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Kurzzusammenfassung  

Hintergrund & Ziel: Nicht-pharmakologische, musikbasierte Interventionen (MBI) für 

Menschen mit Demenz (MmD) stehen zunehmend im Fokus. Allerdings besteht ein 

Mangel an Studien, die MBI gezielt einsetzen, um Kognition bei MmD zu stärken. Ziel 

dieser Dissertation war es, eine solche MBI speziell für zu Hause lebende MmD zu 

entwickeln. Methoden: Der Forschungsstand wurde in einer systematischen Literatur-

übersicht ausgewertet. Daraufhin wurde in einer Online-Befragung (n = 102, 

intraindividuelles Design) Musik hinsichtlich emotionaler Valenz validiert. In einem 

Experiment (n = 40, intraindividuelles Design) wurden die Assoziationen zwischen 

Tempo und Valenz von Hintergrundmusik mit Kognition untersucht. Basierend auf 

diesen Studien wurde eine MBI mit schnell-positiver Musik entwickelt. Diese wurde in 

einer intraindividuellen crossover Pilotstudie mit einer alternativen MBI (langsam-positiv) 

und Regelversorgung verglichen. Interventionsdauer war je 6 Wochen. Sechszehn zu 

Hause lebende MmD und ihre Angehörigen nahmen teil. Quantitative Endpunkte waren 

Kognition, Wohlbefinden und Lebensqualität, sowie behaviorale und psychologische 

Symptome der MmD. Ergebnisse: Die Literaturübersicht zeigte die Notwendigkeit, 

musikalische Stimuli vor ihrer Nutzung zu validieren. Im Zuge der Online-Befragung 

wurden 19 beziehungsweise 16 Stimuli mit positiver beziehungsweise negativer Valenz 

für die weitere Nutzung identifiziert. Im Experiment war Hintergrundmusik mit schnellem 

(vs. langsamem) Tempo und positiver (vs. negativer) emotionaler Valenz insgesamt mit 

besserer kognitiver Leistung verbunden. Die schnell-positive (vs. langsam-positive) MBI 

war mit einer besseren Merkfähigkeit bei MmD verbunden (p = 0,028; Hedges’s gav = 

0,70). Nach 6 Wochen Musikhören stieg die Lebensqualität im Vergleich zur 

Regelversorgung (p = 0,04; Hedges’s gav = 0,51). Darüber hinaus berichteten Dyaden 

von unterschiedlichen Wirkungen der schnell- und langsam-positiven Musik im Moment 

des Hörens. Schlussfolgerungen: Eine evidenzbasierte, durchführbare MBI wurde 

erfolgreich entwickelt. Schnell-positive Musik war mit verbesserten Gedächtnisabruf 

verbunden. Die Berichte der Dyaden unterstreichen, dass das Musikhören Momente 

des Wohlbefindens für MmD schuf. Die MBI könnte, sofern Folgestudien die Ergebnisse 

bestätigen, als niedrigschwellige Unterstützung von Merkfähigkeit und Lebensqualität im 

Alltag von zu Hause lebenden MmD eingesetzt werden.  
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Short Summary 

Background & Aim: Non-pharmacological, music-based interventions (MBIs) for people 

with dementia (PwD) are gaining attention. However, there is a lack of studies using 

MBIs to enhance cognition in PWD. The aim of this dissertation was to develop such an 

MBI targeting cognition in community-dwelling PwD. Methods: First, a systematic 

literature review was conducted to evaluate the state of research. Subsequently, music 

was pre-validated in terms of emotional valence in an online survey (n = 102, within-

participants). In an experiment (n = 40, within-participants), the associations between 

tempo and valence of background music with cognition were investigated. Based on 

these preliminary studies a MBI with fast-positive music was developed. This fast-

positive MBI was compared with an alternative, slow-positive MBI and care-as-usual in a 

within-participants crossover pilot study. Each intervention lasted 6 weeks. Sixteen 

community-dwelling PwD and their informal caregivers participated. Quantitative 

endpoints were cognition, well-being and quality of life, as well as behavioural and 

psychological symptoms of the PwD. Results: The systematic review highlighted the 

need to validate musical stimuli prior to their use. In the course of the online survey, 19 

and 16 stimuli with positive and negative valence, respectively, were identified for further 

use. In the experiment, background music with fast (vs. slow) tempo and positive (vs. 

negative) emotional valence was associated with better overall cognitive performance. 

The fast-positive (vs. slow-positive) MBI was associated with better recall in PwD (p = 

0.028; Hedges’s gav = 0.70). After 6 weeks of listening to music, quality of life increased 

compared to care-as-usual (p = 0.04; Hedges’s gav = 0.51). In addition, dyads reported 

different effects of fast- and slow-positive music in the moment of listening. Conclusions: 

An evidence-based, feasible MBI was successfully developed. Fast-positive music was 

associated with improved memory retrieval. The dyads' reports emphasise that listening 

to music provided moments of well-being for PwD. If follow-up studies confirm these 

results, the MBI could be used as a low-threshold means to support memory function 

and quality of life in community-dwelling PwD. 
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1. Introduction 

As life expectancy grows, societies are increasingly burdened with age-related 

conditions, including dementia. Globally, approximately 55 million people are currently 

living with dementia.1 The number of people diagnosed with dementia is projected to 

almost double every 20 years, so that by 2050 131.5 million will be living with dementia.2 

A person with dementia (PwD) typically experiences progressive cognitive decline, as 

well as behavioural and psychiatric symptoms (BPSDs, e.g. agitation, depression). In 

conjunction, these symptoms result in a decreasing independence. As such, dementia is 

not only associated with a high personal cost to those affected and their loved ones, it 

also puts significant strain on society as a whole, due to the associated social and 

medical care needs. Therefore, reducing the dementia burden has become “the greatest 

global challenge for health and social care in the 21st century”.3 However, 

pharmacological treatments are of limited effectiveness and are associated with 

significant side effects.4,5 As a result, non-pharmacological interventions have gained 

attention.  

 

Music is becoming a popular non-pharmacological tool to support PwD. Overall, 

interventions involving music (e.g. singing, listening to music) are considered feasible 

and effective, while also being low cost and low risk.6 Thus, participation in music 

interventions could benefit many PwD. Formalised music therapy is one option. 

However, for the majority of PwD, access to formalised non-pharmacological 

interventions can be difficult, given that they live within the community and are cared for 

primarily by informal caregivers (i.e. non-professional carers with a personal relationship 

to the PwD),7 who often do not access such interventions.8 Thus, it is important to 

establish how to integrate music into informal, at-home care. Music listening, as a low-

threshold use of music, could be a particularly interesting avenue. To date, music 

listening has mostly been considered as a means to address behavioural and 

psychological outcomes, with less focus on cognitive outcomes.9,10 Thus, this 

dissertation project was focused on developing a music listening intervention for 

community-dwelling PwD, with a focus on cognitive outcomes. In the following, I 

describe the background for the development of this intervention.  
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1.1. People with Dementia in the Community 

In Germany, approximately 70% of PwD live within their own home in their community.11 

This is comparable to other high-income countries, with between 50-70% community-

dwelling PwD.2 At home, PwD are primarily supported by informal caregivers such as 

spouses or adult children. In fact, between half and two-thirds of PwD at home receive 

no professional care at all.11,12 Informal caregivers cite a dissatisfaction with the quality 

of professional services as a central barrier to using these.13 They would prefer services 

to be more continuous, well informed, and empathetic towards the PwD and their 

individual needs.14,15 Reports of ambulant care professionals echo the caregivers’ 

reports, stating that they are poorly equipped to deliver continuous, individualised care 

due to fragmented care plans, limited time, and lacking relevant education.14,16 

Moreover, informal caregivers are hesitant to admit PwD to long-term residential care 

until late in the disease progression,17 knowing that the person in their care would prefer 

to age within their home setting.18  

Indeed, ‘ageing in place’ has a number of advantages for PwD, such as a maintained 

sense of identity, independence and agency, the continuance of existing social 

relationships, privacy, and physiological as well as psychological comfort.19,20 Overall, 

the quality of life of community-dwelling PwD is significantly higher than that of 

institutionalised PwD, even when taking dementia severity into account.21 Given such 

benefits, and considering the reality of limited health service resources, enabling PwD to 

remain at home is the declared goal of international22 and national policies, e.g. in 

Germany23 and the UK.24 To support the goal of reducing institutionalisation, research 

geared towards making the home and community dementia-friendly is on the rise. This 

includes, for example, research on utilising smart technology in the home25 and works 

on social inclusion and appropriate communal design.26 Ultimately, however, achieving 

adequate care for PwD at home hinges on enabling informal caregivers to provide such 

care. One aspect of care which informal caregivers report needing more support with is 

the use of non-pharmacological strategies to manage dementia symptoms.27 
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1.1.1. Non-Pharmacological Care for People with Dementia in the Community 

In qualitative reports, informal caregivers highlight the value of non-pharmacological 

care options.15 Unlike pharmacological treatment, non-pharmacological care is not 

deficit-focused. Instead, interventions are centred on providing PwD with meaningful 

activities that correspond to their interests and abilities. As such, non-pharmacological 

care aligns itself with the person-centred approach to dementia care, i.e. it prioritises the 

individuality and subjective well-being of PwD.28,29 As Kitwood describes it, the goal of 

care should be to maintain personhood through care that addresses the individual’s 

psychological needs.28 At its core, this paradigm emphasises supporting PwD’s existing 

capacities.30 In line with these goals of person-centred care, non-pharmacological 

interventions improve the quality of life of PwD.31,32 Further, by addressing unmet needs, 

non-pharmacological interventions significantly reduce BPSDs.31,33,34 Given such 

successes, they are now considered the first line of treatment for BPSDs.35 Finally, non-

pharmacological measures also have the capacity to improve cognitive outcomes.31  

However, community-dwelling PwD and informal caregivers experience a number of 

barriers in the adoption of non-pharmacological measures. First, mobility in the 

community is an issue for many PwD, which often results in a preference for activities at 

home.36 This issue is further reinforced by a tendency of PwD to withdraw from activities 

outside the home due to feelings of shame,37 and informal caregivers struggling to 

organise a participation in activities outside the home.8 Second, lacking financial means 

often prevent informal caregivers from trying non-pharmacological care options.38 Third, 

informal caregivers sometimes hesitate to take up an intervention as they feel that it 

may stigmatise the PwD or not fit into their routine.39  Therefore, it is necessary to 

investigate cheap, accessible options to improve the seamless, non-stigmatizing 

integration of non-pharmacological measures in at-home care. One cheap and 

accessible option is to integrate music into care for PwD. 

1.2. Music in Dementia Interventions  

Musical capacities typically remain intact throughout the dementia progression,40 

presumably because brain areas involved in music processing are largely preserved in 

dementia.41 As a result, interventions with music are popular across the spectrum of 
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dementia severity. Importantly, the use of music is highly adaptable to individual abilities 

and preferences: PwD can either make music or move to music (active intervention) or 

listen to music (receptive intervention).42 Moreover, it is possible to integrate music in 

formalised, therapist-led, or informal care activities. In the following, I will summarise 

current knowledge on the benefits of formal music therapy before introducing informal 

ways of using music with PwD in the context of music-based interventions. Finally, I will 

give an overview of previous research specifically using music listening with PwD in the 

community. 

1.2.1. Music Therapy  

Music therapy, i.e. the targeted use of music by a professional therapist, is a formalised 

way to leverage music to achieve therapeutic goals. The Therapeutic Music Capacities 

Model by Brancatisano, Baird and Thompson43 describes seven ways in which music is 

suited for use in neurological disorders: (1) Music is engaging, both neurologically and 

psychologically. That is, music stimulates neuronal activity, thus contributing to neuronal 

plasticity. Further, it affects mood and arousal. (2) Music is emotional, as it transports 

emotion and is able to modulate emotion. (3) Music is physical, i.e. it encourages 

(spontaneous) movement. (4) Music permits synchronisation, which, in as far as it 

affects neuronal activity, can support e.g. motor or speech function. (5) Music is 

personal, as it is often linked with personal memories. The choice of music can also be 

an expression of preference. Taken together, this supports the individuality of the 

person listening to or making music. (6) Music is social. That is, music invites 

interaction, even when the capacity to interact is otherwise limited. (7) Music is 

persuasive, meaning it can align itself with and transport beliefs. That includes the belief 

in a positive treatment outcome. The music therapist makes use of these capacities to 

build a therapeutic relationship; the relationship is considered essential to the therapy 

success.44 

As a Cochrane review last updated in 2018 shows, there is a growing evidence base 

suggesting music therapy might successfully reduce BPSDs, most reliably depression.9 

In spite of overall mixed findings, more recent reviews similarly highlight improvements 

in BPSDs and cognition.45-47 As a result of these tentatively positive reports, music 

therapy was included in the latest professional German guidelines for dementia care, 
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the ‘S3 Leitlinie Demenzen’, published in 2023. Yet, the authoring expert groups also 

highlight the low quality and heterogeneous nature of existing evidence and 

consequently restrict their recommendation to the treatment of depression and agitation 

in PwD.48 Similarly, the National Institute for Health and Care Excellence (NICE) in the 

UK refrained from giving a blanket recommendation for music therapy in 201849 but 

indicated that music therapy could be offered to improve well-being in 2019.50 All in all, 

while music therapy is far from standard practice, it is increasingly recognised as a 

means to support PwD. Yet, at times, PwD perceive this therapy approach as 

stigmatising and would prefer an informal leisure activity approach.51 Interventions 

taking such an informal approach to music are collectively referred to as music-based 

interventions. 

1.2.2. Music-Based Interventions  

Examples of music-based interventions (MBIs) include choir practice, dancing, learning 

an instrument, and listening to live or recorded music. Importantly, MBIs do not include 

the building of a therapeutic relationship. Still, they rely on the notion that music has 

‘therapeutic’ capacities and aim to improve symptoms and well-being. For this reason, 

some researchers have also referred to MBIs as ‘music medicine’52 or ‘health 

musicking’.10 

While direct comparisons of MBIs with music therapy are rare, these suggest that 

effects may be commensurate.44,53 Reviews show positive effects of a variety of MBIs 

on BPSDs10,42 and well-being42 of PwD. Some positive effects on cognition have also 

been observed.42,54 However, compared to BPSD outcomes, cognitive outcomes have 

been relatively neglected,9 and further investigation is thus needed. Moreover, reviews 

highlight that the evidence base is far from robust.10,54 One factor in the heterogeneous 

nature of findings is certainly the variability of interventions that fall under the concept of 

MBIs: The musical activities used vary, as do the settings (e.g. institutional care, day 

care, community centre, home) and the persons delivering the intervention (e.g. care 

professional, professional musician, researcher, informal caregiver). To advance our 

understanding, it would be useful to focus on a narrowly circumscribed use case, such 

as caregiver-delivered music listening for community-dwelling PwD.  
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1.2.3. Music Listening for Community-Dwelling People with Dementia 

Music listening has characteristics that make it uniquely well suited for the use with 

community-dwelling PwD. First, music listening interventions make use of a toolkit 

already familiar to the majority of older people: 64% of older adults already listen to 

music daily and a further 28% report listening to music several times a week.55 Motives 

for self-directed music listening in older adults include the regulation of mood and well-

being, as well as reflecting, reminiscence, reducing loneliness, and transcendence.55,56 

Unlike younger listeners, older adults explicitly seek ‘therapeutic benefits’ from their self-

directed listening.56 Thus, purposeful listening is already an established practice for 

older adults. This is crucial for the use with PwD as a population that can struggle to 

pick up new skills or habits. In addition, this familiarity may make it easier for informal 

caregivers to integrate a music listening MBI into everyday life. Second, music listening 

can induce a positive response even in the most severe stages of dementia, when 

communicative skills are otherwise lost.57 Third, music listening has the practical 

advantage that PwD can independently engage in it, either in an entirely self-directed 

fashion or without necessarily requiring continuous support by the informal caregiver.  

Initial studies show the feasibility of music listening interventions implemented in the 

homes of PwD: Some positive effects have been observed, including reduced BPSDs,58-

61 improved cognition,62,63 and increased quality of life.64,65 Yet, an overview of 

community-based music listening MBIs, specifically, is lacking. Existing reviews on such 

MBIs in both community and institutional settings converge on the notion that there is a 

need for more rigorous research.10,66,67 One review of music listening MBIs conducted in 

2017 found that only 36% of studies reviewed had both a control condition/group and 

any kind of randomisation.10 Moreover, the choice of music in listening interventions is 

generally preference-based or ‘age-appropriate’, with only 21% of music listening 

intervention studies making any attempt at targeting specific symptoms with the music 

selection.10 As a result, guidelines published by the US National Institute of Health (NIH) 

in 2023 highlight that, going forward, the choice of music needs to be made based on 

clearly specified intervention targets.6 
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1.3. Research Focus 

To sum up, initial observations suggest that listening to music outside the context of 

formalised therapy is feasible for PwD and can address clinical symptoms of dementia 

as well as improve well-being and quality of life. However, the evidence base is mixed. 

Further, the use of MBIs with community-dwelling PwD has not been systematically 

evaluated. A systematic overview over the existing body of research will be necessary to 

judge the quality of evidence and which gaps research has yet to address. Moreover, it 

has not been evaluated whether a specific type of music may be particularly well suited 

to support cognition in dementia. For this to be explored further, it would first be useful 

to investigate whether any specific type of music can be used to increase cognitive task 

performance in the short-term. Thereafter, the effect of this music in the context of a 

longer-term MBI will have to be evaluated.  

In sum, the present work sought to address the following research questions:  

1. What MBIs have been used with community-dwelling PwD and how 

effective are these? Which research gaps need to be addressed? 

2. Which music stimuli can be used to determine the influence of musical 

characteristics (specifically, tempo and valence) on intervention targets? 

3. Does music varying in such characteristics differentially affect cognitive 

task performance? If so, which characteristics are conducive to cognitive 

task performance? 

4. How feasible and effective is a music listening MBI using stimuli selected 

specifically to target cognition in community-dwelling PwD?  

1.4. Structure of this Dissertation  

In this dissertation, I summarise findings from four central papers. Three of these are 

published in peer-reviewed, international journals68-70 and one is currently under review 

for publication.71 Figure 1 below illustrates how these papers relate to one another and 

how I used the findings presented in each paper towards the overall goal of designing a 

music listening MBI for community-dwelling PwD. To begin with, I conducted a 
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systematic literature review (Paper 1) and used the insights to identify existing MBI 

practices and gaps in the knowledge a to-be-developed intervention could address. 

Then, I pre-validated musical stimuli (Paper 2) and compared the effect of select stimuli 

on cognitive task performance in experiment (Paper 3). I leveraged this knowledge to 

design an MBI intended to support cognition. This MBI was compared to a waitlist 

control condition and an alternative MBI in a randomised controlled trial (Paper 4).  

  

 

Figure 1. Flowchart representing how the papers in this dissertation contributed to designing the MBI 

piloted in Paper 4.  

Abbreviations: MBIs: Music-Based Interventions, PwD: People with Dementia. 

 

 

2. Method 

With the help of my research team, I first conducted a systematic review to get an 

overview over existing studies on MBIs for community-dwelling PwD and their quality 
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(Paper 1). Among the identified gaps in the evidence base was a need for MBI research 

using pre-validated stimuli. To address this, I used quantitative methods to pre-validate 

a set of musical stimuli via survey (Paper 2). This enabled me to maximise objectivity in 

choosing stimuli for the studies that followed. In an experimental study, which I designed 

in consultation with my supervisor, I evaluated whether pre-validated stimuli differentially 

affected cognitive performance (Paper 3). This was assessed quantitatively, using 

standardised cognitive testing procedures. Using insights gained in this experiment, I 

developed a music listening MBI to be used by PwD-caregiver-dyads at home. 

Specifically, I made two distinct music selections: a selection expected to support 

cognition in PwD and an alternative selection for comparison. The resulting two MBIs 

were evaluated in the final study (Paper 4). For the evaluation of the MBIs’ 

effectiveness, I analysed quantitative data on standardised cognitive assessments and 

psychometric questionnaires. To gain further insights into feasibility and subjective 

effects, I further used verbal descriptions provided by PwD and/or informal caregivers. 

Below, I present the key methods of each paper alongside the references for the 

published/submitted articles.  

2.1. Paper 1: Systematic Review on Music-Based Interventions for Community-
Dwelling People with Dementia 

To be considered systematic, a review must address a focused research question and 

be based on clearly circumscribed and transparently reported strategies for the search, 

selection and synthesis of evidence.72 The purpose of systematic reviews in the wider 

field of health research is to generate knowledge that can ultimately advance further 

scientific development as well as recommendations for medical practice and/or policy.73 

In the case of this review, the goals were therefore to (1) identify which MBIs had been 

used with community-dwelling PwD before, (2) evaluate their effect on a number of 

relevant quantitative outcomes to provide evidence-based recommendations, and (3) 

determine which gaps in the knowledge future research could fill. These insights are 

central for the further development of this thesis project. 

I based the design of the systematic review on best practice guidelines presented in the 

Cochrane Handbook for Systematic Reviews of Interventions74 and the Preferred 
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Reporting Items for Systematic Reviews (PRISMA).73 The review protocol was pre-

registered with the Prospective Register of Systematic Reviews (PROSPERO, 

CRD42020191606). Given quantitative outcomes, a meta-analysis would have been the 

most stringent method to summarise the evidence.75 However, the number of studies 

identified did not suffice. This was to be expected, as the reviewed field of study is still 

emerging. Thus, to be able to provide recommendations in the absence of a meta-

analysis, the strength of recommendations was based on the overall quality of evidence. 

The Grading of Recommendation, Assessment, Development and Evaluation (GRADE) 

approach76 constituted the basis for this judgement. Further details on the methods can 

be found in the resulting publication by Hofbauer, Ross, and Rodriguez69 in Appendix 1. 

2.2. Paper 2: Pre-Validation of Musical Stimuli in Terms of Tempo and Valence  

My goal was to pre-validate musical stimuli, given that one central conclusion of the 

systematic review (see section 3.1.) was that musical stimuli used in interventions are 

generally not pre-validated, matching findings of a previous review on music listening for 

PwD.10 This reinforces the importance of establishing a stimulus pool for specified 

intervention targets.6  Accordingly, I conducted – after consultation with my supervisor – 

a within-participant online survey, recruiting a sample of non-musicians (n = 102) via e-

mail invite and social media postings. 

Selecting musical stimuli for research is not trivial. Musical stimuli are rich in 

dimensionality (e.g. tempo, emotional valence, tonality, rhythm, pitch, and timbre) and it 

is not feasible to consider all of these simultaneously. Thus, my primary concern was to 

validate music on dimensions likely to be relevant to its effect on cognition. (1) Tempo:  

existing research on cognitive performance under background music suggests that 

tempo plays a critical role in music’s effects.77 Yet, it is not entirely clear whether fast78-80 

or slow81,82 music is advantageous. (2) Emotional Valence: some research has 

suggested that positive valence is beneficial to cognition.78-80,83 However, in these 

studies valence was conflated with tempo. Moreover, benefits of negative valence have 

also been observed.81,83 Hence, a definite conclusion is precluded.  

To ensure that effects of tempo and valence could be disentangled, I thus needed to 

validate both fast and slow musical stimuli of both positive and negative valence. I 
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selected 40 stimuli that were entirely instrumental (i.e. did not include any human voices 

or environmental sounds), as lyrics may distract the listener.77 To further ensure 

comparability, all were performed by more than two instruments. Tempi of the stimuli 

were determined in advance, using automated detection of beats per minute (bpm) in 

Python.  

In the online survey, participants rated the valence expressed in the stimuli (‘perceived 

valence’) on a bipolar sliding scale that ranged from ‘very negative’ to ‘very positive’. 

Using continuous valence scales rather than emotional categories (e.g. “happy”), has 

been recommended as it is less likely to result in inconsistent descriptions.84,85 I 

analysed data using mixed-effect models of ratings to estimate perceived valence. This 

approach allowed me to estimate the consensus of ratings without having to sacrifice 

information by averaging or categorising ratings beforehand. Emotional valence was 

determined using model coefficients and surrounding confidence intervals (e.g. if 

estimate and confidence interval were positive, the stimulus was labelled as ’positive’). I 

further evaluated the subjective arousal felt in response to these stimuli and the role of 

individual differences in the perception of the music. For more details, see the published 

validation study by Hofbauer and Rodriguez68 in Appendix 2.  

2.3. Paper 3: Differential Effects of Music Varying in Emotional Valence and 
Tempo on Cognitive Performance 

In consultation with my supervisor, I developed an experiment to determine how the 

different types of music that were pre-validated (see section 3.2.) affect cognition. 

Specifically, I wanted to determine the effects of tempo (slow vs. fast) and valence 

(positive vs. negative) on concurrent task performance. For this project, my supervisor 

and I collaborated with researchers at the University of Kaiserslautern, who made 

available their laboratory rooms and allowed me to recruit students via a University 

mailing list. I conducted in-person experimental sessions with N = 44 healthy adults. 

After exclusion, I analysed data of n = 40. 

For this experiment, I selected four musical pieces for comparison of their effect on 

cognition: (1) fast, positively valenced, (2) slow, positively valenced, (3) fast, negatively 

valenced, and (4) slow, negatively valenced. Selected from the set pre-validated in 
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Paper 2, these were all instrumental, with two or more instruments. To further increase 

comparability, I restricted the selection to stimuli that were taken from movie 

soundtracks. For each of the four tempo-by-valence combinations, I chose the stimulus 

that participants in the pre-validation study had perceived as being least emotionally 

ambiguous.68 Cognitive tasks were chosen to assess a variety of cognitive domains: 

episodic memory (immediate and delayed recall), verbal fluency (phonemic fluency), 

and processing speed (trail making). Each participant performed each task four times, 

once under each musical background condition. I compared performance using two-way 

(tempo x valence) analyses of variance and mixed-effect models accounting for 

individual characteristics of interest. For more details on the methods, please see 

Hofbauer, Lachmann, and Rodriguez70 in Appendix 3. 

2.4. Paper 4: Feasibility and Effectiveness of a Caregiver-Delivered Music-
Listening Intervention for Community-Dwelling People with Dementia  

Based on the results of the preparatory studies, it was now possible to make an 

evidence-based music selection for an MBI specifically to support cognition. With the 

support of my supervisor, and based on the promising findings of the literature review, I 

designed a music-listening MBI that PwD-caregiver-dyads could use within their own 

homes. Based on the results of the experimental study (Paper 3), the music selection 

intended to support cognition consisted of fast, positively valenced music (henceforth 

‘fast-positive MBI’). I also compiled a selection of slow, positively valenced music as an 

active control condition (‘slow-positive MBI’). All music was selected from the stimulus 

set pre-validated in Paper 2.  

In a within-subjects, randomised trial (RCT) with both a waitlist control and an active 

control, I evaluated the feasibility of the caregiver-delivered MBI design with community-

dwelling PwD. Each PwD received both the fast-positive and the slow-positive MBI. 

During the waitlist control condition participants received care as usual. To maximise 

power, I chose a crossover design.86 The study design was pre-registered with the 

German Clinical Trials Register (DRKS, 00030688). N = 17 dyads were randomised into 

the following trial sequences: (1) fast-positive MBI, slow-positive MBI, (2) slow-positive 

MBI, fast-positive MBI, (3) waitlist control period , fast-positive MBI , slow-positive MBI, 
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(4) and waitlist control period, slow-positive MBI, fast-positive MBI. One dyad was lost to 

follow-up after first contact, so that data of n= 16 dyads was analysed. Dyads were 

recruited from the community through public advertisement in doctor’s offices, via 

relevant stakeholder organisations, support groups for informal carers, and online. The 

music was distributed to participating dyads (informal caregiver and PwD), either on 

tablet or on CD, according to their preference.  

As this was a pilot RCT, a number of pragmatic design decisions were made. First, the 

waitlist control condition was not included in the crossing of conditions but fixed at the 

beginning of study participation, before any MBI. This restriction was made to support 

participating dyads in building a music listening routine without interruption. Second, this 

waitlist control condition was implemented with only half of participants to reduce overall 

trial duration. Third, in the interest of keeping the participants’ time commitment as low 

as possible, no washout period (i.e. period without any intervention between 

interventions) was included. Generally, washout periods are used to prevent any effect 

of the first intervention ‘carrying over’ to the second intervention. However, the effect of 

interventions using music has consistently been shown to be immediate rather than 

long-term.9,69 As a result, carry-over effects were not a concern.  

Each period (waitlist control, fast-positive MBI, slow-positive MBI) lasted 6 weeks. The 

primary outcome of interest was the PwD performance on cognitive tests: immediate 

and delayed recall, phonemic fluency, and trail making. Dementia severity determined 

whether or not PwD were able to complete these cognitive tests as well as self-report 

measures on well-being and quality of life. All caregivers completed an assessment of 

BPSD severity and related distress. In addition, depending on the communicative 

abilities of the PwD, PwD and/or informal caregivers were asked to describe their 

experience with the MBIs. Adherence was judged based on tablet music player meta-

data, if available. Outcome measures were assessed at baseline and after each of the 

waitlist/intervention periods. In crossover trials, using baseline measures as covariates 

allows researchers to adjust for any non-equivalence between groups.87 I used mixed-

effect modelling to analyse the data in order to model effects of the control condition 

even though only a subset of participants completed it. For full details of the analysis, 
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see the manuscript in Appendix 4. The manuscript is currently submitted for 

publication.71  

Originally, I also intended to record physiological data using commercial activity 

trackers. These trackers have the advantage of being relatively inconspicuous, allowing 

for continuous and unobtrusive wear. Thus, the present the opportunity for collection of 

rich, ecologically valid data.88 To evaluate the usability of such trackers, I conducted a 

pilot study after consulting with my supervisor.89 In this study, I asked cognitively healthy 

older adults to wear one of three commercial activity trackers over a period of two 

weeks. There was no requirement to interact with the trackers other than wearing them 

and charging them whenever necessary. Thereafter, participants were asked to report 

on the trackers’ usability and I additionally evaluated usability from the researcher 

perspective. This flagged critical issues.  

One concern was whether participants would wear a tracker over extended periods. To 

implement activity tracking in the present RCT, I would have required participants to 

wear a tracker over 12-18 weeks. However, in the usability pilot study, around half of the 

sample (48%) reported discomfort with wear over only two weeks.89 Moreover, 78% 

reported not wanting to use the monitor frequently.89 This is echoed by results from an 

RCT published in 2023 which found that only one out of nine of community-dwelling 

participants with mild-to-moderate dementia consistently wore a commercial activity 

monitor over nine weeks.90 Further, data access was problematic. The pilot study 

showed that only one manufacturer gave access to a comprehensive data download, 

and data granularity would not have allowed for assessments of interest, such as heart-

rate-variability assessments.89 Given the sum of these concerns, my supervisor and I 

chose not to pursue the use of commercial activity monitors.  
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3. Results  

Papers 1-3 provided the evidence base needed for the development in of a MBI 

evaluated in Paper 4. In the following, I detail the central results of each paper 

pertaining to the design and evaluation of the music listening MBI.  

3.1. Paper 1: Systematic Review on Music-Based Interventions for Community-
Dwelling People with Dementia 

The first aim of this systematic review69 was to record which MBIs had been used with 

community-dwelling PwD and which effect on quantitative outcomes these had. Fifteen 

relevant publications reporting on 14 studies were initially identified in the screening 

process. After exclusion of low quality studies, 11 records of 10 studies were included in 

the synthesis. These included a total of n = 327 PwD. Half were single session 

experiments and half were conceptualised as multiple-session interventions. MBIs 

consisted either of singing or music listening interventions or of combinations of these. 

MBIs were variable in duration, which ranged from a single session to nine months. 

Researchers, professional musicians, or informal caregivers delivered MBIs. Figure 2 

gives descriptive information on the studies included. While the inconsistency in study 

designs limited the comparability of studies, it also highlighted the flexibility of using 

MBIs for community-dwelling PwD.  
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Figure 2. Characteristics of studies included in the review. (A) shows the type of investigation, (B) 
the study duration, (C) which type of musical activity the MBI was based on, and (D) who delivered 

the study MBI to the PwD (Data Source: Paper 1,69 (pp.4-8))  

Abbreviations: Exp: Experiment, MBI: Music-Based Intervention, RCT: Randomised Controlled Trial; 

Quasi-Exp.: Quasi-Experiment. 

 

 

Single-session MBIs, which consisted of experiments investigating immediate effects of 

music listening, found positive effects on cognition, especially on autobiographic 

memory. Short-term MBIs (i.e. interventions lasting 1–4 months) benefited cognition, 

anxiety, and pain. Evidence on depressive symptoms was conflicting. Effects of singing 

interventions were comparable to those of music listening interventions. No positive 

effects of longer term MBIs (i.e. interventions lasting 6+ months) were observed (see 

Figure 3). Notably, these longer term MBIs producing null-findings all included sessions 
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delivered by informal caregivers at home. One plausible explanation thus may be that 

interventions (partially) carried-out by informal caregivers may not have been delivered 

as intended.69  

 

Figure 3. Graphical synthesis of key findings of reviewed MBIs.  Upward/downward pointing arrows 

indicate an increase/decrease. The brackets indicate a lack of certainty due to conflicting results. 

This figure is adapted from Figure 2 in Paper 1.69 (p.9)  

Abbreviations: BPSDs: Behavioural and Psychological Symptoms of Dementia 

 

 

The second aim was to reflect on findings in as far as they relate to a to-be-designed 

MBI. The first takeaway in this regard was that music listening, as a low-threshold 

intervention, is worth exploring further as it does not appear inferior to singing. 

Secondly, shorter interventions can achieve significant results. Third, interventions 

delivered by informal caregivers at home may differ qualitatively from other 

interventions. If this was the case, this could be due to informal caregivers not finding 

time in their busy schedules and/or requiring additional support. This suggests that a to-
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be-designed MBI needs to explicitly take adherence and informal caregiver support into 

account.69 Finally, the review also demonstrated that the majority of studies did not 

clearly describe the music used or how it related to outcome targets. This underlines the 

need for clearly justified music selection. For full results, please see the published 

paper69 in Appendix 1. 

3.2. Paper 2: Pre-Validation of Musical Stimuli in Terms of Tempo and Emotional 
Valence 

The primary aim of this study68 was to evaluate musical stimuli of slow and fast tempo in 

terms of emotional valence. Using the emotional valence perceptions of n = 102 

participants, I identified (1) eleven fast, positively valenced stimuli, (2) eight slow, 

negatively valenced stimuli, (3) eight slow, positively valenced stimuli, and (4) eight fast, 

negatively valenced stimuli. Going forward, only stimuli from the pre-validated set were 

used. After determining overall valence estimates, I also inspected the skews of rating 

distributions. These gave useful indication of how ambiguous valence of any given 

stimulus was to participants; a greater absolute skew indicated lower ambiguity. Results 

show that valence ratings tended to be less ambiguous given a higher tempo (see 

Figure 4). For full results, please see the published paper68 in Appendix 2. 
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Figure 4. Skew of valence ratings.  Absolute skew in valence ratings are shown as a function of 

tempo in (A). Green and red points indicate stimuli that could be categorised as having positive or 
negative valence, respectively. Stimuli that could not be categorised are represented by grey dots. 

The grey line indicates the linear association, with the grey shading representing the standard error. 
(B) is an example distribution of a stimulus with relatively low absolute skew in ratings, i.e. a 

relatively symmetrical distribution. This is indicative of high valence ambiguity. Conversely, (C) 
shows an example of a stimulus with relatively high absolute skew in ratings, i.e. the asymmetry 

suggests low ambiguity. In (B) and (C), the coloured line indicates the overall valence estimate. The 

dotted line indicates neutral valence. (Data Source: Paper 268 (pp.6-7)).  

 

 

 3.3. Paper 3: Differential Effects of Music Varying in Emotional Valence and 
Tempo on Cognitive Performance 

The main aim of this study70 was to determine whether effects of background music of 

varying valence and tempo on cognitive task performance diverge. Data of n = 40 

participants who each underwent all four music conditions (within-subjects design) was 



 

22 

 

analysed. Results indicated that fast tempo and positive valence were associated with 

better immediate recall and phonemic fluency performance than slow tempo and 

negative valence, respectively. While not significant, the same trend was seen for 

delayed recall. Individual differences, specifically the traits Noise Sensitivity and 

Annoyance/Distraction by Background Noise, moderated the associations of tempo and 

valence with performance. Yet, overall, results suggested that fast, positively valenced 

music was best suited to support cognitive task performance.70 This is also 

demonstrated by the fact that, in three out of four cognitive performance tasks, the 

background condition with the best performance was the fast-positive condition (for the 

majority of participants; see Figure 5).  

 

 

Figure 5. Percentage of Participants performing best in each musical background condition by task. 
It was determined for each participant and task under which background musical condition they 

performed best. The graph shows the breakdown in percent for each task (Data Source: Paper 370 

(unpublished results)). 

Abbreviations: WL: Word List, ZVT: Zahlenverbindungstest 
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For the design of a MBI intended to benefit cognition, positively valenced music of fast 

tempo appears to be the overall best choice. For full results please see the published 

paper70 in Appendix 3.  

3.4. Paper 4: Feasibility and Effectiveness of a Caregiver-Delivered Music-
Listening Intervention for Community-Dwelling People with Dementia  

The evaluation of a within-subjects, crossover pilot RCT (n = 16) with people with 

dementia had two goals. The first goal was to evaluate the feasibility of the caregiver-

delivered MBI design. Three types of data were used to obtain this information: (1) drop-

out, (2) descriptive data, and (3) adherence as indicated by music player meta-data. 

Two dyads (12%) dropped out, with one lost to follow-up after the first assessment and 

one leaving the trial after completing the first MBI (i.e. after the second assessment). 

Descriptive data provided by dyads indicated that the evaluation of the MBIs was largely 

positive. 60 % and 69 % reported that PwD were positively affected by the fast-positive 

and slow-positive MBI, respectively, in the moment of listening. Negative emotional 

impact, while incidentally reported (fast-positive MBI: 33 %, slow-positive MBI: 19 %), 

was described as transient. Meta-data of the music player showed that 54 % and 53 % 

of dyads were adherent for the fast-positive and slow-positive MBI, respectively.  

The second goal was to compare the effects of the fast-positive and slow-positive MBI 

on the quantitative outcomes: cognition (immediate and delayed recall, phonemic 

fluency, and trail making), BPSDs (severity and related caregiver distress), well-being, 

and quality of life. It was expected, that the fast-positive MBI would have a superior 

effect on cognition. However, statistical analysis revealed only partial support for this: 

the fast-positive MBI was significantly associated with improved delayed recall 

performance, relative to the slow-positive MBI (adjusted mean difference: 1.04 words, 

Hedges’s gav = 0.70, Figure 6). That is, a moderate-to-large difference was observed. 

Although delayed recall was also improved compared to the waitlist control condition 

(adjusted mean difference: 1.68 words), this comparison did not reach significance (p = 

0.069). No comparisons were significant for the remaining cognitive domains tested 

(immediate recall, phonemic fluency, trail making).  
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Figure 6. Delayed Recall Performance by Intervention. Coloured circles/triangles/diamonds 

represent the raw performance scores, jittered for visibility. The shapes indicate whether the dyad 
was categorized as adherent or not. In one case, this could not be determined. Black squares with 

error bars represent the estimated marginal means (adjusted for period, adherence, and baseline 
performance) with 95% confidence interval. This figure is adapted from Figure 2 in Paper 4 

(Appendix 471).  

Abbreviations: Control: Waitlist Control; Fast-Pos: MBI with fast, positively valenced music; Slow-

Pos: MBI with slow, positively valenced music 

  

 

Moreover, it was anticipated that both MBIs would improve well-being and quality of life 

relative to control. However, comparing the MBIs, there was no statistically significant 

effect of either. In addition, neither had an effect on BPSDs. Only combining the data 

from both MBIs revealed a significant increase in quality of life after the first 6 weeks of 

music listening. Thereafter, there was a return to baseline (see Figure 7). Dyads’ 

descriptions further highlighted that the piloted MBIs produced differential effects in the 

moment of listening. For the fast-positive MBI, heightened mood and expressive 

physical movement was commonly reported, such as clapping, swaying, and moving 

along to the music like the conductor of an orchestra would. For the slow-positive MBI, 

dyads reported relaxation, which was, for instance, characterised by notably reduced 
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muscle tension or sleep. For full results, please see the submitted manuscript in 

Appendix 4.71 

 

 

Figure 7. Self-Reported Quality of Life by Time Point.  Coloured circles/triangles/diamonds represent 
the raw performance scores, jittered for visibility. The shapes indicate the intervention. Black squares 

with error bars represent the marginal means (adjusted for baseline performance) with 95% 

confidence interval. This figure is adapted from Supplementary Figure S2 in Paper 4 (Appendix 471).  

Abbreviations: Control: Waitlist Control; Fast-Pos: MBI with fast, positively valenced music; Slow-

Pos: MBI with slow, positively valenced music; w.: weeks; QoL: Quality of Life 

 

 

4. Discussion 

This dissertation project was dedicated to developing and evaluating a caregiver-

delivered music listening MBI to support cognitive function in community-dwelling PwD. 

In a systematic literature review, I first evaluated prior research. Findings indicated the 

feasibility of music interventions without a therapist. At the same time, they highlighted 

the need for caregiver support in implementation and emphasized the importance of 

considering adherence (Paper 1). In an experiment on background music and cognition 
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(Paper 3), I found that listening to fast music with positive valence (validated in Paper 2) 

was positively associated with cognitive function. Based on this short-term result, I was 

interested to see whether these findings would translate to a longer-term effect of 

repeated listening in the context of a MBI for PwD. Thus, I developed a pilot trial to 

evaluate a MBI with fast, positively valenced music. In it, I compared this MBI to another 

MBI, consisting of slow, positively valenced music. The fast-positive MBI was associated 

with significantly better delayed recall than the slow-positive MBI. There also was a non-

significant improvement in delayed recall compared to the waitlist control. 6 weeks of 

MBI, irrespective of type of music used, were associated with a temporary increase in 

quality of life relative to the waitlist control condition. No significant effects on BPSDs or 

well-being were observed. According to dyad’s subjective reports, both types of music 

evoked largely positive reactions in PwD (Paper 4). In the following, I will primarily 

discuss the results of the pilot trial they pertain to the development of future MBI 

research.  

4.1. Feasibility of Caregiver-Delivered Music-Based Interventions for Community-
Dwelling People with Dementia 

The feasibility of MBI for at-home use is critically dependent on recommended 

intervention intensity, as one can expect a trade-off of participant retention and 

adherence vs. intervention intensity. In the present investigation, I opted for a low 

intensity, with the study recommendation (thrice a week, 10 minutes) only amounting to 

half an hour of music listening per week in total. This appeared to be an overall feasible 

approach given the largely positive experiences reported by participating dyads, the 

minimal drop-out (n = 2, 12%), and adequate adherence (54 % and 53 %, for the fast-

positive and slow-positive MBI, respectively). For comparison, in the larger HOMESIDE 

RCT, in which caregivers were extensively trained by a music therapist to deliver a 

multi-component music interventions at least twice a week, researchers reported a drop-

out of about 21 % and adherence between 48 and 61 % (depending on the adherence 

indicator).91 Taken together, these results suggest that administering an MBI a few times 

a week can be managed by informal caregivers.  
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As the effect of MBIs on PwD outcomes appears to be dose-dependent,91 an increase in 

session duration may be a viable approach to increasing dosage for PwD. In the present 

study, half of the dyads requested longer playlists. Even at the current playlist length of 

only approximately 22 minutes, 33 % (fast-positive MBI) and 27 % (slow-positive MBI) 

listened for an average of ≥1 hour a week; 20 % and 13 % (fast-positive and slow-

positive MBI, respectively) listened for ≥2 hours/week on average. One previous pilot 

investigation of a digital MBI found that older adults, including informal caregivers of 

PwD, use such an MBI for, on average, 1.7 hours per week.92 Thus, given a more varied 

music selection, a recommended listening duration around 2 hours weekly might strike a 

good balance between retention/adherence and intensity. This would have to be 

investigated.  

Next to adjusting intervention intensity, support in intervention delivery may be useful to 

reduce drop-out and increase adherence. In the pilot study of this project, support calls 

were offered. These support calls were an opportunity for caregivers to talk to the 

researcher (typically myself) about technical issues or highlight reasons for not having 

used the MBI since last contact. However, there was no protocol to give advice to the 

caregivers. While these non-specific calls were apparently not sufficient to achieve high 

adherence rates, it might be the case that more specific support would have positively 

impacted adherence. Yet, results of the previous HOMESIDE trial suggest otherwise: in 

spite of telephone support by music therapists who actively skill-shared,93,94 adherence 

was comparable to that in in the present study.91 Results of the HOMESIDE trial also 

suggest that more extensive caregiver training may not be adequate to raise adherence, 

either, as caregivers had been trained in three 2-hour sessions by music therapists.93,94 

Low adherence rates in spite of support attempts suggest that other factors are at play. 

Indeed, in the present study, about a third of dyads indicated struggling to integrate the 

MBI into their busy schedule, some reported PwD illness, and some cited PwD 

disinterest as factors in infrequent use.71 Rather than expect to be able to remove these 

hurdles, it may be prudent for researchers to ensure that adherence is measured and 

accounted for in analysis. Previous RCTs by Särkämö and colleagues64 and Baker and 

colleagues91 have utilised self-report. Yet, the reliability of such self-reports may be 

drawn into question. Previous research has shown that participants over-report digital 
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intervention use, even when social desirability bias should be offset by the awareness 

that researchers have access to objective adherence data.95 In the present 

investigation, I thus used music player meta-data for objective evaluation of adherence. 

Even so, this assessment does not allow for any qualitative assessment of MBI 

engagement. It may be advisable to include additional observations made by trained 

observers and/or researchers’ impressions.96 Indeed, while adherence rates did not 

differ between the fast-positive and the slow-positive MBI, the quality of engagement 

would likely differ, given differential effects of these varying types of music.  

4.2. Differential Effects of Music Varying in Emotional Valence and Tempo on 
People with Dementia  

4.2.1. Differential Effects on Cognitive Performance  

Based on mixed findings, previous meta-analyses on cognitive performance under 

background musical conditions have concluded that music’s effects vary from task to 

task.77,97 Results of the experimental study in this project support this: A significant 

difference between performances in the varying musical background conditions was 

only observable for immediate recall and phonemic fluency. On these tasks, positive 

valence and fast tempo resulted in improved performance relative to negative valence 

and slow tempo, respectively. This echoes previous findings of a positive effect of fast-

positive background music on cognition.79,98,99 Extrapolating from these immediate 

effects of music on cognition, I anticipated comparable long-term effects. Yet, this 

advantage of the fast-positive MBI was only observed in the delayed recall task. Why 

delayed recall should selectively be affected by the fast-positive MBI is unclear. Given 

the short intervention period and the small sample size in this pilot trial, these results 

should be considered preliminary. That the difference in delayed-recall between the fast-

positive MBI and the control condition did not reach significance is likely attributable to 

only a small subset of dyads completing cognitive testing as well as a waitlist control.  It 

appears plausible, that a consistent advantage could have been observed in a large 

trial, particularly given a higher intervention dose (i.e. increased MBI session length 

and/or length of the intervention period). 
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If a positive effect of fast-positive music on cognitive performance was replicated, it 

would be an important next step to evaluate the mechanism behind this. In previous 

studies using background music or music immediately before task performance, an 

advantage associated with fast-positive music has commonly been explained by 

heightened arousal.79,98,99 One possible explanation is therefore that repeated music 

listening in the context of a MBI persistently increases arousal, resulting in an enduring 

advantage. Continuous physiological measurements could be one important tool in 

evaluating whether arousal is affected, yet, as the smartwatch usability study I 

conducted showed,89 collecting in-depth physiological data remains challenging. In 

addition, the repeated musical exposure may affect the function of neural networks. In 

meta-analysis, it has been demonstrated that music listening activates networks related 

to attention and working memory.100 Moreover, a recent study showed that repeated 

listening in the context of an MBI modulated functional connectivity between the auditory 

cortex and the medial prefrontal cortex, an area involved in, e.g. reward and self-

referential processing.101 Using computationally advanced neuroimaging techniques 

may, in the future, allow for a clearer mechanistic understanding of MBIs’ effects and 

could, e.g. allow for quantification of minimal dosage for change.102   

4.2.2. Differential Effects on Behavioural and Psychological Symptoms  

Results showed no significant effects of either MBI on BPSDs. This seems at odds with 

reviews finding MBIs to be capable of alleviating BPSDs.9,69 Yet, these positive effects 

on BPSDs were largely observed in PwD with mild-to-moderate dementiae.g.64,103,104, 

while 44 % of the sample in the current pilot were PwD with severe dementia. Therefore, 

it may have been the case that symptoms had progressed too far to be affected by the 

short-term intervention piloted in this project. Indeed, it has been observed that those 

with more severe dementia show less overt pleasure in response to music than those 

with less severe impairment,105 which may indicate that positive effects of MBI may 

diminish with severity. Again, a higher intervention dose may help alleviate this. 

Moreover, previous successful interventions were not caregiver-delivered. That 

caregiver-delivery may fail to induce significant change in BPSDs is further supported by 

null findings of the recent large HOMESIDE RCT.91 However, authors argue that the 
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search for longer lasting impact should not detract from the observable in-the-moment 

effects,91 which dyads also reported in the present study.  

4.2.1. Differential In-The-Moment Effects 

Dyads reported a relaxing effect of slow-positive music in the moment of listening, 

whereas fast-positive music appeared to invigorate PwD.71 While intervention 

researchers have often stated that the focus should be on long-term effects,9,106 more 

recently, authors have argued that such transient effects have been unduly dismissed, 

especially given their value to PwD themselves.107-109 As a review by Dowlen and 

colleagues asserts, to truly move away from the biomedical focus on symptoms would 

be for researchers to equally accept the value of transient experiences of heightened 

well-being.107 In line with this, Keady and colleagues urged researchers to ‘take a leap’ 

and find creative ways of capturing momentary effects, which will require a move away 

from standardized quantitative measures.108 This is particularly pertinent to well-being 

and quality of life outcomes. 

4.3. The Effect of Music Listening on People with Dementia Well-Being and 
Quality of Life  

Well-being, which describes an affective evaluation of one’s life, has been 

conceptualised as a fluctuating state, determined by the balance between personal 

resources and challenges on a moment-to-moment basis.110 With respect to this 

definition, an intervention can be evaluated positively when it ‘tips the scale’ towards the 

personal resources and away from challenges. In spite of null-findings on the 

standardised well-being scale used, there is evidence that the piloted MBIs did just that: 

Dyads’ descriptions highlight positive affect while listening, specifically joy and 

relaxation. Moreover, their descriptions of MBI sessions reveal a strong physical 

component of in-the-moment responses, i.e. PwD’s responses manifested in a pre-

conscious, corporal way.71 For such manifestations, the term ‘embodied selfhood’ has 

been coined.111 Embodied identity perception and expression is particularly important in 

a population for which conscious expression may be difficult.111 While benefits in this 

domain have been observed previously in the context of a music therapy intervention 

which allowed PwD to improvise music themselves,112 it is of note that in the present 
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investigation such observations were made even as the PwD were merely listening. 

MBIs allowing for embodies selfhood suggests an immediate benefit to well-being, 

according to the person-centred model of dementia care.111 Such immediate benefits 

should become part of the evaluation of interventions by e.g. public health services 

deciding on their funding.113 

Quality of life, which describes the cognitive evaluation of one’s life, will inevitably be 

influenced by the well-being experienced, which explains why quality of life has similarly 

been observed to fluctuate.114 Combing the data for the fast-positive and slow-positive 

MBI revealed a slight increase in quality of life after 6 weeks of music listening.71 The 

moderate effect size (Hedges’s gav = 0.51) was comparable to that of music therapist-

led interventions reported in a Cochrane meta-analysis.9 At 12 weeks, there was a 

return to baseline. However, present results, as well as results of studies included in the 

meta-analysis, relied on standardised quantitative outcome measures. These measures 

cover dimensions unlikely to be affected by an MBI, such as the PwD’s evaluation of 

their financial situation or the space they live in. Moreover, they cannot account for any 

short-lived fluctuations as they ask for the perceived quality of life over a number of 

weeks. More nuanced assessment is needed to capture subtle changes over time. 

These could be, as past publications on listeners’ uses of music suggest, reduced 

boredom, allowing for social connection, reminiscence, and stress relief.56 Future 

assessments also need to explicitly record adverse experiences. 

4.4. Adverse Effects of Music Listening on People with Dementia 

In spite of overall positive results, it is important to highlight that in post-intervention 

interviews a few dyads also verbally reported adverse effects, namely agitation related 

to the fast-positive music and sadness related to the slow-positive music. Patterns of 

adverse effects thus supported a differential impact of the fast-positive and slow-positive 

MBI. Agitation and sadness have been previously noted as potential side effects of 

music listening.105,115 Yet, their relationship to different types of music has not been 

explicitly explored. Indeed, adverse effects have overall received little attention in MBI 

research.69,116 Knowing which adverse effects can occur when using music with PwD is 

of heightened important when interventionists are not therapists and may not have the 
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tools to resolve such negative experiences. It should also be noted that negative 

responses may be highly dependent on the momentary state of a PwD, making them 

difficult to predict. 

While agitation may be resolved by discontinuing agitating music,117 resolving feelings of 

sadness may be particularly challenging, especially in persons with depressive 

symptoms. While, generally, sadness felt in response to music can be an important 

opportunity for emotional processing, those with depressive symptoms frequently 

struggle to recover from this negative emotion.118 Consequently, it has been suggested 

to avoid ‘sad’ (slow-negative) music when a PwD is experiencing depressive 

symptoms.117 However, the fact that dyads reported negative affective responses even 

when using slow music validated as having positive valence, suggests that it might be 

advisable to avoid slow music altogether. The valence of slow music, as shown during 

stimulus pre-validation for this project, is more ambiguous to listeners than faster 

music.68 Those with depressive symptomatology are more likely to interpret ambiguous 

stimuli as negative and, consequently, experience less pleasure in response.119 Taken 

together, these findings should inform the music selection in future MBIs and music 

therapy studies and alert interventionists to the potential risks inherent to using slow, 

supposedly positive music with PwD. 

4.5. Implications for Future Research  

This thesis succeeded in developing and piloting an at-home caregiver-directed MBI for 

cognition in PwD. In the course of this, it also generated knowledge on how future 

research may evolve such an intervention. On the one hand, a more seamless 

integration into the daily lives of PwD would undoubtedly increase intervention use. In 

fact, the threshold for using the MBI should be as low as possible, so that community-

dwelling PwD could benefit from the MBI at any moment. On the other hand, the MBI 

itself should be refined to achieve the best possible improvement in symptoms, well-

being, and quality of life. In addition, to ensure that MBI research assessments reflect 

outcomes valued by PwD-caregiver-dyads, a shift in research methodology will be 

necessary. In the following, I expand on how these gaps may be addressed in future 

research.  



 

33 

 

4.5.1 Evolving MBI Integration into Daily Life   

During the MBI trialled in this dissertation project, caregivers sometimes struggled to 

find the time to implement the MBI, which certainly affected adherence negatively. 

Dyads participating suggested that it might be useful if PwD could control the MBI by 

themselves. In the study sample, only four PwD were able to do so, all of which were 

classified as having mild dementia. All others required, at the very least, assistance in 

starting the MBI.71 Enabling independent intervention use for PwD could open up the 

possibility for PwD to self-regulate, which is an important emotional function of 

music.55,56 In fact, two of the PwD using the MBIs by themselves reported that this was 

similar to a ‘meditative’ practice for them. It helped them accept their condition and/or 

accept things ‘as they may come’ more generally (unpublished results).71 Thus, for 

some individuals, the MBIs were used for coping, which is an aspect of self-

management. PwD consider self-management, i.e. “being autonomous, self-reliant and 

able to adapt and cope with daily difficulties by using problem solving and compensation 

strategies and by adapting the environment”(p.8),120 an important aspect of person-

centred care.121 It is particularly important to the approximately half of community-

dwelling PwD who live alone.122 PwD report that technology can be a tool in self-

management.123 Yet, as a recent review shows, high quality research into digital self-

management for PwD is currently lacking.124    

Which technology is appropriate for independent use will depend on the PwD’s 

individual capacities. For those with mild dementia, touchscreen tablets and 

smartphones can be familiar, stigma-free aids.125 Indeed, a participant in the current 

pilot trial remarked that using one’s own device (as opposed to the tablet provided) 

would have been the preferred way to engage with the MBI (unpublished result).71 Yet, 

for those with more advanced dementia, technology would have to be simplified 

significantly. In this project’s pilot trial, a caregiver highlighted that the technology to turn 

music on/off would have to be “akin to a light switch” (unpublished result).71 A 

technology matching this description was recently trialled for a dance intervention 

(‘switch2move’) for PwD.126 Researchers supplied PwD-caregiver-dyads with handheld 

devices with a switch on them, which, when pressed, triggered a dance instruction video 

on the TV. Initial results showed that PwD, who were living with mild-to-moderate 
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dementia, successfully initiated the intervention independently.126 This suggests that this 

might be a concept worth exploring in other intervention contexts.   

4.5.2 Evolving MBI Content 

In the pilot trial, some dyads remarked that they would prefer using personalised music 

in the future.71 Indeed, personalisation of interventions is increasingly recognized as an 

important development in person-centred care127,128 and might increase intervention 

adherence.129 While, in line with intervention guidelines,6 music selection should not be 

exclusively guided by preference but needs to be made on the basis of intervention 

targets, considering both factors in conjunction can be expected to achieve superior 

outcomes.105,130 However, personalisation of music selections is non-trivial and requires 

time and effort on the caregiver’s part, especially when the PwD has advanced 

dementia and the caregiver has to read non-verbal responses to inform their music 

choices. Intervention guides for caregivers describe the trial-and-error process that 

caregivers will have to undergo to ensure that choices indeed match the PwD’s current 

taste and needs.10,130 Yet, qualitative reports suggest that caregivers are rather 

overwhelmed with this process,59,131 so that personalisation can constitute a barrier to 

using music with PwD.131 Reducing the demand placed on caregivers would require a 

very large set of musical stimuli to be pre-validated in terms of intervention targets from 

which caregivers could choose based on preference. Whether such a selection could 

indeed show superior effects and adherence remains to be seen.  

4.5.3. Evolving Outcome Assessments  

To be able to evolve MBIs in accordance with the needs of PwD and informal 

caregivers, assessments need to reflect these needs. Given the value placed by PwD 

and caregivers on well-being in the moment,132,133 it will be essential for future research 

methodology to adequately capture in how far an MBI is able to address this. The 

experience sampling method (ESM) may be used to implement such assessments. In 

ESM, study participant repeatedly receive prompts (e.g. via text message) to report in-

the-moment. This has the advantage of minimising the reliance on recall and is suitable 

for use with informal caregivers of PwD.134 In fact, ecological momentary assessments 

are currently being trialled for an individualised home-based MBI.135 Another way to 
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obtain more reliable documentation may be to train caregivers in observing PwD. Some 

previous music listening studies in nursing homes have used trained observers to 

evaluate PwD responses in the moment.136,137 However, both ESM and trained 

observation would place a high burden on PwD-caregiver-dyads. As this is likely to 

reduce adherence, it might be preferable to use camera recordings of sessions which 

can be scored by researchers. The HOMESIDE trial has recently published interim 

results suggesting that their use of video-calls with PwD-caregiver-dyads at home was 

feasible.138  

4.6. Implications for Community-Dwelling People with Dementia and their 
Caregivers 

While future investigations are certainly necessary to deepen our understanding, it is 

clear that MBIs can have a range of positive, if mostly transient, effects on community-

dwelling PwD. Music listening addresses a need for meaningful activity139 and appears 

to achieve moments of well-being, which are valued by PwD and caregivers.132,133 Fast, 

positively valenced music further shows the potential to support memory function. Given 

only limited, transient adverse effects, I believe that music listening can be 

recommended to interested PwD or PwD-caregiver-dyads. While the evidence base 

remains too incomplete to give specific instructions regarding which type of music to 

choose, interested parties should be informed that use of slow music may be ill-advised 

if the PwD in question is affected by depressive symptoms. Further, the association 

between fast (positive) music and agitation should be pointed out to them. As following 

guides may overwhelm caregivers,59,131 dyads may benefit from support setting up 

playlists and technology according to their needs. As results of this thesis project 

suggest that a lack of time on the caregivers’ part may be the central issue, it may be 

prudent to evolve MBIs so that PwD may use them independently. When this is no 

longer achievable, volunteers may be involved in the delivery.140 If health services and 

care guidelines continue to base recommendations and funding on standardized 

outcomes only, many PwD are likely to miss out on the benefits of MBI. It may be 

appropriate to shift the perspective: if PwD consistently benefit in-the-moment, official 

support of MBIs should be given, following the declared goal of person-centred care to 

focus on well-being rather than symptoms.107  
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4.7 Limitations 

The results of this dissertation project need to be interpreted with caution, considering 

some limitations.  

First, all research included in this project relied on convenience sampling. As a result, 

participants in any of the investigations of this project likely had an above-average 

interest in music, which may have influenced their response to musical stimuli, e.g. in 

the process of stimulus validation or when completing cognitive tasks in experiment. 

However, by exclusively relying on within-subjects design the risk of biased conclusions 

should have been minimised. Moreover, in the MBI pilot study, the study sample was 

restricted to PwD whose caregiver was open to supporting the PwD throughout the 

study. As a result, caregivers participating were probably characterised by high 

motivation and openness to new knowledge.141 In the wider population, issues with 

adherence and drop-out may thus be larger than concluded based on the present 

findings. 

Second, only a relatively small sample was included in the final pilot study. The study 

was therefore only powered to detect relatively large, within-subjects differences 

between MBIs. Specifically, the pilot sample was powered at 80 % to detect a 1-unit 

difference between interventions.142 In addition, MBI periods only lasted 6 weeks each. 

A longer intervention period over several months has been demonstrated to be 

feasible,69 and the resulting greater intervention dosage might result in larger positive 

effects.138  

Third, in the MBI pilot study, the small sample size also prevented adjustment for 

covariates that may have been of interest. While this has been largely accounted for by 

using a within-subjects design, we cannot exclude differences in effect due to, for 

instance, dementia stage. A previous review concluded that music listening is an activity 

that benefits even PwD with severe dementia,40 however, it remains unclear whether the 

degree of benefit depends on the severity of the impairment, given that the emotional 

response to music varies by severity, with less overt responses in severe dementia.105  

Fourth, as the pilot study had a within-participants design, all PwD who completed 

cognitive testing after an MBI underwent at least one previous round of testing (i.e. at 
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least a baseline assessment). Thus, practice effects may have affected results. 

However, it has been shown that practice effects are reduced in PwD and decrease with 

increasing severity.143,144 Indeed, a marked decline in practice effects is observable 

even before dementia is diagnosed.145 The alternate test versions146 and adjustment for 

baseline performance87 used further reduced the risk of bias. Moreover, given that the 

order of the fast-positive and slow-positive MBI was fully crossed-over, such practice 

effects cannot fully explain the significant difference between the MBIs. Similarly, any 

practice effects in participants in the experimental study should take minimal effect given 

the crossing of the order of conditions and alternate test versions. 

Fifth, the specific dementia subtype of the participants in the pilot trial is unknown. 

Previous research suggests that PwD with different dementia-subtypes may respond 

differently to music. For instance, music is less likely to evoke autobiographic memories 

in PwD with frontotemporal dementia than those with Alzheimer’s dementia.147 

Moreover, those with Alzheimer’s dementia are more likely to experience negative affect 

in response to music than those with vascular dementia.105 It is possible, that such 

differences in the immediate response to music may translate to differences in 

outcomes after longer-term MBI use. Future studies will have to elucidate this.  

Finally, pragmatic choices made in the context of this dissertation project’s pilot trial may 

be re-evaluated in the context of a larger study. For instance, in the present research, it 

was not feasible to trial a more diverse and expansive set of musical stimuli. Yet, such a 

larger set will be needed to establish generalisability of findings and allow for 

individualisation of playlists. Moreover, a larger stimulus set would also allow for the 

exploration of further musical dimensions that might be relevant to the effectiveness of 

an MBI. For instance, it has been suggested that music may be most activating if it has 

considerable rhythmic complexity and harmonic variability.130 Conversely, music’s 

emotion regulation capacity seems maximised in the absence of complexity.148 Further, 

predictability of musical patterns plays a central role the enjoyment of listeners149 and 

also influences emotion regulation.148 Other dimensions that may have relevance to 

music’s effects include timbre, tonality, instrumentality, and pitch.130,150,151 Such 

additional characterisations of music and their interplay need to be investigated further 

to arrive at a robust understanding of musical dimensions’ influence on the listener.  



 

38 

 

4.8. Conclusion 

In conclusion, this research advances the field of MBIs for PwD by demonstrating the 

feasibility and potential efficacy of a caregiver-delivered music listening MBI. Notably, 

the fast-positive MBI exhibited a superior impact on delayed recall compared to the 

slow-positive MBI, highlighting its potential to enhance memory function. If this was 

replicated, it might open up the possibility of using music in a targeted way to support 

cognition in PwD. To date, this is an underexplored area. Moreover, music listening had 

a moderate positive impact on quality of life, which likely would have been more evident 

given a more sensitive assessment tool. Additionally, qualitative insights from dyads' 

reports underscored that music listening generated moments of well-being for PwD, 

revealing subtle differential effects during fast-positive and slow-positive listening 

experiences. The exploration of these in-the-moment effects, often overlooked in 

conventional outcome assessments, promises to deepen our understanding of MBIs’ 

effects.  

Results suggests that the MBI delivery format holds promise for broader implementation 

in community settings. However, the findings also point to potential refinements for the 

intervention. For instance, the development of MBI technology tailored for independent 

use by PwD could alleviate caregiver burden and extend the benefits to the sizable 

group of independently living PwD. Moreover, to enhance personalization, there is a 

need to pre-validate a more extensive array of musical stimuli, ensuring a flexible 

approach to cater to the varied preferences of PwD. By advancing research 

methodologies and intervention formats in this way, it will be possible to unlock the full 

potential of MBIs and offer tailored support that enhances the lives of PwD in the 

community.  

MBIs are one non-pharmacological tool among many to fulfil the expressed need of 

PwD for meaningful activity and participation. They represent a move away from a 

deficit-focused conceptualisation of care towards one that prioritises the person cared 

for and their existing capacities. Aiding dyads of PwD and informal caregivers in 

improving their utilisation of non-pharmacological interventions, such as MBIs, is an 

important contribution to the quality of care for PwD in the community. While first steps 

have been made, including in this research, concerted efforts will be needed to build an 
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informal care system rich in non-pharmacological care options that can meet the varying 

individual needs of the growing number of PwD in the community.  
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Abstract
The majority of people with dementia (PwD) live in the community. Compared to in-
stitutionalised PwD, their access to formalised music therapy is limited. Initial works 
suggest that non- therapist- led music- based interventions (MBIs) may be an accessible 
and effective alternative. The aim of this review was, therefore, to synthesise evi-
dence on MBIs for community- dwelling PwD. We systematically searched electronic 
databases (PubMed, PsycInfo, Web of Science) for records reporting on controlled 
studies of MBIs delivered to community- dwelling PwD. Two reviewers independently 
screened records according to inclusion/exclusion criteria. A total of 15 relevant 
publications reporting on 14 studies were initially identified and assessed using the 
Cochrane risk- of- bias tool for randomised trials (RoB 2) and the risk of bias. In non- 
randomised studies of interventions (ROBINS- I) tool. A total of 11 records of 10 stud-
ies, with a total of n = 327 PwD, were included in the synthesis. MBIs consisted either 
of singing or music listening interventions and were variable in duration. MBIs had 
immediate positive effects on cognition. Short- term MBIs (lasting 1– 4 months) ben-
efited cognition, anxiety and pain. Evidence on depressive symptoms was conflicting. 
The benefits of longer term MBIs (lasting 6+ months) were less apparent. According 
to GRADE criteria, the overall quality of evidence was moderate to low. The incon-
sistency in designs, procedures and measures prevents specific conclusions at this 
stage. Still, the diversity observed in existing studies suggests that there are multiple 
interesting avenues for researchers to pursue, including the involvement of informal 
caregivers in MBI delivery. Future studies need to ensure adequate reporting to fa-
cilitate continued development. The protocol of this review was pre- registered with 
the Prospective Register of Systematic Reviews (PROSPERO, Registration Number: 
CRD42020191606).
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1 | BACKGROUND
Globally, approximately 55 million people are currently living with 
dementia (World Health Organization, 2021). The underlying dis-
eases are variable, the main cause being Alzheimer's disease (AD, 
accounting for approximately 60%– 80% of cases; Alzheimer's 
Association, 2021). Whilst dementias caused by varying patholo-
gies have distinct profiles, they also share symptomatology and pa-
thologies frequently co- occur. People living with dementia (PwD) 
face not only progressive cognitive decline but also experience 
behavioural and psychological symptoms (BPSDs), including agita-
tion, anxiety, and depression. In conjuncture, these symptoms dete-
riorate the individuals' independence. Pharmacological treatments 
have shown limited effectiveness and, given the additional concern 
regarding side effects (Madhusoodanan & Ting, 2014), the focus has 
shifted to non- pharmacological interventions, including art- based 
interventions.

Art- based interventions can involve an array of art forms. Within 
this wider context, music therapy (MT) has been amongst the most 
popular choices (Beard, 2012). MT is defined as either a receptive 
(music listening) or an active (music making) intervention delivered 
by a trained music therapist, who uses a distinct range and order of 
music- based activities to achieve therapeutic goals. Recent reviews 
show a robust positive effect of MT on BPSDs (Gaviola et al., 2019; 
Sousa et al., 2021; van der Steen et al., 2018). Emerging evidence sug-
gests that positive effects may also extend to cognition (Fusar- Poli 
et al., 2018; van der Steen et al., 2018; Vasionytė & Madison, 2013), 
general well- being and quality of life (QoL) (Beard, 2012; van der 
Steen et al., 2018).

However, these findings are largely based on institutionalised 
PwD. This is because, owing to MT's formalised nature, its appli-
cation has been largely limited to this population. Yet, the majority 
of PwD (approx. 70%) remain within the community (Alzheimer's 
Association, 2019). Numbers are expected to rise as many prefer to 
remain within their familiar community (Van Dijk et al., 2015) and 
healthcare systems can no longer stem growing demands (Mogan 
et al., 2018). To support community- dwelling PwD individuals and 
unburden healthcare systems, it will be necessary to develop an un-
derstanding of informal (i.e. non- therapist- delivered) music- based 
interventions (MBIs) and any positive effects these may yield. MBIs 
involving listening to music (taped or live) or singing are low- cost and 
highly accessible. As of now, it is difficult to judge the effectiveness 
of MBIs. That is because MBIs are often studied alongside formalised 
MT without a clear distinction being made. Some researchers have, 
nonetheless, suggested that MBIs may be as effective as MT (e.g. 
Beard, 2012; Sousa et al., 2021).

Indeed, one review focused on community- based art interven-
tions (Young et al., 2016), including MBIs, showed that such inter-
ventions benefit cognition in community- dwelling PwD. Still, the 
scope of this review is limited as the authors restricted the focus 
to interventions delivered by formal care staff and to cognitive 
outcomes. Moreover, the review included studies lacking a control 
condition. A more recent scoping review (Elliott & Gardner, 2018) 
partially addresses these limitations by discussing the effects 

of a larger range of musical activities delivered, for instance, by 
caregivers or in an experimental setting— on memory, social well- 
being, and agitation. Yet, this review is non- systematic and includes 
non- controlled studies. Thus, the need for a systematic review of 
controlled investigations of MBIs for community- dwelling PwD 
persists.

1.1  | Aim

This systematic review aims at giving an overview of the beneficial 
effects of MBIs in older adults with dementia who remain within the 
community. The review concentrates on effects relative to control 
conditions. Specifically, the review will synthesise evidence on do-
mains central to dementia symptomatology, i.e. cognitive function-
ing and BPSDs. As secondary outcomes, emotional well- being and 
QoL will be considered.

2  | METHODS

Methods were designed under consideration of the recommenda-
tions laid out in the Cochrane Handbook for Systematic Reviews of 
Interventions (Higgins et al., 2019) and the Preferred Reporting Items 
for Systematic Reviews (PRISMA, Page et al., 2021). A protocol was 
pre- registered with the Prospective Register of Systematic Reviews 
(PROSPERO, Registration Number: CRD42020191606). A minor 
deviation from the protocol in terms of the population included is 
detailed and justified below.

What is known about the topic?

• Formalised music therapy has been empirically shown to 
have a positive impact on behavioural and psychological 
symptoms of dementia, as well as cognition, well- being 
and quality of life.

• Yet, formal music therapy is studied almost exclusively 
in institutionalised people with dementia.

• For community- dwelling people with dementia non- 
therapist- delivered music- based interventions are a 
promising alternative.

What this paper adds

• Music- based interventions delivered to community- 
dwelling people with dementia are heterogeneous in de-
sign, including music listening and singing interventions.

• Music- based interventions show positive effects on 
cognitive, psychiatric and pain outcomes.

• Quality of evidence is moderate to low, indicating the 
need for more rigorous investigations to allow for more 
specific recommendations.
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2.1  |  Inclusion/exclusion criteria

Inclusion and exclusion criteria were determined by the Population, 
Intervention, Control and Outcomes (PICO) model (Miller & 
Forrest, 2001).

2.1.1  |  Population

We included studies of older adults (all or the majority of partici-
pants ≥60 years of age) with a diagnosis of any type of dementia at 
all stages of severity. We aimed to include only studies of exclusively 
community- dwelling PwD outside the context of stationary care (i.e. 
excluding patients in hospital wards and care homes but including in-
dividuals that receive outpatient care). However, we identified records 
(n = 3) in which the population sampled included both community- 
dwelling and institutionalised PwD. We decided to include these stud-
ies, taking the participation of community- dwelling PwD in them as 
proof of applicability to the target population. Studies focused on pa-
tients with primary diseases with an increased risk for dementia, such 
as Parkinson's disease, stroke or psychiatric disorders, were excluded.

2.1.2  |  Type of interventions

We included studies reporting on any MBI, irrespective of the mode 
of delivery (e.g. face- to- face, via sound- transmitting medium), not 
delivered by a music therapist or centred on the development of 
a therapeutic relationship. If a musical therapist was initially con-
sulted, but not involved in the delivery beyond this, the record was 
also included. We considered all settings outside stationary care. 
There was no restriction in terms of the dosage of the intervention. 
If the MBI was administered in conjunction with a non- MBI compo-
nent, the investigation was included as long as there is a condition 
that allows for separating the effects of the music- based activity. 
Activities based on rhythmic movement or dance were excluded 
to avoid confounding effects of physical exercise (Law et al., 2020; 
Ojagbemi & Akin- Ojagbemi, 2019).

2.1.3  |  Type of comparators

Studies that compared the MBI with either an active or passive con-
trol condition were included, i.e. randomised- controlled trials (RCTs), 
controlled trials, quasi- experimental and cohort studies with com-
parison groups. We excluded case studies, studies lacking a control 
condition and purely qualitative investigations.

2.1.4  |  Type of outcomes

To achieve a broad understanding of the outcomes of our target in-
terventions, we included studies with any quantitatively measured 

outcomes as long as they were not limited to caregiver outcomes or 
exclusively measured motor function. For the synthesis, we consid-
ered any validated measures of cognitive functioning and BPSDs as 
primary outcomes. Quality of life and emotional well- being are sec-
ondary outcomes. Other outcomes considered were (non- validated) 
measures of cognitive function, BPSDs, QoL, emotional well- being, 
social function, daily functioning, pain or biomarkers.

2.1.5  |  Language

Only studies published in the English language were included.

2.2  |  Search strategy

Terms defined according to the PICO inclusion criteria (see above) 
were used to define terms (Table S1) search PubMed (Title/Abstract 
Search), Web of Science (Core Collection, Topic Search) and PsycInfo 
(Title/Abstract Search). The search was conducted on 14 June 2021. 
The reference lists of included studies, as well as of reviews identi-
fied through the search of electronic databases, were scanned to 
identify additional potentially relevant studies. Authors of relevant 
conference abstracts (n = 2) identified were contacted to request 
any published or unpublished results.

2.3  |  Study selection

Records identified were imported into an Endnote X9 (The Endnote 
Team, 2013) library by one reviewer (L.M.H.) and manually de- 
duplicated. Thereafter, they were exported into an Excel sheet used 
for the remaining three stages of independent screening accord-
ing to inclusion/exclusion criteria by two authors (L.M.H., S.D.R.). 
First, record titles were screened. If either reviewer marked a re-
cord for retention, the record was retained. Second, the abstracts 
of remaining records were screened and retained or excluded for 
further screening based on consensus. Finally, full texts of records 
were screened and retained based on consensus. For consensus de-
cisions, disagreements were resolved by discussion based on inclu-
sion/exclusion criteria if possible; else, a third reviewer (F.S.R.) was 
consulted.

2.4  |  Risk of bias assessment

The risk of bias was assessed using the Cochrane risk- of- bias tool 
for randomised trials (RoB 2; Sterne et al., 2019) for randomised tri-
als, and the Risk Of Bias In Non- randomised Studies of Interventions 
(ROBINS- I; Sterne et al., 2016) tool for non- randomised trials. These 
tools consist of five (RoB 2), six (RoB 2 for crossover trials) or seven 
(ROBINS- I) domains (Tables S3 and S4). They allow for an over-
all risk of biased judgement (RoB 2: low risk, some concerns, high 
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risk; ROBINS- I: low/moderate/serious/critical risk). Two reviewers 
(L.M.H., S.D.R.) independently completed risk of bias assessments 
for all studies included based on the full- text screening. If the re-
viewers disagreed on a tool domain, they resolved this by discus-
sion based on inclusion/exclusion criteria. A third reviewer (F.S.R.) 
cross- checked assessments. In line with the guidance provided by 
Cochrane, we excluded studies from synthesis that, according to 
the ROBINS- I, were at critical risk of bias and those at high risk 
of bias according to the ROB 2 (Higgins et al., 2022). The quality 
of the cumulative evidence was evaluated based on the Grading 
of Recommendation, Assessment, Development and Evaluation 
(GRADE, Guyatt et al., 2008) approach. All reviewers (L.M.H, S.D.R., 
F.S.R.) conferred regarding the grading.

2.5  |  Data extraction

One reviewer (L.M.H.) extracted relevant data on the study details, 
study design, population details, disease- specific details (i.e. demen-
tia type, severity and diagnosis), intervention details, outcome de-
tails and results from included studies into tabular form. A second 
reviewer (S.D.R.) cross- checked these data. A third reviewer (F.S.R.) 
gave final approval.

2.6  |  Synthesis

Per our protocol, we evaluated the feasibility of meta- analysis by 
grouping evidence according to outcomes and interventions and 
determining whether we could group five or more studies. As this 
was not the case, we are narratively reviewing included studies. 
Evidence was synthesised according to the outcome domain. As 
pre- specified, outcomes describing cognitive functioning and 
BPSDs are of primary interest, as these are central to describing the 
presentation of dementia. Secondary outcomes describe emotional 
well- being and QoL, other outcomes are considered separately. We 
further decided to group our synthesis by the time of measure-
ment: immediate effects, effects after 1– 4 months of intervention, 
and effects after 6+ months of intervention. The latter decision 
was made based on the data extracted from the included studies.

3  |  RESULTS

3.1  |  Study selection

We identified 2181 records in our search (Figure 1). After de- 
duplication, 1386 were included in the title screening process. 
Title- based inclusion/exclusion judgements of the two raters 
(L.M.H., S.D.R.) converged in 77.56% of cases; inter- rater agree-
ment as estimated by Cohen's κ was 0.55 (z = 20.50, p < 0.0001). 
A total of 860 abstracts were screened. Inter- rater convergence 
pre- consensus was 74.65% (Cohen's κ = 0.3, z = 9.77, p < 0.0001). 

One- hundred- ninety records were included in full- text screening 
(consensus 75.78%, Cohen's κ 0.53, z = 7.49, p < 0.0001). No fur-
ther texts could be identified through screening reference lists. 
Applying the inclusion/exclusion criteria in the full- text screening, 
we finally identified n = 15 publications of n = 14 studies. After 
the risk of bias assessment, n = 4 records were removed due to 
critical/high risk of bias (Table S2). Thus, the final synthesis in-
cludes n = 11 publications of n = 10 studies, all judged to have 
either a moderate risk of bias (ROBINS- I, see Table S3) or some 
concerns (RoB 2, see Table S4).

3.2  |  Characteristics of included studies

For an overview of all included studies, see Table 1. The studies 
originated from Australia, Finland, Ireland, Japan, France, Spain, 
Taiwan, the UK and the US. Only n = 2 studies were RCTs (20%). 
Further were n = 5 experimental studies (50%) and n = 3 quasi- 
experimental studies (30%). The majority of interventions were 
music listening interventions (n = 7, 70%); the remainder of inter-
ventions were singing interventions (n = 3, 30%). Interventions 
were delivered by researchers (n = 6, 60%), musically trained pro-
fessionals (n = 3, 30%) or facilitated at home by informal caregivers 
(n = 1, 10%). Of the interventions delivered by musically trained 
professionals, two further contained home- based components fa-
cilitated by informal caregivers. The majority of studies (n = 6, 60%) 
focused exclusively on people diagnosed with AD. Of the remaining 
studies, three (30%) included a population with varying dementia 
types (behavioural- variant frontotemporal dementia [bv- FTD], vas-
cular dementia, mixed dementia and ‘other’); of these only one dis-
tinguished between diagnoses within their results. One study (10%) 
did not specify dementia type. In total, n = 327 PwD were included. 
All samples were convenience samples, with PwD recruited via day 
activity centres (n = 140, 42.8%), memory clinics (n = 85, 26%), 
outpatient- clinics (n = 61, 18.7%), research centres (n = 30, 9.2%), 
an aged care service (n = 9, 2.8%) and residential care (n = 2, 0.6%).

3.3  |  Included outcomes

Included studies report on cognition, BPSDs, well- being, and QoL 
outcomes, i.e. all pre- specified primary and secondary outcomes. 
Additionally, pain and galvanic skin response were reported and are 
reviewed as ‘other’ outcomes. Results are synthesised in the fol-
lowing according to outcome domain and effect measurement time 
point (immediate, after 1– 4 months of intervention, after 6+ months 
of intervention). For a graphical synthesis, see Figure 2.

3.4  |  Primary outcome: Cognition

Nine out of 10 included studies that investigated cognitive outcomes 
(Table 2).
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3.4.1  |  Immediate effects

Five studies, all using music listening in the experiment, assessed 
the immediate effect of music on cognition. Two studies by Baird 
et al. (2018, 2020) compared music- evoked with photograph- evoked 
autobiographic memories. All stimuli were well- known in previous 
decades of the participants' lives. In PwD with AD, music- evoked 
memories as frequently as photographs did (Baird et al., 2018, 2020). 
The authors also found that music from when the participants were 
between 10 and 30 years old evoked memories with much greater 
frequency (‘reminiscence bump’) than music from when participants 

were between 31 and 50 years old (d = 1.6) and older than 50 (d = 2.8). 
However, music- evoked memories were less likely to be of specific 
events than photograph- evoked memories (Baird et al., 2018). In par-
ticipants with bv- FTD, music- evoked autobiographic memories less 
frequently than photographs did (d = 0.6), and these were also less 
likely to be of a specific event and more likely to be of a period of 
life than photograph- evoked memories. No ‘reminiscence bump’ was 
observed. Comparing the groups, the researchers found a compara-
ble frequency of both music-  and photograph- evoked memories and 
no difference in the evoked memories for stimuli from different life 
decades.

F I G U R E  1  Visual representation of 
decisions made in the screening process. 
Adapted from Page et al. (2021).
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Two other reports evaluated the impact of classical back-
ground music, i.e. music not specifically chosen because of its 
popularity in earlier decades of PwDs' lives, on autobiographi-
cal memory (Irish et al., 2006; Meilán García et al., 2012). Irish 
et al. (2006) found a total increase in autobiographic memories 
when listening to music versus when there was no music. This 
effect was very large (d = 1.66). Looking more specifically at 
semantic memories, they found an overall moderate increase in 
recall of semantic memories (d = 0.52) and a large increase in 
recent semantic memories (d = 1.12). There also was a largely 
increased recall of autobiographic incidence (d = 1.16). In con-
trast, Meilán García et al. (2012) found small- to- moderate 
effects. Total recall showed a small improvement when back-
ground sounds were present (‘happy’, ‘sad’ and ‘unemotional’ 
music as well as cafeteria sounds) compared to when there was 
silence (d = 0.2). Further, emotional music (‘happy’, ‘sad’) was 
associated with a small increase in total (d = 0.18) and remote 
recall (d = 0.27). ‘Sad’ music appeared particularly effective, 
being related to better remote recall than all other conditions 
(d = 0.26– 0.43).

Work by Thompson et al. (2005) investigated immediate effects on 
a cognitive domain other than autobiographic memories, specifically 
category fluency. Compared to silence, there was a small increase in flu-
ency when classical music was playing during the experiment (d = 0.31).

3.4.2  |  Effects after 1– 4 months of intervention

Two RCTs (Pongan et al., 2017, 2020; Särkämö et al., 2014) reported 
on the effect of singing interventions that lasted for around 3 months 
compared to alternative interventions. Särkämö et al. (2014) ob-
served that weekly singing over 10 weeks with a music teacher (incl. 
Singing homework) was associated with improved short- term and 
working memory (as assessed approx. 2 weeks after the intervention), 
compared to therapist- led music listening intervention and com-
pared to care as usual. Pongan et al. (2017, 2020) compared a singing 

intervention facilitated by a choir conductor consisting of 12 weekly 
sessions with a painting intervention facilitated by a painting teacher. 
They found that, compared to painting, singing increased total ver-
bal recall significantly (d = 0.27). Moreover, both interventions were 
associated with improvements in free and delayed verbal recall, re-
duced interference errors in a Stroop test and increased digit span.

3.4.3  |  Effects after 6+  months of intervention

After the first post- baseline measurement at 3 months, Särkämö 
et al. (2014) encouraged PwD and their informal caregivers to 
continue incorporating music into their home lives in the 6 months 
following the intervention period. Thereafter, outcomes were 
re- assessed. The researchers found that, compared to care, as 
usual, participants that continued the singing intervention or the 
(previously therapist- led) music listening showed better orienta-
tion and recalled more persons from the childhood era in a verbal 
fluency task. As a continuation, as home was unsupervised and 
many reported never continuing singing (28%) or music listening 
(8%) at home, it is not entirely clear, whether these benefits are 
benefits of the at- home continuation intervention or long- term 
benefits of the previous, supervised intervention period.

Two studies compared the effect of interventions lasting 6 months 
to care as usual (Li et al., 2015; Satoh et al., 2015). Li et al. (2015) inves-
tigated the effect of twice daily music listening at home. They found 
no effects on dementia severity (Clinical Dementia Rating) but ob-
served a large improvement in abstraction (d = 1.0). Satoh et al. (2015) 
investigated the effects of weekly singing sessions, accompanied by 
a professional singer and a pianist, in conjunction with at least three 
voice training at home. They, too, found no effect on global cognition. 
However, they observed a very large improvement in the time it took 
to complete cognitive testing (d = 4.53), which they equated to an im-
provement in psychomotor speed. No such improvement was found 
in the control group receiving care as usual; yet, no direct comparison 
was made.

F I G U R E  2  Graphical synthesis of 
included outcomes. Upward pointing 
arrows indicate an increase. Downward 
pointing arrows indicate a decrease. The 
brackets indicate a lack of certainty due to 
conflicting results.

Immediate
↑ Autobiographic memory
↑ Category fluency

After 1–4 m of intervention
↑ Short-term memory
↑ Working memory
↑ Total verbal recall
↑ Free verbal recall
↑ Delayed verbal recall
↓ Stroop interference errors
↑ Digit span

After 6+ m of intervention
↑ Orientation
↑ Childhood person fluency
↑ Abstraction
↑ Psychomotor speed

Immediate
↓ State anxiety

After 1–4 m of intervention
↓ Anxiety
(↓) Depression

After 6+ m of intervention
No effects

After 1–4 m of intervention
↓ Usual pain
↓ Pain intensity

Cognition

BPSDs

Quality of Life
and Well-Being

After 1–4 m of intervention
↑ Quality of Life
↑ Well-being

Pain

Galvanic Skin
Response

Immediate
No effects

Effects of MBIs for  
Community-

Dwelling PwD
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TA B L E  2  Primary outcome: Cognition

Authors (year) Measures
Measurement- 
time- points Central findings

Immediate effects

Baird et 
al. (2018)

MEAM/PEAM 
Task

- • Music and CT (photographs) evoked memories at the same frequency
• Music from when participants were aged 10– 30 years triggered more frequent 

memories (58.50 ± 26.36) than music from later decades (‘reminiscence 
bump’)

○ 31– 50: 20.00 ± 21.47, (95% CI [18.1%, 58.9%], within- P t(9) = 4.27, p = 0.006, 
d = 1.60)

○ >51: 4.40 ± 7.15 (95% CI [35.4%, 72.8%], within- P t(9) = 6.55, p ≤ 0.001, 
d = 2.8)

• Music evoked less memories of specific events (2.86 ± 6.02) vs. CT 
(33.50 ± 32.06, 95% CI [−53.3%, −8.0%], within- P t(9) = −3.05, p = 0.041, 
d = 1.33)

Baird et 
al. (2020)

MEAM/PEAM 
Task

- AD participants:
• For results see Baird et al. (2018)
bv- FTD participants:
• Less frequent music- evoked memories (17.71% ± 23.19) than CT (photograph)- 

evoked memories [28.12% ± 21.92, within- P t(5) = −2.71, p = 0.042, d = 0.60]
• Music produced more memories of a period of life vs. CT [within- P t(5) = 2.60, 

p = 0.048]
• Music produced less memories of specific events vs. CT [within- P t(5) = −5.48, 

p = 0.003]
• Music from when participants were aged 10– 30 years triggered memory did 

not evoke memories more frequently than music from later decades (no 
‘reminiscence bump’)

bv- FTD vs. AD participants:
• No sig. difference in music- evoked and CT- evoked memory frequency between 

bv- FTD and AD
• No sig. difference in the frequency of memories evoked by music or CT from 

different decades between bv- FTD and AD

Irish et 
al. (2006)

AMI, SART - • Total autobiographic memory recall (60.65 ± 10.14) improved during the music 
listening vs. CT (silence; 47.9 ± 9.66, within- P t- test sig., d = 1.66)

• Total recall of semantic memories was improved during music (44.85 ± 17.48) 
vs. CT (37.78 ± 17.39, within- P t(9) = −4.921, p < 0.001, d = 0.52)

• Recall of recent semantic memories improved (13.7 ± 5.34) vs. CT (9.35 ± 4.40, 
within- P t- test sig., d = 1.12)

• Autobiographic incident recall was improved during music listening (15.8 ± 6.7) 
vs. CT (10.2 ± 5.25, within- P t- test sig, d = 1.16)

• No effect on attention (SART)

Meilán García et 
al. (2012)

Autobiographic 
memory 
(total, remote, 
mid- remote, 
recent) from 
MMSE

- • Total recall was better in the sound conditions (20.07 ± 6.57) vs. CT (silence; 
18.98 ± 7.59, within- P ANOVA, F [1,24] = 6.66, p = 0.016, d = 0.20)

• Total recall was better in the emotional music conditions (20.53 ± 6.22) 
vs. unemotional music and cafeteria sounds (19.6 ± 6.90, within- P 
F[1,24] = 9.916, p = 0.004, d = 0.18)

• Remote recall was better in the emotional music conditions (9.92 ± 2.80) vs. 
unemotional music and cafeteria sounds (9.3 ± 3.01, within- P F[1,24] = 8.088, 
p = 0.009, d = 0.27)

• “Sad” music was related to better remote recall (10.20 ± 2.84) than all other 
conditions (happy music: 9.64 ± 2.76, within- P t- test p = 0.045, d = 0.26; 
unemotional music: 9.28 ± 2.73, within- P t- test, p = 0.010; d = 0.43; cafeteria 
sounds: 9.32 ± 3.27, within- P t- test p = 0.012; d = 0.37; silence: 9.42 ± 3.23, 
within- P t- test, p = 0.017, d = 0.33)

Thompson et 
al. (2005)

Category Fluency 
Task

- • Category fluency improved in the music condition (12.87 ± 3.36) vs. CT (silence; 
12.00 ± 3.86, d = 0.31) (for AD as much as for older adults, sig main effect of 
C, n.s. C × G interaction)
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3.5  |  Primary outcome: BPSDs

Six papers investigated the effect of MBIs on BPSDs.

3.5.1  |  Immediate effects

The experimental study by Irish et al. (2006) also assessed the ef-
fect of background music on state and trait anxiety. They observed 
a moderate reduction in state anxiety (d = 0.51). Moreover, they 

found that accounting for this reduction in anxiety in an analysis of 
covariance removed the positive effect of music on autobiographic 
memory recall. Thus, the reduction in anxiety may play a mecha-
nistic role in the memory- enhancing effect of music (Table 3).

3.5.2  |  Effects after 1– 4 months of intervention

After a music listening intervention, Ihara et al. (2019) found no im-
provement in measures of anxiety or depression, neither directly 

Authors (year) Measures
Measurement- 
time- points Central findings

Effects after 1– 4 months of intervention

Pongan et 
al. (2017, 
2020)

FAB, FCRT, TMT, 
Digit Span, 
Digit Symbol, 
Stroop, Letter 
and Category 
Fluency

T0, T1 
(12 weeks), T2 
(T1 + 4 weeks)

T0 vs. T1:
• Total verbal recall (FCRT) improved after singing intervention (31.15 ± 11.76) 

vs. CT (painting intervention; 27.77 ± 12.93, LMM T × G interaction F = 5.06, 
p = 0.03, d = 0.27)

• Improvements were found after both singing intervention and CT in:
○ Free verbal recall (FCRT, LMM T main effect, F = 4.71, p = 0.035)
○ Delayed total verbal recall (FCRT, LMM T main effect, F = 8.75, p = 0.005)
○ Digit Span (LMM T main effect, F = 12.61, p = 0.001)
○ Stroop Interference Errors (LLM T main effect, F = 4.93, p = 0.03)

Särkämö et 
al. (2014)

MMSE; WMS- 
III; CERAD; 
WAIS- III; 
BNT; WAB; 
TMT; FAB; 
Verbal fluency 
for familiar 
persons

T0, T1 
(12 weeks), T2 
(T1 + 6 months)

T0 vs. T1:
• The singing intervention improved short- term and working memory 

performance (subdomains of MMSE and WMS- III) vs. CT1 (music- listening) 
(Tukey HSD p = 0.074) and CT2 (care as usual; Tukey HSD p = 0.006)

Effects after 6+ months of intervention

Li et al. (2015) CDR, CASI T0, T1 (6 months) T1– T0:
• Greater increase in abstraction (CASI) after music listening intervention 

(0.10 ± 0.29) vs. CT (care as usual; −0.90 ± 0.28; between- P ANCOVA 
p = 0.024, d = 4.53)

• All other comparisons were n.s.

Särkämö et 
al. (2014)

MMSE; WMS- 
III; CERAD; 
WAIS- III; 
BNT; WAB; 
TMT; FAB; 
Verbal fluency 
for familiar 
persons

T0, T1 
(12 weeks), T2 
(T1 + 6 months)

T0 vs. T2:
• Improvements were found after both singing and CT1 (music listening) vs. CT2 

(care as usual) in:
○ Orientation (MMSE) (Tukey HSD sig.)
○ Fluency for familiar persons from childhood (Tukey HSD sig.)

Satoh et 
al. (2015)

MMSE, RCPM, 
RBMT

T0, T1 (6 months) T0 vs T1:
• No effect on global cognition
• Sig decrease in time to complete RCPM (~psychomotor speed) after singing 

training (T0: 537 ± 196; T1: 396 ± 116, within- P t- test, p = 0.0026, d = 1.0) but 
not after CT (care as usual) (T0: 434 ± 136, T1: 463 ± 154, n.s.)

Abbreviations: AD, probable Alzheimer's disease; AMI, autobiographical memory interview; Between- P, between- participant; M BNT, Boston naming 
test; bv- FTD, behavioural variant frontotemporal dementia; CASI, cognitive abilities screening instrument; CDR, Clinical Dementia Rating Scale; 
CERAD, Consortium to Establish a Registry for Alzheimer's Disease battery; CT, control (group or condition); FAB, frontal assessment battery; FCRT, 
free and cued recall test; LMM, linear mixed effect model; MEAM/PEAM Task, Music- evoked and photograph- evoked autobiographic memory task; 
MMSE, Mini- Mental State Examination; n.s., non- significant; RCPM, Raven's coloured progressive matrices; SART, sustained attention to response 
Task; sig., significant (values not reported by authors); TMT, trail making test; WAB, western aphasia battery; within- P, within- participant; WAIS- III, 
Wechsler Adult Intelligence Scale III; WMS- III, Wechsler Memory Scale III.

TA B L E  2  (Continued)
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post- intervention at 6 weeks nor an additional 6 weeks later. 
Pongan et al. (2017) reported, in the singing as well as the con-
trol (painting) intervention group, a significant decline of anxiety 
(measured at baseline, after 3 and 4 months) over time. However, 
unlike the control intervention, the singing intervention did not re-
sult in a reduction of depressive symptoms. Conversely, Särkämö 
et al. (2014) found that the 3- month singing observation reduced 
depressive mood compared to usual care. The improvement was 
equal to that of music listening therapy.

3.5.3  |  Effects after 6+  months of intervention

In work by Li et al. (2015), twice daily music listening over 6 months 
did not result in a difference in neuropsychiatric symptom change be-
tween the intervention group and care as usual group. Similarly, after 
a 6- month voluntary at- home continuation of the singing intervention 

implemented by Särkämö et al. (2014), there were no effects of sing-
ing on depressive symptoms/mood compared to care as usual.

3.6  |  Secondary outcomes: Well- being and QoL

3.6.1  |  Effects after 1– 4 months of intervention

Two studies investigated well- being and QoL outcomes (Table 4). 
Pongan et al. (2017, 2020) found improvements in QoL over time 
(baseline, 3 months, 4 months) (2017) and in well- being (2020) 
after the singing intervention. However, there were comparable im-
provements after the painting intervention. Conversely, Särkämö 
et al. (2014) found a significantly weaker improvement in QoL in the 
group that had continued the singing intervention at home compared 
to the group that continued the (formerly therapist- delivered) music 
listening intervention.

TA B L E  3  Primary outcome: BPSDs

Authors (year) Measures Measurement- time- points Central findings

Immediate effects

Irish et al. (2006) STAI - • Reduced state anxiety during music 
listening (25.3 ± 7.78, 95% CI [22.50, 
28.10]) vs. CT (28.2 ± 4.52, 95% CI [23.38, 
33.02], sig. Within- P t- test, d = 0.51)

○ Controlling for state anxiety removed the 
effects of music on cognition

Effects after 1– 4 months of intervention

Ihara et al. (2019) CMAI, CSDD T0, T1 (6 weeks), T2 (T1 + 6 weeks) T1– T0 and T2– T0:
• No effect of music listening or CT (care as 

usual)

Pongan et al. (2017, 2020) GDS, STAI T0, T1 (12 weeks), T2 (T1 + 4 weeks) T0 vs. T1 vs. T2:
• Improvement in depressive symptoms (GDS) 

only in CT (painting intervention)
• Improvements were found after both 

singing intervention and CT:
○ Anxiety (STAI, LMM T main effect, 

F = 10.74, p < 0.00001)

Särkämö et al. (2014) CBS T0, T1 (12 weeks), T2 (T1 + 6 months) T0 vs. T1:
• Improvements were found after both 

singing and CT1 (music listening) vs. CT2 
(care as usual) in:

○ Depressive symptoms (CBS) (Tukey HSD 
sig.)

Effects after 6+ months

Li et al. (2015) NPI T0, T1 (6 months) T1– T0:
• No effect of music listening or CT (care as 

usual)

Särkämö et al. (2014) CBS T0, T1 (12 weeks), T2 (T1 + 6 months) T0 vs. T2:
• No effect of singing or CT1 (music listening) 

vs. CT2 (care as usual)

Abbreviations: CBS, Cornell- Brown Scale for Quality of Life (for depressive symptoms/mood); CMAI, Cohen- Mansfield Agitation Inventory; CSDD, 
Cornell Scale for Depression in Dementia; CT, control (group, condition); LMM, linear mixed effects model; NPI, Neuropsychiatric Inventory; STAI, 
State Trait Anxiety Inventory; T, time; within- P, within- participant.
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3.7  |  Other outcome: Pain

3.7.1  |  Effects after 1– 4 months of intervention

Pongan et al. (2020) additionally found that singing, like the con-
trol intervention (painting), led to a reduction in reported pain. 
Specifically, they observed reductions in the amount of usual pain 
and pain intensity and interference in daily life. No reduction was 
found in pain as measured at a given moment.

3.8  |  Other outcome: Galvanic skin response

3.8.1  |  Immediate effects

Irish et al. (2006) measured the galvanic skin response of partici-
pants as an indicator of arousal whilst listening to music (Table 4). 
They saw no difference in galvanic skin response between the music 
and the silence condition.

4  |  DISCUSSION

In this systematic review, we provided an overview of evidence 
from studies of MBIs delivered to community- dwelling people 

with dementia (PwD). As could be expected, given our broad inclu-
sion criteria, the studies identified were heterogeneous in design 
and most records reported on (quasi- )experimental studies. The 
quality of the evidence was moderate to low overall. This is reflec-
tive of a field that is still developing in terms of standardised de-
sign and reporting (e.g. Beard, 2012; Sousa et al., 2021). In spite of 
this variability across studies, some inferences can be made based 
on the evidence.

First, evidence shows an immediate benefit of music listen-
ing on autobiographical memory. Findings implicate that popular 
music from earlier life decades might be particularly suited to evoke 
autobiographic memories (Baird et al., 2018, 2020). This is in line 
with previous findings showing a particularly large enhancing ef-
fect of music with personal relevance on autobiographic memory 
recall (El Haj et al., 2012). Still, classical music also results in an— 
albeit smaller— enhancement of autobiographic memory recall (Irish 
et al., 2006; Meilán García et al., 2012). As further evidence suggests, 
these effects could be mediated by a reduction in state anxiety (Irish 
et al., 2006). This would fit well with psychobiological explanations 
for music's beneficial effects centred around stress reduction (Sittler 
et al., 2021).

Another positive effect of music, on language abilities (Thompson 
et al., 2005), has been observed repeatedly (e.g. El Haj et al., 2013) 
and may be explained by the shared neurophysiological basis for 
both language and music processing (Koelsch et al., 2002; Schön 

TA B L E  4  Secondary outcomes: Well- being, quality of life, and other outcomes

Authors (year) Measures Measurement- time- points Central findings

Immediate effects

Irish et al. (2006) Galvanic Skin Response - • No effect of music listening on skin response 
vs. CT (silence)

Effect after 1– 4 months of intervention

Pongan et al. (2017, 
2020)

EQ- 5D, RSES, EVIBE
BPI, NRS, SVS

T0, T1 (12 weeks), T2 (T1 + 4 weeks) T0 vs. T1 vs. T2:
• Improvements were found after both singing 

intervention and CT (painting intervention) 
in:

○ Usual pain (SVS, LMM T main effect F = 4.71, 
p = 0.01)

○ Pain intensity and interference in daily life 
(BPI, LMM T main effect F = 4.88, p = 0.009)

○ Quality of live (EQ- 5D, LMM T main effect 
F = 6.79, p = 0.002)

○ Well- being (EVIBE, LMM T main effect 
F = 12.01, p < 0.001)

Särkämö et al. (2014) QOL- AD T0, T1 (12 weeks), T2 (T1 + 6 months) T0 vs. T1:
• No sig. Improvement in quality of life 

(QOL- AD) after singing intervention

Effects after 6+ months of intervention

Särkämö et al. (2014) QOL- AD T0, T1 (12 weeks), T2 (T1 + 6 months) T0 vs. T2:
• Sig. weaker improvement in quality of life 

(QOL- AD) than CT1 (music listening; Tukey 
HSD p = 0.033)

Abbreviations: BPI, Brief Pain Inventory; EQ- 5D, EuroQol- 5 Dimensions; EVIBE, Evaluation Instantane'e du Bien- Etre (for well- being); GDS, Geriatric 
Depression Scale; NRS, Numeric Rating Scale (for pain); RSES, Rosenberg Self- Esteem Scale; SVS, Simple Visual Scale (for pain); QOL- AD, Quality of 
Life in Alzheimer's Disease.
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et al., 2010). Results from our review further indicate that, compared 
with active control interventions, short- term (1– 4 months) singing 
interventions were associated with more enhanced recall (Pongan 
et al., 2017), short- term memory, and working memory (Särkämö 
et al., 2014) and equal improvement in some additional cognitive 
domains (Pongan et al., 2017). Further, singing resulted in increased 
QoL, improved well- being, and reduced pain and anxiety.

There is no consensus as to whether active (e.g. singing) and re-
ceptive (music listening) therapy is superior to music listening and 
vice versa (e.g. Fusar- Poli et al., 2018; Tsoi et al., 2018; van der Steen 
et al., 2018). In line with this, we also observe no clear superiority 
of either singing or music listening MBIs. Whilst singing was more 
effective in terms of reducing depressive mood post- intervention, 
music listening at home over the follow- up was more effective in 
terms of improving QoL (Särkämö et al., 2014). Otherwise, results 
were comparable: Both singing and music listening over 6 months 
resulted in domain- specific but not general cognitive improvements 
(Li et al., 2015; Satoh et al., 2015), and post- intervention singing 
and music listening at home were equally associated with improve-
ments in orientation and fluency for familiar persons from childhood 
(Särkämö et al., 2014). It may be the case that results depend less 
on the mode of intervention and more on how well suited the in-
terventions is to a given PwD's skills and situation. Guidelines on 
how to determine which intervention is suited best will need to be 
developed.

We observed that longer interventions achieved fewer im-
provements than shorter interventions. All of the longer inter-
ventions included caregiver- facilitated home- based components 
(Särkämö et al., 2014; Satoh et al., 2015) or were entirely facili-
tated by informal caregivers at home (Li et al., 2015). Therefore, 
it is possible that the administration of the interventions was ir-
regular or incomplete. Indeed, in the study conducted by Särkämö 
et al. (2014), 28% of caregivers of PwD encouraged to continue 
the singing intervention over the follow- up reported that they 
never did. In the comparison group, only 8% did not continue the 
music listening intervention. It is possible that singing, as an active 
intervention, was too demanding to integrate into caregivers' day- 
to- day. Further, motivation to maintain the intervention may have 
dropped in the absence of encouraging feedback. If interventions, 
such as MBIs, are to be delivered by informal caregivers at home, 
it might be beneficial to establish regular support. A direct assess-
ment of barriers to home- based MBIs is needed so that these may 
be addressed.

Another intervention aspect that should be explored further 
is whether the type of music has any bearing on effects. Amongst 
the studies reviewed, only the experimental work by Meilán García 
et al. (2012) made such a comparison. They found that emotional 
music had a greater effect on autobiographic recall than unemo-
tional music and that ‘sad’ music was particularly effective at en-
hancing recall. This is in line with studies of healthy adults showing 
benefits of ‘sad’ or ‘moving’ music, e.g. in the context of encoding 
new faces (Proverbio et al., 2015), verbal recall, and phonemic flu-
ency assessments (Bottiroli et al., 2014). Whether this is due to a 

level of emotional arousal that is favourable for cognitive function 
(e.g. Bottiroli et al., 2014; Proverbio et al., 2018) or whether ‘sad’ 
music provides a context uniquely qualified for memories to be 
formed and retrieved (e.g. Irish et al., 2006; Proverbio et al., 2015) 
remains an open question. Further clarification of the mechanism 
behind music's positive effects is needed. Indeed, this has been 
called for repeatedly, as understanding the mechanism will be cru-
cial to improving interventions in the future (Fancourt et al., 2014; 
Särkämö, 2018; Sittler et al., 2021).

Such research should also consider whether the adverse effects 
of a specific MBI offset any benefits observed. For instance, if ‘sad’ 
music indeed proves to be beneficial for cognition this may be offset 
by negative effects on mood and well- being. PwD with high levels of 
depression may be particularly at risk of this, as research has shown 
increased negative facial affect in this subgroup when listening to 
preferred music (Garrido et al., 2018). Detrimental emotional effects 
that music therapists can actively resolve in MT sessions may go 
undetected in non- therapist- led MBIs, meaning that specific care 
should be taken to prioritise well- being over any cognitive benefits. 
Indeed, (transient) cognitive benefits are only desirable in so far as 
they signify moments of enrichment and empowerment for PwD, 
and as such contribute to sustained well- being and thus the QoL 
(Beard, 2012).

Future studies face a number of challenges when it comes to 
designing more rigorous MBI investigations. One such challenge is 
to find a balance between flexibility and implementation fidelity. 
Losses in implementation fidelity have to be tolerated as flexibility 
is needed to allow for MBIs to integrate into the everyday lives of 
community- dwelling PwD. One way to address this is to integrate 
implementation evaluations into the trial processes. For instance, 
Olson et al. (2022) report integrating such checks in their pragmatic 
trial of a staff- led music- listening intervention in nursing homes. 
These checks included nursing home staff interviews, observational 
visits through research staff, and the evaluation of music player 
meta- data (showing play times and duration). Given such rich in-
formation, implementation fidelity could be considered in analyses. 
Other challenges include the difficulty in blinding researchers and 
participants and the challenge of choosing between preferred stim-
uli and such that have important characteristics from the research-
ers' point of view. Whilst the former can only be partially addressed 
by having objective outcome measures, a solution for the latter issue 
may be for researchers to offer a selection to participants (Koelsch 
& Jäncke, 2015).

There are some limitations to this review. One, as no unpublished 
work was identified in this review, the role of a publication bias in 
results cannot be discounted. Two, some of the works did not spec-
ify the severity of dementia so we cannot discern its role in the re-
sult. However, as community- dwelling individuals are typically in the 
early stages of dementia, it appears reasonable to assume that find-
ings are applicable to individuals in these stages. Three, whilst most 
papers specified the types of dementia, results largely did not dif-
ferentiate between them. Thus, we cannot comment on whether or 
not the benefits seen apply to specific dementia types. Yet, since the 
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majority of PwD were diagnosed with AD, it can be deduced with 
relative certainty that results apply to this group. Four, conclusions 
made based on experimental music listening studies in controlled 
settings may not transfer directly to music listening in non- controlled 
settings. Nonetheless, experimental studies presented here give an 
indication of the effects music listening can achieve.

5  |  CONCLUSION

Our review aims at presenting the state of the art of MBIs delivered 
to community- dwelling PwD. In contrast to MT, MBIs have the advan-
tage of being more easily accessible to this group. Positive outcomes 
observed on cognitive, psychiatric, and pain outcomes indicate prom-
ising findings. Yet, the limited quality of evidence does not allow for 
specific conclusions. As it is, evidence suggests that home- dwelling 
PwD and their support network can be encouraged— e.g. by general 
practitioners— to incorporate music listening and/or singing into their 
daily routine. Given that no difference between modes of MBI deliv-
ery was observed, advice should be tailored to the individual PwD's 
skills and preferences. Individuals in the early stages of dementia who 
find joy in singing can be encouraged to do so whilst individuals who 
lack the skill and/or have more advanced dementia may benefit from 
music listening. Further, more rigorous investigations are warranted to 
be able to give more specific recommendations on an individual basis.
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M usical stimuli are widely used in emotion research and intervention studies. However, reviews have repeatedly
noted that a lack of pre-evaluated musical stimuli is stalling progress in our understanding of speci!c effects of

varying music. Musical stimuli vary along a plethora of dimensions. Of particular interest are emotional valence and
tempo. Thus, we aimed to evaluate the emotional valence of a set of slow and fast musical stimuli. N = 102 (mean age:
39.95, SD: 13.60, 61% female) participants rated the perceived emotional valence in 20 fast (>110 beats per minute
[bmp]) and 20 slow (<90 bpm) stimuli. Moreover, we collected reports on subjective arousal for each stimulus to explore
arousal’s association with tempo and valence. Finally, participants completed questionnaires on demographics, mood
(pro!le of mood states), personality (10-item personality index), musical sophistication (Gold-music sophistication index),
and sound preferences and hearing habits (sound preference and hearing habits questionnaire). Using mixed-effect model
estimates, we identi!ed 19 stimuli that participants rated to have positive valence and 16 stimuli that they rated to have
negative valence. Higher age predicted more positive valence ratings across stimuli. Higher tempo and more extreme
valence ratings were each associated with higher arousal. Higher educational attainment was also associated with higher
arousal reports. Pre-evaluated stimuli can be used in future musical research.

Keywords: Emotional perception; Music perception; Arousal; Individual differences.

Musical stimuli are valuable to researchers interested
in emotional processing (Eerola & Vuoskoski, 2012).
In addition, the powerful emotional nature of music
has led to its therapeutic use, with therapeutic musi-
cal interventions being studied with various patient
groups, such as people affected by coronary heart dis-
ease or people with dementia (Mofredj et al., 2016).
However, !ndings related to music’s effects are often
con"icting. For instance, as a recent review summarises,
it remains unclear how music elicits reward, as bio-
chemical, physical and psychological !ndings diverge
(Reybrouck & Eerola, 2022). In the area of music ther-
apies, meta-analysis shows that observed effects on,
for example, cognition, quality of life and anxiety in
dementia are too mixed to draw !rm conclusions (van der
Steen et al., 2018). Reviews converge on the notion that to
make sense of such mixed !ndings, future research should
rely on more clearly de!ned stimuli which should be
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evaluated in pre-testing (e.g. Eerola & Vuoskoski, 2012;
Warrenburg, 2020).

Indeed, a recent review of stimuli used in research
focused on music and emotion found that merely 3% of
the stimuli reviewed had been pre-evaluated before study
use (Warrenburg, 2020). Undeniably, the fact that relevant
dimensions along which musical stimuli can be charac-
terised are manifold (including musical, acoustical and
emotional features), complicates stimuli pre-evaluation.
In general, emotional valence, as the central emotional
feature, is considered to be of particular relevance. Yet,
describing emotional valence is not trivial. For one thing,
one can record the perceived emotional valence expressed
in the stimulus or the emotion experienced while listening
to the stimulus. While these correlate, they are not identi-
cal, with experienced emotion showing greater variability.
For instance, listeners can perceive a musical stimulus to
express “sadness” while experiencing a range of mixed

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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emotions, including nostalgia and peacefulness (Taruf! &
Koelsch, 2014).

Furthermore, emotional valence can be described
using discrete emotion categories or along valence
continua (Eerola & Vuoskoski, 2012). In her review,
Warrenburg (2020) found that the majority of studies
used categorical description with more than half of all
stimuli used being described in terms of “sadness,”
“happiness” and “anger.” Yet, valence ratings on con-
tinuous scales give more detailed insights, especially
when the emotion expressed is ambiguous (Eerola &
Vuoskoski, 2011). This is also re"ected in greater con-
sistency of continuous as compared to discrete ratings
across participants (Song et al., 2016).

Emotional valence perception is directly dependent
on acoustical features of music. For instance, disso-
nance is generally perceived as expressing negative
valence, as are pitch numerosity and acoustic roughness
(Lahdelma et al., 2022). The most prominently inves-
tigated features in this regard, however, are mode and
tempo (Parncutt, 2014). Music in major mode is typically
perceived as positively valenced, while minor mode
is associated with a perceived negative valence (e.g.
Morreale et al., 2013). For tempo, high tempo is associ-
ated with positive valence while slow tempo is generally
perceived as expressing negative valence (e.g. Vieillard
et al., 2012). In fact, tempo cues appear powerful enough
to outweigh mode when participants judge emotional
valence in stimuli with incongruent tempo and mode, at
least in non-musicians (Morreale et al., 2013).

Tempo also is of particular interest when investigating
therapeutic uses of music, as tempo’s effect on nervous
system regulation is considered central to therapeutic
effects (e.g. Mofredj et al., 2016). However, given the
association between tempo and emotional valence, it is
dif!cult to discern whether positive effects can truly be
attributed to tempo or whether they relate to the emo-
tional quality of stimuli. Previous studies have typically
focused on either tempo (e.g. Liu et al., 2018) or the emo-
tional valence of stimuli (e.g. Proverbio et al., 2015; Song
et al., 2016). To identify whether these dimension have
independent effects, one would need to assess both con-
gruent (fast-positive valence and slow-negative valence)
and incongruent (slow-positive valence and fast-negative
valence) stimuli.

Interpretation of !ndings is further complicated by the
potential role of subjective arousal, that is, the degree
of activation felt by a participant in response to a musi-
cal stimulus. Higher tempo has been shown to correlate
with greater subjective arousal (e.g. Morreale et al., 2013).
One study found that when stimuli were matched for
subjectively experienced arousal, tempo had no separate
effect on physiological parameters (Krabs et al., 2015),
suggesting that therapeutic effects attributed to tempo
may actually be rooted in varying arousal experiences.
Given that high tempo has been associated with both

more positively perceived valence and greater arousal
experience, one may expect a strong positive correlation
between valence and arousal. Correlations have, in fact,
been reported (e.g. Bradley & Lang, 2000). However, the
relationship remains a subject of debate. While some the-
oretical models of affect describe arousal and valence as
orthogonal (e.g. Posner et al., 2005), converging evidence
points towards a V-shaped relationship (Yik et al., 2022).
This matches the existence of both high arousal posi-
tively valenced music (“happy” or “joyful”) music and
high arousal, negatively valenced (“angry” or “agitating”)
music.

Individual differences in"uencing perception and
experience should be considered. For instance, recogni-
tion accuracy for negatively valenced emotions has been
found to decline with age (Castro & Lima, 2014; Vieillard
et al., 2012). Others have not reported an age effect (Song
et al., 2016), yet, this may have been due to a more
restricted age range. Gender may also have an in"uence,
because women may !nd it easier to identify emo-
tions expressed (Gabrielsson & Juslin, 1996), although
gender effects have not always been found (Castro &
Lima, 2014; Song et al., 2016). Moreover, there appears
to be a mood-congruence effect in emotional valence per-
ception: participants in a more depressed mood perceived
more negative emotion in music, whereas participants
with high vigour generally perceived more positive emo-
tion (Vuoskoski & Eerola, 2011). This effect was partially
mediated by extraversion (Vuoskoski & Eerola, 2011),
indicating an additional role of personality traits.

Moreover, participants’ skills and habits may in"uence
the emotional evaluation of music. For example, com-
pared to non-musicians, musicians exhibit more accurate
emotion recognition (Castro & Lima, 2014) and perceive
fast music as more positively valenced (Liu et al., 2018).
These !ndings may be the result of musicians being more
attuned to musical cues. This may well extend to an
effect of musical expertise on emotion recognition among
non-musicians, however, a previous investigation did not
!nd this (Song et al., 2016). Analytical skills may be an
additional determinant, as a meta-analysis showed intel-
ligence to be associated with emotion recognition abil-
ity (Schlegel et al., 2020). Besides musical expertise and
overall cognitive ability, people differ more speci!cally
in sound preferences and hearing habits. For instance,
while some are greatly sensitive to sharp sounds or place
high importance on perceiving details in music, others
are unaffected by sharp sounds or do not value musical
details as highly (Meis et al., 2018). Such differences may
modulate attention to valence cues thereby in"uencing
perception.

AIM

The primary aim of this work was to establish a clearly
characterised musical stimulus set. To enable future

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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EMOTIONAL VALENCE OF MUSICAL STIMULI 467

research to differentiate between the effects of emotional
valence and tempo, we describe two congruent classes
of stimuli (i.e. stimuli for which valence and tempo cues
match): (a) fast tempo, positive valence, and (b) slow
tempo, negative valence, as well as two incongruent
classes of stimuli: (a) fast tempo, negative valence, and
(b) slow tempo, positive valence. We further sought to
describe stimuli in terms of subjective arousal felt in
response to them, to be able to describe the interrelation
between perceived valence, tempo and subjective arousal
more clearly. Our secondary aim was to identify individ-
ual differences that may be relevant to emotional valence
perception and arousal experience.

METHOD

Participants

Participants were recruited via email and advertisement
on social media. Non-musicians aged 18 or older were
invited to take part in the study. Professional musicians
were excluded as their musical perception diverges
from that of non-musicians (Castro & Lima, 2014;
Liu et al., 2018). Additional exclusion criteria were
neuro-cognitive disorders (e.g. dementia and stroke),
neurodivergence (e.g., dyslexia or autism), and severe
visual/hearing impairments (i.e. impariments severe
enough that they might interfere with reading instruc-
tions and listening to the music, according to self-report).
The !nal sample consisted of 102 participants (mean age:
39.95, SD: 13.6), the majority (60.78%) was female. A
full description can be found in Table 1.

Stimuli

Stimuli were 30 seconds-long excerpts from a total of 40
music recordings. The excerpts were created in Audac-
ity by selecting the 30 seconds around the midpoint of
each original audio !le. We chose the exact mid-section
rather than having researchers choose, e.g. according to
perceived representativeness, to avoid the introduction of
bias. To ensure that pieces were comparable, criteria for
selection were that they (a) be entirely instrumental (i.e.
no human voices or environmental sounds) and (b) be per-
formed by more than two instruments. Half of excerpts
were taken from classical musical pieces (i.e. broadly
Western art music), half from movie soundtracks. We
chose classical music, on the one hand, as this is the genre
used by the greatest proportion of music emotion publi-
cations, and has the additional advantage of pieces often
being strictly instrumental. Movie soundtracks, on the
other hand, have more recently gained traction in music
emotion research as they are speci!cally composed with
the expression of emotion in mind (Warrenburg, 2020). To

TABLE 1
Sample demographics

N 102
Gender, n (%)

Male 38 (37.25)
Female 62 (60.78)
Non-Binary 1 (0.98)
Not reported 1 (0.98)

Age
Mean (SD) 39.95 (13.6)
Range 19–82

Education, n (%)
Secondary school (Hauptschule) 1 (0.98)
Secondary school (Realschule) 6 (5.88)
Secondary school (Gymnasium) 8 (7.84)
Vocational school 10 (9.8)
University of applied science 15 (14.71)
University 62 (60.78)

POMS, mean (SD)
Dejection/anxiety (POMS-D) 9.96 (11.8)
Fatigue (POMS-F) 20.24 (7.63)
Vigour (POMS-V) 15.87 (8.46)
Anger (POMS-A) 5.67 (6.58)

SP-HHQ, mean (SD)
Annoyance/distraction by background
noise (SPHHQ-F1)

21.19 (6.21)

Importance of sound quality (SPHHQ-F2) 6.56 (2.03)
Noise sensitivity (SPHHQ-F3) 9 (3.76)
Avoidance of unpredictable sounds
(SPHHQ-F4)

7.19 (2.81)

Openness towards loud/new sounds
(SPHHQ-F5)

10.61 (2.51)

Preferences for warm sounds
(SPHHQ-F6)

7.36 (1.78)

Details of environmental sounds/music
(SPHHQ-F7)

7.63 (1.58)

Gold-MSI, mean (SD)
General factor of musical sophistication
(GMSI-General)

68.13 (13.65)

TIPI, mean (SD)
Openness to experience (TIPI-O) 10.85 (2.01)
Conscientiousness (TIPI-C) 10.9 (2.21)
Extraversion (TIPI-E) 8.82 (2.49)
Agreeableness (TIPI-A) 10.25 (1.88)
Emotional stability (TIPI-STAB) 9.91 (2.21)

Note: Descriptive statistics of demographic information and individual
difference scores.

make the stimuli selection reproducible, we have added a
detailed description of the excerpts in Table S1.

Low tempo was de!ned as a bpm< 90 (range:
59–87 bpm) and high tempo as a bpm> 110 (range:
116–184 bpm). Three blinded researchers selected stim-
uli they expected to be perceived as either having positive
or negative emotional valence. The goal was to assign
10 stimuli to each of four target stimuli classes: (a)
fast tempo, expected positive valence, (b) slow tempo,
expected positive valence, (c) fast tempo, expected nega-
tive valence, (d) slow tempo, expected negative valence.
This was an attempt to ensure that stimuli presented were
suf!ciently varied; we do not take into account which

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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468 HOFBAUER AND RODRIGUEZ

valence was expected in analyses. The tempo of the
pieces was identi!ed using “Tempo-CNN” in Python.

Questionnaires on individual differences

Demographic information questionnaire

Participants were asked to report their age. They also
reported their gender (male, female, non-binary), except
one participant, who did not report their gender. Fur-
ther, participants reported their highest academic degree
according to the German school system (secondary school
[Hauptschule], secondary school [Realschule], secondary
school [Gymnasium], vocational school, University of
Applied Science, University); this was used as a proxy
for intelligence (Ritchie & Tucker-Drob, 2018).

Profile of mood states (POMS)

We used the German version of the POMS (see Albani
et al., 2005), assessing the current mood of participants
using 35 items. Participants rate each item in terms of
how strongly it applied to their current mood on a Likert
Scale ranging from 0 (“Not at all”) to 6 (“Extremely”).
The items form four subscales, subscale scores were cal-
culated by summing the score of the relevant items: dejec-
tion/anxiety (POMS-D, 14 items, range: 0–84), vigour
(POMS-V , 7 items, range: 0–42), anger (POMS-A, 7
items, range: 0–42) and fatigue (POMS-F, 7 items, range:
0–42). According to the manual, one missing item per
subscale was tolerated and replaced by the mean of the
remaining items of this scale. This rule had to be applied
in only one case.

Sound preference and hearing habits
questionnaire (SP-HHQ)

The German SP-HHQ (Meis et al., 2018) uses 23 items
to assess sound preferences and hearing habits. Items
are rated on a scale from 1 (“Does not apply at all”)
to 5 (“Applies fully”) and summed to give seven fac-
tor scores: Annoyance/distraction by background noise
(SPHHQ-F1, 8 items, range: 8–40), Importance of sound
quality (SPHHQ-F2, 4 items, range: 4–20), Noise sen-
sitivity (SPHHQ-F3, 3 items, range: 3–15), Avoidance
of unpredictable sounds (SPHHQ-F4, 3 items, range:
3–15), Openness towards loud/new sounds (SPHHQ-F5,
3 items, range: 3–15), Preferences for warm sounds
(SPHHQ-F6, 2 items, range 2–10), Details of environ-
mental sounds/music (SPHHQ-F7, 2 items, range 2–10),

Gold music sophistication index (Gold-MSI)

The Gold-MSI assesses musical attitudes, behaviours,
and skills. It has been translated into German, and its sub-
scales can be used independently (Schaal et al., 2014).

The 18-item General Factor of Musical Sophistication
Subscale (GMSI-General) for a general overview over
participants’ musicality. The majority of items are rated
on a scale from 1 (“Completely Disagree”) to 7 (“Com-
pletely Agree”). Three items use answer options cor-
responding to scores of 1–7 instead of a Likert scale.
The sum of all item scores gives the total score (range:
18–126).

Ten-item personality index (TIPI)

We used the German Version of the TIPI (Muck
et al., 2007). It assesses the “Big 5” personality domains:
Openness to Experience (TIPI-O), Conscientiousness
(TIPI-C), Extraversion (TIPI-E), Agreeableness (TIPI-A)
and Emotional Stability (TIPI-STAB). Two items describe
each of the domains, one of these always being reverse
coded. The items’ scale ranges from 1 (“Disagree strong-
ly”) to 7 (“Agree strongly”), and items of a subscale are
summed (range of each subscale: 2–14).

Procedure

The study was realised in form of an online survey gen-
erated using SoSci Survey and hosted on their server
s2survey.net. Participants were !rst presented with study
information and an online consent screen and could
provide consent by double opt-in. That is, participants
entered their email address and actively con!rmed that
they consented to participation by clicking a con!rma-
tion link contained in an email. The link directed them
to the survey. In part one of the survey, participants
completed a sequence of questionnaires on individual
differences. In the second part, participants were asked
to rate the musical excerpts on two continuous sliding
scales. First, in terms of perceived emotional valence,
ranging from “very negative” to “very positive” (Screen
display: “Please indicate whether you perceive the emo-
tion expressed in the music to be negative or positive
by moving the slider accordingly.”). Second, in terms of
subjective arousal, ranging from “not at all arousing” to
“very arousing” (Screen display: “Please also indicate
how emotionally arousing you !nd the music by moving
the slider accordingly.”). Scale positions were translated
into values between −50 and 50 for analysis. A score of
0 represents the neutral scale position. The music stim-
uli were presented in groups of four per survey page.
Groups were generated by a random generator and kept
constant. The order of in which pages were presented was
re-shuf"ed by a random generator for each participant.

Analysis

Data analysis was conducted using R (Version 4.0.2) in
RStudio (Version 1.2.5042). We used a signi!cance level
of p< .05.

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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Emotional valence ratings

To determine the perceived emotional valence of stim-
uli we estimated the intercept for each stimulus by !t-
ting mixed-effect models with a zero intercept, stimulus
as !xed effect, and a random by-participant intercept (R
package “lme4”). We considered stimuli with estimates
and con!dence intervals (CIs) that were exclusively pos-
itive as having positive valence. Stimuli with negative
estimates and CIs that were exclusively negative were
considered as having negative valence. If the CI included
zero, valence could not be determined. By using these
estimates we avoided aggregating rating data and thus los-
ing substantial information. We also calculated the skew-
ness of perceived valence ratings for each stimulus (R
package “e1071”). Skewness expresses to which degree
the distribution of ratings diverges from a symmetrical
distribution. A symmetrical distribution would suggest no
tendency, that is, neither predominantly positive nor pre-
dominantly negative valence ratings. Positive skew would
indicate a right-skew, while negative values would indi-
cate a left-skew. Absolute skews of >.5 would indicate a
moderate tendency and absolute skews of >1 would indi-
cate a strong tendency. Therefore, higher absolute skews
would indicate less ambiguity in the perceived emotional
valence of a stimulus.

Arousal ratings

To determine how arousing participants found stim-
uli to be, we calculated arousal estimates by using a
mixed-effect model with a zero intercept, stimulus as
!xed effect, and a random by-participant intercept. If esti-
mate and CI were positive, arousal was labelled as high;
if estimate and CI were negative, arousal was considered
low. Additionally, we considered skewness of arousal rat-
ings to get an indication of ambiguity.

Further, we separately investigated the relationship
of arousal ratings with two predictors of interest: (a)
emotional valence rating, and (b) tempo. More speci!-
cally, we investigated whether these predictors had linear
or quadratic relationships with arousal ratings by !tting
both linear and quadratic models (R package “stats”) and
comparing model !t. To this end, we used the Aikake
Information Criterion (AIC) and the Bayesian Informa-
tion Criterion (BIC).

Individual differences

In the absence of speci!c predictions regarding the
effects of individual difference dimensions, we calculated
exploratory mixed-effect models of perceived valence
and subjective arousal including the individual difference
dimension collected via questionnaires and by-participant
intercepts. Inclusion of interaction terms was not feasible,
as this induced problematic levels of multicollinearity,

as indicated by variance in"ation factors >5 (R package
“performance”). To prevent undue in"uence of extreme
scorers on the results of this analysis, we further identi-
!ed SD-based outliers. We identi!ed one participant who
was more than three SDs older than the average age, three
whose POMS-D scores were more than three SDs above
the mean, and three whose scores on the SPHHQ-F6
were more than 3 SDs below the mean. Removing out-
liers one-by-one and comparing results to the full sam-
ple, none were identi!ed as in"uential. Thus, we did not
exclude them from analyses. To avoid group sizes of
n= 1, we removed the non-binary participant, the partic-
ipant who did not report their gender, and the only one
participant who had the education status secondary school
(Hauptschule) (see Table 1). As a result, data of n= 99
participants were included in the analyses of individual
differences.

RESULTS

Emotional valence ratings

Based on mixed-model estimates and CIs, we labelled
19 stimuli as having positive valence. Of these, 11 were
fast tempo stimuli (IDs: 05, 06, 07, 09, 10, 25, 26, 27,
28, 29, 30; see Table 2), with skews varying between
−0.05 and −1.89. Thus, skews indicated a weak to strong
tendency towards positive ratings. Eight of the positively
valenced stimuli had a slow tempo (IDs: 16, 17, 18,
20, 36, 38, 39, 40), with skews varying between 0.21
and −0.47 (see Table 2 and Table S2). That is, skews
indicated weak tendencies in both positive and negative
directions. In addition, 16 stimuli were labelled as having
negative valence, half with slow tempo (IDs: 11, 12,
14, 19, 32, 33, 34, 35; skew range: 0.34–1.13) and half
with fast tempo (IDs: 01, 02, 03, 04, 21, 22, 23, 24;
skew range: 0.36–1.42). In other words, ratings were
slightly-to-strongly biased towards negative valence.
Five stimuli could not be classi!ed as having positive or
negative valence.

Arousal ratings

Twenty-one stimuli were reported to induce high subjec-
tive arousal. Of these, 10 were fast with positive valence
(IDs: 05, 06, 07, 08, 09, 10, 25, 26, 27, 28, 29; skew
range: −1.25 to −0.30; Table 2), 7 were fast with negative
valence (IDs: 01, 02, 03, 21, 22, 23, 24; skew range:−0.95
to −0.35) and 3 were slow with negative valence (IDs:
14, 19, 34, skew range: −0.43 to −0.04). That is, arousal
ratings were overall slightly-to-strongly biased towards
higher arousal for fast stimuli and only slightly biased
towards high arousal for slow negative stimuli. One stim-
ulus with slow tempo and positive valence induced low
arousal (ID: 37). Skew for the latter was zero, indicating

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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TABLE 2
Description of stimuli

Musical piece
(ID number, name, artist)

Tempo (bpm,
Labela)

Perceived emotional
valence, estimate
(95% CIb), Labelc

Per. emo.
valence skew

Subjective arousal,
estimate

(95% CIb), Labeld
Subjective

arousal skew

01, Eine Nacht Auf Dem Kahlen Berge
by Modest Mussorgsky

116, Fast −25.35 (−29.31,
−21.35), Negative

Valence

1.42 7.87 (2.82, 13.03),
High Arousal

−0.46

02, Le Sacre du Printemps, Part 2:
The Sacri!ce: Sacri!cial Dance by Igor
Stravinsky

128, Fast −18.14 (−22.06,
−14.06), Negative

Valence

1.41 9.62 (4.39, 14.75),
High Arousal

−0.60

03, Scythian Suite, Op.20—“Ala And Lolly”:
2. The Enemy God And The Dance Of The
Spirits Of Darkness by Sergei Proko!ev

118, Fast −11.2 (−15.36,
−7.24), Negative

Valence

0.91 6.95 (1.07, 11.75),
High Arousal

−0.43

04, The Planets: I. Mars, The Bringer of War
by Gustav Holst

135, Fast −15.31 (−19.59,
−11.49), Negative

Valence

1.14 1.89 (−3.55, 6.69) −0.16

05, Romeo and Juliet, Op.64—Act 1: The Duke’s
Command—Interlude, by Sergei Proko!ev

125, Fast 8.21 (4.03, 12.47),
Positive Valence

−0.12 15.84 (10.77, 21.09),
High Arousal

−0.77

06, Der Zigeunerbaron, Act III: “March. Hurrah, die
Schlacht” by Johann Strauss II

118, Fast 33.23 (29.10,
37.33), Positive

Valence

−1.89 19.69 (1.67, 12.10),
High Arousal

−0.42

07, Eine kleine Nachtmusik K. 525: Allegro
by Wolfgang Amadeus Mozart

130, Fast 35.44 (31.71,
39.57), Positive

Valence

−1.88 19.86 (14.35, 24.80),
High Arousal

−0.84

08, Kammermusik No. 1, Op. 24 No. 1: I. Sehr
schnell und wild, by Paul Hindemith

139, Fast 0.52 (−3.07, 4.87) 0.14 14.55 (9.57, 20.43),
High Arousal

−0.79

09, Keyboard Concerto No. 3 in D Major, BWV
1054: III. Allegro by Johann Sebastian Bach

139, Fast 29.87 (25.86,
34.14), Positive

Valence

−0.93 10.82 (5.97, 15.51),
High Arousal

−0.45

10, William Tell Overture by Gioachino Rossini 167, Fast 29.58 (25.51,
33.64), Positive

Valence

−1.22 25.60 (20.13, 30.37),
High Arousal

−1.25

11, Cantus in memoriam Benjamin Britten,
by Avo Pärt

87, Slow −4.70 (−8.91,
−0.35), Negative

Valence

0.34 −0.52 (−5.56, 4.50) −0.33

12, Dido and Aeneas, Z. 626 / Act 3: “When I Am
Laid In Earth” Dido’s Lamento by Henry Purcell

87, Slow −12.57 (−16.93,
−8.62), Negative

Valence

1.10 3.96 (−0.86, 9.07) −0.06

13, Fratres For String Orchestra And Percussion,
by Avo Pärt

87, Slow −2.80 (−6.56,
1.29)

0.82 −1.75 (−6.46, 3.26) −0.17

14, (La) Mélancolie by Ole Bornemann Bull 87, Slow −10.64 (−14.76,
−7.04), Negative

Valence

0.94 8.18 (2.89, 13.71),
High Arousal

−0.43

15, Peer Gynt Suite No.1, Op.46–2. The Death Of
Aase, by Edvard Grieg

87, Slow −0.64 (−4.63,
3.18)

0.52 −2.97 (−8.36, 2.29) −0.05

16, Carmen Suite No. 1: III. Intermezzo,
by Georges Bizet

71, Slow 6.48 (2.32, 10.21),
Positive Valence

0.21 −3.31 (−8.91, 1.22) 0.12

17, Piano Concerto No. 5 in E-Flat Major, Op. 73: II.
Adagio un poco mosso by Ludwig van Beethoven

87, Slow 15.44 (11.83,
19.05), Positive

Valence

−0.38 −2.45 (−7.75, 2.59) 0.11

18, Viola Concerto in G Major: Largo,
by Georg Philipp Telemann

87, Slow 6.05 (2.31, 10.21),
Positive Valence

0.06 0.80 (−4.09, 6.12) −0.21

19, Concerto Grosso in C Major, HWV 318,
Alexander’s Feast: Largo,
by George Frideric Handel

87, Slow −5.50 (−9.81,
−1.52), Negative

Valence

0.42 5.36 (0.69, 10.39),
High Arousal

−0.04

20, Oboe Concerto in B-Flat Major: Largo e mesto,
by Carl Philipp Emanuel Bach

87, Slow 5.20 (1.18, 9.42),
Positive Valence

0.08 −4.23 (−9.41, 1.15) −0.06

21, The Droid by Jerry Goldsmith 130, Fast 24.58 (−28.28,
−21.01), Negative

Valence

1.21 6.92 (1.59, 11.79),
High Arousal

−0.35

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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TABLE 2
Continued

Musical piece
(ID number, name, artist)

Tempo
(bpm, Labela)

Perceived emotional
valence, estimate
(95% CIb), Labelc

Per. emo.
valence skew

Subjective arousal,
estimate

(95% CIb), Labeld
Subjective

arousal skew

22, Assets And Targets
by John Powell

116, Fast −7.75 (−11.72,
−4.02), Negative

Valence

0.67 13.15 (7.80, 18.44),
High Arousal

−0.47

23, Chasing Luisa Rey, by Tom Tykwer,
Johnny Klimek,
Reinhold Heil

130, Fast −4.02 (−7.63,
−0.15), Negative

Valence

0.36 19.10 (14.23, 24.24),
High Arousal

−0.95

24, Impulse, by Hans Zimmer 120, Fast −18.98 (−22.92,
−15.44), Negative

Valence

0.68 11.86 (6.66, 17.84),
High Arousal

−0.61

25, Mombasa, by Hans Zimmer 145, Fast 5.27 (1.65, 9.47),
Positive Valence

−0.05 13.99 (9.17, 19.56),
High Arousal

−0.77

26, Little Women, by Alexandre Desplat 156, Fast 6.23 (2.07, 9.98),
Positive Valence

0.09 7.71 (2.07, 12.56),
High Arousal

−0.30

27, Making Water by Harry Gregson-Williams 116, Fast 19.07 (15.00,
23.22), Positive

Valence

−0.18 8.33 (3.34, 13.32),
High Arousal

−0.50

28, Superman Returns: Main Theme
by John Ottman

120, Fast 27.27 (23.25,
30.88), Positive

Valence

−1.07 14.22 (9.36, 19.06),
High Arousal

−0.63

29, The Return of the Eagle
by Atli Örvarsson

130, Fast 23.59 (19.65,
27.35), Positive

Valence

−1.07 16.80 (11.79, 21.82),
High Arousal

−0.85

30, Waltz to the Death by Danny Elfmann 184, Fast 23.87 (19.81,
27.79), Positive

Valence

−0.83 0.07 (−4.52, 5.20) −0.19

31, Atonement, by Dario Marianelli 87, Slow −3.49 (−7.54,
0.48)

0.38 0.28 (−4.99, 5.63) 0.09

32, Long, Long Time Ago by Javier Navarrete 84, Slow −13.38 (−17.30,
−9.47), Negative

Valence

0.95 0.82 (−4.89, 6.45) −0.07

33, Pan’s Labyrinth Lullaby by Javier Navarette 73, Slow −9.63 (−13.68,
−5.47), Negative

Valence

0.83 −0.77 (−5.78, 3.87) −0.28

34, Solomon, by Hans Zimmer 87, Slow −7.08 (−11.09,
−3.07), Negative

Valence

0.60 9.50 (4.21, 14.33),
High Arousal

−0.39

35, The Revenant: Main Theme
by Ryuichi Sakamoto

87, Slow −18.20 (−21.79,
−14.24), Negative

Valence

1.13 −8.28 (−13.41,
−3.05)

0.10

36, Dawn by Dario Marianelli 81, Slow 19.07 (15.71,
23.02), Positive

Valence

−0.32 2.19 (−2.39, 7.22) −0.15

37, Rooftop Kiss, by James Horner 73, Slow 1.11 (−2.52, 5.17) 0.29 −7.71 (−12.80,
−2.58), Low arousal

0.00

38, Bogart & Bergman by Justin Hurwith 59, Slow 23.39 (18.77,
27.16), Positive

Valence

−0.42 −11.24 (−16.42,
−5.81)

0.21

39, Love Theme for Nata by Ennio Morricone 87, Slow 15.14 (11.19,
19.09), Positive

Valence

−0.16 −0.10 (−4.75, 4.74) −0.19

40, First Youth by Ennio Morricone 67, Slow 17.61 (13.80,
21.28), Positive

Valence

−0.47 −4.08 (−8.93, 0.88) 0.08

Note: CI= con!dence interval; Emo.= emotional; Per.= perceived; Subj.= subjective.
a
Tempo was labelled as “Fast” if >110 bpm, as “Slow” if

<90 bpm.
b
CIs were calculated using non-parametric bootstrapping.

c
Perceived valence was labelled as “Positive Valence” if estimate and CI were

exclusively positive, as “Negative Valence” if estimate and CI were exclusively negative.
d
Subjective arousal was labelled as “High arousal” if estimate

and CI were exclusively positive, as “Low Arousal” if estimate and CI were exclusively negative.

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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472 HOFBAUER AND RODRIGUEZ

Figure 1. Illustration of stimuli according to tempo in beats per minute (bpm), perceived emotional valence and subjective arousal. The dotted grid
signi!es the neutral value for the arousal rating (y-axis) and the mid-point between fast (>110 bpm) and slow (<90 bpm) tempo (x-axis). Points mark the
perceived valence estimate and are scaled according to arousal estimates. Points are also labelled with their ID Number and coloured according tempo
and valence. Violet: slow, negative valence; blue: fast, negative valence; red: fast, negative valence; yellow: fast, positive valence; grey: no valence
could be determined. For more details see Table 2.

Figure 2. Illustration of arousal ratings in relation to perceived emotional valence and tempo. (a) Shows the relation between arousal ratings and
perceived emotional valence. The dotted grid signi!es the neutral value for the arousal rating (y-axis) and for the perceived emotional valence (x-axis).
(b) Shows the relation between arousal ratings and tempo. The dotted grid signi!es the neutral value for the arousal rating (y-axis) and the mid-point
between fast (>110 bpm) and slow (<90 bpm) tempo (x-axis). The dark grey lines are !tted regression lines; the light grey shading represents the 95%
con!dence intervals (CIs).

that overall ratings showed no tendency towards higher
or lower arousal. Figure 1 illustrates how stimuli vary in
terms of tempo, perceived valence and subjective arousal.

Modelling the relationship between emotional valence
ratings and arousal ratings, the quadratic model !t outper-
formed the linear model !t on AIC (38,222 vs. 38,380)
and BIC (38,247 vs. 38,399). The signi!cant linear term
indicated that arousal slightly increased with valence
(! = .06, p < .001), while the quadratic term showed
that the slope of this association increased further with
increasingly positive valence ratings (! = .01, p < .001;

see Figure 2a). In addition, we found a linear association
between tempo and arousal. While the quadratic model
had a slightly smaller AIC than the linear model (38,230
vs. 38,236), the BIC was equal. The linear term for tempo
showed that increasing tempo was associated with higher
arousal ratings (! = .20, p < .001; see Figure 2b).

Individual differences

Predicting the perceived emotional valence across stimuli,
the only signi!cant predictor was age (! = .20, p = .011),

© 2023 The Authors. International Journal of Psychology published by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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EMOTIONAL VALENCE OF MUSICAL STIMULI 473

indicating that with increasing age participants generally
perceived stimuliÕs valence as more positive. The sole
signi! cant predictor of subjective arousal was education
(! = 2.54,p= 0.025), indicating that higher levels of edu-
cation were associated with reports of greater arousal
across stimuli.

DISCUSSION

The primary aim of this study was to evaluate musical
stimuli of slow and fast tempo in terms of emotional
valence. Using the emotional valence perceptions of 102
participants, we calculated perceived valence estimates
for each stimulus and con! dence intervals surrounding
these estimates. Based on these, we were able to identify
19 congruent (11 fast, positively valenced, 8 slow, neg-
atively valenced) and 16 incongruent (8 slow, positively
valenced, 8 fast, negatively valenced) stimuli. Inspection
the distribution skews of ratings indicated that slow, pos-
itive valenced stimuli were often ambiguous to partici-
pants, that is, skews were comparatively small. This is
in line with a previously noted high potential for confu-
sion between ÒtendernessÓ and Òsadness,Ó that is, a posi-
tively and negatively valenced emotion, respectively, that
are both mostly expressed through slow tempo (Eerola
& Vuoskoski, 2011). Researchers using slow, positively
valenced stimuli should thus be aware that the stimuli may
be perceived as ambiguous, which may result in mixed
emotional responses.

Secondly, we estimated subjective arousal,! nding 21
stimuli to induce high arousal and one stimulus to induce
low arousal. That only 22/40 stimuli (55%) could be
clearly described in terms of arousal re" ects the overall
lower agreement between participants, which can also be
observed when inspecting rating distributions and their
skew. Overall more mixed subjective arousal experiences
matches! ndings showing greater variability in subjec-
tive music experiences than in music perception (Song
et al.,2016). We found the most extreme skews in arousal
ratings for fast, positive stimuli and observed a linear rela-
tionship between tempo and arousal, so that higher tempo
related to higher arousal ratings. This supports previous
reports of such a positive association between tempo and
arousal (Morreale et al.,2013). The relationship between
valence and arousal, however, was not linear. Instead,
we observe a quadratic relationship: Highly negative and
highly positive valence, in particular, were associated
with greater subjective arousal. This suggests an asym-
metrical V-shaped relationship, which is indeed globally
the most commonly observed pattern (Yik et al.,2022).
This V-shape may provide a unifying explanation for
otherwise con" icting results: both ÒjoyfulÓ (fast, posi-
tive) and ÒtouchingÓ (slow, negative) stimuli have been
found to stimulate cognition (Proverbio et al.,2015). If
both were characterised by strong emotional valence and

arousal, this combination of! ndings could be explained
via a shared arousal-cognitive stimulation route.

Investigating the role of individual differences in over-
all valence perception across stimuli, the only signif-
icant predictor was age, with greater age relating to
more positive valence perception. This! nding echoes
previous research on a Òpositivity biasÓ with age, that
is, a tendency in older adults to perceive stimuli as
more positively valenced (Castro & Lima,2014; Vieillard
et al., 2012). Such a tendency appears to be rooted in
a bias towards processing positive information. This is
believed to be due to older adults prioritising goals relat-
ing to emotional meaning and satisfaction, meaning that
their focus in processing is actively shifted towards pos-
itive information (Reed et al.,2014). It is also possible
that hearing dif! culties, which are increasingly common
with higher age, in" uenced the perception of musical
valence clues. While we did exclude participants with
self-reported severe hearing dif! culty, low-grade impair-
ments may have been present. However, we do not believe
it likely such impairments played a major role in the pos-
itivity effect observed: First, it has been shown that those
with hearing loss perceive pleasant sounds as less pleas-
ant than those without (Picou et al.,2022). Therefore, if
anything, the positivity may be attenuated if individuals
with hearing loss participated. Moreover, the difference
between those with and without hearing loss was found
to be reduced in an online setting versus a laboratory set-
ting (Picou et al.,2022). Finally, the age Òpositivity biasÓ
is present across modalities (Reed et al.,2014), thus, it
appears unlikely that it is attributable to a single sensory
impairment.

For subjective arousal rating, the only signi! cant pre-
dictor was education, with higher educational attainment
being associated with higher arousal ratings. In previ-
ous research, those with higher cognitive ability have
been shown to have better emotion recognition ability
(Schlegel et al.,2020). It is conceivable that greater
attunement to valence cues resulted in greater felt arousal.
Yet, to our knowledge, there is no direct evidence of
such an interaction between valence cues, cognitive abil-
ity on arousal. Another potential explanation is that those
with higher education may have been more exposed to
music similar to that presented in the experiment and that
greater familiarity resulted in greater subjective arousal,
as has been observed in the literature (Van Den Bosch
et al.,2013). Further investigation is warranted. Overall,
it should be noted that the results of exploratory mod-
els on individual differences are only indicative; future
research would need to evaluate more speci! cally how
such individual dimensions in" uence musical perception
and experience and under what circumstances these dif-
ference affect outcomes of interest.

An advantage of the research is that we were able
to recruit a large sample, which, compared to stud-
ies recruiting from a pool of university students (e.g.

© 2023 The Authors.International Journal of Psychologypublished by John Wiley & Sons Ltd on behalf of International Union of Psychological Science.
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474 HOFBAUER AND RODRIGUEZ

Eerola & Vuoskoski,2011; Song et al.,2016), was more
diverse in education and age. Yet, there also were notable
limitations. One, to limit the duration of the survey pro-
cedure, we used 30-second excerpts, not the entire musi-
cal pieces. However, it has been observed that emotion
can be reliably perceived in this time (Warrenburg,2020).
Moreover, while we accounted for sound preferences and
hearing habits, we did not directly account for music pref-
erence or liking, which might have in! uenced arousal
ratings. However, music preferences appear unrelated to
emotional judgements (Vieillard et al.,2012) and as such
should not have in! uenced the central results of this work.
Further, as this was not a controlled experiment under
laboratory conditions, we cannot discount the possibil-
ity that there were other sources of variability. For one,
while participants were provided with contact details,
none contacted us. Thus, it is possible that participants
did not get clari" cation in situations where the word-
ing of questions was ambiguous to them. For instance,
while we intended to get ratings on perceived valence and
experienced arousal, some may have misinterpreted the
wording of items. Two, as we could not control the lis-
tening situation, background noises and other distractions
may have affected results. However, while valence ratings
made by individuals without self-reported hearing loss are
less extreme when made online compared to when made
of! ine, the overall pattern should not be affected (Picou
et al.,2022). Finally, it should be noted that the analyses of
individual differences need to be interpreted with caution
as lacking power or range restriction may affect results.

In conclusion, we were able to identify a stimulus set
of 35 stimuli of both slow and fast tempo for which par-
ticipantsÕ evaluations of emotional valence met our crite-
ria. We hope that the availability of such a pre-evaluated
stimulus set will aid future investigations in clarifying the
effect of tempo and emotional valence expressed in music.
In addition, we recorded arousal ratings and showed sig-
ni" cant, yet small, positive associations between these
ratings and tempo. Further, we found a quadratic asso-
ciation between valence and arousal ratings, so that more
extreme emotional valence, be it positive or negative, was
associated with greater subjective arousal. Finally, we
identi" ed individual difference that in! uence both per-
ceived emotional valence and arousal ratings. These will
be important to consider in future research.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1.Table detailing the origin of musical excerpts used.
Table S2.Table showing the distributions of emotional valence
ratings and subjective arousal ratings for each of the musical
stimuli.
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Abstract The degree of stimulation provided by
background music appears to affect performance on
cognitive tasks. Moreover, individual differences
inßuence what degree of stimulation is beneÞcial or
detrimental. In a within-subject design, 40 participants
(Mean Age: 26.15, SD: 2.99) completed cognitive
tasks (immediate and delayed recall, phonemic ßu-
ency, trail-making) under varying (2 tempi: fast/
slow9 2 valences: positive/negative) musical back-
ground conditions. Further, they completed question-
naires on individual differences (extraversion, noise
sensitivity, annoyance/distraction by background
noise). Performance was assessed using analyses of
variance and mixed-effect models. Sensitivity analyses

adjusted for stimulus liking and further individual
characteristics. Fast (vs. slow) tempo was associated
with better immediate recall (p = .002,g2 = .08) and
phonemic ßuency (p\ .001, g2 = .16). Positive (vs.
negative) valence was also associated with better
immediate recall (p \ .001, g2 = .10) and phonemic
ßuency (p \ .001,g2 = .10). The association of pos-
itive valence with phonemic ßuency was attenuated in
those with above average Annoyance/Distraction by
Background Noise. The latter also had a slower
performance in the trail making test under positive
background music. The association of fast tempo with
verbal ßuency was stronger among those scoring high
in Noise Sensitivity. Overall, our results suggest that,
with regard to concurrent cognitive performance, fast
tempo, positively valenced background music is
preferable over slow, negatively valenced background
music. A deeper understanding of inter-individual
differences could allow further individualisation of
background music for cognitive task performance.

Keywords Background music! Cognitive
performance! Arousal! Cognitive load

Introduction

The role of background music in cognitive task
performance remains contentious. On the one hand,
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arguments based on the cognitive capacity model
(Kahneman,1973) suggest that background music
constitutes a distraction as it grabs attention and
diverts limited processing resources from the task at
hand. As a result, the Ôcognitive loadÕ, i.e. the demand
on cognitive processing, exceeds capacity and results
in reduced performance (Sweller,2011; Ôcognitive
load hypothesisÕ). On the other hand, it has been
suggested that background music has the potential to
increase alertness (ÔarousalÕ), positively inßuencing
attention on the task at hand and thus improving
performance (de la Mora Velasco et al.,2021; Kiss &
Linnell, 2021).

In 2011, Ka¬mpfe and colleagues synthesised evi-
dence on background musicÕs inßuence on cognition,
Þnding a slightly negative effect. In the discussion, the
authors highlighted that, based on large heterogeneity,
no Þrm conclusions could be drawn as there must be
moderating factors, including task speciÞcs and type
of music used. The authors suggested that music may
only beneÞt tasks that are easy and/or largely autom-
atized (i.e. when cognitive load is low), while it diverts
attention from more complex and/or less automatized
tasks (Ka¬mpfe et al.,2011). In line with this, a 2023
meta-analysis found that music is beneÞcial for
learning unless the material to be learned is highly
complex (de la Mora Velasco et al.,2023). Concerning
the question of which type of music may be most
advantageous to learning, authors reported evidence
for 2 musical characteristics. First, compared to music
with lyrics, instrumental music appears to be associ-
ated with a more positive effect on learning. This may
be the result of the former containing more informa-
tion, and thus inducing a higher cognitive load.
Second, faster music appears to be more beneÞcial
than slower music.

The cognition enhancing effect of fast tempo
music, more speciÞcally fast tempo music of positive
valence, has been argued previously in the context of
the Ôarousal-mood hypothesisÕ (Husain et al.,2002;
Thompson et al.,2001). This hypothesis posits that
listening to such music creates a state of elevated
mood and arousal that is advantageous to subsequent
cognitive task performance. Since the hypothesisÕ
original formulation, this notion has been expanded to
background music: fast, positive music is thought to
raise arousal to the ideal level for concurrent perfor-
mance on a diverse range of tasks (Bottiroli et al.,
2014; Kiss & Linnell, 2022; Ritter & Ferguson,2017).

However, musical valence is rarely pre-validated in
terms of valence before use; 97% of musical stimuli
used in emotion research are not validated beforehand
(Warrenburg,2020). Therefore, it remains uncertain
whether positive valence is indeed best suited to
support cognitive performance. Using stimuli that had
been pre-validated as either ÔjoyfulÕ, ÔagitatingÕ or
ÔtouchingÕ (Proverbio et al.,2015a), Pr overbio and
colleagues found ÔtouchingÕ music (also described as
ÔslowÕ and ÔsadÕ) to enhance facial memory, while
ÔjoyfulÕ music (described as ÔfastÕ) impaired it
(Proverbio et al.,2015a, 2015b). Conversely, accuracy
on difÞcult arithmetic tasks was enhanced by both
ÔjoyfulÕ and ÔtouchingÕ music (Proverbio et al.,2018).
Thus, slow, negatively valenced music may have
cognition-enhancing effects at least comparable to
those of fast, positively valenced music.

The type of background music associated with
better cognitive performance may also crucially
depend on individual differences. Converging evi-
dence points to extraversion/introversion playing a
role in how background music inßuences perfor-
mance, with extraverts having an increased beneÞt or
decreased detriment from music compared to intro-
verts (e.g. Cassidy & MacDonald,2007; Dobbs et al.,
2011; Furnham & Allass,1999; Proverbio et al.,
2018). Extraverts, who proposedly have a lower base
arousal than introverts (Eysenck,1963), may infer
greater beneÞt from music-induced arousal. In line
with this, extravert-speciÞc performance advantages
are absent when music is presumably minimally
stimulating, i.e. ÔsoftÕ and ÔslowÕ (Lehmann et al.,
2019). Further support for the extravert/introvert
distinction is provided by studies showing that noise
sensitivity and distractibility by noise are overall
lower in extraverts (Campbell,1992; Seo et al.,2012).
Yet, to our knowledge, an interaction between musical
background conditions varying in tempo and valence
and individual differences in extraversion or noise
sensitivity/distractibility has not been investigated.

Thus, we aimed to investigate: (1) whether per-
ceived emotional valence and tempo in background
music differentially affect cognitive task performance,
and (2) whether extraversion and/or noise sensitivity
or distractibility moderated the effect of music on
cognition. To this end, we presented participants with
tasks to solve while background music varying in
tempo and pre-validated perceived emotional valence
(4 conditions, counterbalanced within-subject design)
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was playing. Based on the literature, we expected an
interaction between tempo and valence. SpeciÞcally,
we expected that positively valenced or slow, nega-
tively valanced music would be found to be positively
associated with performance. We also anticipated that
extraversion and noise sensitivity/distractibility would
moderate the effect of background music, so that those
high in extraversion or with lower noise sensitivity/
distractibility would beneÞt more from fast back-
ground music than those low in these characteristics.

Methods

Participants

Students were recruited via University newsletter
advertisement. The inclusion criteria were: (1) age
between 18 and 35, (2) not a professional musician, (3)
no uncorrected visual or hearing impairments, (4) no
self-reported cardiovascular disease, which could
interfere with sensor measurements (see Procedure),
and (5) no self-reported current/past diagnosis of
depression. In an additional depression screening, we
administered the Patient Health Questionnaire 9
(PHQ-9, Lo¬we et al., 2001). Based on the results,
four individuals with scores indicating potential
depression (C 10, Kroenke et al.,2001) were excluded
from the analysis.

Power analysis indicated that a sample size of
n = 36 was needed to detect a within-participant effect
of medium size (f = 0.25) in an analysis of variance,
given an alpha level of 0.05 and a power of 0.95 (Faul
et al., 2007). The Þnal sample consisted of 40
participants (Mean Age: 26.15, SD: 2.99), the majority
(57.5%) was male, and 92.5% were educated at
College or University level (see Table1). Session
duration was 1.5Ð2 h. The experiment was adminis-
tered in German (n = 6) or English (n = 34). Partic-
ipants received course credit or a remuneration of 15
Euro. The experimental procedure was approved by
the University Medicine GreifswaldÕs Ethical Com-
mittee and the Ethical Committee of the Department
of Social Science at the University of Kaiserslautern.

Material

Four musical stimuli were used. To ensure that pieces
were comparable, criteria for selection were that they

are (a) entirely instrumental (no human voices or
environmental sounds), (b) performed by more than
two instruments, and (c) part of a movie soundtrack
(composed with the intent of transporting emotion;
Warrenburg,2020). Stimuli were chosen to vary along
two dimensions: their tempo (fast vs. slow) and their
emotional valence (positive vs. negative). The tempo
(in beats per minute, bpm) was identiÞed using
Tempo-CNN in Python (Schreiber & Mu¬ller, 2018).
The emotional valence perception was determined in a
pre-validation study using a separate sample (Hof-
bauer & Rodriguez,2023). We restricted our selection
to the stimuli which, according to participantsÕ
perceptions, were least ambiguously expressing pos-
itive or negative valence (Hofbauer & Rodriguez,
2023).

Included stimuli were: (1) fast (130 bpm) with
negative emotionality:The Droidby Jerry Goldsmith
(Duration: 03:47), (2) slow (87 bpm) with negative
emotionality:The Revenant: Main Themeby Ryuichi
Sakamoto (Duration: 02:41), (3) fast (130 bpm) with
positive emotionality:The Return of the Eagleby Atli
O¬rvarsson (Duration: 02:58), and (4) slow (67 bpm)
with positive emotionality: First Youth by Ennio
Morricone (Duration: 2:15). Stimuli were presented at
an intensity level averaging between 50 and 55
decibels.

Procedure

Testing took place in a brightly lit laboratory room. All
participants received written and oral information
about the study and gave written informed consent. In
addition to cognitive and questionnaire data, sensor
data were collected in this experiment (the corre-
sponding data will be reported on in another paper).
First, sensors (electrocardiogram, skin conductance
electrodes, eye tracker) were attached and a 7 min
baseline measurement taken. Four experimental con-
ditions followed, differing only in the musical stim-
ulus used (see Material). Each condition started with
sensor measurements being taken at rest (5 min),
continued with approximately 15 min of cognitive
testing and concluded with questions on stimulus
liking. Music was playing in the background during
both rest and cognitive testing. The order of conditions
was counterbalanced using a balanced Latin Square,
resulting in four orders (1Ð2- 3Ð4, 2Ð4- 1Ð3,
4Ð3- 2Ð1, and 3Ð1- 4Ð2). Participants were pseudo-
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randomly assigned an order of conditions, in an
alternating fashion based on the order of their study
participation. Upon conclusion of the experiment,
participants were asked to answer questionnaires.

Stimulus Liking

After each condition, participants rated the following
statements on a rating scale from 1 (ÔÔDoes not apply at
allÕÕ) to 7 (ÔÔApplies fullyÕÕ): (1) ÔÔI perceived the music
I just heard to be pleasant.ÕÕ and (2) ÔÔI would listen to
similar music in my free time.ÕÕ These summed to give
an overall stimulus liking score (range: 2Ð14).

Cognitive Testing

We selected three cognitive tasks for which previous
research has suggested a positive effect of background
music.Word list recall(1) is commonly used to give
an indication of episodic memory function (e.g.

Alenius et al., 2019). In a meta-analysis, episodic
memory function has been shown to be most notably
supported by background music (de la Mora Velasco
et al.,2023). Verbal ßuency(2) has also been observed
to improve under some background music conditions
(Bottiroli et al., 2014; Giannouli et al.,2019; Mam-
marella et al.,2007; Thompson et al.,2005). Finally,
psychomotor speed, which we operationalise with the
trail-making test(3) (Rammsayer & Stahl,2007), has
been found to be increased by background music
(Bottiroli et al.,2014; Nittono et al.,2000). Each of the
cognitive tasks were completed by each participant in
every condition (see Fig.1). Each of the cognitive
tasks had four parallel versions that varied slightly in
content to minimise practice effects. Participants were
presented with a new version of each task in each
condition. The parallel version used in each condition
was Þxed across participants. Details on scoring and
differences between parallel versions are detailed in
the sections below.

Table 1 Demographic
information

N sample size,n count,
PHQ-9 patient health
questionnaire 9,SP-HHQ
sound preference and
hearing habits
questionnaire,SD standard
deviation,TIPI ten item
personality index

N = 40

Gendern (%)

Men 23 (57.5%)

Women 17 (42.5%)

Educationn (%)

Secondary school (German Gymnasium) 2 (5%)

Vocational school 1 (2.5%)

College 5 (10%)

University 36 (82.5%)

Age Mean (SD), Range 26.15 (2.99), 20Ñ34

SPHHQMean (SD), Range

Annoyance/Distraction by Background Noise (SPHHQ-F1) 25.52 (5.16), 12Ñ36

Importance of sound quality (SPHHQ-F2) 7.10 (2.05), 2 -10

Noise sensitivity (SPHHQ-F3) 9.85 (3.37), 3Ñ15

Avoidance of unpredictable sounds (SPHHQ-F4) 9.45 (2.59), 3Ñ14

Openness towards loud/new sounds (SPHHQ-F5) 10.78 (2.06), 6Ñ15

Preferences for warm sounds (SPHHQ-F6) 7.40 (1.45), 4Ñ10

Details of environmental sounds/music (SPHHQ-F7) 7.38 (1.75), 3Ñ10

TIPI Mean (SD), Range

Openness to experience (TIPI-O) 10.90 (1.93), 6Ñ13

Conscientiousness (TIPI-C) 10.32 (2.72), 3Ñ14

Extraversion (TIPI-E) 8.93 (2.70), 2Ñ14

Agreeableness (TIPI-A) 9.75 (2.24), 6Ñ14

Emotional Stability (TIPI-STAB) 9.28 (2.78), 2Ñ13

PHQ-9Mean (SD), Range 4.70 (1.96), 0Ñ9
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Immediate Word List Recall

In the word list recall task, participants are presented
with 10 words, shown and read out one-by-one.
Participants are then asked to repeat as many words as
they are able to recall. This process is repeated three
times in total, with the same list of words presented in
a new order each time. Theimmediate recall scoreis
the combined count of correctly recalled words (range:
0Ð30). Word lists used varied between parallel
versions.

Phonemic Fluency

The phonemic ßuency task is a test of verbal
information retrieval and executive function (Dekht-
yar et al.,2022). Participants are asked to produce as
many words as they can that start with a speciÞc letter.
The letter is given by the instructor and varies between
parallel versions (F, A, S, or L).

Trail-Making

We used the Zahlenverbindungstest (ZVT; Oswald &
Roth, 1987) which is the German equivalent of non-
alternating trail making. In this task, participants
receive a sheet of paper containing the numbers from 1
to 90, which must be connected in serial order by
drawing a continuous line between each number. They
are instructed to be as fast as possible while main-
taining accuracy. Errors have to be corrected. Time
taken to complete the task is recorded. Parallel
versions differ in the arrangement of numbers on the
sheet.

Delayed Word List Recall

After a delay of approximately 5 min (i.e., the time
which phonemic ßuency task and trail making were
completed in), participants are asked which of the ten
words they had been presented with in the immediate
recall task they still remembered. Thedelayed recall
scorerepresents the number of words recalled at this
instance (range: 0Ð10).

Questionnaires

Demographic questionnaire

Participants reported their age, gender (Male, Female,
Non-binary), and their highest level of schooling
according to the German school system (Secondary
School/Hauptschule, Secondary School/Realschule,
Secondary School/Gymnasium, Vocational School/
Berufschule, College/Fachhochschule, University/
Universita¬t).

Sound Preference and Hearing Habits Questionnaire
(SP-HHQ)

The Sound Preference and Hearing Habits Question-
naire (SP-HHQ; Meis et al.,2018) uses 23 items. Items
are rated on a scale from 1 (ÔÔDoes not apply at allÕÕ) to
5 (ÔÔApplies fullyÕÕ) and summed to give seven factor
scores: Annoyance/Distraction by Background Noise
(SPHHQ-F1, 8 items, range: 8Ð40), Importance of
Sound Quality (SPHHQ-F2, 4 items, range: 4Ð20),
Noise Sensitivity (SPHHQ-F3, 3 items, range: 3Ð15),
Avoidance of Unpredictable Sounds (SPHHQ-F4, 3
items, range: 3Ð15), Openness towards Loud/New
Sounds (SPHHQ-F5, 3 items, range: 3Ð15), Prefer-
ences for Warm Sounds (SPHHQ-F6, 2 items, range

Fig. 1 Design of the Experimental Procedure. The Þgure de-
picts order 1Ð2- 3Ð4 as an example. Alternative orders used
were 2Ð4- 1Ð3, 4Ð3- 2Ð1, and 3Ð1- 4Ð2. Numbers represent the

following stimuli: (1) fast, negative emotionality, (2) slow,
negative emotionality, (3) fast, positive emotionality, and (4)
slow, positive emotionality
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2Ð10), and Details of Environmental Sounds/Music
(SPHHQ-F7, 2 items, range 2Ð10).

Ten Item Personality Index (TIPI)

We used the Ten Item Personality Index (TIPI; Muck
et al., 2007). It assesses the ÔÔBig 5ÕÕ personality
domains: Openness to Experience (TIPI-O), Consci-
entiousness (TIPI-C), Extraversion (TIPI-E), Agree-
ableness (TIPI-A), and Emotional Stability (TIPI-
STAB). Two items describe each of the domains, one
of these being reverse coded. The response scale
ranges from 1 (ÔÔDisagree stronglyÕÕ) to 7 (ÔÔAgree
stronglyÕÕ), and items of a subscale are summed
(subscale range: 2Ð14).

Analysis

Data analysis was conducted using R (Version 4.2.2)
in RStudio (Version 2022.07.2, RStudio Team,2020)
and a signiÞcance level ofa \ 0.05.

To evaluate the effect of tempo and perceived
valence on performance, we Þrst completed two-way
ANOVAs of performance for each task (R packages:
Ônlme4Õ, ÔlmerTestÕ, and ÔstatsÕ). Residual plots were
inspected for violation of the assumptions of normality
and homoscedasticity. When the tempo-by-valence
interaction was not signiÞcant, it was removed to
avoid model misspeciÞcation. Second, to determine
robustness of results, demographic confounders (Age,
Gender, Education) and language (German vs. Eng-
lish) were included in ANCOVAs. Third, to investi-
gate the role of individual differences of interest, we
employed mixed-effect models with by-participant
slopes (R packages: Ônlme4Õ and ÔlmerTestÕ). In
addition to valence, tempo, demographic confounders,
and language, these included Extraversion (TIPI-E),
Annoyance/Distraction by Background Noise
(SPHHQ-F1), and Noise Sensitivity (SPHHQ-F3).
Finally, we added terms for the interactions between
individual differences of interest and tempo and
valence one-by-one. Only signiÞcant interactions
were retained.

If an interaction was observed, we used model
coefÞcients to estimate the performance of (1) a
person at an average level of the relevant characteristic
and (2) a person with a high score (1 SD above the
mean). For this purpose, gender was set to ÔMaleÕ,
education to ÔUniversityÕ, and language to ÔEnglishÕ.

Continuous predictors were kept at reference. Prior to
the analyses, continuous predictors were mean-cen-
tred. As a result, the reference level is the mean, which
is more meaningful than a reference of zero. If
potential outliers ([ 3 SDs deviation from mean) were
detected for any cognitive task, analyses were repeated
excluding these. If results diverged, the respective
observation was excluded from the task-speciÞc
analysis as an inßuential outlier.

Sensitivity Analyses

Stimulus Liking

Final models constructed in the main analysis were
repeated while controlling for stimulus liking, as
previous research has shown that preference for a
musical stimulus inßuences its perception and neural
processing (Brattico et al.,2016). Liking ratings were
mean-centred.

Further Individual Differences

We were also interested to see whether we would
observe other individual differences in task perfor-
mance. We thus expanded the Þnal models constructed
for each outcome in the main analysis to additionally
include all other individual personality dimensions
recorded (i.e., TIPI-O, TIPI-C, TIPI-STAB) and the
remaining factors in sound preferences/hearing habits
(SPHHQ-F2, SPHHQ-F4, SPHHQ-F5, SPHHQ-F6,
SPHHQ-F7). Including interaction terms was not
feasible as this induced problematic multicollinearity,
as indicated by variance inßaction factors (R package
ÔperformanceÕ).

Results

Cognitive Task Performance

Descriptives for task performance by Musical Back-
ground Stimulus and task are shown in Table2.
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World List Recall (Immediate)

Tempo,F (1, 118) = 10.14,p = 0.002, g2 = 0.08, as
well as a main effect of valence,F (1, 118) = 13.60,
p\ 0.001, g2 = 0.10. There was no interaction
between these (see Fig.2). These effects were robust
to adjustment for demographics (Table S1). Mixed-
effect model output showed no effects of individual
differences of interest and no interactions (Table3).

Points/triangles indicate the unadjusted marginal
means. Error bars represent the 95% conÞdence
intervals surrounding the marginal mean estimates.

Delayed Word List Recall

No statistically signiÞcant effect of tempo,
F (1,118) = 0.79,p = 0.375, g2 = 0.01, or valence,
F (3, 117) = 2.98,p = 0.087,g2 = 0.02, was present in

the two-way ANOVA of delayed word list recall
performance and there was no interaction This was
replicated adjusting for demographics (Table S2).
Mixed-effect model output showed no statistically
signiÞcant effects of individual differences of interest
and no interactions (Table3).

Phonemic Fluency

There was a main effect of tempo,F (1,118) = 23.17,
p\ 0.001,g2 = 0.16, and a main effect of valence,
F (1, 115) = 12.82,p \ 0.001,g2 = 0.10. There was
no interaction between these (see Fig.3). These
effects were robust to adjustment for demographics
(Table S3). In mixed-effect analysis, there was a
signiÞcant association between Extraversion (TIPI-E)
and task performance,b = 0.65, p = 0.035. Finally,
there were statistically signiÞcant interactions
between Annoyance/Distraction by Background
Noise (SPHHQ-F1) and valence and between Noise
Sensitivity (SPHHQ-F3) and tempo (see Table3). The
former indicates that the association of perceived
positive valence with performance was weaker in
those scoring higher on the SPHHQ-F1,b = - 0.23,
p = 0.021. The latter shows that the positive associ-
ation of fast tempo with performance was more
pronounced given higher SPHHQ-F3 scores,
b = 0.39, p = 0.012. To illustrate, estimated perfor-
mance with high SPHHQ-F1 (1 SD above the mean)
was 11 words when listening to slowpositivemusic
(vs. 12 words for someone with average SPHHQ-F1),
and 10 words when listening to slownegativemusic

Table 2 Average cognitive task performance by musical background condition

Background
Stimulus

Mean (SD), Range

Immediate Word List Recall
(n = 40)

Delayed Word List Recall
(n = 40)

Phonemic Fluency
(n = 40)

Trail making
(n = 40)

Slow, positive 20.18 (3.27), 14Ð26 6.50 (1.85), 3Ð10 10.85 (5.43), 3Ð28 77.58 (15.87),
45Ð156

Slow, negative 19.05 (3.93), 11Ð27 6.03 (1.97), 3Ð10 9.80 (5.27), 2Ð26 74.85 (15.87),
48Ð111

Fast, positive 21.10 (3.57), 15Ð28 6.65 (2.23), 0Ð10 14.23 (6.01), 3Ð30 78.50 (22.94),
52Ð158

Fast, negative 20.18 (3.27), 14Ð26 6.30 (1.85), 2Ð10 11.50 (4.30), 4Ð21 76.70 (20.88),
44Ð140

SD standard deviation

Fig. 2 Immediate Word List Recall Performance under Vary-
ing Musical Tempo and Valence

123

J Cult Cogn Sci



(vs. 10 words). For fast music, the estimated perfor-
mances would be 14 (vs. 14) forpositiveand 13 (vs.
13) for negative valence. For someone with high
SPHHQ-F3, estimated performance was 13 words
when listening tofastnegative music (vs. 12 words for
someone with average SPHHQ-F3), and 9 words when
listening to slow negative music (vs. 9 words). For
positive music, the estimated performances would be
15 words (vs. 14) forfast and 11 (vs. 11) forslow
tempo. Removing 2 extreme observations did not
affect results.

Points/triangles indicate the unadjusted marginal
means. Error bars represent the 95% conÞdence
intervals surrounding the marginal mean estimates.

Trail-Making

There were no signiÞcant effects of tempo,F
(3,118) = 0.47,p = 0.494, g2 = 0.00, or valence,F
(1, 118) = 1.25,p = 0.823,g2 = 0.01 on performance
in the trail-making task. This was replicated after
adjusting for demographics (Table S4). Mixed-effect
modelling indicated a statistically signiÞcant interac-
tion between Annoyance/Distraction by Background
Noise (SPHHQ-F1) and valence,b = 1.06,p = 0.007,
indicating that the association of perceived valence
with performance was more pronounced given higher
SPHHQ-F1 scorers. To illustrate, estimated perfor-
mance for someone with high (1 SD above the mean)
SPHHQ-F1 would be 87 s when listening topositive
slow music (vs. 83 s for someone with average
SPHHQ-F1), and 79 s when listening tonegativeslow
music (vs. 79 s). For fast music, the estimated
performances would be 89 s (vs. 84) forpositiveand
81 (vs. 81) fornegativevalence.

Sensitivity Analyses

Stimulus liking

Average liking ratings were 10.73 (SD: 2.83) forslow,
positive, 9.97 (SD: 3.46) forfast, positive, 7.97 (SD:
3.11) forslow, negative,and 3.80 (SD: 2.17) forfast,

Table 3 Results for mixed-effect models predicting cognitive task performance

Fixed Effects Regression coefÞcients (St. Errors)

Immediate word list recall Delayed word list recall Phonemic ßuency Trail making

Intercept 18.87 (5.11)*** 4.90 (2.34)* 20.35 (7.76)** 45.24 (28.40)

Tempo1) 0.95 (0.30)** 0.21 (0.24) 2.54 (0.51)*** 1.39 (1.97)

Valence2) 1.10 (0.30)*** 0.41 (0.24) 1.89 (0.51)*** 2.26 (1.97)

TIPI-E3) 0.09 (0.20) - 0.04 (0.09) 0.65 (0.30)* - 0.02 (1.08)

SPHHQ-F13) 0.01 (0.11) 0.00 (0.05) 0.08 (0.18) - 0.01 (0.66)

SPHHQ-F33) 0.09 (0.17) 0.04 (0.08) - 0.02 (0.27) 1.03 (0.95)

Fast Tempo x SPHHQ-F3 n.a n.a 0.39 (0.15)* n.a

Positive Valence x SPHHQ-F1 n.a n.a - 0.23 (0.10)* 1.06 (0.39)**

Results adjusted for age, gender, education, and language.

n.s non-signiÞcant interaction term not included in Þnal model,TIPI-E Extraversion,SPHHQ-F1 Annoyance/Distraction by
Background Noise,SPHHQ-F3Noise Sensitivity,St. ErrorsStandard Errors
1) Reference tempo is slow;2) Reference valence is negative;3) Variable was mean-centred
*** p\ 0.001, ** p \ 0.01, * p \ 0.05

Fig. 3 Phonemic Fluency Performance under Varying Musical
Tempo and Valence
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negative music. In the ßuency task, participants
produced 0.36 words more for every liking-unit
increase beyond the mean,b = 0.36, p\ 0.001.
Otherwise, controlling for liking did not affect results
(not shown).

Further individual differences

For immediate word list recall, higher Conscientious-
ness (TIPI-C) was associated with improved perfor-
mance, b = 0.63, p = 0.018, as was increased
Annoyance/Distraction by Background Noise
(SPHHQ-F1) b = 0.30, p = 0.036. Conversely,
increased Avoidance of Unpredictable Sounds
(SPHHQ-F4) was associated with impaired immediate
recall, b = - 0.88, p = 0.002. For the ßuency task,
Above average agreeableness (TIPI-A) was associated
with improved performance,b = 1.11, p = 0.012. The
association between Extraversion (TIPI-E) and ßu-
ency performance, which was signiÞcant in the main
analysis, was no longer signiÞcant,b = 0.44,
p = 0.195. Conversely, scoring higher in Importance
of Sound Quality (SPHHQ-F2) was associated with
impaired ßuency,b = - 1.12,p = 0.041. No individ-
ual differences were signiÞcantly associated with
performance in the delayed recall or the trail-making
task. Otherwise, results of main analyses were repli-
cated (see Table S5).

Discussion

The main aim of this study was to determine whether
background music of varying valence and tempo can
modulate cognitive task performance. Our results
indicate that fast tempo and perceived positive valence
are associated with signiÞcantly better immediate
recall and verbal ßuency than slow tempo and negative
valence. These Þndings were robust to sensitivity
analyses.

The positive associations between music with fast
tempo and perceived positive valence with perfor-
mance on immediate recall and phonemic ßuency are
in line with the arousal and mood based explanations
(Husain et al.,2002; Proverbio et al.,2018). More
speciÞcally, the signiÞcant associations for the imme-
diate recall task support previous reports of fast
background music having the capacity to positively
affect the retention of simple information (de la Mora

Velasco et al.,2023). Further, signiÞcant Þndings on
the phonemic ßuency task echo a previous report of a
ßuency advantage from listening to ÔfastÕ, ÔupbeatÕ
background music (Bottiroli et al.,2014). While the
associations of tempo and valence with delayed recall
performance did not reach signiÞcance, the data
suggest that fast tempo and positive valence might
be associated with more words recalled on this task.
An arousal/mood based explanation is not the only
explanation that can be reconciled with these results.
Given that slow, negative music is more likely to
induce negative thoughts and even rumination (Gar-
rido, 2009; Koelsch et al.,2022), it would also appear
plausible that cognitive activity induced by this type of
music could be particularly distracting. Future
research could explore this by systematically manip-
ulating task difÞculty.

Participant characteristics interacted differentially
with the effects of tempo and perceived valence. First,
the positive association between fast music and
ßuency performance was particularly pronounced for
those who had a higher noise sensitivity. It is possible
that individuals sensitive to noise might be more
susceptible to entrainment, i.e. the adaptation of motor
neuron Þring rates to an external auditory rhythm,
which might have allowed for increased verbal
production (Thaut, 2015; Vuilleumier & Trost,
2015). Second, for the trail making test, the associa-
tion between fast musical tempo and slower perfor-
mance was particularly pronounced in those with
higher annoyance/distraction by background noise.
For those high in annoyance/distraction, fast tempo
did not increase motor speed on this task, as would
have been in line with an entrainment-based explana-
tion. Instead, it appears to have been particularly
disruptive, presumably because it heightened mood/
arousal in a distracting fashion. Finally, the strength of
the association between positive valence and ßuency
decreased with increasing annoyance/distraction by
background noise. Speculatively, a person prone to
negative reactions to background music might beneÞt
less from any mood/arousal enhancement associated
with positive valence. Advancing knowledge on such
complex reactions to background music could allow
individuals to match background music to task
requirements and individual characteristics.

For the present investigation, we focus on the effect
of perceivedas opposed to experienced valence. In
spite of the substantial correlation (Song et al.,2016),
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the latter may not fully align with the former. In the
present sample, high liking ratings were observed not
only for the positive stimuli but also for the slow,
negatively valenced stimulus. Paradoxical enjoyment
of slow, negative (ÔsadÕ) music is a well-established
phenomenon (Eerola et al.,2018). It is possible that
this enjoyment may have affected the results; mood
and/or arousal could have been heightened by the
slow, negative stimulus. However, slow (vs. fast)
tempo and negative (vs. positive) valence were not
associated with signiÞcantly better performance on
any of the tasks under investigation and controlling for
liking did not affect results in the present study.
Therefore, we have some conÞdence that there is a true
effect of perceived valence.

Some advantages of this study are the use of pre-
validated musical stimuli and a within-participant
comparison of performance under background musi-
cal conditions varying in tempo and valence. How-
ever, the study is not without limitations. First, we can
only make comparisons between different types of
music; we cannot claim that any of these were more
advantageous than no music. As such, our exploratory
results need to be followed up by conÞrmatory
experiments including a baseline condition. Since we
used tasks for which performance has previously been
observed to be superior under background music vs.
silence, we expect that our results would be repro-
duced. Second, we selected the stimuli that were the
least ambiguous in a pre-validation study (Hofbauer
ans Rodriguez,2023). As a result, we only used one
stimulus per tempo x valence quadrant, which means
that we cannot be certain that the observed effects will
generalise to other stimuli. Musical stimuli are multi-
dimensional, so aspects other than those intended may
have inßuenced results (e.g. instruments in the
orchestra). Replication using other pre-validated stim-
uli will be necessary to increase conÞdence in
generalisability. Third, the slow stimuli differed in
tempo: 87 bpm for negative valence and 67 for
positive valence. This could have affected results,
even though we observe no interaction between tempo
and valence and would argue that our interpretation is
thus not affected. Finally, we did not record whether
participants normally worked or studied with back-
ground music. Habitual adaptation to background
sound may have inßuenced performance (Crawford &
Strapp,1994; Kou et al.,2017). However, we believe
that by assessing how annoying/distracting

participants found background noise, we likely have
a good proxy of habitual adaptation, as it appears
unlikely that someone highly annoyed or distracted
would normally use background music.

Conclusion

Taken together our results suggest thatfasttempo and
positive valence of background music, compared to
slow tempo and negative valence, were associated
with signiÞcantly better performance on the immedi-
ate recall and phonemic ßuency task. The same trend,
while non-signiÞcant, was observed for delayed recall
but not for trail making. As individuals with high and
average annoyance/distraction or in noise sensitivity
appear to be differentially affected by background
music, a deeper understanding of such inter-individual
differences could allow individualisation of back-
ground music for concurrent cognitive task
performance.
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Appendix 4: Paper 4 “Comparing Two Caregiver-Delivered Music Listening 

Interventions for Community-Dwelling People with Dementia: A Randomised Controlled 

Crossover Pilot Trial” 
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Supplementary Material to the Article 

 

�³Comparing Two Caregiver-Delivered Music Listening Interventions for Community-Dwelling People 
with Dementia: A Within -Subjects Randomised Controlled Crossover Pilot Trial�  ́

 

 

 

Supplementary Materials Included: 

 

�x Supplementary Table S1. Overview over Stimuli used in MBI A and B. (p.2) 

�x Supplementary Table S2. Mean scores and mean differences (with standard deviation) for outcomes 

after each intervention period. (p.3) 

�x Supplementary Table S3. Marginal means and difference in marginal means (with 95% confidence 

intervals) by measurement time point (Control, 6 weeks of MBI, 12 weeks of MBI) for adjusted 

outcome specific models. (p.5) 

�x Supplementary Figure S1. CONSORT flow diagram representing participant flow. (p.7) 

�x Supplementary Figure S2. Quality of life by measurement time point (Control, 6 weeks of MBI, 12 

weeks of MBI) for adjusted marginal means. (p.8) 

�x Supplementary Text S1. Interview Questions for Support Telephone Calls. (p.9) 

�x Supplementary Text S2. End-of-intervention Interview Questions used after each Music-Based 

Intervention Period. (p.9) 
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Supplementary Table S1. Overview over Stimuli used in MBI A and B.  

 

MBI  Tempo 
(bpm) 

Title  Composer Version by Duration 
(mm:ss) 

Total 
Duration 
(mm:ss) 

A (positive 
valence, fast 
tempo) 

130 Eine kleine Nachtmusik K. 525: 
Allegro 

Wolfgang Amadeus Mozart Karl Bšhm, Vienna Philharmonics 06:14 22:43 

116 Making Water Harry Gregson-Williams Harry Gregson-Williams 02:38 

156 Little Women Alexandre Desplat Alexandre Desplat 03:12 

120 Superman Returns: Main Theme John Ottman John Ottman 03:47 

130 The Return of the Eagle Atli …rvarsson Atli …rvarsson 02:58 

184 Waltz to the Death Danny Elfmann Danny Elfman 03:56 

B (positive 
valence, slow 
tempo) 

87 Viola Concerto in G Major: Largo Georg Philipp Telemann Ladislav Kyselak, Capella 

Istropolitana, Richard Edlinger 

3:47 22:12 

87 Oboe Concerto in B-Flat Major: 
Largo e mesto 

Carl Philipp Emanuel Bach Jozsef Kiss, Ferenc Erkerl Chamber 
Orchestra 

07:13 

87 Love Theme for Nata Ennio Morricone Ennio Morricone 04:09 

81 Dawn  Dario Marianelli Dario Marianelli 02:38 
59 Bogart & Bergman  Justin Hurwith Justin Hurwitz 02:10 
67 First Youth  Ennio Morricone Ennio Morricone 02:15 

 

Abbreviation: bpm: Beats per Minute, MBI: Music-Based Intervention, mm: Minutes, ss: Seconds.  
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Supplementary Table S2. Mean scores and mean differences (with standard deviation) for outcomes after each intervention period.   

 

Outcome Post-Ctrl  Order A/ B1) Order B/A2) Mean Diff. A 
- Ctrl  

Mean Diff. B 
- Ctrl  

Mean Diff.  
A - B Post A Post B Post B Post A 

BPSD Severity (NPIQ-S) 

 n 8 7 7 9 8  

 Mean (SD) 6.25 (5.6) 8.29 (4.35) 8.57 (5.06) 7.22 (7.21) 4.88 (4.09) -0.25 (2.25) 0.12 (3.68) 0.73 (4.56) 

BPSD-Related Caregiver Distress (NPIQ-D) 

 n 8 7 7 9 8  

 Mean (SD) 6.25 (5.68) 9.71 (7.3) 10.14 (5.98) 10.22 (14.45) 7.38 (7.27) 1 (3.34) 0.75 (3.06) 1.07 (7.52) 

Quality of Life (QoL -AD) 

 n 7 4 4 6 6  

 Mean (SD) 37.57 (3.26) 37.5 (4.51) 37 (2.94) 40.5 (3.02) 39.17 (4.4) 1 (1.91) 1.71 (2.36) 0.6 (2.5) 

Well-Being (WHO-5) 

 n 7 4 4 6 6  

 Mean (SD) 15.43 (1.62) 14 (4.83) 14.25 (2.87) 16 (3.22) 16.17 (4.96) 0.57 (3.87) 1.14 (2.79) 0 (4.08) 

Word List Recall (Immediate) 

 n 4 3 3 4 4  

 Mean (SD) 11.75 (2.99) 12 (1.73) 13 (2) 10.5 (3.7) 11 (5.35) -0.25 (3.3) 0.75 (2.99) 0.14 (3.24) 

Word List Recall (Delayed) 

 n 4 3 3 4 4  

 Mean (SD) 1.25 (1.89) 2.33 (0.58) 0.67 (0.58) 1 (2) 1.25 (1.89) 0.75 (0.96) 0.25 (0.5) -0.86 (1.07) 

Verbal Fluency 

 n 7 4 4 6 5  

 Mean (SD) 13 (7.68) 6.5 (3.32) 8.75 (5.32) 17.5 (16.97) 16.6 (12.86) -4.17 (5.85) -5.86 (4.38) 2.67 (10.71) 

Zahlenverbindungstest (ZVT) 

 n 7 4 4 6 5  
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 Mean (SD) 258.6 (147.8) 466.67 
(244.36) 

491.33 
(359.44) 

193.2 (121.64) 241.6 (213.24) 108.6 (186.92) 93.8 (204.6) 21 (109.53) 

 

1) Results combined for all dyads that underwent MBI A before MBI B, regardless of whether this was proceeded by a control period, 2) Results combined for all dyads that 
underwent MBI B before MBI A, regardless of whether this was proceeded by a control period  

 

�$�E�E�U�H�Y�L�D�W�L�R�Q�V�����$�����0�%�,���$�����µ�I�D�V�W-�S�R�V�L�W�L�Y�H�¶�������%�����0�%�,���%�����µ�V�O�R�Z-�S�R�V�L�W�L�Y�H�¶�������%�3�6�'�V�����%�H�K�D�Y�L�R�X�U�D�O���D�Q�G���3�V�\�F�K�R�O�R�J�L�F�D�O���6�\�P�S�W�R�P�V���R�I���'�H�P�H�Q�W�L�D����Ctrl: Control Condition (Care-As-
Usual), n: Number of Observations, NPIQ-D: Total Caregiver Distress Score on the on the Neuropsychiatric Inventory�±Questionnaire, NPIQ-S: Total Severity Score on the 
Neuropsychiatric Inventory�±Questionnaire, QoL-AD: Quality of Life�±�$�O�]�K�H�L�P�H�U�¶�V���'�L�V�H�D�V�H���V�F�R�U�H�����6�'�����6�W�D�Q�G�D�U�G���'�H�Y�L�D�W�L�R�Q�����:�+�2-5: 5-Item Wellbeing Index of the WHO, ZVT: 
Zahlenverbindungstest (trail making) 

 

  



Supplementary Material   

5 
 

Supplementary Table S3. Marginal means and difference in marginal means (with 95% confidence intervals) by measurement time point (Control, 6 weeks of MBI, 12 
weeks of MBI) for adjusted outcome specific models. 

 

Outcome 
Measurement Time Point Marginal Means  Difference in Marginal Means 

Control  T1  T2  T1- Ctrl  T2-Ctrl  T2-T1 

BPSD Severity (NPIQ-S) 

 n 8 7 7  

 Adjusted1) 6.88 [4.49 - 9.28]  7.3 [5.57 - 9.04]  6.75 [4.97 - 8.54]  0.42 [-2.37 - 3.2]  -0.13 [-2.93 - 2.67]  0.55 [-1.72 - 2.82]  

BPSD-Related Caregiver Distress (NPIQ-D) 

 n 8 7 7  

 Adjusted1) 7.08 [4.47 - 9.69] 0 7.57 [5.43 - 9.72] 0 8.28 [6.12 - 10.43] 0 0.49 [-2.1 - 3.08]  1.2 [-1.4 - 3.8]  -0.7 [-2.8 - 1.39]  

Quality of Life (QoL -AD) 

 n 7 4 4  

 Adjusted1) 37.44 [35.23 - 39.64]  39.22 [37.14 - 41.31]  38.22 [36.14 - 40.31]  1.79 [0.06 - 3.52]* 0.79 [-0.94 - 2.52]  1 [-0.52 - 2.52]  

Well-Being (WHO-5) 

 n 7 4 4  

 Adjusted1) 14.79 [12.47 - 17.11]  15.39 [13.4 - 17.37] 0 15.59 [13.6 - 17.57] 0 0.6 [-2.19 - 3.39] 0.65 0.8 [-1.99 - 3.59] 0.55 -0.2 [-2.69 - 2.29] 

Immediate Word List Recall  

 n 4 3 3  

 Adjusted1) 11.4 [8.18 - 14.62] 0 11.17 [8.43 - 13.92] 0 11.89 [9.14 - 14.63] 0 -0.23 [-3.55 - 3.09]  0.49 [-2.83 - 3.8]  -0.71 [-3.45 - 2.02]  

Delayed Word List Recall  

 n 4 3 3  
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 Adjusted1) 0.84 [-0.75 - 2.43]  1.56 [0.05 - 3.08]  0.99 [-0.52 - 2.5]  0.72 [-0.48 - 1.92] 0.15 [-1.06 - 1.35]  0.57 [-0.4 - 1.54]  

Verbal Fluency 

 n 7 4 4  

 Adjusted2) 15.48 [10.27 - 20.69]  9.05 [3.97 - 14.13]  11.94 [6.86 - 17.03]  -6.43 [-10.05 - -2.81]  -3.54 [-7.31 - 0.23]  -2.89 [-6.31 - 0.52]  

Zahlenverbindungstest (ZVT) 

 n 7 4 4  

 Adjusted1) 227.22 [116.82 - 

337.62]  

304.91 [215.77 - 

394.05]  

344.41 [255.27 - 

433.55]  

77.69 [-54.25 - 

209.63]  

117.19 [-14.75 - 

249.13]  

-39.5 [-153.83 - 

74.83]  

 

Note: 1) Model with random effect for participant, fixed effect for measurement time point, and baseline value as covariate * p<.05  

Abbreviations: BPSDs: Behavioural and Psychological Symptoms of Dementia, n: Number of Observations, NPIQ-D: Total Caregiver Distress Score on the on the 
Neuropsychiatric Inventory�±Questionnaire, NPIQ-S: Total Severity Score on the Neuropsychiatric Inventory�±Questionnaire, QoL-AD: Quality of Life�±�$�O�]�K�H�L�P�H�U�¶�V���'�L�V�H�D�V�H��
score, SD: Standard Deviation, WHO-5: 5-Item Wellbeing Index of the WHO, ZVT: Zahlenverbindungstest (trail making) 
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Supplementary Figure S1. CONSORT flow diagram representing participant flow.  

 

Abbreviations: CT: Control; MBI: Music-based Intervention; PwD: Person with Dementia.  
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Supplementary Figure S2. Quality of life by measurement time point (Control, 6 weeks of MBI, 12 weeks 
of MBI) for adjusted marginal means. 

 

 

 

 

Points with error bars represent the marginal means (adjusted for baseline scores) with 95% confidence interval.  

Abbreviations: QoL-AD: Quality of Life�±�$�O�]�K�H�L�P�H�U�¶�V���'�L�V�H�D�V�H���V�F�R�U�H�����:�+�2-5: 5-Item Wellbeing Index of the 
WHO 
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Supplementary Text S1. Interview Questions for Support Telephone Calls. 

1. To start with, I would like to ask whether you have been able to use the programme in the past 

week/two weeks? 

a. If so, were there any technical or personal problems that you would like to talk about? 

b. If unable: Can you tell me why it was not possible? [End of the interview] 

2. How did you feel about the music selection in the past week/fortnight? For example, would you 

describe it as pleasant, neutral or unpleasant? 

3. How do you perceive the reactions of your [Person with Dementia]? For instance, do you perceive a 

change in behaviour or mood? 

4. How does the programme affect you? For example, do you notice a change in your own behaviour or 

mood? 

5. Is there anything else you would like to say that has not yet been touched on? 

 

Supplementary Text S2. End-of-intervention Interview Questions used after each Music-Based 
Intervention Period. 

1. Can you tell me how you used the music programme?  

a. If necessary, follow-up questions: Did you listen together? Did you let the music play in the 

background or did you actively engage with it? For example, did you talk about the music? 

Was there a particular time or activity when you used the music? 

2. Apart from the technical aspects, how was the implementation of the music programme for you in 

general? Did you find it easy to implement, or were there any personal hurdles?  

a. If necessary, follow-up questions: For example, did you have problems fitting the programme 

into your schedule? Did you have problems motivating yourself to use the programme? Did 

you perhaps even forget in the meantime that you were taking part in the study because other 

tasks demanded your full attention? 

3. The music programme was implemented on a tablet. I would therefore like to find out how you found 

using the tablet. What did you like and what technical hurdles did you encounter?  

a. If necessary, follow-up questions: For example, did you find it difficult to switch the tablet on 

and off or to charge the battery? Did you have problems getting the music to play? Were there 

any problems with the headphones?  Would you say the problems were so severe that they 

hindered the implementation of the music programme? 

4. Directed at Person with Dementia: Did you like the music programme? 

5. Directed at Caregiver: How did you perceive the reactions of your [Person with Dementia] before, 

during and after using the programme?  

a.  If necessary, follow-up questions: Did you have the impression that you could easily motivate 

your relative to use the programme? Did you notice any changes during the programme, e.g. in 

behaviour or mood? Did you have the feeling that the programme had an effect on your 

relative's everyday life, e.g. on symptoms? 

6. If you could design the programme again yourself, what would you do differently?  
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a. If necessary, follow-up questions: How did you find the duration of the programme? Was the 

choice of music pleasant? 

7. During the last six weeks, what role did music outside the programme play in your everyday life?  

a. If necessary, follow-up questions: Did you listen to a lot of other music? More or less than 

usual? Did you sing or play music together? Did you go to concerts or similar events? 

8. Is there anything else you would like to say that has not yet been touched on? 

 

 

 


