intermediate Singing Neutral - struggle
to keep rhythm

Positive - played
multiple notes in
sync with rhythm

Not the same
emotionally

3 60 Advanced Professional Positive - good
challenge to keep
rhythm

Neutral - was fun Not the same
emotionally

4 64 Beginner None Neutral - No im-
pact

Negative - Not in-
terested

Neutral - Do not
know

5 68 Advanced Singing Neutral - No
rhythm chosen

Positive - intu-
itive play

Not the same
since reactions
don’t feel genuine

6 69 Intermediate Beginner
Piano

Negative - disrup-
tive

Negative Not the same at
all

7 62 Intermediate None Positive - rhythm
gave a goal

Positive - through
the challenge
given by robot

Neutral - robot is
calmer

Table 5.3: Summary of Feedback from Subjective questionnaire Research Question 2

These are the key observations

• Perceived Collaboration
Three participants reported a positive influence of Pepper’s rhythm on their musical choices and
creation process. One participant said, ”It challenged me rhythmically to introduce a variation
and to coincide in sound.” Phrases used in the questionnaire like ”hooked,” ”good challenge,”
and ”gave a goal” suggest that the rhythm provided a structure for their musical exploration.
However, one participant reported a negative experience, stating, ”It (rhythm) was more disruptive
than supportive.” In terms of comparing the collaboration with a human, 6 out of 7 participants
felt that working with Pepper differed emotionally. One participant remarked, ”With a robot,
it still feels like instruction; you are guided more. With a real person, you ’fall together’ in the
movement, there is more interaction on an emotional level. I connect less or not at all emotionally
with a robot.” Responses included terms like ”not the same emotionally” and ”reactions don’t feel
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5.3 Analysis of RQ3

genuine,” highlighting this distinction. There appears to be no clear correlation between musical
background and the perceived influence of Pepper’s rhythm, as participants with varying levels of
musical experience (beginner, intermediate, advanced) reported both positive and negative impacts.

• Exploration and Interaction
Some participants (2, 5, and 7) reported positive experiences exploring musical ideas through in-
teraction with Pepper. One participant noted, ”I tried to explore and play in the same rhythm but
was still struggling to make a melody.” Another said, ”Yes, the interaction with rhythm encouraged
me to play more intuitively and improvise more. So and so more playing at home.” Terms like ”en-
lightening” and ”intuitive play” bolster these experiences. Conversely, two participants expressed
disinterest in the collaboration and exploration, responding, ”No, I’m not really interested.”

5.2.2 Video Observations

While observing the videos, particular focus is placed on communication with the robot and cues sug-
gesting collaboration, both verbal and nonverbal.The analysis of video recordings suggests that rhythmic
accompaniment does not strongly influence perceived collaboration. Here is a deeper look based on field
notes and Table 5.1.

• Effect of Rhythm
While some participants interacted with the robot and responded positively to the rhythmic ac-
companiment, there was a lack of consistent cues explicitly indicating a sense of collaboration.
It seemed that participants used the beat to guide them through playing the music rather than
collaborating with Pepper. Participants did seem to enjoy the rhythm’s guidance, but they per-
ceived it more as an interactive tool. Active body movements, like swaying or tapping feet during
rhythmic segments, could indicate a feeling of being ”in sync” with the robot. However, this does
not directly indicate perceived collaboration, as most participants enjoy tapping to music passively
as well.

• Effect of Social Interaction with Rhythm
4 participants exhibited positive social cues during the rhythmic accompaniment sections. Partic-
ipants who smiled, laughed, or showed other positive expressions while playing with the accompa-
niment seemed to enjoy interacting with the robot. One participant’s positive social cues and body
language, along with pausing to listen to Pepper’s encouragement, highlighted the importance of
well-timed feedback within rhythmic accompaniment. However, even though Pepper paused the
rhythm to make conversation or encourage participants to continue playing after taking a break,
this didn’t seem to foster a sense of collaboration as much as it made them feel obliged to play with
the rhythm. Three out of seven participants had minimal social interaction during the rhythmic
accompaniment, suggesting a lack of engagement with Pepper and potentially a diminished sense of
collaboration. The observations were mixed where some participants seemed to enjoy the challenge
of the accompaniment, while others found it overwhelming.

5.3 Analysis of RQ3

The third research question aims to understand the impact of an intelligent music interface on creativity.
As mentioned in Section 4.7.2, we define creativity as a characteristic that forms something valuable and
novel, inducing a sense of ownership. To address this, we analyzed data collected through observations
and the subjective questionnaire.

5.3.1 Subjective Questionnaire

Table 5.4 summarizes responses from a subjective questionnaire concerning the use of an accessible music
interface to foster creativity among older adults based on the coding scheme defined in Appendix 4.

These are the key observations
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Participant Details Musical Background Technology and Exploration
Participant
ID

Age Musical
Experience
Level

Specific
Musical
Skills

Ease of Tablet use Re-listening to cre-
ated music for mo-
tivation

1 74 Intermediate Piano Neutral Negative - felt like
what they played was
different from what
they heard

2 60 Intermediate Singing Positive - intuitive
since keys on the right
always played higher
notes than keys on the
left

Positive - motivated to
continue because they
were pleasantly sur-
prised

3 60 Advanced Professional Positive - Boxes play
new notes which feels
like a challenge

Positive - Wanted to
play more

4 64 Beginner None Neutral - No impact Neutral - did not listen
to playback

5 68 Advanced Singing Neutral - The same
button generating
different notes was
confusing as a musi-
cian but eventually
improvised and fol-
lowed where the music
takes me which was
nice

Positive - initially bad
but got better with
time

6 69 Intermediate Beginner Pi-
ano

Negative - Annoying
that the boxes played
different notes each
time - no control

Neutral - Did not listen
to playback

7 62 Intermediate None Positive - felt easy to
play

Positive - encourag-
ing because it sounded
nice

Table 5.4: Summary of Feedback from Subjective questionnaire for Research question 3

• Interface Ease of Use
Participants varied in their perception of the ease of using the tablet interface. While some (Partici-
pants 2, 3, and 7) found it positive or intuitive, others (Participants 1, 5, and 6) reported difficulties
or confusion. Participant 5 remarked, ”It was a wonderful experience that melodic ’fragments’ are
pre-programmed, which went against my expectations and also stimulated me in a certain way.”
Another participant noted, ”I did discover ways to explore musical ideas within the given limits
by playing several keys at the same time and discovering how they sound together with the back-
ground.” A third participant commented, ”Hard to say if it was easy due to the confusion with
the pitches. But you can also ’follow’ the tablet and discover where it ’leads’ you.” Their experi-
ences highlighted a potential challenge: the interface’s element of surprise, where buttons generate
different notes, felt counterintuitive for experienced musicians seeking precise control.

• Impact on Creativity
The impact of the interface on creativity is inconclusive. Some participants (Participants 3, 5, and
7) expressed positive experiences related to exploration and improvisation and used phrases like
”boxes play new notes,” ”improvised,” and ”felt easy to play”. However, others (Participants 1
and 6) reported frustration with the interface hindering their creative expression and said ”felt like
what they played was different” and ”the interface is annoying and unreliable”.

• Re-listening and Motivation
Re-listening to the created music appeared to influence motivation in some cases. Participants 2,
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5.4 Overall Observations

3, and 5 reported positive experiences that motivated them to continue playing. The participants
noted that they were ”pleasantly surprised,” ”wanted to play more,” and ”got better with time”.
Participant 1 had a negative experience with re-listening and explained a dissonance between played
and heard music, suggesting that the interface might not always support the user’s creative intent.

5.3.2 Video Observations

The analysis of participant interactions with the music interface offers insights into its potential for
fostering creative exploration. Here is a breakdown of the key observations derived from field notes and
Table 5.1.

• Exploration Levels
A majority (five out of seven) participants actively experimented with different features and com-
binations. This suggests that the interface allowed for a degree of creative exploration within its
design constraints. Participants who showed minimal exploration seemed less engaged with the
creative potential of the interface.

• Challenges and Creativity
All of the participants embraced the challenge of using a limited color palette, demonstrating
their willingness to push the boundaries of creativity with the provided tools. They used it as a
springboard for creative exploration.

• Desire for Complexity
While some participants found the interface engaging, others expressed a desire for more complexity.
Participants who actively explored the interface often expressed a desire for more complexity and
suggested a need for features that cater to advanced users.

5.4 Overall Observations

Based on the observations made through the video and the responses of the subjective and ENJOY
questionnaire, we make the following observations to answer our research questions.

1. Pepper’s real-time feedback and encouragement generally has a positive influence
on engagement in the music making activity among older adults. This is particularly
true for participants with some musical experience who appreciate the structure and motivation
provided by the robot.The multi-sensory experience provided by the activity could be attributed to
higher engagement levels. Pepper’s encouragement to play, combined with the sounds and visual
interface, stimulated participants’ auditory and visual senses, respectively. Dialogues and guidance
from Pepper required participants to pay attention and focus on the instructions, further enhancing
engagement.

2. The real-time feedback tends to act as a disruption to some older adults. Since music
is also an auditory activity, many older adults like listening to what they play. So, when Pepper
provides verbal feedback, it seems to disrupt their flow and they stop playing. There seems to be
a need for better paced feedback and tailoring these to the individuals’ level of engagement. The
feedback’s effectiveness might vary depending on individual preferences and experience levels.

3. The rhythmic accompaniment did not strongly influence perceived collaboration. Par-
ticipants seemed to use it as a guide rather than collaborating with Pepper. While some participants
found Pepper’s rhythm to be a positive influence on their music creation, all distinguished it from
collaborating with a human on an emotional level. Most participants felt a lack of emotional con-
nection with Pepper compared to a human collaborator. They described interactions with Pepper
as ”instructional” and lacking genuine reactions.

4. Social interaction and feedback during the rhythm were enjoyable but did not foster
collaboration. Positive social cues (smiling, laughing) were observed in some participants during
rhythmic sections, suggesting they enjoyed interacting with Pepper. However, it didn’t necessarily
translate to perceived collaboration. Some felt obligated to play rather than collaborating.

39



5 Results and Discussion

5. Participants with intermediate to advanced musical experience find the need for an
interface with more control. The interface’s element of surprise, while potentially encouraging
exploration for some, was frustrating for others, particularly those with musical experience seeking
more control.

6. Participants embraced the limited options as a springboard for creative exploration.
How the interface translates user input into sound seemed to play a role in creative freedom. This
highlights the idea that creativity can often thrive under constraints.

7. The tablet interface has the potential to foster creative exploration, especially for
beginners. Some participants were pleasantly surprised and motivated to play more after re-
listening to their creations. This positive reinforcement loop could be particularly encouraging for
beginners. Hearing something they created themselves could boost their confidence and motivate
them to keep exploring and refining their skills.

5.5 Other feedback

In addition to addressing the core research questions, the study offered participants the opportunity to
provide feedback on the activity itself. This feedback encompassed suggestions for improvement in two
key areas: the user interface and the interaction design. Participants were also invited to share their
preferences regarding the long-term structure of the session. While participation in this feedback section
was voluntary, Table 5.5 summarizes the valuable insights obtained.

Participant Details Musical Background Preference for Future Sessions
Participant
ID

Age Musical
Experience
Level

Specific
Musical
Skills

Preferred Session
Structure

Additional Prefer-
ences

1 74 Intermediate Piano None Doesn’t like that the
robot mentions their
name frequently

2 60 Intermediate Singing More choices of instru-
ment - like a keyboard
or drums, more agility
from Pepper

repetition of informa-
tion

3 60 Advanced Professional Would like a more
complex instrument
with more control over
the system

None

4 64 Beginner None Need more guidance None
5 68 Advanced Singing slower instructions and

longer pauses or inter-
action times between
instructions

Need an instrument
with more control

6 69 Intermediate Beginner Pi-
ano

None None

7 62 Intermediate None Pepper provides more
challenge ideas

Create a bigger note
bar

Table 5.5: Summary of Suggestions for Future Sessions

By analyzing these responses, we have identified key recommendations for this activity that could be
instrumental in the design of future studies.

1. User Interface (UI) Design
Control and Predictability: Several participants expressed a desire for more control over the
musical output. Options like a dedicated instrument with a wider range of controllable notes or a
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larger note bar could address this need.
Clarity and Predictability: Participant 5’s comment about the confusing nature of buttons
generating different notes highlights the need for a clear and predictable UI.

2. Interaction Design
Instruction Repetition: Feedback from two participants (2 and 5) suggests that the current
pace of instructions might be too fast for some participants.
Challenge and Guidance: Balancing challenge and guidance is crucial. While some participants
(3) desired more complexity, others (4) expressed a need for more initial guidance.
Pepper’s Role and Behavior: Participant 1 found Pepper’s frequent use of their name distract-
ing. Additionally, incorporating suggestions for increased ”agility” from Pepper (2) could involve
exploring options for more dynamic and engaging robot behavior.

3. Session Structure
Participant Preferences: While some participants expressed no preference for changes to the
session structure, others offered suggestions such as a longer guided-session.

5.6 Design Recommendations

Drawing on the key observations and participant feedback, the following recommendations are proposed
for improving future design and user experience. These recommendations aim to make the system more
intuitive and the interface more user-friendly while fostering more meaningful human-robot interaction.

1. Enhanced Control in the Intelligent Interface: The majority of participants, being interme-
diate to advanced musicians, highlighted a significant challenge: a mismatch between the expected
and actual sounds produced when playing notes. This occurred because the system’s neural net-
work prioritizes in-melody sounds, which might benefit beginners. However, to empower advanced
users, implementing features for greater control over musical output is crucial. This could involve
a dedicated instrument offering a wider range of selectable notes or an expanded note bar on the
tablet interface. Importantly, ensuring a clear and consistent mapping between user input and
sound output is essential. This predictability is especially important for participants with musical
experience who might find the current element of surprise frustrating.

2. Pacing and repetition of instructions and dialogues. Participants frequently did not under-
stand or asked Pepper to rephrase what it said because they couldn’t hear it or found the dialogue
unclear. Therefore, the pace of instructions needs to be adjusted based on user needs. We could
consider incorporating slower delivery, longer pauses, and repetition of key information to improve
comprehension and engagement.

3. Tailored Challenge and Guidance Some participants with less musical experience expressed the
need for a longer guided session. Conversely, intermediate to advanced participants wanted different
challenges and a more difficult rhythm. Offering tiered difficulty levels or adaptive features that
adjust the level of guidance based on the user’s skill and experience would cater to both beginners
seeking structure and more advanced users desiring greater complexity.

4. Refined DialoguesWhen it comes to Pepper’s role, there was a need for more nuanced interaction
seen through the observations. The frequent use of names were distracting for some participants. To
address this, we could consider utilizing Large Language Models (LLMs) to generate more dynamic
and engaging responses for Pepper. The LLM could analyze the situation and generate responses
that go beyond simply using the participant’s name. This might involve offering creative prompts,
suggesting musical styles based on the user’s input, or even telling short, relevant anecdotes related
to music or the emotions the music evokes.

5. Refined Interaction The feedback mentions a desire for increased agility in Pepper’s behavior.
To address this, we could make Pepper’s interactions more dynamic and engaging by incorporating
non-verbal cues like gestures or body language to acknowledge user actions. This might involve
incorporating more expressive movements during feedback or transitioning between activities more
smoothly. By making Pepper’s behavior more responsive and adaptable, we could create a more
interactive and enjoyable experience for users.
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6. Individualised FeedbackWhile Pepper’s real-time feedback is generally appreciated, participants
reported concerns about its perceived inauthenticity and excessive praise. To foster a more genuine
emotional connection, we propose a system that adapts feedback to individual preferences and en-
gagement levels. This could include offering an option to disable verbal feedback for users who find
it disruptive. Additionally, Pepper’s tablet could display textual feedback that provides construc-
tive criticism alongside encouragement, creating a more balanced and personalized experience.
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6 Conclusions and Future Work

6.1 Conclusions

In this thesis, we designed and developed a robotic intervention for individuals with cognitive impairment.
The intervention incorporates an intelligent music-making interface and an interactive robot that provides
real-time feedback, guidance, and rhythmic accompaniment. The system is intended for individuals with
early-onset dementia or similar levels of cognitive decline, for use in care homes or at home. Its goals
are to slow cognitive decline, promote creative expression, engage older adults in stimulating activities,
and improve their mood.
We propose a new end-to-end approach for detecting engagement and providing a platform for creative
collaboration through music-making with a robot. The intelligent music interface is designed to focus on
creative exploration for individuals with cognitive decline, providing a balance of control and competence.
This allows users to freely explore the interface while playing notes that sound melodious together,
reinforcing their confidence. The proposed system connects a robot to the intelligent music interface
to understand user engagement, interact, and provide feedback based on their engagement. To foster
a sense of collaboration, the robot also provides rhythmic accompaniment as users play the tap-to-play
melody interface. An additional optional feature was added: participants could listen to the playback of
their musical creation if they wished. An exploratory study was conducted to evaluate the effectiveness of
each element of this end-to-end system, as well as the system as a whole. The findings provided valuable
insights into the effectiveness of the system’s components, addressing each of the three research questions
of this thesis.The approach shows promise for future research, offering potential for robust interactions
and detailed user studies.
The first research question (RQ1) aims to understand the impact of real-time feedback and interaction
from the robot on engagement. The results indicate that users with less musical experience desire and
prefer real-time guidance from the robot. Real-time feedback from the robot, Pepper, generally enhances
engagement in the music-making activity among older adults. Participants who valued the feedback,
particularly those with musical backgrounds, found it provided structure, motivation, and a sense of
achievement. This underscores the potential of real-time feedback to foster participation and sustain
interest in music creation, especially beneficial for those needing additional guidance. Some participants
paused playing when the robot provided positive feedback, yet still appreciated the acknowledgment
because it conveyed attentive listening. This highlights the importance of appropriately timing feedback.
The second research question (RQ2) aims to understand the influence of rhythmic accompaniment on
perceived collaboration, yielding mixed results. While some participants found the rhythm helpful as
a prompt for musical exploration, others expressed a lack of connection or felt that the robot couldn’t
replicate human interaction. These findings suggest that participants desire an emotional connection
to foster a sense of collaboration, and rhythmic accompaniment might be more effective as a tool for
stimulating musical ideas rather than fostering true collaboration.
The third research question (RQ3) investigates the impact of the intelligent music interface on creativity.
Observations indicated that the interface has potential to support creative exploration, especially for
beginners in music and users who actively experiment with its features. However, the interface could be
improved to address challenges encountered by advanced musical participants. The element of surprise
(buttons generating different notes) proved counter-intuitive for experienced musicians seeking precise
control. Ensuring a clear and predictable relationship between user input and sound output appears
crucial for fostering a sense of agency and creative expression. The playback feature revealed that
participants felt a sense of creative ownership over their compositions. Those who chose to listen to their
creations were highly engaged, tapping along with the playback. This suggests that having a tangible
output can enhance the user’s sense of creative ownership. People enjoy experiencing their art through
seeing or hearing playback, which in turn encourages creativity and motivates them to play more and
improve their skills.
This research offers promising results for the end-to-end music-making system with a robot. Notably,
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the findings suggest positive outcomes for specific elements like real-time interaction, feedback, and
music playback. Additionally, the study sheds light on the importance of balancing user control with
achieving musical results within the intelligent music interface. Furthermore, valuable insights are gained
regarding the limitations of using robotic rhythm to solely foster collaboration. These findings suggest
that rhythm may be more effectively utilized as a complementary tool. Overall, the research provides
a foundational framework for the design of such systems, along with valuable information on specific
Human-Robot Interaction (HRI) elements that can be further explored and potentially incorporated
into future research endeavors.

6.2 Limitations

Reflecting on the implementation and methodology, this study acknowledges several limitations that
should be considered when interpreting the findings. Due to time constraints, the sample size of partici-
pants in the study was only 7. This meant that no quantitative analysis could be done conclusively and
the qualitative analysis was done on a small sample size. This affects the generalisability of the results.
With a larger and more diverse group, we could gain a broader understanding of user experience across
different demographics. Additionally, the study itself was conducted in a controlled laboratory environ-
ment which may not fully reflect real-world usage. In their own homes or familiar settings, participants
might interact with the system differently. The short duration of the study posed a limitation in two
ways. Firstly, a longer timeframe might have allowed for more in-depth exploration of the system by
participants, potentially leading to richer data. Additionally, the time constraint hampered the imple-
mentation of a long-term study to assess sustained engagement and potential changes in user behavior
over time.
Participants were recruited by distributing posters to communities of older adults, with a significant
number being members of a choir. This selection method introduced a bias, as these participants were
already familiar with music-related activities and more likely to engage with the system. The system was
designed to be user-friendly for individuals with cognitive impairments; however, since it was primarily
tested with healthy older adults who enjoy music, the sample was skewed towards this demographic.
Thus, while valuable insights were gained into the effectiveness of the system with older adults familiar
with music, there is a lack of sufficient insight into a more diverse adult population.
Furthermore, healthy older adults are not the primary target demographic of the system, which is de-
signed for individuals with dementia or cognitive impairment. While there may be overlap between these
groups due to age-related cognitive decline, there could be differences in how each group interacts with
the system.
Apart from this, the conversations and robot dialogues were scripted, allowing little to no deviation
from the predetermined script. All robot responses, both verbal and non-verbal, were pre-written, which
restricted the robot’s autonomy. This rigid approach made the robot appear inflexible, leading partic-
ipants to perceive it as lacking genuineness. The lack of flexibility likely contributed to the perceived
lack of collaboration. Additionally, while the experiments were conducted in both Dutch and English,
the primary researcher primarily spoke English. As the human operator/primary researcher had lim-
ited proficiency in Dutch, there was a language barrier with some Dutch-speaking participants. This
barrier may have affected their comfort level and the clarity of their responses in questionnaires and
video recordings. The analysis of observational data and questionnaire responses involves a degree of
subjectivity in interpretation. While we utilized a predefined coding scheme and interrater reliability to
minimize bias, some aspects like body language or facial expressions might be open to interpretation.
Finally, our intention was to use captions on the tablet attached to Pepper to assist participants who
might struggle with understanding the robot’s accent or speaking pace. However, the SIC framework
was still under development with limited documentation on existing features, which caused issues when
attempting to operate the tablet on Pepper. Regrettably, due to compatibility issues between the tablet
and the study framework (SIC), this feature could not be implemented. Time constraints also hindered
our ability to resolve this technical challenge.
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6.3 Future Work

This study serves as a springboard for further exploration of robotic interventions for cognitive sup-
port through music making. While the current research offers valuable insights, several aspects can
be improved in future iterations. The above identified limitations should be addressed in these future
iterations to enhance the generalizability, ecological validity, and robustness of the findings. Building on
these findings, future research can explore several avenues.
Firstly, expanding the participant pool is crucial. The limited sample size, skewed towards Dutch-
speaking choir members, restricts the generalizability of the findings. Recruiting a larger and more
diverse group, encompassing individuals with varying levels of cognitive decline and musical experience,
will provide a more comprehensive picture of user experience. Additionally, conducting the study in par-
ticipants’ home environments could yield valuable insights into real-world interactions with the system.
A longer study timeframe would also be beneficial. A more extended period would allow users to explore
the system in-depth, potentially leading to richer data and facilitating a long-term assessment of user
engagement and behavioral changes.
Secondly, the robot’s interaction style could be developed further. Moving beyond scripted dialogues
and incorporating more natural language processing capabilities would enable the robot to respond more
dynamically and authentically to user actions and emotions. Integrating a large language model (LLM)
into the system would enhance the dialogue flow with Pepper. This would enable Pepper to manage
follow-up questions more effectively. An LLM could analyze the conversation context, understand the
participant’s intent, and respond with relevant information or guidance. To support a more natural
dialogue, we could consider incorporating a memory model. This would allow the system to retain pre-
vious interactions with the participant, enabling references to past discussions and a more personalized
experience. This could significantly enhance the perceived collaboration between user and robot.
Additionally, improving the user interface’s ease of use and catering to a wider range of musical ex-
perience levels could be done by offering options for more control over musical output and a clearer
cause-and-effect relationship between user input and sound. Exploring options for user-controllable or
adaptive rhythmic accompaniment that can adjust to individual preferences and skill levels could en-
hance the perceived value of the accompaniment as a tool for creative exploration.
Furthermore, addressing the technical limitations identified in this study is crucial for future deploy-
ments. Investing further time and resources into refining the compatibility between the tablet interface
and the overall framework would allow for the successful implementation of features like captions, po-
tentially improving accessibility for users with auditory processing difficulties.
Finally, several ongoing research studies explore the relationship between music and memory, investi-
gating how music can stimulate memory and evoke emotions associated with specific pieces [47][49]. In
the future, we could integrate these findings into the current thesis and its methodology. Training an
intelligent music interface with specialized playlists tailored to the individual’s preferences can person-
alize the experience and evoke emotional responses. Future iterations of this robotic intervention have
the potential to become a truly engaging and effective tool for promoting creative expression, slowing
cognitive decline, and improving the overall well-being of individuals with cognitive impairments.
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Appendix

1 ENJOY Scale based Questionnaire

Delft University of Technology
Questionnaire 1 – Understanding Engagement through Interaction

The following questionnaire is a validated questionnaire to assess social perception of robot feedback on
engagement in a joint activity. We aim to understand how feedback influences a person’s motivation and
participation in the collaborative activity. There are 21 prompts for which the activity with the robot
can be rated on a scale of 1 (Strongly Disagree) to 7 (Strongly Agree). You must rate the statements
based on your experience in the activity. Using the scale provided, how much do you agree/disagree with
the following statements?

Figure 1: PROMPTS in the ENJOY Questionnaire
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2 Subjective Questionnaire

2 Subjective Questionnaire

Delft University of Technology
Subjective Questionnaire to evaluate perceived Creativity and Collaboration.

The following questionnaire has been developed to gain initial feedback on the feeling of creative col-
laboration. It includes questions about the social, emotional, and cognitive experience with the activity
and some general feedback. We are interested in understanding your perspective so feel free to provide
specific examples or details to support your answer.

1. How would you rate your level of proficiency with music and music-making on a scale of 1 to
10? Please share your personal experience with playing instruments, singing, and understanding
rhythm.
Example response: ”I would rate my musical experience at 8. I can sing, understand pitch and
rhythm, and play one instrument—the piano.”

2. Did Pepper’s encouragement make the activity more enjoyable for you? Why/Why not?

3. How did Pepper’s feedback (positive/negative) impact your desire to continue creating music?

4. Explain how Pepper’s rhythmic accompaniment influenced your musical choices during the activity.

5. How similar or different was interacting with Pepper compared to creating music with another
person?

6. Through the music-making activity with Pepper, did you discover ways to explore your own musical
ideas? If so, how?

7. Did the tablet make it easy for you to try out different musical ideas and sounds? How?

8. Did you choose to listen to the music you created? If yes, did it make you want to continue creating
more music?

9. Imagine using Pepper to make music on a regular basis. What kind of structure or format would
you prefer for these sessions? Would you like more guidance from Pepper, more freedom to explore,
or a combination?

10. Is there anything you would change or improve about the music-making activity with Pepper?
(optional)
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Appendix

3 Coding Scheme for Video Observations

Focus: This scheme emphasizes observable and behavioral aspects of engagement during music making
and is based on the ENGAGEDEM model. In the context of the coding scheme, YES and NONYES
stand for:
YES: This refers to behaviors that indicate positive engagement and enjoyment during the music
making activity. It reflects a higher level of energy and enthusiasm.
NO: This refers to behaviors that indicate lower engagement or disinterest in the music making activity.
It can include neutrality or negative expressions like boredom or frustration.

3.1 Participant Information

• Participant ID

3.2 Introduction and Setup(YES/NO)

• Introduction Length (in minutes)

• Interest in music expressed (YES/NO): Positive (YES) if participant shows enthusiasm for music
or Negative (NO) if they show disinterest.

3.3 Music Making session

1. Participation Level (YES)

• Initiates exploration (YES): Participant independently explores the music interface.

• Responds to prompts (YES): Participant actively participates in response to robot’s
prompts or suggestions.

• Passively observes (NO): Participant watches the robot’s music making but doesn’t ac-
tively participate.

• Disengaged (NO): Participant shows disinterest and withdraws from the activity.

2. Choice of Guidance (YES/NO)

• Chooses Guided Play (YES): Participant actively seeks or accepts the robot’s guidance
during music making.

• Chooses Self-Play (YES/NO): Participant prefers to explore the music interface indepen-
dently. This can be coded as YES if the participant actively explores, or NONYES if they
show minimal exploration.

3. Exploration of Music Interface (YES)

• High Exploration (YES): Participant tries a variety of buttons and combinations, showing
active engagement with the interface

• Moderate Exploration (YES/NO): Participant explores the interface to some extent but
not extensively.

• Low Exploration (NO): Participant shows minimal exploration of the interface, suggesting
limited engagement.

4. Challenge Selection (YES/NO): Accepted Challenge (YES) or Declined Challenge (NO).

5. Limited Color Palette Use (YES/NO): Embraced limited colour palette (YES) or Did not
stick to the challenge(NO) based on engagement during the limited palette segment.

6. Social Interaction (YES)
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3 Coding Scheme for Video Observations

• Focuses on robot (YES): Participant directs most attention towards the robot during music
making.

• Shared interaction (YES): Participant interacts with both the robot and interface during
music making, without letting the robot distract them from playing.

• Minimal social interaction (NO): Participant shows minimal interaction with the robot
during music making.

7. Non-verbal Cues (YES/NO)

• Positive expressions (YES): Participant smiles, laughs, or shows other signs of enjoyment
during music making.

• Neutral expressions (YES/NO): Participant has a neutral expression throughout the
activity.

• Negative expressions (NO): Participant frowns, looks away, or shows signs of boredom
or frustration during music making.

8. Body Language (YES/NO)

• Active body movements (YES): Participant claps, sways, taps feet, or shows other signs
of physical engagement with the music.

• Minimal body movements (YES/NO): Participant shows minimal physical movement
during music making.

• Restlessness (NO): Participant fidgets, looks around, or shows signs of disengagement from
the activity.

9. Frequency of Feedback and Encouragement (YES/NO): Retained for analysis but catego-
rized as Positive Feedback(YES) or Encouraging Feedback (through asking them to try something
(NO) based on participant’s reaction.

10. Participant Initiated Pauses (Number): (Retained)

3.4 Post session

1. Playback Participation

• Engaged with playback (YES): Participant actively watches or listens to the playback.

• Passively observes playback (NO): Participant shows minimal interest in the playback

2. Response to Pepper’s questions (YES)

• Enthusiastic response (YES): Participant actively responds to the robot’s questions.

• Subdued response (NO): Participant shows limited interest in responding to the robot’s
questions.

3. Technical Issues (Yes/No): (Retained)

4. Participant Conversation with researcher (Yes/No):

• Had a conversation that was more critical than enthusiastic (NO)

• Had a conversation that was enthusiastic/curious - understood potential of the
system (YES)
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Appendix

4 Coding Scheme for Perceived Creativity and Collaboration
Questionnaire

4.1 Demographics

Age: Numerical responses (e.g., 18-25, 26-35, etc.)

4.2 Musical Background

• Code 1: Musical Experience Level (1-10): Categorize responses based on the self-reported rating
(e.g., Beginner: 1-3, Intermediate: 4-7, Advanced: 8-10)

• Code 2: Musical Skills: Identify specific skills mentioned (e.g., Singing, Playing Instrument, Music
Theory)

4.3 Perceived Creativity and Collaboration with Pepper

Social Experience

• Code 3.1: Impact of Pepper’s Encouragement (Positive/Negative)

• Code 3.2: Impact of Pepper’s Feedback (Positive/Negative) on Desire to Create Music

Cognitive Experience

• Code 4: Influence of Pepper’s Rhythm on Musical Choices

• Code 6: Exploration of Musical Ideas through Pepper Interaction

Collaboration vs. Solo Experience

• Code 5: Comparison of Interaction with Pepper vs. Human in Music Making

Technology and Exploration

• Code 7: Ease of Using Tablet for Exploring Ideas

• Code 8: Re-listening to Created Music and Motivation

4.4 Preferences for Future Sessions

• Code 9.1: Preferred Session Structure: (Guidance, Exploration, Combination)

• Code 9.2: Additional Preferences: Capture specific suggestions for improvement
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5 Interrater Reliabilty Evaluations

5 Interrater Reliabilty Evaluations

The following tables contain the ratings provided by 2 external researchers and the percent agreement
computation for interrater reliability [39]. To obtain the measure of percent agreement, we created a
matrix in which the columns represented the different raters, and the rows represented variables for
which the raters had collected data (Table 1 an Table 2). The cells in the matrix contained the scores
the data collectors entered for each variable. Table 1 contains the scores for participant 4 and table 2
contains the scores for participant 5. To obtain percent agreement, we calculate it for each row and take
the average.

Code Primary Re-
searcher

External Re-
searcher 1

External Re-
searcher 2

Percent Agree-
ment

3.2.2 0 0 0 1
3.3.1 0 1 1 0.66
3.3.2 1 1 1 1
3.3.3 0 0 0 1
3.3.4 1 1 1 1
3.3.5 0 1 1 0.66
3.3.6 0 0 0 1
3.3.7 0 0 0 1
3.3.8 0 0 0 1
3.3.9 0 1 0 0.66
3.3.10 3 3 6 0.66
3.4.1 0 0 0 1
3.4.2 0 0 0 1
3.4.3 0 0 0 1
3.4.4 0 0 0 1

Table 1: External rater observations based on the coding scheme in Appendix 3 for Participant 4

From the above table, the average percent agreement for participant 4 is 0.909.

Code Primary Re-
searcher

External Re-
searcher 1

External Re-
searcher 2

Percent Agree-
ment

3.2.2 1 1 1 1
3.3.1 1 1 1 1
3.3.2 1 1 1 1
3.3.3 1 1 1 1
3.3.4 1 1 1 1
3.3.5 1 1 1 1
3.3.6 0 1 1 0.66
3.3.7 1 1 1 1
3.3.8 0 0.5 1 0.33
3.3.9 1 1 1 1
3.3.10 2 2 3 0.66
3.4.1 1 1 1 1
3.4.2 0 1 1 0.66
3.4.3 0 0 0 1
3.4.4 1 1 1 1

Table 2: External rater observations based on the coding scheme in Appendix 3 for Participant 5

From the above table, the average percent agreement for Participant 4 is 0.887. By averaging the percent
agreements of Participants 4 and 5, we obtain a percent agreement of 0.898.
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