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Learning to play a musical instrument is a complex 
multisensory task that has inspired substantial research 
attention. In particular, there is a long-standing interest 
in the potential effects of musical training on other, 
nonmusical domains of functioning, including cognitive 
ability (Hetland, 2000; Moreno, 2009; Overy, 1998; 
Swaminathan & Schellenberg, 2021). The present obser-
vational study tested whether experience of playing a 
musical instrument is associated with lifetime change 
in general cognitive ability.

Observational studies comparing the cognitive per-
formance of adult musicians and nonmusicians often find 
a cognitive advantage in favor of musicians. This advan-
tage has been found across a variety of cognitive tests, 
including tests of general cognitive ability (for reviews, 
see Costa-Giomi, 2015; Swaminathan & Schellenberg, 
2014). Observational studies with children have found 

similar positive associations between musical-training 
experience and cognitive performance. For instance, in one 
cross-sectional study of 6- to 11-year-olds, Schellenberg 
(2006) found that, after analyses controlled for family 
income, parents’ education, and participation in non-
musical extracurricular activities, duration of musical 
training was positively correlated with general cognitive 
ability, accounting for 6% of the variance in cognitive 
test scores.

Building on observational findings, intervention 
studies have tested whether musical training might have 
a causal effect on cognitive development. These studies 
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Abstract
We tested whether experience of playing a musical instrument was associated with lifetime change in cognitive ability. 
Participants were 366 older adults from the Lothian Birth Cohort 1936 who had completed general cognitive-ability 
assessments at ages 11 and 70 and reported their lifetime experience of playing a musical instrument at age 82. This 
sample included 117 participants with musical-instrument experience, mostly at a beginner or an intermediate level. 
There was a small, statistically significant positive association between experience of playing a musical instrument and 
change in general cognitive ability between ages 11 and 70; specifically, individuals with more musical-instrument 
experience were likely to show greater gains in general cognitive ability. This association was reduced but remained 
statistically significant following adjustment for covariates (childhood and adulthood socioeconomic status, years of 
education, and disease history). These findings suggest that playing a musical instrument is associated with a long-term 
cognitive advantage.

Keywords
musical training, general cognitive ability, longitudinal study, older adults, preregistered

Received 4/26/21; Revision accepted 2/26/22

https://us.sagepub.com/en-us/journals-permissions
http://www.psychologicalscience.org/ps
mailto:j.okely@napier.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1177%2F09567976221092726&domain=pdf&date_stamp=2022-08-28


2 Okely et al.

work from the premise that musical training might pro-
mote the development of specific perceptual or cogni-
tive abilities, which in turn support general cognitive 
enhancements. Barbaroux et al. (2019) found that chil-
dren from a low-socioeconomic-status background 
tested before and after 18 months of musical training 
showed significant improvement on a test of general 
cognitive ability; although the study did not include an 
active control group, the authors did control for cogni-
tive-maturation effects by comparing age-normalized 
scores at each stage of the study. In another interven-
tion study (Moreno et  al., 2011), young children 
assigned to a computer-based music-training program 
for 20 days (including training in rhythm, pitch, melody, 
and voice and focusing on listening activities rather 
than instrumental training) showed improvement in 
verbal ability and in executive-function tasks relative 
to a group of children assigned to a computer-based 
visual art-training program. Similar results were reported 
in an earlier study by Schellenberg (2004), who found 
that children randomly assigned to 1 year of music les-
sons (small-group lessons in either keyboard or voice) 
showed greater gains in general cognitive ability than 
children in two control groups (attending drama lessons 
or having no additional lessons). Such studies are com-
plemented by other intervention studies investigating 
the neural correlates of musical training: For example, 
children who participated in 15 months of keyboard 
training have been found to show greater structural 
brain changes in motor and auditory areas than a pas-
sive control group (Hyde et al., 2009).

Reviews of intervention studies (including those 
described above) have drawn differing conclusions 
regarding the potential for musical training to enhance 
cognitive function. A meta-analysis of 54 intervention 
studies that tested for potential cognitive or academic 
benefits of musical training found that among studies 
implementing active control designs or randomization 
procedures, there was an overall null effect of musical 
training on children’s cognitive or academic perfor-
mance (Sala & Gobet, 2020). However, a reanalysis of 
the Sala and Gobet (2020) data set by another group 
(Bigand & Tillmann, 2021) illustrated that the original 
analytical decisions made had led to an underestimate 
of the potential benefits of musical training; this new 
analysis showed a significant effect size (Hedges’s g = 
0.234). A similar finding of a small to medium positive 
effect of musical training on cognitive performance in 
children (even in studies using an active control group) 
was reported in another meta-analysis of 21 studies by 
Cooper (2020).

A critical question that follows from studies demon-
strating a causal link between musical training and cog-
nitive function is whether any potential cognitive 

benefits of musical training are long-lasting, that is, 
whether they are sustained beyond the period of musi-
cal training. Findings from cross-sectional observational 
studies provide some initial support for this effect. 
Schellenberg (2006) found that years of playing a musi-
cal instrument in childhood was positively correlated 
with performance on a test of general cognitive ability 
in early adulthood after accounting for socioeconomic 
variables (r = .21). A similar cognitive advantage was 
observed in a study of older adults; former and active 
musicians scored higher on a test of verbal ability than 
nonmusicians (Strong & Midden, 2020). Other studies 
have demonstrated the potential long-term effects of 
musical training on the auditory system. White-Schwoch 
et al. (2013) found that older adults who played a musi-
cal instrument in childhood and/or young adulthood 
showed more efficient auditory brain-stem responses 
to fast-changing sounds than did older adults with no 
musical training.

One interpretation of these cross-sectional observa-
tional findings is that musical training causes a positive 
change in cognitive ability and that this advantage is 
sustained over time. However, these studies cannot rule 
out the potentially confounding effect of childhood cog-
nitive ability, that is, the tendency of more cognitively 
able children to engage in musical training (Schellenberg, 
2011) and to perform well on cognitive tests in  

Statement of Relevance

Good cognitive skills can be linked to positive life 
outcomes, including academic achievement, 
occupational attainment, and health. It is thus 
important to identify factors, experiences, or 
interventions that can support the development 
of cognitive skills. Learning to play a musical 
instrument is a complex, multisensory task, and 
musical training has been shown to be associated 
with better performance on cognitive-ability tests; 
however, it is less clear whether any potential 
benefits of musical training last over the long 
term. We addressed this question by examining 
changes in cognitive performance between the 
ages of 11 and 70 years. We found that more 
experience of playing a musical instrument was 
associated with slightly more positive cognitive 
change over this period of the life span. Results 
from this observational study cannot conclusively 
show that musical training causes an improvement 
in cognitive ability; however, our findings indicate 
that musical training is associated with some long-
lasting cognitive advantages.
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adulthood and older age (Deary, 2014). With a longi-
tudinal design and repeated assessments of cognitive 
ability, it is possible to control for early-life cognitive 
ability and to test directly whether musical training is 
associated with more positive change in cognitive abil-
ity over the long term.

The Lothian Birth Cohort 1936 (LBC1936) study 
includes data on general cognitive ability at ages 11 
and 70, making it possible to assess cognitive change 
over approximately 60 years. Information regarding 
LBC1936 participants’ childhood environment, educa-
tion, adult occupational class, and disease history are 
also available (Deary et al., 2007; Taylor et al., 2018). 
We recently gathered lifetime musical-experience data 
with this cohort, reported retrospectively at age 82 
(Okely et al., 2021). We used these data for the current 
preregistered study (https://osf.io/r9fbx) to test whether 
more experience of playing a musical instrument was 
associated with more positive change in general cogni-
tive ability between the ages of 11 and 70. In this study, 
the term “change in general cognitive ability” describes 
the net result of rapid cognitive development in child-
hood and adolescence, as well as decline in certain 
cognitive abilities, typically seen from early to middle 
adulthood onward (Salthouse, 2019).

Considering the findings reviewed above, we pre-
dicted that, in an analysis controlling for sociodemo-
graphic variables and disease history, greater experience 
of playing a musical instrument would be associated 
with more positive change in general cognitive ability 
between ages 11 and 70.

Method

Participants

The LBC1936 is a longitudinal study of community-
dwelling individuals. All were born in 1936 and most 
are surviving participants of the Scottish Mental Survey 
of 1947 (SMS1947). The SMS1947 tested the cognitive 
ability of 70,805 Scottish schoolchildren born in 1936 at 
a mean age of 11 years old (Scottish Council for Research 
in Education, 1949). LBC1936 participants were mostly 
recruited from the Edinburgh and Lothian areas of Scot-
land, and the first wave of testing was conducted 
between 2004 and 2007 with a sample of 1,091 partici-
pants (age: M = 69.5 years, SD = 0.83). Since then, par-
ticipants have returned for cognitive, medical, genetic, 
brain-imaging, lifestyle, and psychosocial assessment 
every 3 years in Waves 2, 3, 4, and 5, which took place 
between 2007 and 2010 (N = 866; age: M = 72.5 years, 
SD = 0.71), between 2011 and 2013 (N = 697; age: M = 
76.2 years, SD = 0.68), between 2014 and 2017 (N = 550; 
age: M = 79.3 years, SD = 0.62), and between 2017 and 

2019 (N = 431; age: M = 82.0 years, SD = 0.47), respec-
tively. The present study used data from age 11 (col-
lected as part of the SMS1947) and Wave 1 (age 70), as 
well as additional musical-experience data collected at 
Wave 5 (age 82) of the LBC1936 study. Further details 
regarding the background, recruitment, and testing of 
LBC1936 participants are documented by Deary et al. 
(2007) and Taylor et al. (2018). Ethical permission was 
granted by 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

Cognitive ability. Cognitive ability was assessed at ages 
11 and 70 with the same test, the Moray House Test No. 
12 (MHT; Scottish Council for Research in Education, 
1949), with the same instructions and time limit at both 
ages. The MHT is a test of general cognitive ability and 
consists of 71 items that involve following directions, 
same–opposites, word classification, analogies, practical 
items, reasoning, proverbs, arithmetic, spatial items, 
mixed sentences, and cypher decoding. The test has a 
maximum score of 76 (note that only total MHT scores are 
currently available for analysis). MHT scores at age 11 
were validated against the Terman-Merrill revision of the 
Stanford-Binet Tests of Intelligence (Scottish Council for 
Research in Education, 1949; Terman & Merrill, 1937). 
MHT scores at age 70 were highly correlated (r = .67) with 
a concurrently measured factor of general fluid cognitive 
ability, assessed by five nonverbal subtests from the 
Wechsler Adult Intelligence Scale–III UK (Deary et  al., 
2010). Further details regarding the MHT are documented 
by Deary et al. (2004). At age 70, participants also com-
pleted the Mini-Mental State Examination (MMSE; Folstein 
et al., 1975), which is often used as a dementia-screening 
instrument. Scores range from 0 to 30; a score of less than 
24 is sometimes treated as an indicator of possible cogni-
tive impairment.

Experience of playing a musical instrument. Many 
previous observational studies on the association between 
musical training and cognitive function compared the 
cognitive performance of musicians with that of a nonmu-
sician group. In contrast with this approach, our study 
treated experience of playing a musical instrument as a 
continuous latent variable in which participants with the 
most experience (including a semiprofessional musician) 
were at one end of the continuum and participants with 
no experience of playing a musical instrument were at the 
other.

https://osf.io/r9fbx
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Participants’ lifetime musical experience was assessed 
at Wave 5 of the LBC1936 study (age: M = 82 years) 
with the Edinburgh Lifetime Musical Experience Ques-
tionnaire (ELMEQ; Okely et al., 2021). The ELMEQ is a 
30-item measure consisting of four sections that cover 
playing musical instruments, singing, reading musical 
notation, and listening to music. The ELMEQ was posted 
to participants as part of a larger questionnaire booklet 
that was completed at home prior to attending clinic 
visits for Wave 5. Following Okely et al. (2021), we used 
five items from the ELMEQ section on playing musical 
instruments in the present study; each had five or six 
response options (listed below in parentheses). The 
items were number of musical instruments played (0, 
1, 2, 3, 4, 5 or more), years of formal training (e.g., 
school lessons, private lessons, or conservatoire train-
ing; 1 or less, 2–5, 6–10, 11–20, 21+), years of regular 
practice (5 or less, 6–10, 11–20, 21–40, 41+), hours of 
practice per week during years of regular practice (1 
or less, 2–3, 4–6, 7–13, 14+), and performance level 
reached (beginner, intermediate, advanced, semi-pro-
fessional, professional). Because participants with no 
experience of playing a musical instrument did not 
respond to further items in this section of the question-
naire, we added an additional baseline response cate-
gory to each item for the purposes of analysis (e.g., 0 
years of formal training, 0 hours of practice, and no 
level of music performance). The distribution of 
responses to each item are shown in Table S1 in the 
Supplemental Material available online. For the main 
analysis, we combined responses to the five ELMEQ 
items to create a latent variable representing experience 
of playing a musical instrument. This latent variable 
was estimated as part of the structural equation model 
(described in the Analysis section below).

Potentially confounding covariates. We identified 
years of education, childhood socioeconomic status, and 
adulthood socioeconomic status (indexed by childhood 
environment and occupational class, respectively) as 
variables that might potentially confound the relationship 
between experience of playing a musical instrument and 
lifetime change in general cognitive ability (Elpus & Abril, 
2019; Ritchie & Tucker-Drob, 2018; Steptoe & Zaninotto, 
2020; Theorell et al., 2015; Von Stumm & Plomin, 2015). 
Importantly, the relationship between these variables and 
the latent variable (experience of playing a musical instru-
ment) was confirmed in a previous study using LBC1936 
data (Okely et al., 2021). The current analysis also accoun-
ted for variables associated with more severe age-related 
cognitive decline, including history of possible dementia, 
high blood pressure, stroke, diabetes, or cardiovascular 
disease.

At Wave 1 of the LBC1936 study (age: M = 70 years), 
participants reported their living conditions in childhood, 

including the number of people living in their home, 
the number of rooms in their home (excluding bath-
room, toilet, and landings), the number of people shar-
ing toilet facilities, and whether toilet facilities were 
outdoors. These variables were standardized and then 
summed to form a composite score of childhood envi-
ronment, in which higher scores indicated greater envi-
ronmental deprivation. Participants also reported their 
age at leaving school, any further and higher education, 
and details of their highest qualification; these variables 
were used to calculate years of education. Participants’ 
main occupation before retirement was also recorded 
at Wave 1 (age 70). We grouped occupations into six 
occupational-class categories ranging from “profes-
sional” (coded as 1) to “unskilled” (coded as 5), follow-
ing the Classifications of Occupations system 1980 
(Office of Population Censuses and Surveys, 1980). For 
the purposes of the analysis, the “partly skilled” and 
“unskilled” categories were combined because these 
categories had very few cases (n = 9 and n = 2, respec-
tively). Occupational class was treated as a categorical 
variable and dummy coded for the analysis with “pro-
fessional” as the reference category. Finally, participants 
self-reported, at Wave 1 (age 70), whether they had 
ever been diagnosed with dementia, high blood pres-
sure, stroke, diabetes, or cardiovascular disease. Par-
ticipants who reported a history of dementia at age 70 
or who scored below 24 on the MMSE at that age were 
categorized as having possible dementia (n = 2).

Analytical sample

The analytical sample included participants who had 
attempted the ELMEQ (at Wave 5, age 82), had not 
continued playing a musical instrument between the ages 
of 70 and 82,1 and had complete data on the covariates. 
The process for including participants in the analytical 
sample is summarized in Figure 1. The final analytical 
sample included 366 participants; 194 (53.0%) were 
women. Participants had a mean age of 10.9 years (SD = 
0.28) when they first completed the MHT, 69.5 years 
(SD = 0.85) when they completed the test for a second 
time, and 82.0 years (SD = 0.47) when they completed 
the ELMEQ. Participants had a mean of 10.9 years (SD = 
1.172) of education, and the majority reported either a 
professional (22.1%), managerial (39.3%), or skilled 
nonmanual (23.2%) occupation, indicating a sample 
with relatively high socioeconomic status. For further 
details regarding the composition of the analytical sample, 
see Table 1.

The main analysis was conducted using weighted 
least squares mean and variance-adjusted (WLSMV) esti-
mation. When there are no covariates in the model, this 
estimator handles missing data using a pairwise-present 
method; when covariates are included, missingness is 
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allowed to be a function of the observed covariates 
(Muthén & Muthén, 2017). Participants with missing data 
on ELMEQ items or missing MHT scores at age 11 or 70 
were included in the analytical sample. The number of 
participants with missing ELMEQ items ranged between 
6 and 18 (see Table S1); there were 23 participants with 
missing MHT scores at age 11 and 2 with missing MHT 
scores at age 70.

Analysis

First, we described the characteristics of the analytical 
sample in terms of their responses to the ELMEQ, MHT 
scores at ages 11 and 70, and the covariates of childhood 
environment, occupational class, years of education, and 
disease history. We also compared participants with and 
without any experience of playing a musical instrument 
and participants included and excluded from the analyti-
cal sample using Pearson’s χ2 tests and linear-model 

analyses of variance (ANOVAs). Next, we tested for cor-
relations between the five ordinal indicators of experi-
ence of playing a musical instrument, MHT scores at ages 
11 and 70, and indices of change in MHT between ages 
11 and 70; we undertook analyses with both raw change 
scores (MHT at age 70 – MHT at age 11) and residualized 
change scores (the residuals from the regression of MHT 
at age 70 on MHT at age 11). This latter approach 
resulted in a change score that was independent of MHT 
score at age 11 (i.e., only variance that was unexplained 
by MHT at age 11 was left). Note that because these 
indices of change differ in their method of accounting 
for initial MHT scores, they can produce different results.

We tested for associations between experience of 
playing a musical instrument and lifetime change in 
general cognitive ability using structural equation mod-
eling. As part of this model, which is summarized in 
Figure 2, a latent variable labeled “lifetime change in 
MHT score” was estimated using a latent-change-score 
model (McArdle & Nesselroade, 1994). Lifetime change 
in MHT score was estimated by setting the autoregres-
sion of age-70 MHT score on age-11 MHT score equal 
to 1 and the loading of lifetime change in MHT score 
equal to 1. Our model additionally regressed lifetime 
change in MHT score on age-11 MHT score. Conse-
quently, this latent variable represented the difference 
between MHT scores at ages 11 and 70, excluding any 
variance explained by MHT score at age 11. Also, as 
part of the model, experience of playing a musical 
instrument was modeled as a latent variable using the 
five ELMEQ items as ordinal indicators and the marker-
variable method of scale setting (fixing the loading of 
the first indicator to 1). Model fit was assessed using the 
comparative fit index (CFI), Tucker-Lewis index (TLI), 
and root-mean-square error of approximation (RMSEA). 
A CFI and TLI of .95 or more and an RMSEA of .08 or 
less were considered to indicate acceptable fit.

The association between experience of playing a 
musical instrument and lifetime change in MHT score 
was estimated in three models (see Fig. 2). In Model 1, 
lifetime change in MHT score was regressed on the 
latent variable experience of playing a musical instru-
ment and on age-11 MHT score; age-11 MHT score and 
experience of playing a musical instrument were allowed 
to covary. This model additionally controlled age-11 and 
age-70 MHT scores for age in days at time of testing. 
Model 2 included additional variables that might con-
found the association between experience of playing a 
musical instrument and cognitive change. In this model, 
we specified pathways from the covariates to experience 
of playing a musical instrument and the MHT variables 
to reflect expected relationships between these variables 
(see Subsidiary Analysis (d) in the Supplemental Mate-
rial for further details). This model additionally con-
trolled experience of playing a musical instrument, 

431 Participants
Remaining

1,091 LBC1936
Participants at

Wave 1

660 Participants
Left the Study
Before Wave 5

9 Participants
Had Missing Data

on Covariates

420 Participants
Remaining

411 Participants
Remaining

45 Participants
Continued Playing

After Age 70

Analytical
Sample = 366
Participants

11 Participants
Did Not Attempt

the ELMEQ

Fig. 1. Flow chart showing the process for including participants in 
the analytical sample. Participants excluded because of missing covari-
ate data had missing data on occupational class (n = 7), possible 
dementia (n = 1), or childhood environment (n = 1). LBC1936 = Lothian 
Birth Cohort 1936; ELMEQ = Edinburgh Lifetime Musical Experience 
Questionnaire.
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age-11 MHT score, and lifetime change in MHT score 
for sex; experience of playing a musical instrument and 
age-11 MHT score for childhood environment; and 
experience of playing a musical instrument and lifetime 
change in MHT score for years of education and adult 
occupational class. Model 3 additionally controlled life-
time change in MHT score for age-related diseases 
known to impact cognitive decline (history of high 
blood pressure, stroke, diabetes, and cardiovascular dis-
ease). Because only two participants were identified as 
having possible dementia, we removed these partici-
pants from the analytical sample (rather than statistically 
controlling for cases of dementia) in Model 3.

The main analysis was conducted using WLSMV esti-
mation. We report estimates, confidence intervals (CIs), 
and p values from the standardized model; standardized 
regression coefficients are used as a measure of effect 
size. According to recent guidelines for interpreting effect 
sizes in psychological research, an effect size of 0.10 
represents a small effect, 0.20 represents a medium effect, 
and 0.30 represents a large effect (Funder & Ozer, 2019).

Unless otherwise stated, all analyses were preregis-
tered on OSF before the data were requested (see 

https://osf.io/r9fbx). The main analysis was conducted 
using Mplus (Version 8.4; Muthén & Muthén, 2017). Data 
preparation, management, plotting, and calculation of 
descriptive statistics were conducted in the R program-
ming environment (Version 3.6.1; R Core Team, 2019).

We did not correct p values for multiple comparisons 
because our hypothesis focused on a single association 
between experience of playing a musical instrument 
and lifetime change in MHT score. However, at a 
reviewer’s request, we additionally report associations 
between the covariates and experience of playing a 
musical instrument and MHT scores, respectively. 
Because the p values for these associations were not 
corrected for multiple comparisons, their statistical sig-
nificance should be interpreted cautiously.

Results

Descriptive statistics

Of the participants included in the sample (N = 366), 
117 reported experience of playing a musical instru-
ment and 244 reported no experience (five participants 

Table 1. Characteristics of Participants in the Analytical Sample (Overall) and Grouped 
According to Whether They Reported Experience of Playing a Musical Instrument

Variable

Played a musical instrument
Overall

(N = 366) pNo (n = 244) Yes (n = 117)

Categorical variables
Sex (female) 118 (48.4%) 72 (61.5%) 194 (53.0%) .019a

Occupational class < .001a

 Professional 41 (16.8%) 40 (34.2%) 81 (22.1%)  
 Managerial-technical 91 (37.3%) 50 (42.7%) 144 (39.3%)  
 Skilled nonmanual 63 (25.8%) 21 (17.9%) 85 (23.2%)  
 Skilled manual 39 (16.0%) 5 (4.3%) 45 (12.3%)  
 Partly skilled 8 (3.3%) 1 (0.9%) 9 (2.5%)  
 Unskilled 2 (0.8%) 0 (0.0%) 2 (0.5%)  
High blood pressure 80 (32.8%) 39 (33.3%) 123 (33.6%) .918a

Diabetes 14 (5.7%) 3 (2.6%) 17 (4.6%) .183a

Cardiovascular disease 52 (21.3%) 26 (22.2%) 80 (21.9%) .844a

Stroke 6 (2.5%) 2 (1.7%) 8 (2.2%) .651a

Possible dementia 2 (0.8%) 0 (0.0%) 2 (0.5%) .326a

Continuous variables
Childhood environment 0.137 (2.462) −0.866 (1.820) −0.196 (2.311) < .001b

Years of education 10.684 (1.101) 11.342 (1.205) 10.899 (1.172) < .001b

MHT score age 11 49.788 (11.089) 53.287 (11.193) 50.875 (11.178) .007b

MHT score age 70 65.157 (8.016) 68.709 (5.610) 66.242 (7.525) < .001b

Note: The table shows Ns for categorical variables (values in parentheses are percentages of the sample) 
and means for continuous variables (values in parentheses are standard deviations). Five participants did not 
respond to questions about musical-instrument experience and are thus not included under the No or Yes 
columns, but they were included in the overall analytical sample (with their responses coded as missing) 
because they met the preregistered inclusion criteria of having attempted the Edinburgh Lifetime Musical 
Experience Questionnaire. MHT = Moray House Test No. 12.
aSignificance was determined using Pearson’s χ2 test. bSignificance was determined using linear-model 
analysis of variance.

https://osf.io/r9fbx
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had missing data on this item). A summary of partici-
pant responses to the ELMEQ questions (including 
missing data) is provided in Table S1. Among partici-
pants with experience of playing a musical instrument, 
the most frequent responses reported were one musical 
instrument played, 2 to 5 years of formal musical train-
ing, 0 to 5 years of regular practice, 2 to 3 hr of practice 
per week during those years, and reaching a beginner 
level of performance. Participants first started playing 
a musical instrument at a median age of 10 years (range = 
6–62 years) and stopped playing a musical instrument 
at a median age of 18 years (range = 7–70). Figure 3 
shows the age at which each participant who reported 
any experience of playing a musical instrument first 
started and stopped playing that instrument (disregard-
ing any breaks).

Table 1 shows the characteristics of participants with 
and without any experience of playing a musical instru-
ment. On average, participants who reported experi-
ence of playing a musical instrument had a significantly 
higher socioeconomic status in childhood (indicated by 
a lower score on childhood environment), had more 

years of education, and were in a more professional 
occupational class as adults than participants with no 
experience of playing a musical instrument. Participants 
with experience of playing an instrument also tended 
to score significantly higher on the MHT at age 11 and 
at age 70 than participants with no instrumental experi-
ence. No significant differences were found between 
groups in the prevalence of high blood pressure, dia-
betes, cardiovascular disease, stroke, or possible 
dementia. Among both groups (with and without expe-
rience of playing a musical instrument), MHT scores 
were higher, on average, at age 70 than at age 11 (96% 
of participants’ cognitive performance improved over 
this time frame).

Table 2 shows correlations between the indicators 
of experience of playing a musical instrument, MHT 
scores at ages 11 and 70, and residualized and raw 
change in MHT scores. There were significant, positive 
correlations between each of the indicators of experi-
ence of playing a musical instrument (number of instru-
ments, years of formal training, years of regular practice, 
hours of practice per week, and performance level) and 

Model 3:
History of High
Blood Pressure,

Stroke, Diabetes,
CVD, Possible

Dementia

Hours of
Practice per

Week

Years of
Formal
Training

Number of
Musical

Instruments

Years of
Regular
Practice

Performance
Level

Experience
Playing a
Musical

Instrument

Age-11
MHT
Score

Age-70
MHT
Score

MHT Change

Model 2:
Years of

Education,
Occupational

ClassModel 2:
Childhood

Environment  Model 2:
Sex

Model 1:
Age in
Days

Model 1:
Age in
Days

Fig. 2. Summary of Models 1, 2, and 3, which tested for an association between experience of playing a musical instru-
ment and lifetime change in Moray House Test No. 12 (MHT) score. Ellipses represent latent variables, rectangles represent 
observed variables, single-headed arrows represent regression paths or factor loadings, and the double-headed arrow 
represents covariance. Dashed arrows are fixed at 1 for identification purposes. Covariates were entered in three stages; 
the diagram shows which additional variables were added at each stage in Models 1, 2, and 3 (shown with red, blue, 
and green shading, respectively). Participants with possible dementia (n = 2) were excluded from the analytical sample 
in Model 3. CVD = cardiovascular disease.
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MHT score at age 11 (rs = .17–.20) and MHT score at 
age 70 (rs = .22–.25). Indicators of experience of play-
ing a musical instrument were also positively correlated 
with residualized change in MHT score (rs = .12–.13) 
but not with raw change in MHT score. For illustrative 
purposes, we show the association between perfor-
mance level reached and residualized change in MHT 
score in Figure 4. Correlations between performance 
level reached, MHT scores at ages 11 and 70, and 
covariates are shown in Table S2 in the Supplemental 
Material. For brevity, we show only correlations with 
performance level reached; however, given this vari-
able’s strong correlation with the other indicators of 
experience of playing a musical instrument (see Table 
2), it is likely that similar correlation effects would be 
observed for all indicator variables. A higher perfor-
mance level was significantly correlated with a more 
affluent childhood environment (r = −.25, p < .001), 
more years of education (r = .26, p < .001), and a more 
professional adult occupational class (r = −.26, p < 
.001). These covariates were also significantly corre-
lated with MHT scores at ages 11 and 70.

Main results

Results from the main analysis (Models 1–3) are dis-
played in Figure 5 and in Tables S3, S4, and S5 in the 
Supplemental Material. First, we tested for an associa-
tion between experience of playing a musical instru-
ment and lifetime change in MHT score without 
controlling for covariates. This minimally adjusted 
model (Model 1; controlling only for age at time of 
testing) fitted the data well (CFI = .999, TLI = .999, 
RMSEA = .046). Standardized factor loadings for experi-
ence of playing a musical instrument ranged between 
0.908 and 0.980. In this model, greater experience of 
playing a musical instrument was significantly associ-
ated with more positive lifetime change in MHT score 
(β = 0.200, 95% CI = [0.111, 0.289], p < .001). Age-11 
MHT score was positively correlated with experience 
of playing a musical instrument (r = .207, p < .001) and 
negatively associated with lifetime change in MHT score 
(β = −0.781, 95% CI = [−0.825, −0.737], p < .001). That 
is, in line with a ceiling-effect interpretation, results 
showed that participants with a higher MHT score at 

10 20 30 40 50 60 70
Age (Years)

Pa
rti

ci
pa

nt

Years Playing a Musical Instrument

Fig. 3. Age at which each participant started and stopped playing a musical instrument, 
discounting any breaks when the participant did not play. Only participants with complete 
data on age started and stopped (n = 109) are included; gaps indicate participants who 
started and stopped at the same age (n = 4).
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age 11 experienced less positive change in MHT score 
(between ages 11 and 70). See Table S3 for the remain-
ing estimates from this model.

Next, we controlled the model for covariates that 
could potentially confound the association between 
experience of playing a musical instrument and lifetime 
change in MHT score. Model 2 (additionally adjusting 
for sex, years of education, adult occupational class, 
and childhood environment) provided a good fit to the 
data according to CFI (.992) and TLI (.989) values but 
had slightly poorer fit according to the RMSEA (.071). 
The positive association between experience of playing 
a musical instrument and lifetime change in MHT score 
was reduced but remained statistically significant (β = 
0.139, 95% CI = [0.062, 0.215], p < .001). The correlation 
between age-11 MHT score and experience of playing 
a musical instrument was nonsignificant in Model 2 (r = 
−.006, p = .881). See Table S4 for the remaining param-
eter estimates from this model.

Finally, in Model 3, we controlled for chronic dis-
eases known to impact cognitive decline to see whether 
experience of playing a musical instrument was associ-
ated with lifetime change in MHT score independently 
of these established risk factors. This final model addi-
tionally controlled lifetime change in MHT score for 
disease history (high blood pressure, diabetes, cardio-
vascular disease, and stroke) and excluded participants 
with possible dementia from the analytical sample 
(remaining n = 364). In this fully adjusted model, which 
provided a good fit to the data (CFI = .997, TLI = .996, 
RMSEA = .035), experience of playing a musical instru-
ment remained significantly associated with lifetime 
change in MHT score (β = 0.129, 95% CI = [0.049, 0.208], 
p = .002). See Table S5 for the remaining parameter 
estimates from this final model.

Figure 5 additionally shows standardized estimates 
for the associations between the covariates, added in 
Models 2 and 3, and experience of playing a musical 
instrument and MHT score (these estimates, together 
with their respective 95% CIs and p values are also 
displayed in Tables S4 and S5). Table S6 in the Supple-
mental Material shows the total effect and the total 

Table 2. Correlation Matrix of Indicators of Experience of Playing a Musical Instrument, Moray House Test No. 12 
(MHT) Scores at Ages 11 and 70, and Residualized and Raw Change in MHT Scores

Variable 1 2 3 4 5 6 7 8

1.  Number of instruments —  
2.  Years of formal training 0.85** —  
3.  Years of regular practice 0.94** 0.93** —  
4.  Hours of practice per week 0.94** 0.91** 0.97** —  
5.  Performance level 0.93** 0.92** 0.98** 0.98** —  
6.  MHT score at age 11 0.17** 0.19** 0.21** 0.20** 0.20** —  
7.  MHT score at age 70 0.22** 0.24** 0.25** 0.25** 0.25** 0.61** —  
8.  MHT residualized change 0.12* 0.13* 0.12* 0.13* 0.13* 0.00 0.79** —
9. MHT raw change −0.02 −0.03 −0.05 −0.03 −0.04 −0.77** 0.04 0.64**

Note: Correlation coefficients are Pearson’s r for correlations between continuous variables (MHT scores and MHT change scores) 
and Spearman’s ρ for correlations between ordinal variables (indicators of experience of playing a musical instrument) and ordinal or 
continuous variables. A positive correlation between indicators of experience of playing a musical instrument and MHT residualized 
change or MHT raw change indicates that greater experience of playing a musical instrument is associated with more positive cognitive 
change.
*p < .05. **p < .01.
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Fig. 4. Distribution of baseline-corrected (residualized) Moray House 
Test No. 12 (MHT) scores at age 70 and mean trajectories of par-
ticipants at different performance levels. Performance level reached 
was one of the five indicators of the latent variable used in the main 
analysis: experience of playing a musical instrument. Dotted lines 
show individual trajectories for all participants; the three bold lines 
show mean trajectories of participants grouped into three levels 
of musical-performance ability. “Intermediate+” includes advanced, 
semiprofessional, and professional.
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Fig. 5. Results from Models 1, 2, and 3, which tested for an association between experience of playing a musical instrument and lifetime 
change in Moray House Test No. 12 (MHT) score. Ellipses represent latent variables, rectangles represent observed variables, single-
headed arrows represent standardized regression paths, and double-headed arrows represent correlations. Dashed arrows are fixed at 
1 for identification purposes. Estimates in black are significant (p < .05). The red, blue, and green shading indicates variables that were 
added in Models 1, 2, and 3, respectively. The estimate in boldface is the association of interest between experience of playing a musical 
instrument and lifetime change in MHT score. Sex was coded 0 (male) or 1 (female), occupation (i.e., occupational class) shows contrast 
between 0 (professional) and 1 (skilled manual), higher childhood-environment score indicates greater deprivation, and disease history was 
coded 0 (no) and 1 (yes). Participants with possible dementia were excluded from the sample in Model 3. CVD = cardiovascular disease.
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indirect effect of the covariates on lifetime change in 
MHT score, estimated in Model 3.

Subsidiary analyses

We carried out nonpreregistered subsidiary analyses to 
further examine the association between experience of 
playing a musical instrument and lifetime change in 
MHT score. Details regarding these analyses and the 
results are reported in the Subsidiary Analyses section 
of the Supplemental Material as well as in Table S7. 
Briefly, to aid our interpretation of the main findings, 
we reran the analysis (a) removing participants with 
experience of playing a musical instrument in mid or 
later adulthood; (b) excluding participants without any 
experience of playing a musical instrument; (c) replac-
ing the latent variable experience of playing a musical 
instrument with a binary observed variable indicating 
whether or not participants had any experience of play-
ing a musical instrument; (d) applying two alternative 
methods of controlling for covariates; (e) rerunning the 
main analysis using maximum likelihood estimation 
with robust standard errors (MLR), which is robust to 
nonnormality; and (f ) rerunning the main analysis 
including the 45 participants who had continued play-
ing a musical instrument between the ages of 70 and 
82. Results from these analyses suggest that the associa-
tion between experience of playing a musical instru-
ment and lifetime change in MHT score was potentially 
driven by (a) musical-instrument experience in child-
hood (not mid or later adulthood) and (b) the contrast 
between participants with and without any experience 
of playing a musical instrument (rather than differences 
between participants with varying levels of musical 
experience). The association between experience of 
playing a musical instrument and lifetime change in 
MHT score, observed in the main analysis, remained 
statistically significant when we applied alternative 
methods of controlling for covariates and, separately, 
the MLR estimator. Results were also similar when we 
included the 45 participants who reported playing a 
musical instrument between the ages of 70 and 82.

Discussion

Our results show that experience of playing a musical 
instrument is positively associated with lifetime change 
in general cognitive ability (minimally adjusted β = 
0.200). The effect size of this association was small but 
remained statistically significant following adjustment 
for sex, indicators of childhood and adulthood socio-
economic status, years of education, and disease history 
(fully adjusted β = 0.129).

The association between experience of playing a 
musical instrument and positive change in general 

cognitive ability could, at least partly, represent a causal 
effect. As described in the introduction, results from 
intervention studies with children indicate that partici-
pation in musical training can result in improved cogni-
tive performance over the short term (e.g., Barbaroux 
et al., 2019; Moreno et al., 2011; Schellenberg, 2004). 
Evidence from intervention studies revealing that cogni-
tive advantages resulting from musical training endure 
over the longer term is currently lacking (Costa-Giomi, 
2015). However, findings from cross-sectional observa-
tional studies indicate that musical training in childhood 
is positively associated with cognitive performance in 
adulthood (Schellenberg, 2006). Results from the pres-
ent observational longitudinal study provide further 
support for a long-term positive association between 
musical training and general cognitive ability.

Cognitive advantages associated with learning to 
play a musical instrument could also reflect the preex-
isting characteristics of individuals who engage in this 
type of training. Importantly, and unusually, we were 
able to test for potential confounding by childhood 
cognitive ability, indicators of childhood and adulthood 
socioeconomic status (namely, childhood environment 
and adult occupational class), years of education, and 
disease history. As documented previously with this 
cohort (Okely et  al., 2021), years of education and 
measures of socioeconomic status were positively asso-
ciated with experience of playing a musical instrument. 
Results from models including these demographic vari-
ables (Models 2 and 3) suggest that they partly 
accounted for the association between experience of 
playing a musical instrument and positive change in 
general cognitive ability. However, experience of play-
ing a musical instrument continued to make a small 
unique contribution to predicting change in general 
cognitive ability in these models (β = 0.129).

Considering the predominance of childhood musical 
training in our participant sample, it is perhaps most 
plausible that our findings reflect an association 
between experience of playing a musical instrument 
and more positive cognitive development during the 
childhood years. However, experience of playing a 
musical instrument might be associated with cognitive 
change at other life stages, too. There is growing inter-
est in the potential contribution of musical training 
(earlier in life or during older age) to healthier cognitive 
aging. In this context, it has been suggested that musi-
cal training might contribute to cognitive reserve, 
potentially slowing rates of cognitive decline in older 
age (Schneider et al., 2018). Evidence for such an effect 
is still limited (Schneider et  al., 2018); however, our 
results could, at least potentially, reflect a combined 
association between experience of playing a musical 
instrument and (a) more positive cognitive develop-
ment during childhood and (b) less severe cognitive 
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decline during older age. Further research would be 
needed to investigate this possibility.

Because of the observational design of the present 
study, our findings should be interpreted cautiously, 
and other noncausal explanations should be given care-
ful consideration. For instance, individual genetic varia-
tion could potentially play a role. A study with 2,568 
twin pairs found that a positive association between 
music practice and general cognitive ability was largely 
driven by shared genetic influences (Mosing et  al., 
2016). Because most LBC1936 participants learned and 
practiced a musical instrument during childhood, it is 
also possible that parent characteristics, such as per-
sonality or cognitive ability, influenced both partici-
pants’ musical engagement (Corrigall & Schellenberg, 
2015) and their cognitive development.

Strengths of the present study include the large sam-
ple size, the narrow age range of the participant sam-
ple, the exceptionally long study period (from age 11 
to age 70), and the data available regarding participants’ 
lifetime musical experience as well as childhood envi-
ronment, years of education, adult occupational class, 
and disease history. Limitations of the study should also 
be considered. As a self-selecting group, LBC1936 par-
ticipants, on average, have higher cognitive ability and 
socioeconomic status and are physically healthier than 
the general population of older people in Scotland 
(Taylor et al., 2018). The effect of bias related to the 
composition of the sample is likely to result in some 
small attenuation of true associations. Furthermore, 
only six participants in this sample reported reaching 
an advanced musical-performance level; most partici-
pants reported just a few years of beginner-level musi-
cal training in their teenage years. This limited our 
capacity to test whether more advanced experience of 
playing a musical instrument was associated with 
increased positive change in general cognitive ability. 
Nevertheless, this highlights an interesting finding—that 
in a sample of individuals with mostly high socioeco-
nomic status, even a limited amount of musical training 
was associated with more positive change in general 
cognitive ability. In addition, the available data allowed 
us to test for changes in general cognitive ability rather 
than specific cognitive-ability domains. The skewed 
distribution of experience of playing a musical instru-
ment might have biased our results; however, subsidiary 
analysis with the robust MLR estimator (which provides 
standard errors that are robust to nonnormality) yielded 
similar, albeit slightly reduced, estimates (see Subsidiary 
Analysis (e) in the Supplemental Material). We indexed 
childhood environment by self-reported household 
overcrowding and access to toilet facilities, measures 
that are commonly used to assess socioeconomic status 
(Galobardes et  al., 2006). However, data regarding  
other potentially confounding variables in childhood,  

including participation in other nonmusical extracur-
ricular activities and parents’ characteristics (e.g., per-
sonality or cognitive ability; Corrigall & Schellenberg, 
2015), were not assessed as part of the LBC1936 study 
and therefore could not be controlled for. In addition, 
our analysis could not account for the potential influ-
ence of genetic variables (Mosing et al., 2016).

To conclude, our findings suggest that experience of 
playing a musical instrument is associated with a small, 
long-term cognitive advantage. Further longitudinal 
studies, including randomized controlled trials, will be 
needed to establish whether this long-term association 
is causal and whether the effect is driven predominantly 
by enhanced cognitive development or by reduced cog-
nitive decline.
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Note

1. Because participants were 82 years old at the time of report-
ing, but we were comparing their MHT cognitive-ability scores 
between age 11 and age 70, we excluded 45 participants from 
the sample who had continued playing a musical instrument 
between the ages of 70 and 82. Including these participants 
would have increased the risk of reverse causation: It is plau-
sible that participants with higher cognitive ability at age 70 
would be more likely to continue musical practice between 
ages 70 and 82 and thus gain more experience of playing a 
musical instrument. Note that this exclusion criterion was not 
specified in the preregistration; for results of the preregistered 
analysis including these participants, see Subsidiary Analysis (f) 
in the Supplemental Material.
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