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Executive summary

In this report, we provide an overview of the current evidence on the associations between arts and cultural
engagement and the brain, and we also add to this evidence, conducting our own new analyses of cohort data.

We performed a comprehensive review of the brain-based mechanisms of action that could link arts
engagement to health. We grouped these mechanisms within four domains: subjective wellbeing,
psychological capabilities, neurophysiology, and motivational processes. To date, the strongest evidence is for
the associations between arts engagement and subjective wellbeing. Engaging in receptive and participatory
arts activities can lead to subsequent improvements in wellbeing, even after accounting for previous levels of
wellbeing and a wide range of confounders. There is also extensive evidence that arts engagement is
associated with changes in psychological capabilities and motivational processes in children, adolescents,
adults, and older adults, ranging from the development of behaviour to cognitive decline. In contrast, evidence
for the association between arts engagement and neurophysiology is the weakest of the domains we
reviewed. Literature in this domain has largely focused on the effects of music and dance, with a reliance on
inadequate experimental studies, and has not yet explored other forms of arts engagement in detail. The
potential effects of arts engagement on neurophysiology in the general population thus remain unclear.

We have also outlined the findings of new analyses, undertaken to address the limitations of research to date.
Across nine studies, we used data from cohort studies with large representative samples and long-term follow-
ups. We tested a range of brain-based mechanisms of action that could link arts engagement to mental and
physical health outcomes. We demonstrated that the associations between various forms of arts engagement
and subjective wellbeing are present across diverse subgroups of the population, such as people of different
ages, with specific medical conditions, and living in different areas. However, after using more sophisticated
methods to account for confounding, we found that participation in community arts groups may only be
associated with the positive, and not negative, elements of subjective wellbeing. We also demonstrated that
not all artistic and creative activities are directly associated with subjective wellbeing, indicating that a variety
of mechanisms link different forms of arts engagement to health. In terms of psychological capabilities, we
addressed the issue that factors related to later life cognition are also likely to influence arts engagement,
which may have led to an overestimation of the impacts of arts engagement on cognition in previous studies.
We found no evidence for associations between arts engagement and cognition in older adults, demonstrating
the importance of fully accounting for demographic and socioeconomic confounders when exploring arts
engagement and the brain. Finally, addressing motivational processes, we demonstrated that engagement in
extracurricular participatory and receptive arts activities during adolescence is associated with reductions in
a range of behaviours that are often perceived as negative, including externalising behaviours, reportedly
antisocial or criminalised behaviours, and substance use.

Overall, there is a large body of evidence on the associations between arts engagement and the brain, but
more high-quality research is still needed. We have identified various priorities for future research, including
the use of larger and more diverse samples, more systematic reviews, research that uses a complex systems
approach, and further consideration of various contextual factors. Despite the limitations of the literature, a
familiarity with this evidence base is important for arts organisations and policymakers, and we hope that it
can be used to increase and diversify arts engagement in the general population.



1 Introduction

Over the past few decades, there has been heightened interest in the effects of arts and cultural participation
on health. Recent studies have shown that arts engagement is associated with better overall mental health
(1), lower risk of depression (2), enhanced positive health behaviours, reduced loneliness, better childhood
adjustment (3), and reduced engagement in adverse health behaviours. Arts engagement has also been
associated with lower risk of physical illness, including the onset and progression of chronic pain (4), frailty
(5), age-related disability, dementia (6), and premature mortality. Notably, these findings are independent of
demographic, socioeconomic, health-related, behavioural, and social confounders.

Despite this wealth of evidence, a key question that remains is how arts engagement can achieve such
benefits. A recent review identified over 600 mechanisms linking arts and culture to health outcomes via
psychological, neurological, biological, social, and behavioural pathways, which can be framed within a new
theoretical model - the Multi-level Leisure Mechanisms Framework - for understanding the health benefits of
the arts (7). However, many of these specific mechanisms have been tested only in small-scale studies, with
limitations including small sample sizes, non-representative samples, exploration of short-term rather than
long-term mechanisms, and a stronger focus on the effects of specific “interventions” rather than ubiquitous
engagement in the arts as part of daily life. We lack research using large representative samples with long-
term follow-up. One area in which these limitations are particularly apparent is in studies testing brain-based
mechanisms that might link arts and culture to health outcomes.

In this report, we aimed to overview and extend the current evidence on the effects of arts and cultural
engagement on the brain. While the arts are conceptually difficult to define, there are several cross-cultural
characteristics recognized as fundamental to art. These include the art being valued in its own right (and not
just as a utility), providing imaginative experiences for both the producer and audience, and comprising or
provoking an emotional response (8). Arts and culture are commonly split into activities that are receptive,
involving art that has been created and is now experienced by an audience, and those that are participatory,
requiring creation and involvement in the arts (7,9,10). Arts engagement can also encompass broader creative
activities that, whilst not always labelled as ‘arts’, share similar properties of creative skill and imagination,
such as gardening, cooking, and other hobbies (7). We have used the Multi-level Leisure Mechanisms
Framework to structure our review of mechanisms related to the brain, which we group under four domains
of subjective wellbeing, psychological capabilities, neurophysiology, and motivational processes. These
domains include a wide range of mechanisms within the brain that may be influenced by arts and cultural
engagement. In this report, we focus on the potential impacts of the arts on each type of mechanism, rather
than the downstream impacts of each mechanism on health. For each domain, we first review the literature,
considering how the effects of engagement might differ depending on the mode and frequency of engagement
and amongst different populations, and then report the findings of our new analyses undertaken to address
some of the limitations of research to date. Finally, we consider the implications of our findings for arts
organisations designing and delivering arts programmes, and then outline the key priorities for future
research.



2 Methods

Within each of the four domains included in this report, we performed a series of literature reviews and
primary empirical research. First, we performed a scoping review using keyword searches of the following
databases: PubMed, Google Scholar, ScienceDirect, Taylor & Francis Online search engine, Scopus, and Web
of Science. This review was not systematic but was intended to provide an overview of the current evidence
on arts, culture, and the brain. Although we included all literature published in English, regardless of its region
of origin, most of the included studies are from the UK and Europe.

Second, we performed a series of new analyses of cohort data from to address the limitations of existing
evidence. In a total of nine studies, we used a range of analytical approaches to explore the associations
between arts, culture, and the brain in large longitudinal datasets. This included causal inference methods and
sophisticated statistical methods to identify the direction of associations and simulate intervention studies.
Each paper used a unique approach, which we describe alongside a summary of the findings (see Appendix
for full details). In these papers, we used data from six large cohort studies in the UK and US. These are
described in more detail in the Appendix but consist of:
e Understanding Society: The UK Household Longitudinal Study (UKHLS), which follows over 50,000
individuals of all ages from 30,000 households annually (11).
e The Health and Retirement Study (HRS), which has followed over 22,000 US adults aged 50 and above
every two years since 1992 (12).
e The Wisconsin Longitudinal Study (WLS), a longitudinal study of 10,317 high school graduates in the
US state of Wisconsin that started in 1957 (13).
e The National Longitudinal Study of Adolescent to Adult Health (Add Health), which is a nationally
representative study of 20,745 individuals aged 12 to 18 in the US in 1994 and followed to the present
(14).
e The Early Childhood Longitudinal Study Kindergarten Class of 1998-9 (ECLS-K), a longitudinal study of
14,000 children in the US tracked from kindergarten through to age 14 (15).
e The National Education Longitudinal Study of 1988 (NELS:88), a nationally representative longitudinal
study of over 24,000 adolescents aged 13-14 years in the US in 1988 and followed for 12 years (16).

In this report, we outline the findings from new analyses testing whether arts engagement is associated with
aspects of subjective wellbeing, psychological capabilities, and motivational processes. For the fourth domain
of mechanisms related to the brain (neurophysiology), research investigating factors related to neurological,
biological, and physiological markers in cohort studies is very time-intensive due to the additional data
processing required for analyses. These analyses therefore were not possible in the short timeframe of this
project. Nonetheless, we have several studies involving such markers currently underway through other
research grants, findings from which will be reported in 2023.



3 Subjective wellbeing

Subjective wellbeing is a multidimensional construct that is very closely tied to mental health. Broadly, it
describes how people experience and appraise themselves and their lives overall, as well as specific activities
and other parts of their lives. Subjective wellbeing is sometimes split into three components - experienced,
evaluative, and eudaimonic wellbeing (17). Experienced wellbeing relates to people’s emotional states and
other factors that may be closely associated with mood and affective responses, such as the experience of
stress and pleasure and emotion regulation. Evaluative wellbeing, in contrast, refers to judgments about how
satisfying one’s life is, which can be applied generally or to specific aspects of life, influencing work,
relationships, and health. Finally, eudaimonic wellbeing relates to finding meaning and value in life, including
a sense of purpose and personal growth and concepts such as flourishing, autonomy, resilience, and self-
acceptance (17). Alongside these aspects of subjective wellbeing, social wellbeing (relating to peoples’
subjective perceptions of their social relationships) is also highly relevant when considering the potential
impacts of arts engagement. Given the interconnection of social wellbeing with subjective wellbeing, we chose
to include social wellbeing in this report.

3.1 Literature review

Experienced Wellbeing

One aspect of subjective wellbeing is the elicitation of affective responses, such as feeling positive and
negative emotions, stress, pleasure, and changes in mood, often referred to as experienced wellbeing (17).
There is extensive evidence that arts engagement can enhance experienced wellbeing, from systematic
reviews, randomised controlled trials (RCTs), other intervention studies, and large observational studies. For
example, a systematic review found that regular participation in community-based music and singing
programmes can enhance and maintain subjective wellbeing for young, middle-aged, and older adults (18).
Another review found that receptive cultural engagement is associated with greater happiness and positive
affect and reduced negative affect and low mood for older adults (19). Findings from large observational
studies of varied forms of arts engagement are also similar. In older adults, participating in community
education, arts, or music classes was associated with lower negative affect (but not positive affect) measured
ten years later (1) and doing creative hobbies, music, art, theatre, reading, or writing was associated with
greater happiness six years later (20). However, longitudinal associations with experienced wellbeing may
require sustained arts engagement over several years (21). In other words, the arts may be a “perishable
commodity”; if people engage but then cease their engagement, the benefits associated may also atrophy.
Further, benefits may require people to be satisfied with their engagement (22). Frequency and diversity of
arts engagement might also be more important than the total time spent on arts activities (22). In addition to
improving mood, meta-analyses have demonstrated that listening to music or singing can decrease stress,
measured both physiologically and psychologically, in a variety of settings for healthy individuals, people with
cancer, and people awaiting surgery (23,24).

Emotion regulation is important in determining subjective wellbeing, as it influences the intensity, duration,
and type of emotion experienced, allowing people to manage their emotional experiences and adapt to daily
life (25). It involves strategies such as distraction, detachment, acceptance, and problem solving. Although
there is extensive evidence that arts engagement influences our emotions, the arts have only recently been
recognised as tools for regulating emotions. A novel questionnaire demonstrated that arts engagement can



influence various emotional regulation strategies, from avoidance (including distraction, suppression, and
detachment from feelings or problem) to approach (acceptance, reappraisal, and problem solving) and to
development of the self (26). Historically, studies of arts engagement and emotion regulation have relied on
small randomised controlled trials (RCTs) of university students. These have shown that drawing, writing,
listening to music, and making art can be used to reduce negative mood, particularly when used as a
distraction strategy or to think in a more rational way, rather than as a way of venting emotions (27-31). More
recently, larger observational studies with more representative samples have demonstrated that there may
be sociodemographic differences in the use of arts engagement to regulate emotions, and that training in an
artistic activity, regular engagement, and enjoyment are all associated with a greater ability to regulate
emotions (32). Additionally, despite often having impairments in emotion regulation, people with depression
still experience benefits of arts engagement for emotion regulation (33).

Evaluative wellbeing

Arts engagement may enhance evaluative wellbeing, allowing people to live more satisfying lives. One scoping
review concluded that engaging in meaningful arts and crafts over the long-term could enhance life
satisfaction for older adults (34). However, very few RCTs have tested the associations between arts
engagement and life satisfaction. In one small RCT, participating in a creative dance programme improved life
satisfaction for older women (35). In another RCT, an expressive arts intervention increased the life
satisfaction of adolescent refugees (36). Other evidence for the role of arts engagement in life satisfaction
comes from observational studies. Cross-sectionally, there is extensive evidence that many forms of arts
engagement are associated with enhanced life satisfaction, including dancing and attending cultural events,
art clubs, museums, and heritage sites (37-42). Longitudinally, visiting heritage sites, museums, galleries, and
other cultural events has been associated with higher life satisfaction three years later (43). Additionally,
participating in community education, arts, or music classes was associated with higher life satisfaction ten
years later (1). In another study, sustained arts engagement over several years was associated with enhanced
evaluative wellbeing in older adults (21). However, also in older adults, engaging in creative hobbies, music
art or theatre, and reading or writing were not associated with life satisfaction six years later (20). These
inconsistent findings could be a result of the bidirectional relationship between arts engagement and
wellbeing; people with higher wellbeing are more likely to engage in the arts (44). Observational studies are
also likely to be confounded by the demographic and socioeconomic factors that influence both arts
engagement and wellbeing, and residual imbalances may bias results even after adjusting for potential
confounders. Using more sophisticated methods to overcome these limitations, a study that matched adults
who did and did not engage in the arts on a range of sociodemographic factors found that neither participatory
nor receptive engagement were associated with life satisfaction three years later (45). However, in a study
using fixed effects models, which only measure within-individual variation and thus account for differences
between participants, increases in both participatory and receptive arts engagement were associated with
higher life satisfaction three years later (46). It is thus likely that arts engagement does enhance evaluative
wellbeing, but further research using more sophisticated methods is needed.

Eudaimonic wellbeing

There is a large body of literature on how the arts can enable flourishing, which encompasses aspects of
meaning and purpose in life, autonomy, perceived control, and empowerment (47,48). A systematic review
synthesising quantitative and qualitative intervention studies found that music, theatre, visual arts, and
integrative arts were associated with positive changes in flourishing, including a range of emotional, social,
and sense of self outcomes (49). This evidence from intervention studies is mainly supported by observational



studies. Cross-sectionally, there is observational evidence that both participating in creative activities and
attending cultural events is associated with flourishing (50). In one study, access to a range of arts and cultural
resources was the second most important determinant of psychological wellbeing, exceeding income, age,
and education (51). Additionally, even after matching adults who did and did not engage in the arts on a range
of sociodemographic factors, another study found that participatory engagement was associated with higher
concurrent meaning in life (52). However, longitudinal evidence has been less consistent. In older adults,
participating in community education, arts, or music classes was not associated with autonomy or self-
realisation ten years later (1). This might be because the arts are a “perishable commodity”, as outlined above.
In another study of older adults, frequent arts engagement sustained over a few years was associated with
enhanced eudaimonic wellbeing ten years later, although short-term arts engagement did not demonstrate
this longitudinal association (21).

Participating in the arts may also enhance resilience, another form of subjective wellbeing that describes one’s
ability to recover from or adjust easily to change, through processes such as supporting coping, buffering
stress, reducing catastrophising and suicidal ideation, and managing grief. Scoping reviews have outlined
evidence for using the arts to support coping, including theatre arts and dramatic play for children to learn
how to cope with adversities (35); use of musical activities, particularly listening to music, to cope with stress
during adolescence (36); music interventions to reduce coping anxiety in people with cancer (37); and
expressive arts such as music, movement, art making, and drama to cope with loss (38). However, several of
these reviews have concluded that further evidence is needed, including from high-quality trials and
longitudinal studies including more representative samples. There is currently limited evidence on the role of
arts engagement in reducing catastrophising or suicidal ideation. A very small quasi-experimental study found
that participating in a short-term creative art intervention after a traumatic event substantially reduced both
suicidal ideation and attempts (39). However, some types of music listening, such as to songs about suicide or
to certain genres with associated subcultures, may increase people’s risk of suicide (40). This can sometimes
occur because the narratives in popular music provide opportunities for social learning, contributing to
people’s beliefs and behaviour surrounding suicide, particularly when reinforced within music-based
subcultures (40). Further research is thus needed to explore how the arts can influence catastrophising and
suicidal ideation.

In addition to supporting coping, arts engagement may build psychological strength by enhancing self-
confidence, vitality (being full of life and energy), and tolerance of uncertainty among other processes. A
systematic review of both quantitative and qualitative evidence found that visual arts programmes can
improve the self-confidence of adults with mental health conditions, although evidence was limited in terms
of both scope and quality (41). Similarly, for both adults and children, a systematic review found quantitative
and qualitative evidence that participating in dance programmes can increase self-confidence, despite the
small number of studies on this construct and methodological issues of these studies (42). In adolescence, two
reviews identified that a range of arts activities (music, dance, singing, drama, and visual arts) can all have a
positive effect on self-confidence (43,44). Small experimental studies have also provided preliminary evidence
that various activities, including dance, group drumming, producing visual art, and art therapy, can increase
resilience in healthy adults, students, older adults, carers, mental health service users, and people who have
experienced trauma (45—48). There is also higher quality evidence, from two small RCTs, that participating in
a dance intervention and an arts activity chosen from films, concerts, art exhibitions visits, or singing in a choir
can increase vitality (49,50).



Alongside enhancing self-confidence, arts engagement may influence peoples’ overall sense of self by building
their self-identity and developing self-acceptance. Through the arts, people may better understand
themselves by learning about their own character, motives, and positive qualities, as well as enhancing their
sense of self-worth and personal value. The reviews outlined in the previous paragraph also found that visual
arts, dance programmes, and music, singing, and drama can enhance self-esteem and help children,
adolescents, and adults to develop and appreciate their self-identity (59-62). Another systematic review of
creative arts interventions for older adults identified common mechanisms of change across art, dance, drama,
and music, which included an enhanced self-concept, as people developed more positive perceptions of
themselves through these activities (69). For people receiving palliative care or in mental health rehabilitation
settings, reviews have found that arts engagement could contribute to a newly discovered or a reframed sense
of self as well as opportunities for self-expression (70,71). Evidence from population-based observational
research also supports the findings of intervention studies, particularly for the development of self-esteem in
young people. Listening to or playing music, drawing, painting, making things, and reading for enjoyment were
all associated with higher levels of self-esteem after matching adolescents who did and did not participate on
a range of sociodemographic factors (72). Additionally, childhood artistic ability was associated with self-
esteem six years later (73) and attending music festivals strengthened young peoples’ self-identity and
increased self-acceptance (74).

Participation in the arts may also lead to personal transformation, supporting changes in identity and character
development. Evidence in this area is mainly from qualitative or mixed-method studies that explore people’s
perceptions of their identities, growth, and other characteristics. A range of studies have investigated how the
arts can be used to understand one’s own narrative and identity, particularly surrounding perceptions of
health and illness. In healthcare settings and nursing homes, artmaking and art therapy often aim to enable
older adults to achieve personal growth by developing a personal narrative and allowing for reminiscence (75).
Other reviews have found that using novels, poems, paintings, movies, and music can help people to
understand and express the impact of their illness on them, including how it aligns with or changes their sense
of self (76—78). There is also evidence that the way in which people choose to engage in the arts is linked to
their identity: adolescents’ music preferences, both in terms of listening and creating music, are relatively
stable over time, and are consistently related to their personality characteristics, such as levels of extraversion,
openness to experience, and conscientiousness (79,80). Associations between arts engagement and wellbeing
may even differ according to peoples’ personality characteristics. For example, engaging in the arts is more
strongly associated with enhanced life satisfaction for those who are high in neuroticism than those low in
neuroticism (81).

Social wellbeing

A final aspect of subjective wellbeing that may be influenced by arts engagement is social wellbeing. This
includes loneliness and beliefs about the quantity and quality of support available from their social contacts
and loneliness. In a large qualitative study, 82% of adults reported that arts engagement helped them feel
connected to other people (82). Reviews have shown that participatory arts interventions can reduce
loneliness and social isolation in older adults (83,84). For example, choir groups, making music, and arts and
crafts programmes can decrease loneliness, facilitate new social relationships, and increase perceptions of
closeness among participants (85—-88). More frequent receptive arts engagement (e.g., going to a theatre or
museum) is also associated with lower loneliness in older adults, both cross-sectionally and ten years later
(89). Another observational study, which included adults of all ages but tested only cross-sectional
associations, found that more receptive engagement was associated with less loneliness and more social



support (10). In contrast, participatory arts activities (e.g., painting or dancing) were not consistently
associated with loneliness or social support (10). For young adults, music, recreational dance, and theatre
groups can promote social connectedness and improve peer relationships (90-93). However, this evidence is
mainly from small intervention studies that are prone to self-selection bias and often focus on specific
diagnostic groups, only have short follow-up periods, and do not randomise participants or account for
previous levels of social connectedness. Further evidence on the role of arts engagement for younger adults’
social wellbeing is therefore needed.

3.2 New analyses

Having identified the gaps in existing evidence on arts engagement and subjective wellbeing, we built on this
literature using a variety of approaches. Across five studies, we aimed to compare the potential benefits of
different forms of arts engagement on subjective wellbeing, test whether there was still evidence for these
associations after using more sophisticated methods to account for confounding, and finally evaluate whether
associations were maintained across diverse subgroups of the population, such as people of different ages,
with specific medical conditions, and living in different areas.

Engagement in leisure activities and depression in older adults in the United States: Longitudinal evidence
from the Health and Retirement Study (Paper 1)

A wide range of participatory creative and arts-based leisure activities can be done in the home, many of which
are inexpensive or free. Despite these activities potentially being more accessible than receptive cultural
activities for older adults, there is less evidence on the associations between them and depression. Previous
research has typically grouped a range of participatory creative activities, therefore combining conceptually
distinct behaviours. We therefore investigated whether a diverse range of creative leisure activities, which
differed in how much creativity they might involve as well as whether they were likely to be social or include
physical activity, were associated with depression in older adults, both concurrently and two years later.

We included 19,183 participants from the Health and Retirement Study (HRS). We measured seven activities
common among older adults: reading books, magazines, or newspapers; writing; baking or cooking something
special; making clothes, knitting, or embroidery (sewing); working on a hobby or project; going to a sport,
social, or other club; and attending meetings of non-religious organizations. We fitted population-averaged
panel data models using generalized estimating equations to test whether doing these activities monthly or
weekly, compared to not at all, was associated with a lower likelihood of meeting the criteria for depression
concurrently and two years later (after accounting for previous levels of depression).

Frequency of engagement differed considerably across activities; 85% of participants read weekly, whereas
only 4% attended meetings of non-religious organizations weekly. After reading, the most common activities
were baking or cooking something special, working on a hobby or project, and writing. Concurrently, spending
time on hobbies monthly or weekly and clubs monthly or weekly was associated with lower odds of depression
(versus not engaging). Longitudinally, the odds of depression two years later were reduced by weekly
baking/cooking, hobbies, and weekly or monthly club attendance. However, writing, reading, sewing, and
attending non-religious organizations were not consistently associated with depression.



Overall, we found the strongest evidence that doing hobbies and being part of sport, social, or other clubs was
associated with lower depression, both concurrently and two years later. Of the activities we included, those
most often referred to as the arts (writing, reading, sewing) were not associated with depression. This
contrasts with previous evidence that creative activities provide additional benefits for older adults over other
leisure activities. Engaging in hobbies and clubs may have been particularly beneficial if they provided
additional opportunities for socialising and exercise. Overall, our findings build on previous evidence by
showing that specific participatory activities, with diverse characteristics, are differentially related to
depression.

Associations between participation in community arts groups and aspects of wellbeing in older adults in the
United States: A propensity score matching analysis (Paper 2)

There is a social gradient in both arts engagement and wellbeing that has not always been fully accounted for
in previous research and may have led to an overestimation of the impact of arts engagement on wellbeing.
Additionally, many previous studies have investigated the associations between arts engagement and one or
two elements of wellbeing but have not fully considered the multidimensional nature of wellbeing. In this
study, we tested whether participation in local community arts groups was associated with evaluative,
experienced, and eudaimonic wellbeing in older adults.

We included 12,111 adults aged 50 and above who participated in the Health and Retirement Study (HRS) in
2014 or 2016. Participants were asked whether they had participated in a local community arts group (e.g.,
choir, dance, photography, theatre, or music group) in the last month. We addressed the issue that certain
types of individuals may be more likely to participate in these groups by using propensity score matching
(PSM). This involves estimating how likely each participant is to participate in arts groups based on a range of
demographic, socioeconomic, and health-related factors, and matching those who did and did not participate
in arts groups on these characteristics. In this way, PSM simulates a trial with the measured covariates
randomized between groups, meaning any differences in wellbeing are more likely to be due to participation
in arts groups, and not covariates. After matching, we tested differences in a range of subjective wellbeing
outcomes measured concurrently and four years later: life satisfaction, positive and negative affect, purpose
in life, mastery, and constraints on personal control.

Overall, 10% of participants reported attending a community arts group in the last month. After matching, we
found evidence that participating in a community arts group was associated with higher life satisfaction,
positive affect, purpose in life, and mastery. However, arts group participation was not associated with
negative affect or constraints on personal control. These associations were all maintained four years later.

Our findings indicate that, after accounting for a range of demographic, socioeconomic, and health-related
covariates, participating in a community arts group is associated with the positive, but not negative, aspects
of evaluative, experienced, and eudaimonic wellbeing. This has not previously been demonstrated. It is
possible that community arts groups provide sources of positive affect without reducing negative affect from
other sources. Being part of these groups may also increase mastery by helping people to believe they are
able to achieve their goals, without reducing perceptions of other obstacles in life (i.e., constraints on personal
control). Our study builds on previous evidence by using more advanced statistical methods to address the
issue that certain types of older adults may be more likely to participate in the arts and demonstrates that
doing so may alter the evidence for associations between arts engagement and subjective wellbeing.



Arts engagement amongst people with chronic pain and their later life satisfaction and other health
outcomes in the Health and Retirement Study (Paper 3)

Given the wide range of evidence for the benefits of arts engagement on wellbeing, recent guidelines advocate
the use of the arts for people experiencing chronic pain. Creative activities may form part of a sustainable self-
management framework and thus improve wellbeing outcomes for this population. In this study, we tested
whether engaging in creative activities could improve wellbeing for older adults with chronic pain.

We included a sample of 1,037 adults aged 50 and above who reported bothersome pain on two consecutive
waves of the Health and Retirement Study (HRS). We measured the frequency of engagement in creative
activities, which included doing textile crafts, writing, and participation in community arts groups. We tested
the associations of engagement with depression and life satisfaction two years later using logistic and ordinal
logistic regression models respectively.

Although we initially found that people with chronic pain who did creative activities more than once a month
were less likely to experience depression (compared to those who never participated), this association did not
survive adjustment for socioeconomic position. We also found no evidence that frequency of participation in
creative activities was associated with life satisfaction two years later for people. However, when limiting the
sample to those experiencing moderate or severe chronic pain, people who did creative activities more than
once a month were more likely to experience life satisfaction two years later. This association was
independent of a range of demographic and socioeconomic covariates.

Overall, we found some evidence that more frequent participation in creative activities improved wellbeing
two years later, particularly for people with moderate to severe chronic pain. Creative activities could have a
protective role in maintaining independence, providing a source of life satisfaction, and improving mood for
those experiencing more severe pain. Our findings provide preliminary evidence that creative activities are
beneficial for wellbeing specifically for older adults with chronic pain.

Associations between community cultural engagement and life satisfaction, mental distress and mental
health functioning using data from the UK Household Longitudinal Study: are associations moderated by
area deprivation? (Paper 4)

In the UK, there is a social and geographical gradient in cultural engagement, in which engagement is higher
among people living in more affluent areas. Most cultural assets are unevenly distributed and usually
correspond with deprivation. Even when cultural assets are available, the characteristics of neighbourhoods,
including local services and safety, affect whether people can engage in cultural activities. The association
between cultural engagement and wellbeing may therefore differ according to geographical factors. Bringing
cultural resources to deprived areas could have a greater impact on people’s wellbeing than in affluent areas
as, in more deprived areas, there may otherwise be limited assets and opportunities to build positive mental
health. Therefore, in this study, we investigated whether the association between community cultural
engagement and subsequent wellbeing differed according to area deprivation.

We included 14,783 participants who completed waves two and five of Understanding Society (UK Household
Longitudinal Study; UKHLS). We measured frequency of attendance at cultural events and museums or
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heritage sites at baseline, and three indicators of wellbeing three years later (life satisfaction, mental distress,
and mental health functioning). We determined the relative deprivation of the neighbourhood in which
participants lived with a score that considers income, employment, health deprivation and disability,
education, skills and training, crime, barriers to housing and services and living environment. We used linear
regression models (ordinary least squares regression) to test the associations between cultural engagement
and subsequent wellbeing, and then tested whether these associations differed according to area deprivation.

After adjusting for sociodemographic factors, both types of cultural engagement were associated with a
greater life satisfaction, lower mental distress, and higher mental health functioning. There was some
evidence that the associations with mental distress and mental health functioning differed according to area
deprivation. On average, individuals in the least deprived areas had the lowest mental distress and the highest
mental health functioning scores, whereas those in the most deprived areas had the opposite. However, for
those with more frequent cultural engagement, the difference in mental distress and mental health
functioning was significantly smaller across varying levels of area deprivation. For mental distress, this
difference occurred only for attending cultural events, whereas for mental health functioning, it was present
for both attending cultural events and museums or heritage sites. This indicates that cultural engagement was
more strongly related to wellbeing in more deprived areas.

Overall, in line with previous research, our findings show that cultural engagement was consistently and
positively associated with subsequent subjective wellbeing. Although the magnitude of these associations was
small, they were evident for over three years and even after considering levels of area deprivation,
demographics, and socioeconomic factors. This suggests that, while social and geographical factors can
influence engagement, cultural engagement is consistently associated with small improvements in mental
wellbeing regardless of where people live. Notably, our analysis also shows that individuals who live in highly
deprived areas may benefit more from cultural engagement in terms of their mental wellbeing. However, this
does not mitigate the problem that individuals in areas of high deprivation are less likely to engage in cultural
activities. Our findings thus demonstrate the importance of investment in areas of higher deprivation to
improve engagement rates in such areas.

Cross-sectional and longitudinal associations between arts engagement, loneliness, and social support in
adolescence (Paper 5)

Previous research in older adults has demonstrated that arts engagement holds promise for improving social
wellbeing. However, no observational studies have yet investigated whether engaging in extracurricular arts
activities is associated with social wellbeing during adolescence. This is particularly important as adolescents
and young adults are at increased risk of feeling lonely and lacking social support. In this study, we explored
whether arts engagement was associated with concurrent and subsequent loneliness and social support
during adolescence.

We included 11,060 adolescents who participated in the National Longitudinal Study of Adolescent to Adult
Health (Add Health) at baseline and one year later. We measured the number of extracurricular arts activities
engaged in at baseline. Loneliness and perceived social support were measured at the same time point and
one year later. We used logistic and linear regression to test whether engagement was associated with
concurrent and subsequent loneliness and social support.
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We found no evidence that arts engagement was associated with concurrent or subsequent loneliness. In
contrast, engaging in more arts activities was associated with higher levels of social support, both concurrently
and one year later. This association was independent of sociodemographic factors and whether adolescents
engaged in other extracurricular activities, suggesting arts activities may provide additional benefits. However,
once we adjusted the longitudinal model for previous levels of social support, there was no longer evidence
for the association. This was likely due to the consistency of social support scores between waves one and
two; the longitudinal association looked for a change in social support over one year, but little change was
apparent in this time, let alone in association with arts engagement.

The lack of association with loneliness contrasts with previous evidence that participatory arts interventions
reduce loneliness in older adults. This could be because of differences in the causes and subjective experience
of loneliness between older adults and adolescents. However, it may also have been a result of the measure
of loneliness used in Add Health, which was a single item asking how often adolescents felt lonely over the
last week. This might not have been sensitive enough to detect any associations or may not have measured
loneliness if adolescents did not realise that their feelings were symptomatic of being lonely. Further research
should thus explore the associations between arts engagement and loneliness in adolescence in more detail.
Given that arts engagement was associated with social support, even if not with a change in social support
over time, our findings indicate that participating in extracurricular arts activities could enhance social support
during adolescence. Further intervention studies are needed to explore whether arts activities can causally
change social support over time.
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4 Psychological capabilities

Psychological capabilities are the ways in which we interpret, understand, and interact with the world around
us. Cognitive learning is one subset of psychological capabilities that includes information processing, memory,
convergent and divergent thinking, reasoning, and use of heuristics. Psychological capabilities also include
overarching cognitive processes, such as processing fluency, cognitive restructuring, curiosity, creativity,
imagination, cognitive development in childhood and adolescence, and cognitive decline in later life.
Emotional learning is another psychological capability, including skills such as emotion recognition, theory of
mind, empathy, and compassion, all of which are important for successful social interactions.

4.1 Literature review

Reviews of a range of intervention studies demonstrate that participating in the arts, such as music training,
dance, expressive writing, theatre arts, and visual arts, may lead to improvements in several aspects of
cognitive learning, including memory, problem solving, and executive function, for people of all ages (94,95).
There is also experimental evidence in adults that listening to music can enhance specific aspects of spatial-
temporal performance (96), as well as divergent (creative) thinking, although it may not affect convergent
thinking (97,98). Evidence from a small study comparing adult musicians to non-musicians also indicates that
musical training enhanced information processing speed (99). Additionally, adults’ self-reported interest,
ability and performance of visual arts, literature, music and performing arts is correlated with their working
memory, attention, and verbal intelligence scores (100). Although these associations are likely to be
bidirectional, or may even result from reverse causation, there is longitudinal evidence that more frequent
cultural engagement is associated with better memory up to ten years later in older adults (101,102). A meta-
analysis also demonstrated that dance interventions benefit memory functioning in older adults, although
may not improve executive functioning (103). In children, meta-analyses have demonstrated that dance
instruction improves non-verbal reasoning (104) and active music instruction enhances concurrent spatial-
temporal performance for the duration of the intervention (105,106). However, a more recent comparison of
children with and without musical instrument training found no evidence that musical training was associated
with better spatial skills, although it was associated with better auditory discrimination abilities, fine motor
skills, vocabulary, and non-verbal reasoning (107). Existing evidence thus indicates that arts engagement could
benefit a range of cognitive learning processes, although it is mainly from small studies that focus on
participatory arts.

There is also a large body of evidence demonstrating that arts engagement can support overarching cognitive
processes, particularly in older adults. For example, large observational studies have shown that more
frequent cultural engagement is associated with lower rates of cognitive decline and dementia over the
following 12 years (6,101,108). Additionally, having a hobby, reading books, dancing, and other creative
activities (e.g., painting, sewing, playing music) have been linked to increased intellectual functioning, reduced
cognitive decline, and lowered incidence of dementia and Alzheimer’s disease over periods of up to 20 years
(109-116). In line with this evidence, several systematic reviews have found that dance interventions, musical
training, creative art or story-telling groups, and receptive cultural engagement have small to large effects on
global cognition and prevent cognitive decline in older adults (19,103,117-120). In children, studies have
focused on musical training and are generally limited by small non-representative samples with a lack of
randomization or active control groups. Despite the inconsistent evidence due to methodological limitations,
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a review and a meta-analysis have indicated that musical training has a small but significant positive effect on
cognitive development of children, including overarching processes such as intelligence, executive functions,
and phonological processing (121,122). A large quasi-experimental study also found evidence that both drama
and visual arts interventions led to enhanced creativity for children, although it did not include a non-arts
control group (123).

There is an assumption that arts engagement promotes prosocial behaviour and empathy, which was
supported by analyses of four large longitudinal studies in the US; more engagement in visual arts, performing
arts, or literature were all associated with increased prosocial behaviour up to seven years later (124). In a
review, most studies showed a positive relationship between arts engagement, empathy, and prosocial
behaviour (125), although associations differed according to art and engagement type, population, and study
design. For example, a range of moderately sized to large experimental studies in adults have found that
mindful dancing can increase compassion (126), listening to music from other cultures can increase theory of
mind and reduce prejudice against other groups (127), and increased reading of some (but not all) types of
fiction can enhance theory of mind and mentalising (128). A review found that engaging in “behavioural
synchrony” (doing an action in time with others), such as in music or dance, can improve theory of mind, with
most evidence from studies in children (129). Also in children, a very small study indicated that acting classes
improved theory of mind (130), but this was not replicated in a larger study of a drama intervention (131),
indicating that more research using robust methods is needed.

4.2 New analyses

Much of the evidence on psychological capabilities is from relatively small intervention studies or, in
observational studies, rely on participants’ self-reports. There is limited population-level evidence due to the
lack of objective tests of cognition in cohort studies. Additionally, factors related to later life cognition (e.g.,
age, gender, socioeconomic status, educational attainment) are likely to influence arts engagement, which
may have led to an overestimation of the impacts of arts engagement on cognition in previous studies.
Therefore, in one study, we used more advanced statistical methods to adjust for demographic and
socioeconomic factors and compared whether different types of arts engagement (participatory versus
receptive) were more beneficial for performance on objective tests of cognition in older adults.

Participatory and receptive arts engagement in older adults: Associations with cognition over a seven-year
period (Paper 6)

In this study, we tested the associations between frequency of participatory and receptive arts engagement
and cognition seven years later in older adults after accounting for demographic and socioeconomic factors.
We included 4,344 participants from the Wisconsin Longitudinal Study (WLS), aged 63 to 67 years at baseline.
We measured frequency of engagement in participatory and receptive arts activities and receptive art
activities in 2004. Cognition was measured in 2004 and 2011 using six tests, grouped under memory and
executive function (EF)/language. We aimed to address the issue that certain types of individuals may be more
likely to engage in the arts by using inverse probability of treatment weighting (IPTW). This approach removes
all confounding by a range of measured demographic and socioeconomic factors as well as baseline cognition,
simulating a trial in which participants are randomized to different levels of arts engagement. We estimated
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the difference in memory and EF/language seven years later between each level of participatory and receptive
arts engagement (low, moderate, high) and no engagement.

Overall, 61% of participants reported engaging in participatory arts activities and 71% reported engaging in
receptive arts activities. We found no evidence that doing either participatory or receptive arts was associated
with subsequent memory or EF/language. In sensitivity analyses, we also found no evidence that vigorous
physical activity was associated with subsequent memory or EF/language. These findings were robust to cross-
validation using another statistical approach.

Our findings are surprising given evidence from other longitudinal population-based studies that more
frequent participatory and receptive arts engagement is associated with better memory, EF, and intellectual
functioning, and lower rates of cognitive decline, dementia, and Alzheimer’s disease in older adults. However,
this is the first study to use more sophisticated statistical techniques to account for demographic and
socioeconomic factors, such as age, gender, socioeconomic status, and educational attainment, which
influence both the frequency of arts engagement and later life cognition. Our findings are in line with previous
evidence that socioeconomic factors explain much of the association between arts engagement and cognition.
Additionally, some previous studies did not find consistent evidence for associations between arts
engagement and all aspects of cognition. However, given the number of previous studies finding small but
positive effects of arts engagement on cognition, it is unlikely that these associations are only the result of
confounding by demographic and socioeconomic factors. We also did not find evidence for an association
between doing vigorous physical activity and cognition, which is a well-established effect. These findings
should be added to the existing evidence and do not negate positive findings presented elsewhere.
Nonetheless, they highlight that the relationship between arts engagement and cognition at a population level
is not a given. There are two important factors that should be considered when understanding the evidence
base on arts and cognition. First, symptoms of cognitive decline, including prodromal symptoms of dementia,
can have effects on behaviours years or even decades before symptoms manifest themselves. As such,
individuals on course to experience declines in cognition may have already reduced their engagement in arts
and cultural activities before older age. Further changes over the course of relatively short periods such as 7
years may not therefore register in research studies. Analyses that take account of much longer timescales
are needed. Second, there is a social gradient in both arts engagement and cognitive decline. Whilst this
gradient exists, disentangling the effects of the arts on cognition will be challenging. However, if this gradient
can be reduced and more opportunities for arts engagement presented to individuals from lower
socioeconomic backgrounds across the life course, there may be more opportunities for tangible effects on
cognitive ageing.
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5 Neurophysiology

Neurophysiology is the functioning of the brain and the nervous system. This includes the wide range of
perceptual processes that occur in the brain, such as the auditory, visual, somatosensory, gustatory, olfactory,
and vestibular systems. Brain activation can be studied to understand the regions and systems underlying
these processes and overall levels of activity. Brain physiology is also important, including brain structure, grey
and white matter density and integrity, and processes such as neuroplasticity, neurogenesis, and cognitive
reserve. Other aspects of neurophysiology include biomarkers in the brain, such as neurotransmitters and
indicators of inflammation, as well as arousal, as measured in electrodermal activity, activation of the
autonomic nervous system, brainwaves, muscle tension, and nerve stimulation.

5.1 Literature review

Although there is much experimental evidence on the associations between arts engagement and
neurophysiology, most studies in this area focus on music and dance. There is very limited evidence on other
art forms and neurophysiology. Additionally, most research either i) compares professional musicians and
dancers to those with no experience or ii) focusses on the immediate neural effects of listening to music and
dancing. Both approaches have significant weaknesses. Comparing professionals to amateurs or those with
no experience may be subject to confounding by a range of factors (e.g., socioeconomic status, education,
gender, ethnicity), and reverse causality, whereby early differences in neurophysiology influenced whether
individuals because professional musicians or dancers. Alongside this, whilst studying the neural activity
underlying music listening and dancing is useful, it does not help us to understand whether arts engagement
can elicit long-term changes in neurophysiology. Research into neurophysiology is limited by the resources
required to study outcomes such as brain activation, physiology, and biomarkers, meaning this information is
often not available in cohort studies. Using robust methods to explore the impact of arts engagement on long-
term neurophysiological outcomes should thus be a priority for future research.

There is very little research on how arts engagement can affect the activation and functioning of perceptual
processes in the brain. Two reviews have found strong evidence that musical training leads to robust, long-
lasting benefits to auditory function, with the extent of training correlated with changes in the neural encoding
of sound, auditory perception, and auditory-cognitive skills (132,133). Preliminary findings indicate that other
forms of arts engagement, such as visual arts training, may not have as widespread impacts on auditory or
general neural mechanisms as musical training (133). However, a recent study of older adults did find evidence
that three months of music or visual art training both led to sustained changes in auditory responses, as well
as short-term alterations to visual processing (134). Additionally, another review identified that dance
movement therapy may affect perceptual processes such as mental representations of bodily functions
(embodied cognition), awareness of bodily movement and location (proprioception), and sense of the internal
state of the body (interoception; 135). This has been found only in relatively small experimental studies with
adults, older adults, and young children (136-138).

Studies of brain activation can also show the influence of arts engagement on neurophysiology. Although we
know that the effect of music on our emotions occurs through activation of the reward circuitry in the brain,
the longer-term effects of listening to or making music on these neural mechanisms is unclear. Two reviews
have found that, although there is robust evidence for concurrent activation in regions associated with reward
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processing whilst listening to music (e.g., amygdala, nucleus accumbens, hypothalamus), existing research is
primarily cross-sectional and correlational (139,140). An earlier review suggested that musical training might
alter future neural activation when listening to music, but there were large individual differences in these
effects (141). Another review, focusing on musicians, found that the degree of functional adaptation in the
brain correlated with the intensity and duration of musical practice (142). However, it is still unclear whether
these changes are the product of music training or other factors such as pre-existing biological markers of
musicality. Similar effects have also been found in reviews of both short- and long-term dance training, with
increased brain activity in the action observation network (mirror neuron system) and simulation network
after learning to dance (143,144). Participating in dance may also help to increase neural synchrony, leading
to neural oscillations that enable the synchronization of activity within and across brain regions, allowing for
more effective communication in the brain (144). Differences in neural activation when watching recorded
versus live dance performance also indicates that attending live performances could be more beneficial than
watching them on a screen (143).

In addition to altering brain activation, sustained arts engagement may lead to changes in underlying brain
physiology. Neuroplasticity is a broad term that describes the brain’s ability to change with experience by
modifying old and forming new neural connections. Several reviews have demonstrated that both dance and
musical training are associated with enhanced neuroplasticity in young people, which is not surprising given
that neuroplasticity is much higher in children and adolescents than later in life (120,144). There is also
preliminary evidence that both dance and musical training can induce neuroplasticity in older adults, which
may increase cognitive reserve and delay the onset of cognitive impairment or dementia (117,119,120,143—-
145). Evidence from a small experimental study even suggests that dancing is better than other repetitive
physical activity for increasing neuroplasticity in older adults (146). However, for both dance and music,
several months of engagement or more may be required to have lasting impacts on physiology (119,120).
Other aspects of physiology that may be influenced by dancing include grey and white matter structure in
sensory, motor, and auditory regions and the connections between these regions, enabling better and faster
coordination between these areas, which may be required to dance (119,143-145).

Biomarkers in the brain, such as neurotransmitters and indicators of inflammation, may also be influenced by
arts engagement. In a systematic review, both active music participation and listening to recorded music
reduced levels of cortisol and generally seemed to decrease the monoamine neurotransmitters epinephrine
and norepinephrine, which are associated with stress (147). Although the evidence for immunological
responses to music was inconsistent, the cytokine interleukin-6 (inflammatory markers produced in response
to infections and associated with mental health) changed significantly in response to music in four of the five
studies reviewed, and most studies showed decreases in immunoglobulins (antibodies) following musical
interventions (147). Several small experimental studies performed since this review have also demonstrated
that group drumming and group singing can lead to reduced cortisol, immune enhancement, and reduced
inflammatory activity as well as changes in oxytocin levels, a hormone known for its role in social bonding
(64,148,149). Additionally, a recent systematic review found moderate to high quality evidence that
performing arts, specifically music and dance, had positive effects on immune function (150).

The final aspect of neurophysiology we consider is arousal, as can be measured by activation of the autonomic
nervous system. There is relatively little evidence on music and autonomic nervous system activation in
comparison to the central nervous system (151). According to a systematic review, the physiological impact
of making music may depend on whether it is stressful or not but, in general, music can decrease heart and
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respiration rates and lower blood pressure, as well as improving expiratory flow in children with asthma (151).
Both listening to music and music assistant relaxation techniques have been found to significantly decrease
arousal due to stress in a meta-analysis (152). For those who consciously attend to and enjoy music, listening
to recorded music can arouse “chills” that occur in the form of goosebumps or shivers down the spine
(153,154). There is even some evidence from a small experiment that listening to relaxing music can speed up
the recovery of fatigued muscles (155). Considering other forms of arts engagement, a small experimental
study attempted to extend findings on arousal to receptive arts engagement, demonstrating that self-reported
stress and arousal were both significantly reduced by visiting a museum, although levels of cortisol were
unchanged (156). This indicates an interesting direction for future research.
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6 Motivational processes

Motivational processes are the intentions, desires, goals, needs, and automatic responses that lead to human
behaviour. They are much broader than the colloquial term “motivation”, often used to describe the
subjective sense of desiring a change in the self or in the environment. Motivational processes can be divided
into four broad categories: developing habits, behavioural decisions, behavioural drive, and behavioural
development. Behavioural decisions include processes that explain why, when, and how people make choices.
Relating to behavioural drive, research has explored behavioural activation (e.g., initiative, goal setting, self-
efficacy), motivation (e.g., apathy, extrinsic and intrinsic motivation, expectations), and achievement (e.g.,
attaining goals, sense of reward). Behavioural development refers to the change in motivational processes
early in life, from infant behaviours to school readiness to adaptive behaviour and academic outcomes later
in childhood and adolescence.

6.1 Literature review

Several studies have shown that leisure engagement can affect the development of leisure-specific habits and
thus longer-term engagement, but most focus on lifestyle interventions and physical activity (7). Specific to
the arts, there is longitudinal evidence that people who gave more attention to reading in their youth, such as
being library members for longer, have a higher reading level in adulthood and a stronger preference for
literary books and novels, suggesting that reading early in life contributes to habit formation (157). More
broadly, arts education during childhood is strongly associated with increased arts engagement later in life
(158,159). Arts engagement can also influence other habits. For example, listening to music at bedtime has
been shown to improve sleep quality, which may be because it replaces other bad habits (such as ruminating,
or hyperarousal from activities such as screen time) and forms a new link between bedtime and sleep through
classical conditioning (160). There is also experimental evidence that listening to music can facilitate
reinforcement learning, which requires reward-based decision making, and previous musical experience may
alter learning (161).

Arts engagement may also influence factors that support decision-making. For example, cognitive dissonance
is an inconsistency between our attitudes and behaviours that causes discomfort and must be resolved. Two
scoping reviews have identified a range of small experimental studies indicating that listening to music can
help people to overcome cognitive dissonance and to hold contradictory attitudes or beliefs without
discomfort (162,163). The arts can also be used to create cognitive dissonance and, in this way, lead to more
critical thinking and challenge beliefs and stereotypes. Creative writing can cause cognitive dissonance if it
includes inconsistencies between expectations and reality, or if it challenges the beliefs of the writer or reader
(164,165). There is also qualitative evidence that unfamiliar behaviours or actions that differ to one’s attitudes
in theatre can cause performers and audience members to experience cognitive dissonance that is internalised
and leads to attitude change, with the potential to reduce biases and stereotypes about other ethnicities or
genders (166).

Choosing behaviours is another important process, including response inhibition (suppressing actions that are
inappropriate given the context or interfere with goal-driven behaviour) and inhibitory control (overcoming
impulses or dominant behavioural responses to select a more appropriate behaviour). Two randomised
controlled trials tested a music intervention in young children, showing that music significantly improved
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response inhibition compared to a motor skills programme, visual arts intervention, or control condition
(167,168). Additionally, a systematic review found that dance interventions can improve response inhibition
in middle aged and older adults (119). Arts engagement may also impact behaviour by enhancing inhibitory
control. In a review, formal musical training, active musical performance, and music-based interventions all
enhanced inhibitory control (169). This has also been demonstrated in small experimental studies that focus
on participatory arts activities such as music (170-172), theatre acting (173), and street dance (174).

Engaging in the arts may also influence mechanisms related to behavioural activation, such as by increasing
self-efficacy, goal setting, and mental stimulation. A systematic review concluded that evidence for the impact
of dance interventions on self-efficacy is poor because of the small number of studies on each construct,
methodological limitations, and inconsistent findings (60). However, qualitative and some quantitative
evidence does suggest that adults and children can benefit from dance in terms of self-efficacy (60,175,176).
Small quasi-experimental studies have also found that group singing can enhance self-efficacy after
bereavement and in postnatal depression (177,178). There is limited evidence on other forms of arts
engagement. In a large observational study, visiting heritage sites, museums, galleries, and other cultural
events was associated with higher self-efficacy three years later (43). For young people, sustained visual arts
instruction and group creative writing have been found to increase self-efficacy in small quasi-experimental
studies (179-181). Attending community arts festivals has also been reported to enhance self-efficacy by
participants in a small qualitative study (182). Finally, in a study of people recovering from a stroke, both
listening to audiobooks and music provided a source of mental stimulation (179), which could improve
thinking about future behaviour and potential outcomes.

A growing number of intervention studies have demonstrated that arts engagement can influence aspects of
motivation, including reducing apathy (a lack of interest, enthusiasm, or concern) and enhancing intrinsic
motivation (the desire to engage in activities or behaviours because they are personally rewarding and fulfil
our expectations and beliefs). A systematic review identified that music-based interventions were the
strongest non-pharmacological method for reducing apathy in people with dementia and, although more
robust research is needed, art therapy also had favourable effects on apathy (183). Another review found that
dance interventions could improve feelings of apathy for people with Parkinson’s disease and other groups of
older adults (184). According to findings from small experimental studies, listening and moving to music can
also lead to higher intrinsic motivation, particularly if the music is liked (185,186). In a qualitative study,
adolescents reported both positive and negative relationships between arts education and motivation, but
peer interactions that were part of arts-based courses did enhance motivation (187).

There is also a large body of evidence showing that the arts can contribute to the development of behaviour
in childhood and adolescence. In early years, social musical experiences such as a parent singing to their baby
can increase social referencing, whereby infants use parental behaviour to adapt their own behaviour to a
new situation (188). Musical activities and music-based group play can also promote positive parent-child
relationships, enhance communication, and lead to more collaboration between parents and children
(189,190). Qualitative evidence also shows that engaging in leisure activities together can enhance
intergenerational bonding between grandparents and grandchildren (191). Later in childhood, quasi-
experimental studies have found that taking part in daily music, dance, and visual arts classes at preschool is
associated with greater school readiness, including greater social and self-awareness and better vocabulary,
particularly for economically-disadvantaged children (192-194).
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This evidence has been extended through development, with much research exploring whether the arts can
support achievement in later childhood and adolescence. Although the evidence on music and educational
attainment is the most extensive, it has been mixed. Many quantitative and qualitative studies suggest
benefits of music on achievement, such as cross-sectional associations between childhood instrument playing
or singing and higher educational achievement (195,196), and longitudinal associations of shared musical
activities at home in childhood with better subsequent numeracy (197). One systematic review found that
music education improved literacy skills for children with dyslexia (198). However, in a recent larger review of
research on all children and adolescents, effect sizes were small to moderate, and significant results were
found only in studies not using randomisation, suggesting that they may not be reliable (199). Another
systematic review concluded that results may be inconclusive because of the lack of uniform research methods
across studies (200). Further RCTs are thus needed to test whether music can enhance achievement in
childhood and adolescence. For other art forms, the evidence base is currently weak as it also lacks RCTs, but
guantitative and qualitative data indicate that arts engagement may enhance educational attainment. For
example, a systematic review found that longer term arts education can enhance academic achievement,
although the length and integrated nature of arts programmes is key for their success (201). Large
observational studies have tested the longitudinal associations between arts engagement and academic
outcomes using sophisticated methods to adjust for confounding by demographic and socioeconomic factors.
They have found strong effects of selection into arts education in childhood, as much of the association with
academic outcomes is due to socioeconomic factors (202). However, after accounting for these factors, there
was still evidence that arts education and in-school arts participation were associated with academic
performance in several studies (203—-205). Arts involvement may even be particularly beneficial for academic
outcomes in socially and economically disadvantaged young people (203). Outside of school, family trips to
cultural attractions also benefit achievement in both reading and mathematics, even after accounting for
socioeconomic differences (206). Nevertheless, RCTs are needed to confirm whether there is a causal
association between arts engagement and educational attainment.

As well as increasing positive outcomes, research has investigated whether arts engagement can reduce
behaviours often perceived as negative, thereby supporting behavioural adjustment through childhood and
adolescence. A range of arts-based intervention programs have been developed to prevent or reduce risky,
antisocial, or criminalised behaviours among adolescents, with some success, although according to
systematic reviews high-quality evidence is lacking (62,207-209). For example, arts education programmes
consisting of drama or visual arts have been used to reduce bullying in schools (210,211). In observational
studies, participation in extracurricular arts activities has generally been associated with fewer risky
behaviours in adolescence (212,213). Participation in performing and fine arts has been associated with lower
rates of health risk and antisocial behaviours, including alcohol use, drug use, smoking, skipping school, and a
lower likelihood of being arrested (214—217). In a large study of a nationally representative sample in the UK,
creativity in activities such as writing, storytelling, crafts, painting, drawing, or drama at age 7 was associated
with a lower risk of social and behavioural maladjustment at the onset of adolescence, including
fewer internalizing and externalising behaviours and symptoms of social and behavioural instability (3). A
systematic review also found that boredom in leisure time (which arts engagement could help to overcome)
was associated with more risky behaviours such as cigarette and alcohol use, sensation seeking, and social
disruption (218). While one study indicated that students participating in performing arts had higher rates of
alcohol consumption (219), overall, the literature suggests that arts engagement is associated with healthier
behaviours. However, studies have tended to include non-representative and relatively small samples, so
further research is needed.
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6.2 New analyses

Motivational processes are not often measured in cohort studies of adults, making them difficult to assess in
observational research. However, more attention has been paid to the development of behaviour in childhood
and adolescence, which is particularly relevant given recent drives to improve adolescent mental health, and
a general lack of evidence of the impact of arts engagement for children and adolescents. Therefore, across
three studies, we explored how arts engagement might influence the development of several behaviours that
are often perceived as negative during adolescence, namely externalising behaviours, reportedly antisocial or
criminalised behaviours, and substance use.

Associations between extracurricular arts activities, school-based arts engagement, and subsequent
externalising behaviours: Findings from the Early Childhood Longitudinal Study (Paper 7)

As outlined above, arts engagement has been linked to numerous beneficial factors surrounding externalising
behaviours, but longitudinal evidence for the association between arts engagement and subsequent
externalising behaviours in adolescence is lacking. It is also unclear whether arts engagement as part of school
curriculum or as an extracurricular activity is more effective for reducing externalising behaviours. Therefore,
in this study, we explored whether extracurricular and school-based arts engagement in adolescence were
associated with externalising behaviours three years later.

We included a sample of 8,586 participants from the Early Childhood Longitudinal Study (ECLS) who were aged
10-11 years at baseline and 13-14 years at follow-up. At the individual level, parents reported whether their
child had participated in extracurricular dance, music, or art classes or lessons or organised performing art
programmes and completed a measure of their child’s externalising behaviour. At the school level, teachers
and administrators reported how often children worked on lessons or projects in music, musical instruments,
music composure, art, or art materials and rated the adequacy of school arts facilities. School administrators
reported the frequency of externalising behaviours in the school overall (e.g., theft, vandalism, bullying). We
used linear regression to test individual-level associations and Poisson regression to test school-level
associations between arts engagement and externalising behaviour.

Approximately half of participants had participated in at least one extracurricular dance, music, or art class or
lesson or organised performing art programme. At the individual level, engaging in a greater number of
extracurricular arts activities at ages 10-11 was associated with fewer externalising behaviours at ages 13-14.
These associations were independent of a range of sociodemographic factors. In contrast, level of arts
engagement at school was not associated with individual externalising behaviours, or with the overall number
of externalising behaviours within each school.

Our findings suggest that extracurricular arts activities may reduce the risk of subsequent externalising
behaviours, but arts engagement as part of school curriculum is less beneficial. It is possible that school arts
provision was not associated with externalising behaviours because of the distinction between having access
to the arts versus actively engaging in them. In other words, it may be the level of engagement a child has with
the arts that drives the associations with externalising behaviours and not the level of exposure. Nonetheless,
our individual-level findings are in line with existing preliminary evidence and indicate that the arts could be
considered a strategy for reducing the risk of externalising behaviours at the population level, and not just an
intervention for specific groups.
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Arts and cultural engagement, reportedly antisocial or criminalised behaviours, and potential mediators in
two longitudinal cohorts of adolescents (Paper 8)

Although arts-based intervention programs have had some success in reducing risky behaviours among
adolescents, there is a lack of rigorous longitudinal studies testing the associations between arts engagement
and risky behaviours at a population level. In this study, we investigated whether engagement in
extracurricular arts activities was associated with reportedly antisocial or criminalized behaviours (RACBs) in
mid- to late adolescence.

We included participants from both the National Longitudinal Study of Adolescent to Adult Health (Add Health;
n=10,610) and the National Education Longitudinal Study of 1988 (NELS:88; n=15,214). We measured
adolescents’ overall levels of arts engagement, including extracurricular artistic and creative clubs, hobbies,
and receptive cultural engagement. Adolescents reported the number of RACBs that they had engaged in,
such as damaging property, stealing, selling drugs, using a weapon, and taking part in a fight. Using structural
equation modelling, we also explored mechanisms that might link arts engagement to RACBs. These were
positive perceptions of RACBs (measured in NELS:88) and self-control, which includes constructs such as
impulsivity, forward-thinking skills, and self-centredness (measured in Add Health).

Across both samples, more arts engagement in mid-adolescence was associated with fewer concurrent RACBs
and reduced RACBs one to two years later, with some evidence that this relationship was maintained up to
seven years later, even after adjusting for a range of sociodemographic confounders. Overall, our results were
remarkably consistent across Add Health and NELS:88. We also sought to identify mediating factors that could
explain the relationship between arts engagement and RACBs. In Add Health, more arts engagement was
associated with higher self-control scores concurrently and one to two years later. Although there was some
evidence that self-control partially mediated the association between arts engagement and RACBs, this was
not consistent. In NELS:88, more engagement was associated with fewer positive perceptions of RACBs, but
these attitudes did not mediate the association between arts engagement and RACBs.

Our findings build on results from previous intervention studies by demonstrating that ubiquitous arts
engagement, such as extracurricular artistic and creative clubs, hobbies, and receptive activities, also has the
potential to reduce subsequent RACBs in adolescence. Although perceptions of RACBs did not mediate the
association between arts engagement and RACBs, this could be because of the questions included in this study,
which measured general attitudes towards RACBs but measured only school-based behaviours. Future
research should extend these findings by identifying whether specific types of arts engagement are particularly
beneficial for improving RACBs, attitudes, and self-control during adolescence.

Associations of arts and cultural engagement with substance use trajectories in adolescence and early
adulthood: a latent growth curve analysis of the Add Health cohort (Paper 9)

Substance use (e.g., alcohol, marijuana, tobacco) is a risky health behaviour that becomes increasingly
common during adolescence. Although there is evidence that arts engagement can reduce substance use in
adolescence, it is limited by using small and unrepresentative samples, cross-sectional designs, and inclusion
of only one arts activity or substance use outcome. It remains unclear whether any level of arts engagement
is effective in reducing the risk of substance use and how long any risk reduction lasts. The current study
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addressed these limitations by examining whether arts engagement was associated with trajectories of
substance use throughout adolescence.

We included 6,965 participants from the National Longitudinal Study of Adolescent to Adult Health (Add
Health), who completed the first four waves of this study and were aged 12-17 at baseline. We measured how
frequently adolescents did artistic or creative hobbies and the number of extracurricular arts clubs attended
at baseline. We also measured alcohol intoxication, marijuana use, and tobacco use in the past month at
baseline and over the subsequent three waves (up to 14 years later). We used latent growth curve modelling
to test whether arts engagement was associated with i) each type of substance use at baseline and ii) the
trajectories of substance use over the following 14 years.

At baseline, participating in more arts clubs was associated with lower likelihood of alcohol intoxication and
tobacco use. However, the association decreased over time. We found similar results for engagement in
hobbies; adolescents who did hobbies more often were less likely to report alcohol intoxication, tobacco use,
or marijuana use at baseline, but these associations decreased in strength over time. For both types of arts
engagement, associations with substance use were sustained two years later, but were attenuated seven and
14 years later.

Overall, we found evidence that engaging both extracurricular arts clubs and artistic or creative hobbies was
associated with a reduced risk of concurrent substance use. However, this reduced risk attenuates over time,
with no sustained influence of baseline arts engagement on substance use 14 years later. As we only examined
arts activities at baseline, it remains possible that sustained arts engagement continues to reduce the risk of
substance use. If arts engagement does causally influence substance use, then frequent and sustained
engagement may be required to have the maximum impact. Our findings are in line with previous intervention
studies demonstrating that art interventions can lower substance use.
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7 Discussion

In this report, we have provided a comprehensive review of brain-based mechanisms of action that could link
arts engagement to health. We used the Multi-level Leisure Mechanisms Framework (7) to structure our
review of mechanisms, which we grouped under four domains of subjective wellbeing, psychological
capabilities, neurophysiology, and motivational processes. The strongest evidence to date is for the
associations between arts engagement and subjective wellbeing. This is likely to be a bidirectional relationship,
whereby arts engagement enhances wellbeing, and people with better wellbeing are also more likely to
engage in the arts. There is causal evidence from intervention studies and longitudinal evidence from
observational studies that engaging in receptive and participatory arts activities can lead to subsequent
improvements in wellbeing, even after accounting for previous levels of wellbeing and a wide range of
confounders. There is also extensive evidence, albeit mainly from intervention studies, that arts engagement
is associated with changes in psychological capabilities and motivational processes in children, adolescents,
adults, and older adults, ranging from the development of behaviour to cognitive decline. In contrast, evidence
for the association between arts engagement and neurophysiology is the weakest of the domains we have
reviewed. This literature has focused on the effects of music and dance and has not yet explored other forms
of arts engagement. Additionally, it largely relies on inadequate experimental studies that only provide
evidence on short-term changes in neurophysiology, or differences in neurophysiology between professional
musicians or dancers and those with no experience. The longitudinal effects of arts engagement on
neurophysiology in the general population thus remain unclear.

We have also outlined the findings of new analyses undertaken to address the limitations of research to date.
Across nine studies, we used data from cohort studies with large representative samples and long-term follow-
ups to test a range of brain-based mechanisms of action that could link ubiquitous arts engagement (that is
part of daily life) to mental and physical health outcomes. We demonstrated that the associations between
various forms of arts engagement and subjective wellbeing are present across diverse subgroups of the
population, such as people of different ages, with specific medical conditions, and living in different areas.
However, after using more sophisticated methods to account for confounding, we found that participation in
community arts groups may only be associated with the positive, and not negative, elements of subjective
wellbeing. We also demonstrated that not all artistic and creative activities are directly associated with
subjective wellbeing, indicating that a variety of mechanisms link different forms of arts engagement to health.
In terms of psychological capabilities, we addressed the issue that factors related to later life cognition are
likely to influence arts engagement, which may have led to an overestimation of the impacts of arts
engagement on cognition in previous studies. Using more advanced statistical methods, we found no evidence
for associations between arts engagement and cognition in older adults, demonstrating the importance of
fully accounting for demographic and socioeconomic confounders when exploring arts engagement and the
brain. Finally, addressing motivational processes, we showed that engagement in extracurricular participatory
and receptive arts activities during adolescence is associated with reductions in a range of behaviours that are
often perceived as negative, including externalising behaviours, reportedly antisocial or criminalised
behaviours, and substance use.
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7.1 Implications for arts organisations

Understanding the theoretical basis linking the arts to health is not only key to research in this field but is also
important for organisations and individuals designing and delivering arts and cultural assets. Awareness of
these mechanisms will enable the design of arts programmes that have maximal effects on health.
Understanding mechanisms is particularly pertinent given the roll-out of schemes such as social prescribing,
which involves health services referring individuals to arts and cultural activities. To refer individuals to
appropriate activities with realistic potential for a positive effect on mental and physical health, as well as to
design and test bespoke interventions for targeted patient groups, it is crucial that practitioners understand
the mechanisms by which arts activities affect health. Arts organisations could provide additional training for
cultural workers on the role of arts in health to facilitate these processes. Where possible, those developing
arts programmes should consider whether a specific intervention is likely to be disruptive enough to bring
about the desired change in the brain, and ultimately influence health outcomes, particularly when targeting
deep-seated patterns of behaviours or traits.

The range of potential benefits of the arts on the brain could also be used by arts organisations to promote
arts engagement. Increasing public awareness could encourage more people to engage in the arts as well as
increasing support of community assets. This is particularly important given the social gradient in many forms
of arts engagement and many of the mechanisms identified in this report. Arts organisations are playing a key
role in widening access to the arts, and social prescribing schemes should support these efforts.

We hope that arts organisations will also use this evidence base to support funding applications, allowing them
to demonstrate the importance of their activities, and offer potential processes through which they may
influence health. This is particularly relevant when the boundary between these mechanisms and health is
blurred; many of the topics included in this report (e.g., life satisfaction, self-esteem, behavioural
development) can be considered health outcomes in and of themselves. Increasing evidence on these
mechanisms should also translate into policy decisions, with the goal of widening arts audiences and
increasing support for arts organisations as well as targeting specific mechanisms. For example, the UK
government’s strategy for reducing loneliness emphasised the importance of the arts and creativity to help
people become more connected (220).

It is important to acknowledge that we have identified and reviewed a wide range of evidence, which could
give the impression that all arts activities could trigger every possible mechanism to improve health. This is
not the case. Some mechanisms are probably not easily activated and might only emerge in a gradual and
small way over time, so they should not necessarily be the primary target for arts activities. Although there is
limited evidence exploring this to date, mechanisms may also differ by audience or context. For example,
organisations should consider whether the mode of delivery of arts activities could influence the mechanisms
activated; online recorded performances might lead to activation of fewer mechanisms than live
performances in person but the evidence on virtual or online arts engagement and health remains in its
infancy.
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7.2  Priorities for future research

Although there is a large body of literature investigating the impacts of arts and cultural engagement on
subjective wellbeing, psychological capabilities, neurophysiology, and motivational processes, much of this
research suffers from similar weaknesses. Many studies include small samples that are not representative of
the general population in these countries and only investigate the impacts of arts engagement over short
follow-up periods, meaning it remains unclear whether arts engagement can lead to long-term changes in the
brain. In this report, we identified many systematic reviews with conclusions recommending that more robust
evidence for the associations between arts engagement and the brain is needed. Intervention studies should
thus aim to include larger samples that are more diverse and include longer follow-up periods. This could be
achieved using large natural experiments, such as evaluating the implementation of national schemes like
social prescribing in the UK and the US.

Additionally, much of the evidence reviewed is from studies of specific arts-based interventions, which may
have different mechanisms of action on health to ubiquitous engagement in the arts as part of daily life. To
supplement this evidence, more observational studies of everyday arts engagement are needed, particularly
using larger and more representative samples with longer follow-up periods. To date, observational studies
have not always fully accounted for the demographic and socioeconomic differences between people who do
and do not engage in the arts, leading to biases in their findings. We therefore recommend that further
research uses more advanced statistical methods, such as propensity score matching, fixed effects
approaches, and models testing the direction of associations, allowing the study of the causal effects of arts
engagement on the brain.

In this report, to provide an overview of potential mechanisms linking the arts to health, we have broken down
this complex system into individual elements. We acknowledge that this is an oversimplification. There are
many brain-based mechanisms that may be influenced by arts engagement, and these are likely to interact
and be part of complex indirect pathways linking the arts to health, such as through feedback loops, recursive
cycles, and self-reinforcement (7). No single arts activity is likely to activate just one brain-based mechanism,
and studies that use simple approaches to assess one mechanism (as in most of the research reviewed here)
are likely to overstate the causal contribution of individual mechanisms (7). Studies that take an exposure-
wide or outcome-wide approach could enable research into the effects of multiple arts activities on multiple
mechanisms simultaneously.

In our literature reviews, we identified that some mechanisms have been tested comprehensively across
multiple different arts activities, some have been tested only in relation to specific activities, and some lack
evidence entirely. However, we have not attempted to identify or review every single study ever done on arts
engagement and the brain. Such work would be beyond the scope of any individual review and should be the
focus of systematic reviews and meta-analyses that explore specific mechanisms or groups of mechanisms in
more detail. These reviews will be important for identifying where more research is needed.

Arts activities occur within societal, cultural, and political contexts, and mechanisms may depend on these
contexts. Given the little information we have on the effect of moderating factors on the workings of individual
mechanisms, future research could also consider whether some mechanisms work only in the presence of
specific contextual factors. It will also be important to explore whether similar mechanisms are activated by
the arts across different groups of the population, such as adolescents and older adults, or people with existing
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health conditions. Most evidence to date is from the UK, Europe, or the US, making it unclear whether findings
will generalise to other countries, particularly lower income countries where type and availability of cultural
assets may differ. Considering broader definitions of the arts and including more varied types of engagement,
as well as measuring engagement over longer periods, should be a priority for future research.

7.3 Conclusion

Using the Multi-level Leisure Mechanisms Framework (7), we have reviewed and extended the evidence on
the associations between arts engagement, subjective wellbeing, psychological capabilities, neurophysiology,
and motivational processes. These domains all contain a wide range of mechanisms that may contribute to
the influence of the arts on health. Overall, there is a large body of evidence on the associations between arts
engagement and the brain, but more high-quality research is still needed. We have identified various priorities
for future research, including the use of larger and more diverse samples, more systematic reviews, research
that uses a complex systems approach, and further consideration of various contextual factors. Despite the
limitations of the literature, a familiarity with this evidence base is important for arts organisations and
policymakers, and we hope that it can be used to increase and diversify arts engagement in the general
population.
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