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Abstract

There is growing evidence of the potential effects of musical training on the human brain,

as well as increasing interest in the potential contribution of musical experience to healthy

ageing. Conducting research on these topics with older adults requires a comprehensive

assessment of musical experience across the lifespan, as well as an understanding of

which variables might correlate with musical training and experience (such as personality

traits or years of education). The present study introduces a short questionnaire for assess-

ing lifetime musical training and experience in older populations: the Edinburgh Lifetime

Musical Experience Questionnaire (ELMEQ). 420 participants from the Lothian Birth Cohort

1936 completed the ELMEQ at a mean age of 82 years. We used their responses to the

ELMEQ to address three objectives: 1) to report the prevalence of lifetime musical experi-

ence in a sample of older adults; 2) to demonstrate how certain item-level responses can be

used to model latent variables quantifying experience in different musical domains (playing

a musical instrument, singing, self-reported musical ability, and music listening); and 3) to

examine non-musical (lifespan) correlates of these domains. In this cohort, 420 of 431 par-

ticipants (97%) completed the questionnaire. 40% of participants reported some lifetime

experience of playing a musical instrument, starting at a median age of 10 years and playing

for a median of 5 years. 38% of participants reported some lifetime experience of singing in

a group. Non-musical variables of childhood environment, years of education, childhood

cognitive ability, female sex, extraversion, history of arthritis and fewer constraints on activi-

ties of daily living were found to be associated, variously, with the domains of playing a musi-

cal instrument, singing, self-reported musical ability, and music listening. The ELMEQ was

found to be an effective research tool with older adults and is made freely available for future

research.
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Introduction

Successful ageing is typically defined as high functioning across the domains of physical, cog-

nitive, and mental health [1,2]. With the number of over 60-year-olds projected to reach two

billion by 2050 [3], research into lifestyle factors that support healthy ageing is a priority. The

potential contribution of musical experience to cognitive and mental health in later life has

attracted recent scientific investigation as well as media and public interest. Learning to play a

musical instrument is a cognitively stimulating activity that might increase resilience to age-

related brain pathologies in later life [4]. There is evidence from reviews of mostly cross-sec-

tional observational studies [5–7], that older people with experience playing a musical instru-

ment (either currently or in the past) [8,9], are likely to perform better on tests of cognitive

ability than their musically untrained counterparts. Others have documented a positive associ-

ation between musical training and the volume of specific brain regions associated with lan-

guage and memory (inferior frontal cortex and parahippocampus respectively) [10] as well as

overall brain health (‘brain age’) in samples of older adults [11]. Furthermore, listening to and

making music is linked to psychological and social benefits in older age [12–14].

Exploration of the relationship between musical experience and healthy ageing requires a

comprehensive assessment of older adults’ lifetime musical training and experience. The

nature of musical experience is highly complex and over a lifetime is perhaps even unique to

each individual. Musical training and practical experience usually include training (informal

or formal), practice (rehearsal or informal playing together) and performance (either playing a

musical instrument or singing). Several questionnaires designed to assess an individual’s musi-

cal training and experience have been developed and are detailed in Table 1. These self-report

measures quantify extent of musical training and experience, often by including questions

about years of formal training, hours of practice, number of instruments played, and perfor-

mance level reached. Some questionnaires define musical training as musical instrument

training only [15,16], whereas others additionally include singing in this category [17–19]. In

addition to quantity of musical training and experience, questionnaires can assess the charac-

teristics of that training, including the age an individual first started learning (onset of musical

training); which period(s) in their life they engaged in regular practice and performance;

whether they played, rehearsed or performed regularly as part of a group, ensemble or band;

and the instrument(s) they played. Reviews of the literature on musical training and cognitive

ability [4,6,20], have highlighted the above listed variables as potential moderators of the asso-

ciation between musical training and cognitive performance. Studies that assess both the quan-

tity and characteristics of musical training and experience will thus be well positioned to

identify the conditions under which such training might be most potentially beneficial for

older adults. Some studies with older adults have begun to explore some of these potential

moderators [8,21].

Self-report questionnaires of musical training and experience can additionally assess other

relevant domains of musical experience including music listening [15–19] and self-reported

musical ability [15,18,19]. The latter category assesses an individual’s self-reported ability to

perceive features of music such as rhythm, pitch, and melody, and/or their production abilities

(e.g. their ability to sing in tune). Although musical ability is more typically assessed via beha-

vioural tests, there is some evidence that self-reported musical ability is strongly correlated

with performance on more objective behavioural tests [18]. Music listening represents a fur-

ther important dimension of musical experience [16,18,19,22]. Individuals with no experience

of making music can nevertheless possess a sophisticated knowledge of and receptive sensitiv-

ity to music. These attributes can depend on how an individual engages with music: the

amount of time they dedicate to actively listening to music, the importance they attach to
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music, the extent to which they respond emotionally to music, or whether they interact with

music through activities such as attending concerts or festivals, dancing or discussing music

with others [18]. Questionnaires that assess music listening often measure the quantity of

music listening, as well as uses of and responses to music. In addition to the self-report musical

experience questionnaires outlined in Table 1, there are several others that focus specifically

on various aspects of listening to music [23–30].

The musical experience questionnaires described above provide valuable methods of cap-

turing, in detail, an individual’s musical experience. Most of these measures were designed

with a specific emphasis, such as assessment of musical sophistication in the general popula-

tion [18], or styles of music engagement [16]. The Edinburgh Lifetime Musical Experience

Questionnaire (ELMEQ; described and used for the first time in the present study), is a musi-

cal experience questionnaire designed specifically for research on musical training and healthy

ageing (with a particular focus on cognitive and brain ageing). It therefore provides a detailed,

retrospective assessment of lifetime musical instrument training, including questions on the

quantity and characteristics of musical training and experience (see Table 1). A further aim of

Table 1. Self-report questionnaires of musical training and experience.

Self-assessment of

Musical Skills and

Experience [15]

Ollen Musical

Sophistication Index

Questionnaire [17]

The Music USE

Questionnaire [16]

Goldsmith’s Musical

Sophistication Index

[18]

Music Use and

Background

Questionnaire [19]

Edinburgh Lifetime

Musical Experience

Questionnaire (present

study)

Musical instrument1

Years played ✓ ✓ ✓ ✓

Years formal

training

✓ ✓ ✓ ✓

Frequency of

regular practice

✓ ✓ ✓ ✓ ✓ ✓

Performance

level reached

✓ ✓ ✓ ✓ ✓

Number of

instruments

✓ ✓ ✓

Age at training

onset

✓ ✓

Timing of

regular practice2
✓

Ensemble

Experience3
✓ ✓

Type of musical

instrument

✓ ✓

Other domains

Music ability4 ✓ ✓ ✓ ✓

Music listening5 ✓ ✓ ✓ ✓ ✓ ✓

Musical

notation6
✓

1Three questionnaires assess experience playing a musical instrument or singing [17–19].
2The life stage(s) when the respondent engaged in regular training, practice, and performance.
3Experience playing as part of a band/ensemble/orchestra.
4Self-reported musical ability.
5Music listening includes quantity, response to music, and uses of music.
6Three questionnaires [17–19] assess knowledge about music theory or experience composing music but do not include questions about notation specifically (e.g. ability

to sight read).

https://doi.org/10.1371/journal.pone.0254176.t001
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the questionnaire is to assess a broader range of musical experiences than instrumental skills

alone; therefore, the ELMEQ also includes questions on experience singing (assessed sepa-

rately from instrumental experience), music notation reading, self-reported musical ability,

and music listening (including quantity of music listening and responses to music). The

ELMEQ was specifically developed for participants of the Lothian Birth Cohort 1936

(LBC1936), a multidisciplinary longitudinal cohort study that examines the nature and deter-

minants of non-pathological cognitive ageing [31,32]. However, the questionnaire is freely

available for researchers to use and offers a comprehensive tool for assessing lifetime musical

experience in other samples of older adults.

The overarching aim of this paper is to provide a resource for future studies on the poten-

tial benefits of musical experience for older adults. With that intention in mind, we firstly

use the ELMEQ to report on the prevalence of musical experiences (playing a musical instru-

ment, singing, reading music notation, self-reported musical ability, and music listening) in

the LBC1936 sample. Secondly, using LBC1936 participant responses, we illustrate how cer-

tain ELMEQ items that quantify experience ‘playing a musical instrument’, ‘experience sing-
ing’, ‘self-reported musical ability’, and ‘music listening’ can be used to form latent variables

representing overall experience in these four domains. Such a modelling approach will be

particularly useful to researchers interested in examining the potential cumulative effects of

lifetime musical experience on healthy ageing outcomes and offers a means of treating musi-

cal training as a continuous rather than categorical variable. Studies on musical experience

and cognitive ability in older age often compare groups of participants categorised as either

“musicians” or “non-musicians” (see S1 Table for a list of these studies and further details),

but such group comparisons can miss important information, since they exclude individuals

with more varying levels of musical training and experience. Thirdly, little is known regard-

ing the non-musical correlates of lifetime musical experiences among older adults. As well as

being an empirical question in its own right, information regarding the characteristics of

older adults with varying levels of musical experience is important for future studies in

this area. This information will allow researchers to potentially control for variables that

might mediate or confound the relationship between musical experience and healthy ageing

outcomes.

LBC1936 participants are a deeply phenotyped cohort, with data on (but not limited to)

childhood cognitive ability (assessed at age 11), childhood environment, childhood and adult-

hood socio-economic status (reported retrospectively in older age), as well as personality traits,

disease history, and physical function, all assessed repeatedly between ages 70 and 82. This

sample therefore provides a rare opportunity to examine a range of non-musical variables,

from across the lifespan, that may be associated with lifetime musical experience, reported in

older age. This final set of analyses tested for variables associated with the four musical experi-

ence domains playing a musical instrument, singing, self-reported musical ability, and music lis-
tening. Based on existing research with children and adults [18,33–38], we tentatively

predicted that these domains would be variously positively associated with childhood environ-

ment, socio-economic resources, years of education, childhood cognitive ability, agreeable-

ness, openness to experience, extraversion, adult neighbourhood environment, and physical

health. We note that some of these non-musical variables (for instance, childhood cognitive

ability) could be, at least in part, downstream consequences of musical engagement; however,

it is likely that others (particularly childhood environment and socio-economic resources)

may influence amounts and/or types of musical activity. The extent to which musical training

and experience can influence certain life outcomes remains an active topic of research beyond

the scope of the current study. To reflect this, we refer to the non-musical variables as potential

“correlates” of musical experience. However, some of these variables could be treated as
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potential mediators of the association between musical training (or other musical experience

domain) and healthy ageing in future studies.

Materials and methods

Participants

All participants were from the Lothian Birth Cohort 1936 (LBC1936). Most LBC1936 partici-

pants had taken part in the Scottish Mental Survey of 1947 (SMS1947) at age 11. The SMS1947

tested the cognitive ability of almost all Scottish children born in 1936 and attending school on

4 June 1947 (N = 70,805) [39]. The first Wave of the LBC1936 study was conducted between

2004 and 2007 with a sample of 1,091 participants, all born in 1936 (age mean [M] = 70) and

recruited mostly from Edinburgh and the surrounding Lothians area [31,32,40]. Subsequent

Waves of the LBC1936 study were conducted on a triennial basis with Waves 2, 3, and 4 taking

place between 2007–2010 (N = 866; age M = 73), 2011–2013 (N = 697; age M = 76) and 2014–

2017 (N = 550; age M = 79), respectively. The ELMEQ was completed by LBC1936 participants

as part of Wave 5, 2017–2019 (N = 431; age M = 82).

See Taylor et al. [32] for details regarding the health and socio-economic characteristics of

LBC1936 participants who left the study relative to those who returned for subsequent Waves

of testing. Ethical permission was obtained from the Multi-Centre Research Ethics Committee

for Scotland (Wave 1: MREC/01/0/56), the Lothian Research Ethics Committee (Wave 1:

LREC/2003/2/29), and the Scotland A Research Ethics Committee (Waves 2, 3, 4 and 5: 07/

MRE00/58). Written consent was obtained from participants at each Wave.

Measures

Edinburgh Lifetime Musical Experience Questionnaire (ELMEQ). The ELMEQ is a

30-item questionnaire consisting of four sections: Section 1—Musical Instruments, Section 2 –

Singing, Section 3—Reading Music Notation and Section 4—Listening to Music. The aim is to

capture any experience of playing a musical instrument, singing, reading notation or listening

to music, regardless of genre (e.g. classical, folk, pop, rock or jazz). Most item response options

consist of five or six categories representing age bracket, years of practice, hours of practice

and level of expertise. Section 1 additionally includes two free-text items (list of musical instru-

ments played and age stopped playing). Section 4 includes Likert-type scales (covering self-

reported musical ability and responses to music). The ELMEQ was posted to participants as

part of a larger questionnaire booklet that was completed at home prior to attending clinic vis-

its for Wave 5 of the LBC1936 study. The first 51 participants to complete the ELMEQ were

given a different version of the questionnaire that did not include the items “How important

has listening to music been to you over the course of your life?” and “Would you say that you

have strong emotional responses to music?”.

Childhood variables. Using existing LBC1936 childhood data, we included a measure of

childhood cognitive ability, two measures of childhood socio-economic position (childhood

environment and father’s social class) and years of education. Childhood cognitive ability was

assessed using the Moray House Test No. 12 as part of the SMS1947, when participants were

mostly 11 years old [39]. The Moray House Test is a test of mostly verbal reasoning although

other domains of cognitive ability are represented–these are described in detail elsewhere [41].

Moray House Test scores in childhood and older age have been found to correlate significantly

with scores on well-validated cognitive tests, even in very old age [42]. For the present study,

Moray House Test scores were adjusted for age at time of testing and transformed to an IQ-

type scale with a mean of 100 and standard deviation of 15. Childhood environment was evalu-

ated retrospectively as part of Wave 1 of the study (at mean age 70) and included questions on
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the number of people living in the home, the number of rooms in the home (excluding bath-

room, toilet and landings), the number of people sharing toilet facilities and whether toilet

facilities were outdoors [43]. Social class was assigned based on the father’s main occupation

(as reported by participants at Wave 1) using the General Register Office’s Census, 1951 Classi-

fication of Occupations [44]. Finally, years of full-time education were calculated using partici-

pants’ reported age at leaving school, any further and higher education and details of their

highest qualification (all reported at Wave 1).

Adult and older age variables. Using existing LBC1936 data, we included measures of

adult occupational social class, adult neighbourhood environmental quality, history of chronic

disease and constraints on activities of daily living. At Wave 1 (mean age 70) participants

reported their main occupation before retirement. Occupations were then grouped into 6

occupational social class categories ranging from professional (coded as 1) to unskilled (coded

as 5) following the Classifications of Occupations system 1980 [45]. Also at Wave 1, partici-

pants were assigned a neighbourhood ‘environmental quality’ score [43], based on their home

address and using the Scottish Index of Multiple Deprivation (SIMD) from 2006 [46], which

ranks small geographical areas of Scotland from most deprived to least deprived based on

income, employment, health, education, access to services, housing and crime. At each Wave,

participants reported whether they had ever been diagnosed with diabetes, cardiovascular dis-

ease, stroke, cancer, Parkinson’s disease, dementia or arthritis. Participants also completed the

Townsend scale [47], which assesses constraints on activities of daily living. To include any

disease incidence or activity constraints up to age 82 (when the ELMEQ was administered) we

used data reported at that age (Wave 5 of the study).

Personality variables. Personality was recorded at each Wave with the 50-item Interna-

tional Personality Item Pool (IPIP) [48]. The IPIP assesses the five personality traits described

by the five-factor model: emotional stability (the opposite of neuroticism), extraversion, open-

ness to experience (also called ‘intellect’ [49]), agreeableness, and conscientiousness. The IPIP

has good internal consistency and has been validated against leading personality question-

naires, including the NEO-FFI [49]. We used personality data from Wave 5 of the study, when

the ELMEQ was administered.

Data analysis

Descriptive statistics. Firstly, we report responses from all participants who completed

the ELMEQ. S2 Table compares participants who responded to the ELMEQ (N = 420) with

participants who did not respond (N = 11) as well as those who took part in Wave 1 of the

LBC1936 study at age 70 but did not take part at Wave 5 at age 82 (N = 660).

Measurement models. Next, using selected ELMEQ items, we modelled four latent vari-

ables quantifying the domains of: playing a musical instrument, singing, self-reported musical
ability and music listening. This analysis was conducted using confirmatory factor analysis in

Mplus Version 8.4 [50]. Note that some items from the ELMEQ were not included in this anal-

ysis–the domains modelled here were selected as they could be treated as latent variables,

which require a minimum of three manifest indicators (the items used as indicators are

highlighted in the ELMEQ questionnaire, provided in the S1 File). This analysis thus serves as

an illustration of how the ELMEQ can be used, with selected responses combined to form

latent variables. For consistency, we chose only ordinal items (i.e. items that had five or six

response options) as indicators of each latent variable. Participants with no experience of play-

ing a musical instrument were instructed to omit further items on that topic and proceed to

the next section of the questionnaire. For the purpose of analysis, we added an additional base-

line response category to each item (e.g., 0 years of formal training, 0 hours of practice, no

PLOS ONE ELMEQ responses and correlates

PLOS ONE | https://doi.org/10.1371/journal.pone.0254176 July 15, 2021 6 / 23

https://doi.org/10.1371/journal.pone.0254176


level of music performance) for participants who reported no experience of playing a musical

instrument and therefore did not respond to those items. The same approach was adopted for

singing. The resulting distributions of responses to items related to experience playing a musi-

cal instrument and experience singing were positively skewed, because more than half of par-

ticipants reported no experience. However, as these items (which consisted of five or six

response categories) were treated as ordered categorical variables in the analysis, distributional

assumptions about normality were not required. We examined the relationship between these

four modelled forms of musical experience (playing an instrument, singing, self-reported musi-
cal ability, and music listening) by comparing nested models. The first model allowed correla-

tions between latent factors; the second, more constrained model specified no correlations

between latent factors and thus represented a simpler model in which there was no relation-

ship between different forms of musical experience. We also tested a third, hierarchical, model

in which variance shared between latent factors was modelled as a higher order latent factor

representing general musical experience. Nested models were compared using the DIFFTEST

option in Mplus. Model fit was further assessed using the comparative fit index (CFI), Tucker-

Lewis index (TLI), and root-mean-square error of approximation (RMSEA) and the standard-

ized root mean squared residual (SRMR). Following the recommendations of Schermelleh-

Engel et al. [51] we consider model fit values of CFI and TLI� 0.95, RMSEA� 0.08, and

SRMR� 0.10 as indicators of acceptable fit. Areas of potential misfit were also explored

by examining modification indices. Theoretically plausible parameters with modification

indices� 10 were considered [52].

Non-musical correlates of lifetime musical experience. Next, we examined the potential

childhood, older age, and personality correlates of lifetime musical experience. We firstly ran

three structural equation models (models A-C), one for each set of covariates: childhood

(model A), older age (model B), and personality (model C). In each model, the four latent vari-

ables, playing a musical instrument, singing, self-reported musical ability and music listening
were modelled simultaneously and regressed on the relevant set of covariates (childhood, older

age, or personality covariates). Sex was additionally included as a covariate in each model. All

ordinal covariate variables were treated as continuous. Residuals of the latent musical experi-

ence variables were allowed to correlate. We entered statistically significant predictors of play-
ing a musical instrument, singing, self-reported musical ability and music listening (identified in

models A-C) simultaneously into a final structural equation model. This analysis is illustrated

in Fig 1.

For the confirmatory factor analysis and structural equation models (testing for non-musi-

cal correlates of musical experience), missingness of the ELMEQ items was treated using

weighted least squares mean and variance adjusted (WLSMV) estimation. With WLSMV esti-

mation, the model is conditioned on the observed exogenous covariates and cases with missing

data on these variables are excluded. We therefore additionally excluded participants with

missing data on childhood, older age, or personality covariate variables from the analytical

sample for these analyses. S3 Table shows the number of participants with missing data on

these covariate variables and S1 Fig shows a flowchart of how participants were excluded from

the analytical sample. The largest proportion of missing data was observed for father’s social

class (N missing = 34) followed by age 11 cognitive ability (N missing = 26). S4 Table shows

the characteristics of participants included (N = 322) and excluded (N = 98) from the analytical

sample. As can be seen, compared to participants included in the analytical sample, partici-

pants who were excluded were significantly less likely to report experience singing in a group

and had a significantly lower SIMD score (lower neighbourhood ‘environmental quality’). Of

the participants included in the analytical sample, 291 had complete data on all musical experi-

ence variables.
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Multiple comparisons. Little has been published on the correlates of lifetime musical experi-

ence, so we treated the current analysis as exploratory and did not correct p-values for multiple

comparisons. Our results therefore provide preliminary evidence regarding the correlates of

lifetime musical experience and further confirmatory work will be needed to test whether the

associations described here generalise to a wider population of older adults.

Fig 1. Illustration of the latent variables representing playing a musical instrument, singing, self-reported musical ability and music listening (left)

and our approach to testing for associations between musical experience domains and non-musical variables (right). Ellipses represent latent

variables, rectangles observed variables, single headed arrows regression paths or factor loadings and double headed arrows covariances.

https://doi.org/10.1371/journal.pone.0254176.g001
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Results

Participant responses

Of the 431 participants who attended Wave 5 of the study, 420 (97.4%) responded to the

ELMEQ (the remaining 11 did not attempt this questionnaire). There was a median of 7 miss-

ing responses per item and a range of 1–24 missing responses. Table 2 shows the number of

participants with experience playing a musical instrument (N = 167, 40.3%), experience sing-

ing (N = 157, 37.8%), and experience reading music notation (N = 118, 28.8%).

S5–S7 Tables show responses to items in Section 1 (Musical Instruments). Of the partici-

pants who reported learning to play a musical instrument, 115 (70.6%) learned to play only

one instrument and 143 (86.1%) received formal musical training. Participants most com-

monly reported reaching an intermediate level of performance (N = 76, 50.0%). Fig 2 shows

the age at which participants first started (Median age = 10 years, inter quartile range [IQR] =

8–12) and stopped (Median = 19, IQR = 14–40) playing a musical instrument, the number of

years they played (Median = 5, IQR = 3–20), and the decades during which they practiced reg-

ularly. Some participants did report experience of playing a musical instrument in adulthood:

19 participants began playing a musical instrument at age 18 or older (range 18 to 78 years),

and 46 participants reported regular practice during adulthood (between ages 20–80). Addi-

tional responses to items including ‘type(s) of musical instrument(s)’, ‘hours of practice per

week’, ‘playing pieces by ear’, ‘improvising’, ‘current playing’ and ‘playing in a band or ensem-

ble’ are detailed in S5–S7 Tables.

S8 Table shows participants’ responses to items in Section 2 (Singing). Of the participants

who reported experience of singing in a group or choir, 103 (66.0%) began singing at age 12 or

older; participants most commonly had 0–4 years of experience (N = 69, 44.5%) and practiced

Table 2. Participant responses to the ELMEQ (overall N = 420).

Response Response N Missing/NA

Ever played a musical instrument 414 6

• No 247 (59.7%)

• Yes 167 (40.3%)

Currently playing 166 7/247

• No 127 (76.5%)

• Yes 39 (23.5%)

Ever played in a group or band 159 14/247

• No 129 (81.1%)

• Yes 30 (18.9%)

Ever sung in a group or choir 415 5

• No 258 (62.2%)

• Yes 157 (37.8%)

Any solo vocal training 156 6/258

• No 140 (89.7%)

• Yes 16 (10.3%)

Ever learnt to read musical notation 410 10

• No 292 (71.2%)

• Yes 118 (28.8%)

NA = not applicable. Percentage is based on the number of participants who responded to that question (shown in

the Response N column). The last column shows the number of missing responses and the number of participants

who did not respond because the question did not apply (NA).

https://doi.org/10.1371/journal.pone.0254176.t002
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2–3 hours per week (N = 76, 49.0%). 16 (10.3%) participants reported solo vocal training, most

commonly for 2–5 years (N = 12; 80.0%).

S9 Table shows responses to Section 3 (Reading Music Notation). Of the participants who

reported ever having learned to read music notation, these participants could most commonly

read the treble clef (N = 97, 89.0%), 54 (45.8%) reported reaching a beginner level of sight-

reading and 50 (42.4%) reported reaching an intermediate level.

S10 Table shows responses to Section 4 (Listening to Music). Participants most commonly

reported listening to 2–3 hours of recorded music per week (N = 150, 36.9%), and attending

0–1 concerts or gigs per year (N = 172, 41.8%). Participants most commonly reported finding

it easy (N = 172, 41.7%) or very easy (N = 173, 42.0%) to clap their hands to music, easy to

dance in time to music (N = 170, 41.5%), and easy to sing a melody in tune (N = 143, 35.0%).

Finally, participants most commonly reported that their parents sometimes sang songs at

home (N = 125, 30.1%), that listening to music was quite important to them (N = 155, 42.5%),

and that they had quite strong emotional responses to music (N = 165, 45.3%). 117 participants

responded to the final free text item “Do you have any other musical experience you would

like to tell us about, or any further comments?”. Qualitative analysis of the themes arising from

these comments is beyond the scope of the current paper; however, commonly arising topics

were musical preferences, experiences of making music at school or in church, musical family

members, regrets about not having had the opportunity to learn to play a musical instrument

or sing in childhood, and changes in the enjoyment of music, sometimes related to declines in

hearing.

Fig 2. Responses to Section 1 of the ELMEQ: Musical instruments.

https://doi.org/10.1371/journal.pone.0254176.g002
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Correlations within domains of musical experience

Correlations between indicators of playing a musical instrument, singing, self-reported musical
ability and music listening are shown in S11–S13 Tables respectively. Indicators of playing a
musical instrument were significantly positively correlated with each other (with the exception

of ‘number of instruments played’ and ‘performance level reached’). Significant correlation

coefficients ranged between r = .583 and r = .182. Among indicators of singing, ‘years of sing-

ing’ and ‘hours of practice’ were significantly positively correlated with each other (r = .207);

‘hours of practice’ (but not ‘years of singing’) was significantly positively correlated with ‘years

of solo vocal training’ (r = .259). There was a significant positive correlation between all three

indicators of music listening (ranging from r = .141 to r = .311) and between all three indicators

of self-reported musical ability (ranging from r = .481 to r = .571).

Measurement models

This and subsequent analyses included only participants with complete data on the covariate

variables (N = 322; see the Methods section for further details). Fit indices for each of the mod-

els described below are shown in Table 3. We modelled responses to the selected ELMEQ

items as four latent variables representing playing a musical instrument, singing, self-reported
musical ability and music listening. Initially, we compared the fit of two nested models: the first

allowed correlations between the four latent variables, and the second specified no correla-

tions. A chi-square difference test indicated that the more restricted model (no correlations

between latent variables) had significantly worse fit X2(6) = 176.781, p< .001. The better fitting

model with correlations between the latent variables is shown in panel A of Fig 3. This model

provided a good fit to the data (see Table 3). Standardised factor loadings were all statistically

significant and ranged between.984 for ‘performance level reached’ (indicator of playing a
musical instrument) and.494 for ‘number of concerts/gigs per year’ (indicator of music listen-
ing). Correlations between the latent variables were all statistically significant (all ps< .001)

and ranged between r = .338 (playing a musical instrument with self-reported musical ability)
and r = .591 (self-reported musical ability with music listening). Inspection of modification indi-

ces for this model indicated a theoretically plausible cross-loading of the item “How easy do

you find it to sing a melody in tune” on the latent variable singing. A modified version of the

model, which specified this cross-loading, indicated a cross-loading effect of β = 0.384, p
<0.001. Because the model without the cross-loading already provided a good fit to the data,

we did not include this effect in the subsequent analysis.

The moderate to strong correlations between the latent variables suggests that their shared

variance could be modelled as a higher-order factor. Including this factor representing general
musical experience did not significantly worsen model fit X2(2) = 1.675, p = .433. Estimates

from this model are shown in panel B of Fig 3. The loadings of the four latent variables on the

higher-order general musical experience factor were all statistically significant and the lowest of

the four loadings was.665.

Table 3. Fit indices for the three measurement models of lifetime musical experience.

Model RMSEA (CI) CFI TLI SRMR

No correlations between latent variables 0.144 (0.134, 0.155) 0.971 0.965 0.188

Correlations between latent variables 0.059 (0.046, 0.073) 0.995 0.994 0.060

Second-order general musical experience latent variable 0.054 (0.041, 0.068) 0.996 0.995 0.060

RMSEA = root-mean-square error of approximation, CFI = comparative fit index, TLI = Tucker-Lewis index, SRMR = standardized root mean squared residual.

https://doi.org/10.1371/journal.pone.0254176.t003
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Correlates of lifetime musical experience

We tested for correlates of lifetime musical experience by adding childhood, older age, and

personality variables to the model shown in panel A of Fig 3. We ran three separate models

(models A-C), one for each set of variables; in each model the relevant set of potential corre-

lates were entered simultaneously. Results from these models are shown in S14–S16 Tables.

Variables significantly related to musical experience were then entered simultaneously into a

final model. Estimates from this final model are shown in Table 4 and S2 Fig. A diagram of the

model is also shown in S3 Fig. In this final model, playing a musical instrument was positively

Fig 3. Model of musical experience latent variables and their correlations (panel A) and a higher-order model of general musical experience

(panel B). Ellipses represent latent variables, rectangles observed variables, double headed arrows correlations and single headed arrows factor loadings.

All path estimates are standardized. ��p< .001.

https://doi.org/10.1371/journal.pone.0254176.g003
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associated with a more affluent childhood environment (indicated by a lower score) (β = -.240,

p = .003). Singing was positively associated with being female (β = .494, p =< .001), having a

higher age 11 cognitive ability (β = .192, p = .019), more years of education (β = .195, p = .010)

and reporting a history of arthritis (β = .285, p = .034). Music listening was positively associated

with being female (β = .462, p = .004), having a higher age 11 cognitive ability (β = .182, p =

.032) and higher extraversion (β = .197, p = .018). Self-reported musical ability was positively

associated with being female (β = .325, p = .013), having fewer restrictions on activities of daily

living (β = -.154, p = .015) and higher extraversion (β = .255, p< .001). Next, we tested whether

any of the covariate variables in the final model were related to the general musical experience
latent trait (illustrated in panel B of Fig 3). Being female (β = .403, p = .004) and higher extra-

version (β = .190, p = .010) were the only variables positively related to greater general musical
experience.

Subsidiary analysis

In order to test for potential statistical overlap between the age 11 cognitive ability and years of

education variables, we re-ran the model testing for childhood correlates of musical experience

excluding the years of education variable. In this analysis, playing a musical instrument was

additionally positively related to age 11 cognitive ability (β = 0.143, p = 0.014). In addition, we

tested whether the association between self-reported musical ability and restrictions on activi-

ties of daily living was driven by the “how easy do you find it to dance in time to music” vari-

able. Spearman’s rho correlations between restrictions on activities of daily living score and

the three indicators of self-reported musical ability (‘singing in tune’, ‘clap to music’ and ‘dance

Table 4. Final model of lifetime musical experience and its non-musical lifespan correlates.

Experience Covariate β 95% CI p
Playing an instrument Childhood environment -0.240 -0.399, -0.081 0.003

Years of education 0.134 -0.013, 0.281 0.074

Social class -0.145 -0.296, 0.005 0.059

Openness to experience1 0.056 -0.085, 0.197 0.439

Singing Sex 0.494 0.231, 0.757 <0.001

Age 11 cognitive ability 0.192 0.032, 0.353 0.019

Years of education 0.195 0.046, 0.344 0.010

Social class -0.047 -0.213, 0.119 0.581

History of arthritis 0.285 0.021,0.548 0.034

Openness to experience1 0.042 -0.098, 0.182 0.555

Self-reported ability Sex 0.325 0.068, 0.582 0.013

Activities of daily living -0.154 -0.279, -0.029 0.015

Extraversion 0.255 0.119, 0.390 <0.001

Music listening Sex 0.462 0.148, 0.777 0.004

Age 11 cognitive ability 0.182 0.015, 0.348 0.032

Extraversion 0.197 0.034, 0.360 0.018

Openness to experience1 0.154 -0.019, 0.328 0.081

Estimates in bold are statistically significant (p < 0.05). Covariates are treated as continuous variables. Sex coded as 0 = male, 1 = female. History of disease is coded as

1 = yes, 0 = no. Lower scores on childhood environment indicate a lower level of deprivation. Lower scores on social class indicate a more professional occupation.

Lower scores on the activities of daily living scale indicate fewer constraints. The table shows standardized parameter estimates. For binary covariates a different type of

standardization is used which can be interpreted as a change in the dependent variable in standard deviation units when the binary covariate changes from zero to one.
1‘Openness to experience’ here is a personality trait, also sometimes described as ‘Intellect’ [49].

https://doi.org/10.1371/journal.pone.0254176.t004
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in time to music’) revealed that only the ‘dance in time to music’ item was significantly nega-

tively correlated with restrictions on activities of daily living (rs = -0.125, p = 0.027).

Discussion

The ELMEQ was found to be an effective tool for assessing the quantity and characteristics of

an older adult’s lifetime experience playing a musical instrument, as well as musical experi-

ences including singing, self-reported musical ability, listening to music and reading music

notation. The ELMEQ was completed by participants at home, had an excellent response rate

(97%) and little missing data (see S5–S10 Tables for details), suggesting that it was acceptable

to participants. Our results indicate that only a small proportion of participants (9%) currently

played a musical instrument; however, 40% had some lifetime experience of playing and a sim-

ilar proportion (38%) reported experience of singing in a group. Selected items from the

ELMEQ were used to model four domains of musical experience quantifying playing a musical
instrument, singing, self-reported musical ability and music listening. There was a significant

positive relationship between each of these domains of musical experience. Significant non-

musical correlates of greater experience across the four musical experience domains included

a more affluent childhood environment, more years of education, higher childhood cognitive

ability, female sex, a positive history of arthritis, higher extraversion and fewer constraints on

activities of daily living; these results are discussed below.

Some other cohort studies of older adults have reported the percentage of participants who

currently play an instrument and/or sing, with estimates ranging from 4% in the Bronx Aging

Study (mean age = 79) [53] to 25% in the Longitudinal Aging Study Amsterdam (mean

age = 74) [54]. Results from the Scottish Household Survey 2018 [55] indicate that around 4%

of people living in Scotland aged 75 and over currently play a musical instrument. The present

study provides a broader picture of older adults’ music making experiences including their life-

time history of playing a musical instrument. Our findings support previous work suggesting

that only a small proportion of older adults continue to play a musical instrument in older age,

but also show that substantially more have some lifetime experience of playing (9% and 40% in

this LBC1936 cohort, respectively). LBC1936 participants mostly learned to play a musical

instrument in childhood and practiced for a median of 5 years in total. These estimates are

largely in line with those reported by other studies conducted with samples of adults and older

people with a history of musical training [8,19,56]. Thus, with a view to studying the potential

impact of musical training and experience on outcomes in older age, it is important to note

that, in the general population, exposure to musical instrumental training typically occurs

only for a short period of time early in life. Nevertheless, a small number of participants in the

LBC1936 cohort reported regularly training and practicing in adulthood (N = 46), and some

participants only began musical training in adulthood or older age (N = 18). Future studies

could use the ELMEQ to investigate whether the timing of regular practice or age at training

onset moderate the relationship between musical training and healthy cognitive ageing, or

other outcomes.

We found that selected items from the ELMEQ could be used as indicators of four latent

variables representing the domains of playing a musical instrument, singing, self-reported musi-
cal ability and music listening. Model comparisons revealed that all four domains of musical

experience were moderately to strongly correlated, and that these correlations could be repre-

sented by a hierarchical model in which a general musical experience latent variable accounted

for shared variance between each musical experience domain. These findings are in line with

those of two previous studies [18,19] that report strong correlations between various domains

of musical experience, some of which overlap with the domains used here (including playing a
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musical instrument and self-reported musical ability). Overall, these findings provide evidence

in favour of a “general musical experience” or “musicality” trait that describes a person’s level

of musical engagement across a range of domains. Nevertheless, it is possible that different

forms of musical experience are differentially related to healthy ageing outcomes. For instance,

in a cross-sectional study of older adults, Mansens et al. [54] found that a group of participants

who only played a musical instrument performed better on a test of processing speed than a

group of participants who only sang. Furthermore, different elements of musical experience

(such as rhythm and melody processing) involve distinct neural components [57,58]. There-

fore, researchers may choose to examine the relationship between musical experience and

healthy ageing from a more fine-grained perspective. The ELMEQ questionnaire allows for

such a fine-grained approach while also gathering information on related musical experiences

that are likely to correlate.

Greater experience playing a musical instrument was significantly related to a more affluent

childhood environment. This finding corroborates previous reports of a positive association

between socio-economic circumstances and instrumental training reported in childhood

[33,34], and indicates that this association extends to lifetime experience of musical training,

reported in older age. It is likely that this relationship in part reflects the financial barriers to

music participation in childhood including less access to musical training in less affluent areas

and schools [59]. We did not observe a significant association between playing a musical
instrument and childhood cognitive ability (in multivariate analysis additionally controlling

for childhood socio-economic resources, years of education, and sex). However, including

years of education and cognitive ability in the same model may have resulted in statistical

over-adjustment, as these variables are strongly positively correlated [60]. In subsidiary analy-

sis, we found that childhood cognitive ability was positively related to experience playing a

musical instrument when years of education was excluded from the model. This result may

support previous observational and experimental studies documenting a positive association

between musical training and cognitive ability [20,36,61–64] however, it is also plausible that

education mediates the relationship between cognitive ability and playing a musical instru-

ment. That is, individuals with a higher cognitive ability at age 11 might spend more years in

education, which in turn might increase opportunities for musical training.

Greater experience singing was positively associated with more years of education and a

higher childhood cognitive ability, in agreement with previous reports regarding the correlates

of musical training [33,35,36,38]. The positive relationship between singing and female sex

observed in the present study, has also been documented elsewhere [55,65]. It is unclear why

history of arthritis was positively related to singing, this may be a chance finding; alternatively,

it could indicate that singing is more accessible to people with arthritis than other forms of

musical engagement that rely on fine motor skills such as playing an instrument.

In further agreement with previous research [35,36] we found that playing a musical instru-
ment and singing were positively related to the personality trait openness to experience (in

models additionally controlling for the other four personality traits and sex). However, these

associations did not survive adjustment for childhood and older age variables, in the final

model. We did not replicate the association between agreeableness or extraversion and experi-

ence playing a musical instrument reported by others [18,37]. However, these prior studies did

not mutually adjust for all five personality traits (which are substantially intercorrelated) in the

same model, as we did here.

Self-reported musical ability (which included an item on singing in tune) was positively

related to female sex; this relationship potentially relates to the higher percentage of women

reporting experience singing (61%). Additionally, lower self-reported musical ability was

related to poorer physical function (a higher ‘activities of daily living’ score), although
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subsidiary analysis indicated that this finding was driven by the ‘dance in time to music’ item.

Researchers interested in musical abilities that are independent of physical function may wish

to omit this item, or at least take this finding into consideration. Finally, the positive relation-

ship between extraversion and self-reported musical ability in our study corroborates another

report of a similar correlation between extraversion and self-reported music perception and

singing abilities in young adults [18]. It should however be acknowledged that self-assessed

measures can be sensitive to factors other than actual ability level, such as the respondent’s

confidence or the effect of social desirability.

Music listening was positively associated with being female. This effect was unexpected as

several recent reports on current trends in music consumption (among teenage or adult partic-

ipants from the US, Spain and the UK) indicate that men typically spend more time listening

to music than women [66–68]. It is possible that the opposite effect observed in the LBC1936

is specific to this older cohort, although another study with a sample of 99 older adults (aged

between 65–90) found no difference in time spent listening to music between men and women

[69]. We also observed a positive relationship between music listening and childhood cognitive

ability. This result fits with some previous research with the LBC1936 sample which docu-

mented a positive association between childhood cognitive ability and participation in socio-

cultural activities (including going to concerts) at age 70. The authors of that study suggest that

individuals with a higher cognitive ability might seek out cognitively stimulating pastimes.

Finally, in further agreement with previous work [18], we observed a positive association

between the personality trait extraversion and music listening.

The non-musical variables that we found to be associated with lifetime musical experience

(childhood cognitive ability, childhood environment, years of education, personality traits,

and physical health status) are themselves related to various aspects of healthy ageing including

physical, psychological, and cognitive health in later life [43,70–75]. These covariates should

therefore be included as potential confounding or mediating variables (where possible) in

future studies testing for associations between musical experience and healthy aging. A further

issue that could be considered in future studies is whether associations might be driven by

shared genetic factors. Research with pairs of twins indicates that frequency of music practice

and music accomplishment might be partly genetically influenced [76], and there is some evi-

dence to suggest that genetic factors may account for some of the shared variance between

hours of music practice and general cognitive ability [77].

Strengths of the present study include the relatively large sample size, narrow age range of

participants and the detailed data available regarding participants’ childhood circumstances

and cognitive ability as well as demographic, health and personality characteristics in older

age. The study’s limitations should also be considered. Firstly, owing to the novelty of the

research topic, we treated this as an exploratory study and did not correct p-values for multiple

comparisons. The associations described in this study should therefore be replicated in further

confirmatory analysis. Furthermore, LBC1936 participants are from a limited geographical

area, and are all white British (mostly Scottish) in background. The LBC1936 sample is charac-

terised by higher levels of healthiness, socio-economic recourses, and cognitive ability com-

pared with the general population. Due to the over-representation of individuals from higher

socio-economic groups in this sample, the proportion of older adults with experience of play-

ing a musical instrument in the general Scottish population may be lower than the 40%

reported here. On the other hand, studies have illustrated that correlates of musical experience

such as socio-economic factors may be less strongly related to music making in particular

regions where there is a strong community tradition of musical engagement [18]. Therefore,

the correlates of musical experience identified in the LBC1936 sample may not be generalizable

to other regions of the UK, or indeed to populations in other countries [78]. The ELMEQ does
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not cover areas such as music technology, writing/composing music or dancing. We also rec-

ognise that strong, positive musical identities can be formed through musical preferences and

social relationships around music, rather than directly through skills and experiences [79]

something that we did not examine in this questionnaire. In addition, some potential non-

musical correlates were not recorded as part of the LBC1936 study and were therefore not

included in the analysis. These include parents’ characteristics such as personality, cognitive

ability, and musical background [37]. Finally, it should also be noted that the ELMEQ relies on

participants having a reasonably accurate memory of their lifetime musical experiences. How-

ever, retrospective measures of lifetime activity are commonly used in observational studies of

ageing and have good validity in the case of lifetime history of smoking [80] and physical activ-

ity [81].

Future directions

Numerous longitudinal cohort studies of older adults have been established internationally.

Many of these observational studies include questions about past and current leisure activities,

repeated assessments of cognitive ability and psychological wellbeing. However, only a few of

these studies currently collect information about musical training; furthermore, studies that

do include such assessments (see the Mayo Clinic Study of Aging [82], the Longitudinal Aging

Study Amsterdam [83], and the Swedish National Study on Ageing and Care [84]) tend to

focus on current musical activities rather than past musical training and experience. The addi-

tion of a broader musical experience assessment to large, established cohort studies (as we did

here with the LBC1936) could provide a cost-effective and powerful means of progressing

research on musical experience and healthy ageing. This approach would allow researchers to

test for associations between musical experience and a variety of outcomes including cognitive

or brain ageing as well as psychological and social wellbeing. Such research might be particu-

larly effective if assessment of musical experience and training is harmonised across multiple

cohort studies (thus allowing direct comparisons or replications across multiple studies). The

ELMEQ, which was specifically designed for a longitudinal cohort study of older adults, could

be a particularly useful tool in this context.

Findings from the present study and the ELMEQ itself could be valuable in other contexts

too. As the body of evidence documenting the potential benefits of musical training and expe-

rience grows, from improved psychological wellbeing to more positive cognitive development

and cognitive ageing [4–7,13,14,64] so does the argument for widening access to participation

in musical activities. Of course, there is also a longstanding and perhaps even stronger argu-

ment for the intrinsic value of musical training and experience, which can offer the develop-

ment of musical skills, self-expression, creativity, social and cultural engagement and indeed

musical careers [85]. Regardless of motivations, and in addition to the need for appropriate

funding, achieving the goal of widening opportunities will be supported by an understanding

of the determinants of and barriers to musical engagement in the general population. In the

present study, we found that individuals who were male, had fewer socio-economic resources,

fewer years of education or had a lower childhood cognitive ability, were less likely to report

certain musical experiences, such as playing a musical instrument or singing. These results in

combination with earlier findings [18,33–38] could help to identify groups who are less likely

to participate in musical activities and who may benefit from additional support to do so. This

information is complemented by findings from studies using qualitative methods, which have

explored the perspectives of less musically experienced individuals and identified some of the

barriers to beginning or continued musical participation [86–88]. A further finding from the

qualitative research literature is that, in order to be successful, music making opportunities
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should be matched to the individual’s ambitions and prior musical experiences [86]. A more

practical application of the ELMEQ could involve administering the questionnaire to individu-

als who might be interested in musical participation (particularly later in life) and using their

responses to match them to an appropriate musical opportunity.

On a final note, we have included an updated version of the ELMEQ in the S1 File. The

ELMEQ may be freely used by researchers; no permission is needed from the present authors

to use it, though we are happy to be contacted about it, and we welcome translations (with

appropriate checks, including back-translation). This version includes some minor changes to

the original questionnaire (used in the present study) that were made following our analysis of

participants’ responses. These updates are also detailed in the S1 File.

Conclusions

The ELMEQ provides a new tool for assessing lifetime musical experience which could facili-

tate future studies involving older adults. The questionnaire was designed to be completed by a

cohort of adults in their 80s and provides a comprehensive assessment of musical experience

that moves beyond categorising individuals as musicians and non-musicians. The current

study documents the prevalence of lifetime musical experiences in a Scottish sample of older

adults. Our analysis illustrates how selected ELMEQ items can be used to create composite

scores quantifying lifetime experience playing a musical instrument, singing, self-reported

musical ability and music listening. Other items provide detailed information regarding the

characteristics of musical experiences that allow for future testing of refined and specific pre-

dictions (for instance, whether early onset of instrumental training, or learning an instrument

in later life are associated with cognitive or other outcomes in older age). Furthermore, our

results identify some of the non-musical lifespan correlates of musical experience. We hope

that this work will inform future assessment of lifetime musical experience and research into

its potential relationship with healthy ageing.
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