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Objectives: The goal of this project was to investigate the impact of 
musical experience, hearing loss, and age on music perception in older 
adults. The authors hypothesized that older adults with a varying degree 
of musical experience would perform better at music perception tasks 
than their counterparts without musical experience while controlling for 
age and hearing loss.

Design: This study used a descriptive correlational cross-sectional 
design. Seventy-seven older adults aged 60 to 90 years were recruited 
and divided into two groups based on their lifetime musical experience: 
the group without musical experience (n = 39) and the M group (with 
musical experience; n = 38). Participants in the M group had either 
played an instrument for 5 years or more and/or taken at least 1 year of 
music lessons. Following a hearing screening and a musical experience 
questionnaire, participants completed two music perception tasks: (1) 
a short version of the Montreal Battery Evaluation of Amusia (MBEA) 
measuring melodic (scale and contour) and rhythm perception, and (2) 
an instrument discrimination task measuring timbre perception.

Results: Results revealed that participants of the M group had a signifi-
cantly higher accuracy in both tasks compared with the group without 
musical experience while controlling for age and hearing loss. Moreover, 
a significant interaction was found between group effect and hearing loss 
for the MBEA, suggesting that musical experience moderates the impact 
of hearing loss on melodic and rhythm perception abilities. Finally, the 
amount of musical experience was the most important positive predictor 
for MBEA accuracy in the M group.

Conclusions: These results suggest that despite age-related hear-
ing loss, older adults with musical experience still benefit from their 
 experience-driven enhancement in melodic, rhythm, and timbre percep-
tion. Findings from this study support the notion that music training is 
beneficial for music perception abilities, providing protection against the 
impact of presbycusis.

Key words: Age-related hearing loss, Central auditory abilities, Music 
perception, Musical experience.

Abbreviations:GAI = Geriatric Anxiety Inventory; GDS = Geriatric 
Depression Scale; M = group with musical experience; MBEA = Montreal 
Battery Evaluation of Amusia; MoCA = Montreal Cognitive Assessment; 
NM = group without musical experience; PTA = pure-tone average; PTAHF 
= pure-tone average for high frequencies (3, 4, 6, 8 kHz).
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INTRODUCTION

Music is one of the oldest art forms known to humanity 
(Wallin et al. 1999). As a universal phenomenon transcending 
eras and cultures, it remains one of the greatest sources of plea-
sure in human experience (Fung & Lehmberg 2016). Several 
studies have shown the positive effects of music on well-being 
across the lifespan in a wide variety of contexts (Croom 2015; 
Welch et al. 2020; Dingle et al. 2021; Granot et al. 2021). 
Amongst older adults, musical activities such as listening to 
music and playing music have been reported to improve their 
overall quality of life, contributing to their psychological well-
being (Coffman 2002; Hays et al 2002; Laukka 2007; Solé et al 
2010; MacDonald 2013; Fung & Lehmberg 2016). However, to 
appreciate music and benefit from it, the auditory system must 
be able to perceive and analyze temporally and spectrally com-
plex auditory stimuli. This represents a challenge in the pres-
ence of age-related changes in sensory processing.

Presbycusis, or age-related hearing loss, is one of the 
most prevalent chronic health conditions among older adults. 
According to the World Health Organization, it affects approxi-
mately 65% of the world’s population over 60 years old (World 
Health Organization 2021). Presbycusis refers to the age-related 
degradation of structures in the middle ear, inner ear, and central 
auditory pathways which leads to a progressive deterioration of 
auditory functions (Gates & Mills 2005; Yamasoba et al. 2013). 
Because many parts of the globe are experiencing population 
aging (Lv et al. 2023), the number of older adults with hearing 
loss is expected to increase significantly in the coming years. 
People with hearing loss face numerous obstacles related to sound 
perception (Moore 1996, 2007) which can decrease music enjoy-
ment in comparison to normal-hearing individuals (Leek et al. 
2008; Looi et al. 2019; Greasley et al. 2020; Chern et al. 2023).

Several studies have reported that presbycusis impacts 
music perception. Using the Montreal Battery Evaluation 
of Amusia (MBEA), a standardized test measuring music 
perception disorders, Moreno-Gómez et al. (2017) reported 
that presbycusis impairs important music perception abilities 
such as melodic (scale, contour, and interval) and temporal 
(rhythm and meter) perception. Hake et al. (2023) developed a 
Musical Scene Analysis task to explore if hearing loss affects 
auditory abilities in realistic music scenarios. Participants 
had to detect a single target instrument in an excerpt with 
multiple instruments. Results revealed that the degree of 
hearing loss was negatively associated with accuracy in this 
task. Moreover, studies reported that alterations to music 
perception also occur in older individuals without hearing 
loss. Clinard et al. (2010) observed that older normal-hearing 
individuals experience a significant decline in frequency dis-
crimination abilities, while Bones and Plack (2015) revealed 
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a lower musical harmony perception within the same popu-
lation. However, generalization of these results is limited. 
Most hearing screening protocols used in previous studies 
did not measure frequencies above 4 kHz, where presbycusis 
is most likely to occur (Gates & Mills 2005; International 
Organization for Standardization 2017). This may result in 
overlooking high-frequency hearing loss and categorizing 
participants as having normal-hearing thresholds, despite 
potential hearing loss-related difficulties in music perception. 
Moreover, very few studies quantify older adults’ musical 
experience, often relying solely on a dichotomous variable 
(with or without musical experience) to assess its impact on 
auditory abilities, thus limiting conclusions about the relation 
between musical experience and music perception abilities in 
this population.

Numerous studies have indeed reported that extensive 
musical training started at an early age and lifelong musical 
experience both lead to positive effects on several central audi-
tory processing abilities which persist even at an advanced 
age (Zendel & Alain 2012; Grassi et al. 2017; Maillard et 
al. 2023). According to Zendel and Alain (2012), musicians 
experience less age-related decline in gap- detection and 
speech-in-noise thresholds compared with nonmusicians. 
Older musicians perform better than age-matched nonmusi-
cians in frequency discrimination, duration discrimination, 
and gap-detection tasks (Grassi et al. 2017). Likewise, an 
increasing number of studies are reporting a robust positive 
association between musicianship and speech-in-noise per-
ception for older people (Parbery-Clark et al. 2011; Coffey 
et al. 2017; Zendel et al. 2019; Zhang et al. 2021; Maillard 
et al. 2023). However, these studies are limited by excluding 
individuals with hearing loss, which represents a significant 
proportion of the older population because of the high preva-
lence of presbycusis.

Due to its numerous benefits on auditory abilities, there 
has been a growing interest in exploring the use of music as 
a rehabilitation tool for people with hearing loss. A recent 
literature review highlighted how musical intervention, even 
if started at an advanced age, may be beneficial for improv-
ing auditory abilities such as pitch perception and speech-
in-noise processing in older adults (Grenier et al. 2021). 
However, the studies included in this review present the same 
limitations regarding audiological and musical experience 
assessment, making it difficult to clearly demonstrate the link 
between age, hearing loss, and musical experience on music 
perception skills.

All in all, although research shows that presbycusis and 
aging impair music perception abilities whereas musical train-
ing enhances these auditory skills, there remains a gap in the 
literature concerning how musical experience influences music 
perception in older adults with age-related hearing loss. This 
is at least in part due to methodological limitations in existing 
studies, such as incomplete assessment of auditory thresholds 
(not covering the full frequency range) and a lack of quantifica-
tion of musical experience. Therefore, the primary aim of this 
study was to compare performance in music perception tasks 
between older adults with and without musical experience while 
controlling for the effect of age and hearing loss. A secondary 
objective was to investigate how age, hearing loss, and the 
amount of musical experience predict accuracy in these tasks in 
older adults with musical experience.

MATERIALS AND METHODS

Participants
Recruitment and Screening • Ninety-three older adults were 
initially recruited. A convenience sampling was chosen to reach 
as many people as possible. Recruitment was carried out using 
a poster which was distributed by email to the community of 
Laval University as well as various health and community orga-
nizations across Quebec City. Our team also presented the proj-
ect in several residences for older adults. A screening interview 
was conducted over the phone to retrieve sociodemographic 
data such as age, gender, and education level. Exclusion crite-
ria were severe osteoarthritis and significant vision problems, 
which were self-reported during the interview. To avoid possible 
confounding variables, exclusion criteria also included the pres-
ence of psychological and neurodegenerative disorders. Anxiety 
symptoms were screened in person at CERVO Brain Research 
using the Geriatric Anxiety Inventory (GAI), a 20-item ques-
tionnaire with a cutoff score of 10 (Champagne et al. 2018). 
Depression symptoms were screened with the 30-item version 
of the Geriatric Depression Scale (GDS), with a cutoff score 
at 11, suggesting a mild depression (Bourque et al. 1990). The 
Montreal Cognitive Assessment (MoCA) (Nasreddine et al. 
2005), a 30-item cognitive screening tool was used to measure 
general cognitive functioning. It has been reported that the 
original cutoff score of 26 increases the risk of false positive 
(Carson et al. 2018). Considering this limitation, we used the 
regression-based norms for French-speaking middle-aged and 
older adults people from Quebec (Larouche et al. 2016). These 
norms, adjusted for age, education, and sex, maximize specific-
ity and sensitivity and thus enable a better screening. Fifteen 
individuals were excluded based on their results. Seven individ-
uals were excluded based on their MoCA score, 1 was excluded 
based on its GDS score (score = 14), 1 was excluded based on 
its GAI score (score = 11) and 2 were excluded based on their 
GDS (>11) and GAI (>10) score. Finally, 5 individuals did not 
attend their scheduled testing sessions at the research center 
and subsequently dropped out from the project. Ultimately, data 
from 77 older adults (44F, 60 to 90 years, M = 71, SD = 8) 
were included in this study. Participants’ characteristics are pre-
sented in Table 1. All participants were in good overall health 
and had no known history of psychiatric disorders. Independent 
t tests revealed no significant differences between groups for 
age, MoCA, GDS, and GAI scores. However, a significant dif-
ference between groups was found relative to hearing thresholds 
(pure-tone average [PTA] at 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz), 
t(75) = 2.746, p = 0.008 with the musical experience (M) group 
having a significantly lower PTA score (M = 44.5, SD = 22.0) 
than the group without musical experience (NM; M = 58.3, SD 
= 21.9) (Table 1). Moreover, chi-squared tests revealed signifi-
cant differences between groups for level of education, χ²(2) = 
7.13, p = 0.028, and use of hearing aids χ²(1) = 9.52, p = 0.002, 
but not sex (Table 1). Given the significant differences observed 
between groups for these participant characteristics variables, 
they were included in the main analysis to explore their poten-
tial impact on the main dependent variables of interest. These 
are reported in the Results. The study was approved by the insti-
tutional review board. Written and informed consent was given 
by all test subjects before inclusion in the study.

Musical Experience Characterization • Musical experience 
was assessed using selected items from the Edinburgh Lifetime 



Copyright © 2024 The American Auditory Society. Unauthorized reproduction of this article is prohibited.

 WHITTOM ET AL. / EAR & HEARING, VOL. XX, NO. XX, 00–00 3

Musical Experience Questionnaire which include 30 items 
divided into four sections: (1) musical instruments, (2) singing, 
(3) reading music, and (4) listening to music (Okely et al. 2021). 
Only questions about musical training and practice (instruments 
and singing) were selected to compute the musical experience 
score. These four questions were selected because they repre-
sent important factors that have a positive effect on auditory 
skills (Kraus & Chandrasekaran 2010). The selected questions 
were all Likert-scale type items (0 to 5) which respectively eval-
uate years of (1) instrument training, (2) instrument lessons, (3) 
singing training, and (4) singing lessons. The computed score 
was ranging from 0 (no musical training) to 20 (several decades 
of instrument and singing lessons and training). All participants 
with a score of 0 were assigned to the NM group (no musical 
experience; n = 39) because they reported no musical experi-
ence other than music classes they received in elementary and 
secondary school, which is part of the standard school curricu-
lum in Quebec (Beatty 2007), and/or occasional singing (less 

than 5 years and no lessons). All other participants (n = 38) 
had scores ranging from 7 to 19 and were then assigned to the 
M group (with musical experience) because they all had some 
formal training (instrument or singing) and/or regularly played 
their instrument for at least 5 years. The number and types of 
instruments played, as well as the age of onset, years of prac-
tice, and education, have been reported for the M group (see 
Table 1 in Supplemental Digital Content, http://links.lww.com/
EANDH/B538).

Hearing Loss Characterization • Participants underwent 
a complete audiometric screening including visualization of 
the external auditory canals with an otoscope, tympanometry 
(Tympani Inventis, s.r.l.), and pure-tone detection threshold 
measurements with a computer-controlled audiometer (Cello 
Diagnostic Audiometer, Inventis s.r.l.) in a soundproof booth 
with inserts earphones (RadioEar IP30). While PTA at 0.25, 
0.5, 1, 2, 3, 4, 6, and 8 kHz were measured and included in 

TABLE 1. Participant characteristics

Without Musical Experience (n = 39) With Musical Experience (n = 38)

Characteristics M SD Min Max M SD Min Max t(75)

Age 72.3 7.3 61 89 70.4 8.6 60 90 1.1
PTA 58.3 21.9 8.8 97.5 44.5 22.0 9.4 98.8 2.8*
Mus. Exp. Score (/20) — — — — 11.2 3.1 7 19 —
MoCA score (/30) 27.3 1.7 24 30 27.6 1.8 24 30 −1.6
GAI score (/20) 1.9 2.7 0 9 1.7 2.2 0 8 0.1
GDS score (/30) 3.1 2.8 0 10 3.0 2.9 0 10 0.0

n % n % χ2

Level of education 7.1*
  Secondary 4 10 4 11
  College 14 36 4 11
  University 21 54 30 78
Sex 1.1
  Male 19 49 14 37
  Female 20 51 24 63
Use of hearing aids† 19 49 6 16 9.5*

*p < 0.05.
†Number and percentage of participant answer “Yes” to the question “Do you wear hearing aids daily.”
GAI, Geriatric Anxiety Inventory; GDS, Geriatric Depression Scale; M, mean; MoCA, Montreal Cognitive Assessment; Mus. Exp. Score, musical experience score based on the answers from the 
Edinburg Lifetime Musical Experience Questionnaire; PTA, pure-tone average (0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz); t(75), two-sided independent sample Student t-test with 75 degrees of freedom.

Fig. 1. Hearing thresholds (max, min, and mean). A, Group with musical experience. B, Group without musical experience. Error bars represent SD for each 
tested frequency.
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participant characteristics (Table 1 and Fig. 1), only PTA at 
high frequencies was computed (PTA

HF
: 3, 4, 5, 6, and 8 kHz) 

and used as hearing threshold representation for statistical anal-
ysis (analysis of covariance [ANCOVA] and regression analy-
sis) because these frequencies are the ones at which hearing loss 
is the most frequent for older adults (International Organization 
for Standardization 2017). Out of the 46 individuals who 
reported no presbycusis, 34 (74%) of them had high-frequency 
hearing loss ranging from mild to moderately severe (Clark 
1981) in at least one ear (PTA

HF
 >25 dB HL).

Rationale for Sample Size • Power analysis was conducted 
using G*Power 3.1.9.6 (Faul et al. 2009). For repeated measures 
of ANCOVA with two groups and two covariates, the minimal 
sample size required was calculated as N = 68 (34 per group), 
given a significance criterion of α = 0.05, power of 0.90, and a 
large effect size of the independent variable on the dependent 
variable at f = 0.40. As for regression analysis, the minimal 
sample size was calculated at N = 54 (27 per group).

Procedure
Participants were seated comfortably in front of a 22-inch 

ACER computer screen plugged into an ASUS TUF Dash F15 
Laptop running on Windows 11 Pro. Each music perception 
task was presented to the participants through over-ear head-
phones (Sennheiser HD 206) adjusted to each individual’s com-
fortable sound level. The experiment has been adapted for use 
with a computer mouse (Logitech Wireless M185) using Gorilla 
Experiment Builder (Anwyl-Irvine et al. 2020) running on 
Google Chrome’s latest version at the time (122.0.6261.39). To 
assess the natural hearing capabilities of all participants under 
the same listening conditions, those who wore hearing aids were 
asked to remove them, as not all participants with hearing loss 
were using amplification. Assessments and both tasks lasted a 
total of 90 min. To control for participant fatigue, we regularly 
checked with them before each task to see if they needed a 
break and allowed them to take one if necessary.

Montreal Battery for the Evaluation of Amusia • Selected 
tests from the MBEA (Peretz et al. 2003) were used to evalu-
ate melodic and rhythm perception. Originally conceived as a 
screening tool for amusia (a music perception impairment), the 
MBEA has since been used commonly to assess general music 
perception abilities (Cooper et al. 2008; Hopyan et al. 2012; 
Moreno-Gómez et al. 2017). The MBEA is composed of three 
melodic organization tasks (scale, contour, and interval), two 
temporal organization tasks (rhythm and meter), and a music 
memory task. In our study, scale, contour, and rhythm subtasks 
were selected to assess melodic and rhythm perception. In 
music, scale refers to the tonal framework used, contour refers 
to pattern of ups and downs of a melody, and rhythm refers 
to temporal pattern of sounds and silences, organized in time 
(Peretz et al. 2003). Each subtask contains 30 sets of stimuli 
consisting of a warning tone, a target melody, and a comparison 
melody. Half of the comparison melodies have either one tone 
that is out of scale (scale condition), contour-violated (contour 
condition), or differs in duration value (rhythm condition) from 
the target melody. Participants had to judge whether the com-
parison melody was different or identical to the target melody 
(two-alternative forced choice) by selecting the corresponding 
answer using a computer mouse. No feedback was given. The 
three subtasks were presented in a predetermined sequence 
(Scale, contour, and rhythm) with the stimuli presented in a 

specific order within each subtask, in accordance with the 
standardized procedure outlined by Peretz et al. (2003). The 
entire process lasted approximately 25 min. These instrumental 
stimuli were produced by a digital synthesizer using a piano 
timbre. The mean duration of each set of stimuli was 16.7 sec. 
To ensure optimal listening conditions, two example trials with 
feedback were conducted before the task, allowing participants 
to indicate whether the stimuli were loud enough; the experi-
menter then adjusted the sound levels accordingly. A catch trial 
was also included to ensure they were paying close attention. 
The comparison melody for the catch trial was composed of 
randomly generated notes, making it sound decidedly distinct 
from all the comparison melodies. No participant failed the 
catch trial.

Instrument Discrimination Task • Modified sound samples 
from the Electronic Music Studio at the University of Iowa 
(Fritts 1997) were used for this task. There were 120 com-
binations of the following instruments: viola, cello, clarinet, 
alto saxophone, trombone, and trumpet. The first 0.5 sec of 
the stimuli were cut to remove acoustic information related to 
attack time. Then, only the following 1.5 sec of the stimuli was 
kept to remove acoustic information related to release time and 
to uniformize all stimuli duration to 1.5 sec, same as Russo et 
al. (2012). Furthermore, pitch and intensity for each stimu-
lus were standardized to 440 Hz and 70 dB to remove cues 
related to frequency and amplitude fluctuations. Combinations 
ranged from easy (e.g., alto-clarinet) to difficult (e.g., viola-
trumpet). The 120 combinations were presented in a random-
ized order and the total duration of the task was about 15 min. 
The mean duration of each combination was 6 sec. Participants 
had to select whether the stimuli were the same or different 
(two- alternative forced choice) by selecting the correspond-
ing answer using a computer mouse. No feedback was given. 
Two example trials with feedback were conducted before the 
task, allowing participants to indicate whether the stimuli were 
loud enough; the experimenter then adjusted the sound lev-
els accordingly. If participants failed the example trials, their 
results were excluded from the analyses. Two participants were 
excluded on this basis.

Statistical Analysis
Statistical analysis was conducted using IBM SPSS Statistics 

(version 29) running on Mac OS Sonoma. The hit rate (pro-
portion of “different” responses when stimuli were different) 
and false alarm rate (proportion of “different” responses when 
stimuli were identical) for both the MBEA and instrument dis-
crimination tasks were first computed and converted to z-scores 
using the inverse-normal transform Z (x) to obtain d-prime val-
ues (Macmillan & Creelman 2004):

d′ = Z (Hit rate)− Z (False alarm rate)

D-prime is a measure of discriminability in signal detection 
theory (Stanislaw & Todorov 1999). A higher d-prime value indi-
cates a better ability to detect a difference when one is present while 
a d-prime of 0 suggests no discrimination ability (VandenBos 
2007). Because many participants had no false alarm or perfect 
hit detection rates, a correction was applied before calculating hit 
and false alarm rates by adding 0.5 to both the number of hits and 
of false alarms and adding 1 to the number of different (signal) and 
identical (noise) trials (Hautus 1995; Stanislaw & Todorov 1999).
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For the MBEA task, an ANCOVA was used to evaluate the 
association between groups (NM, M) and discrimination accu-
racy (d-prime scores), with the subtasks (scale, contour, rhythm) 
included as within-subject effect to allow for comparison across 
them for both groups because they measure different abilities, 
as previously described in the Procedure. For the instrument 
discrimination task, an ANCOVA was also used to evaluate 
the association between groups (NM, M) and discrimination 
accuracy (d-prime scores), with each pair of instruments (alto-
cello, alto-clarinet, alto-sax, alto-trumpet, alto-trombone, cello- 
clarinet, cello-sax, cello-trumpet, cello-trombone,  clarinet-sax, 
clarinet-trumpet, clarinet-trombone, sax-trumpet, sax- trombone, 
trumpet-trombone) included as within-subject effect to allow 
for comparison across each instrument pairing for both groups. 
Both ANCOVA included age, hearing loss, level of education, 
and use of hearing aids as covariates and examined the inter-
actions between age and hearing loss with groups. Post hoc t 
tests with Bonferroni correction were conducted to investigate 
which subtasks and pairs of instruments were significantly dif-
ferent between groups. Linear regression analyses within each 
group were also conducted to explore the association between 
significant covariates and the dependent variables. Finally, mul-
tiple regression analyses were conducted for both MBEA and 
instrument discrimination tasks in the M group to assess how the 
amount of musical experience correlates with d-prime scores of 
each task while controlling for age and hearing loss.

RESULTS

Montreal Battery Evaluation of Amusia
In the MBEA task, the musically experienced group (M) 

performed significantly better than the group without musical 
experience (NM), F(1,69) = 12.699, p < 0.001, controlling for 

age, hearing loss, level of education, and use of hearing aids 
(Fig. 2 and Table 2) with a large effect size (η

p
2 = 0.184). There 

was no significant effect of age, level of education, and use of 
hearing aids. The ANCOVA also revealed a significant interac-
tion between the group effect and the subtasks, F(2,69) = 3.791, 
p = 0.025, with moderate effect size (η

p
2 = 0.052). Moreover, 

worse PTA
HF

 was related to lower d-prime score, F(1,69) = 
3.571, p = 0.040, indicating a significant negative association 
between hearing loss severity and MBEA accuracy with a mod-
erate effect size (η

p
2 = 0.060). However, this relationship was 

moderated by a significant interaction between hearing loss 
and group (Fig. 3), F(1,69) = 4.326, p = 0.024, with a mod-
erate effect size (η

p
2 = 0.071). To further explore the interac-

tion between group effect and the subtasks, post hoc t tests with 
Bonferroni correction were conducted to determine in which 
subtasks there were differences between the groups. Significant 
differences were observed between groups for the scale subtask 
(p < 0.001, Cohen d = 1.105) and contour subtask (p = 0.011, 
Cohen d = 0.776) with a large effect size, and for the rhythm 
subtask (p = 0.038, Cohen d = 0.584) with a moderate effect 
size (Fig. 2). Moreover, to investigate the significant interaction 
between hearing loss and group effect, post hoc multiple lin-
ear regression analyses were conducted within each group with 
MBEA global d-prime score as the dependent variable and with 
hearing loss and age as predictor variables. For the NM group, 
the regression model explained a significant amount of variance 
in MBEA scores, F(2,36) = 6.843, p < 0.003, adj. R2 = 0.235, 
with hearing loss (β = −0.013, SE = 0.004, p = 0.005) being the 
main negative predictor of accuracy (Fig. 3 and Table 3). For 
the M group, the regression model was not significant, F(3,35) 
= 1.596, p = 0.217, adj. R2 = 0.031, indicating no significant 
associations between MBEA accuracy and hearing loss or age 
for participants with musical experience (Fig. 3).

Fig. 2. Comparison of performance for the Montreal Battery of Evaluation of Amusia between groups for discriminability index (d-prime score). Error bars 
represent the mean SE. *p < 0.05, **p < 0.001 after Bonferroni correction.
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Instrument Discrimination Task
In the instrument discrimination task, Mauchly sphericity 

test revealed a violation of sphericity (W = 0.007, p < 0.001). 
Consequently, the Huynh–Feldt correction was applied to 
adjust the degrees of freedom for the within-subject effects. 
The M group performed significantly better than the NM 
group, F(1,67) = 4.384, p = 0.040, (Fig. 4A and Table 2) 
with a moderate effect size (η

p
2 = 0.061). Neither covariates 

nor interaction terms had significant effects on instrument 
discrimination accuracy. However, since a significant interac-
tion between group effect and pairs of instruments was found, 
F(11.512,771.308) = 1.829, p = 0.043, with a small to moder-
ate effect size (η

p
2 = 0.027), post hoc t tests with Bonferroni 

correction were conducted. D-prime scores for participants in 

the M group were significantly higher than those in NM group 
only for Viola-Cello (p < 0.001, Cohen d = 0.906) with a large 
effect size and Cello-Sax (p = 0.050, Cohen d = 0.526) with a 
moderate effect size (Fig. 4B).

Relation Between Amount of Musical Experience and 
Accuracy (M Group Only)

For the MBEA task, the predictive model including musical 
experience score, age, and hearing loss explained a significant 
amount of variance in MBEA d-prime score, F(3,37) = 3.021, 
p = 0.043, adj. R2 = 0.141. Musical experience was found to be 
a main positive predictor (β = 0.063, SE = 0.027, p = 0.025), 
while neither hearing loss nor age were statistically significant 

TABLE 2. Repeated measures ANCOVA for MBEA and Instrument discrimination tasks

Tasks MBEA (Subtasks: Scale, Contour, Rhythm)
Instrument Discrimination  

(Subtasks: Instrument Pairings)

Source df F p η²p df F p η²p

Within-subject effects
  Subtasks 2 3.911 0.022 0.054 11.512* 2.828* 0.001* 0.040*
  Subtasks × Group 2 3.791 0.025 0.052 11.512* 1.829* 0.043* 0.027*
Between-subjects effects
  Group 1 15.589 <0.001 0.184 1 4.384 0.040 0.061
  Age 1 2.345 0.130 0.033 1 2.257 0.138 0.033
  Hearing loss 1 4.383 0.040 0.060 1 0.918 0.341 0.014
  Education 1 1.684 0.199 0.024 1 1.038 0.312 0.015
  Use of hearing aids 1 1.481 0.228 0.021 1 0.080 0.778 0.001
  Group × Age 1 0.213 0.646 0.003 1 0.410 0.524 0.006
  Group × Hearing Loss 1 5.310 0.024 0.071 1 0.075 0.785 0.001

*Huynh–Feldt epsilon corrections.
ANCOVA, analysis of covariance; df, degree of freedom; MBEA, Montreal Battery Evaluation of Amusia; η²p, partial eta squared.

Fig. 3. Discriminability index (d-prime score) for global Montreal Battery Evaluation of Amusia task in participants without musical experience and with musi-
cal experience as a function of degree of hearing loss (PTA for 3, 4, 6, and 8 kHz). PTA indicates pure-tone average.
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predictors (Table 3 and Fig. 5). For the instrument discrimina-
tion task, the regression model was not statistically significant, 
F(3,34) = 1.035, p = 0.389, adj. R2 = 0.003 (Table 3), indicat-
ing that the amount of musical experience was not significantly 
correlated with accuracy for this task while neither age nor 
hearing loss explained variation for the dependent variable.

DISCUSSION

The main goal of the present study was to compare music 
perception abilities between adults aged 60 years or more 

with and without musical experience while controlling for 
the effect of age and hearing loss. Moreover, we explored how 
the amount of musical experience was associated with music 
perception abilities while controlling for age and hearing loss. 
We reported accuracy measures (d-prime scores) in tasks mea-
suring melodic, rhythm, and timbre perception. On all tasks, 
musically experienced participants showed better accuracy 
than participants without musical experience while controlling 
for age and hearing loss. A moderate effect size was found for 
the instrument discrimination task measuring timbre percep-
tion while a large effect size was found for the tasks from the 

TABLE 3. Multiple linear regression analyses

Relation Between Hearing Loss and MBEA Global Accuracy Per Group

Groups

Without Musical Experience With Musical Experience

R R2 Adj. R2 df F p R R2 Adj. R2 df F p

Regression model 0.525 0.275 0.235 2.36 6.843 0.003 0.289 0.084 0.031 2.35 1.596 0.217
Variable B SE Beta (β) t p B SE Beta (β) t p
(Constant) 2.778 0.861 3.227 0.003 3.358 0.768 4.370 <0.001
Age −0.007 0.013 −0.091 −0.570 0.572 −0.018 0.012 0.288 −1.469 0.151
Hearing loss −0.013 0.004 −0.477 −2.997 0.005 −6.593E-5 0.005 −0.003 −0.014 0.989

Relation Between Amount of Musical Experience and Accuracy (Musicians Only)

Tasks

MBEA Instrument Discrimination

R R2 Adj. R2 df F p R R2 Adj. R2 df F p

Regression model 0.458 0.210 0.140 3.34 3.004 0.044 0.289 0.084 0.003 3.34 1.035 0.389
Variable B SE Beta (β) t p B SE Beta (β) t p
(Constant) 2.626 0.788 3.331 <0.001 2.996 0.633 4.733 <0.001
Mus. Exp. Score 0.063 0.027 0.370 2.338 0.025 0.015 0.022 0.118 0.694 0.492
Age −0.019 0.012 −0.310 −1.681 0.102 −0.007 0.009 −0.148 −0.745 0.461
Hearing loss −0.003 0.005 0.109 0.574 0.570 −0.002 0.004 −0.124 −0.607 0.548

B, unstandardized coefficient; Beta (β), standardized coefficient.

Fig. 4. A, Comparison of discriminability index (d-prime score) mean for instrument discrimination task between groups. Error bars represent the mean SE. B, 
Comparison of discriminability index (d-prime score) for each stimulus pair in instrument discrimination task between groups. *p < 0.05, **p < 0.001 after 
Bonferroni correction.
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MBEA measuring melody and rhythm perception. The main 
effect of the MBEA subtasks (scale, contour, and rhythm) 
allowed us to observe significant differences between groups 
for each subtask, highlighting the distinct auditory processing 
abilities between musicians and nonmusicians. Our results are 
consistent with prior research, indicating that musical training 
is linked to a lower rate of deterioration of central auditory 
processing due to age and hearing loss. In line with prin-
ciples of experience-dependent plasticity, it has been shown 
that musicians are better than nonmusicians at processing the 
pitch, temporal, and timbre components of music (Kraus & 
Chandrasekaran 2010). According to our results, older adults 
with musical experience maintain an advantage in these abili-
ties despite age and hearing loss. Furthermore, musical experi-
ence mitigates the decline in melody and rhythm perception 
abilities associated with age-related hearing loss. This explana-
tion aligns with findings from Zendel and Alain (2012) which 
showed that musicians experience less age-related decline in 
gap-detection and speech-in-noise detection tasks when com-
pared with nonmusicians. Yet, despite being relevant to music 
perception, these auditory skills are not inherently music per-
ception skills. Only a few studies to date have directly and spe-
cifically investigated music perception abilities in older adults 
with and without musical experience. Our study broadens 
existing literature by incorporating melodic (scale and con-
tour), rhythm, and timbre perception tasks, which are essential 
in music listening and performance.

Impact of Musical Experience
Older adults with musical experience performed better than 

their nonmusically experienced counterparts for MBEA scale 
and contour subtasks when controlling for age and hearing loss. 
Both musical elements pertain to melodic perception. Scale 

refers to the key of the melody whilst contour is related to its 
direction (upward or downward movement) (Peretz et al. 2003). 
Our findings reveal that regardless of their age and degree of 
hearing loss, older individuals with musical experience are 
better than their nonmusically experienced counterparts at 
detecting subtle variations in scale and contour components of 
musical excerpts. It is well known that musically trained indi-
viduals perform better than nonmusicians in tests measuring the 
perception of variation within a melody such as the detection of 
an anomalous chord, mistuning detection or even determining 
how many notes are played in a chord (Schellenberg & Weiss 
2013). Studies have shown that this advantage remains pres-
ent in older musicians in melodic perception tasks measuring 
recognition of musical transpositions (Halpern et al. 1995) 
and representation of tonal hierarchies (Halpern et al. 1996). 
However, these studies were only conducted on normal-hearing 
older adults. In our research, we demonstrated that older adults 
with a varying degree of musical experience maintain superior 
melodic perception abilities even in the presence of presbycusis, 
because 76% (n = 28) of our sample of musically experienced 
individuals presented mild to severe hearing loss. These results 
are consistent with the findings reported by Moreno-Gómez et 
al. (2017), which showcased that music education (>1 year of 
music lessons) diminished the alterations observed in MBEA 
melodic tasks’ (scale, contour, and interval) performance in 
Chilean older presbycusis patients. However, the limitations 
of this study include the use of a binary variable (yes/no) to 
characterize musical expertise, which oversimplifies the com-
plexity of musical experience and lacks nuance. In addition, the 
audiometric threshold measurements were restricted to 0.25, 
1, 2, and 4 kHz. Our study addresses this limitation by provid-
ing a more representative portrait of participant characteristics. 
We used a high-frequency PTA (PTA

HF
) that better represents 

presbycusis including 3, 4, 6, and 8 kHz, which are frequencies 

Fig. 5. Discriminability index (d-prime score) for global MBEA task in musical experience group as a function of musical experience score (only musical experi-
ence group). MBEA indicates Montreal Battery Evaluation of Amusia.
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most affected by age-related hearing loss. We also included a 
musical experience score derived from a standardized question-
naire. Finally, although we controlled for the degree of hearing 
loss in each analysis, an intriguing finding related to musicians’ 
characteristics is supported by previous studies: musicians had 
lower PTA scores compared with nonmusicians. Some studies 
indicate that musicians tend to excel in pure-tone audiometry 
threshold measurements due to their familiarity with identify-
ing pure tones, which is a result of auditory training and task-
specific experience, as well as their strong motivation to succeed 
in such tasks (Dowling & Harwood 1987; Jansen et al. 2009). 
Overall, these results add to existing knowledge by showcas-
ing that even in older people with varying ages and degrees of 
hearing loss, musical experience helps maintain their enhanced 
melodic perception abilities compared with individuals without 
musical experience.

In the case of rhythm perception, a group difference was 
also observed for the measure of discriminability in the rhythm 
subtask from the MBEA. Rhythm is a component of tempo-
ral organization in music perception which corresponds to the 
tendency to organize events based on their temporal proximity 
without regard to periodicity (Peretz et al. 2003). Individuals 
with musical experience showed significantly higher discrim-
inability index than participants without musical experience, 
thus showing a better ability to detect rhythm differences in 
musical excerpts. Temporal processing in musicians has been 
extensively examined over the years. Several studies have 
shown that musicians are better than nonmusicians in gap-
detection (Mohamadkhani et al. 2010; Zendel & Alain 2012; 
Kumar et al. 2014; Nisha et al. 2022), duration discrimination 
(Rammsayer & Altenmüller 2006; Güçlü et al. 2011; Kumar 
et al. 2014; Grassi et al. 2017) and temporal patterns discrimi-
nation (Rammsayer & Altenmüller 2006) tasks. Conversely, 
it has been shown that temporal processing abilities decline 
with age (Zendel et Alain 2012; Fitzgibbons & Gordon-Salant 
2015; Ozmeral et al. 2016; Carcagno & Plack 2021) and hear-
ing loss (John et al 2012; Moreno-Gómez et al. 2017). Despite 
this decline, Halpern et al. (1998) have shown that older musi-
cians perform better than their nonmusician counterparts in 
tasks involving the detection of rhythm variations between two 
melodies. However, once again, the sample from this study 
included only normal-hearing individuals. Our study addresses 
this limitation by showing that older adults with musical experi-
ence maintain this benefit in rhythm perception over individuals 
without musical experience despite deteriorations due to aging 
and hearing loss. Because playing an instrument requires acute 
rhythm management, it is expected that music training improves 
the ability to detect rhythmic variations in music-related stimuli. 
Our results not only support this hypothesis, but also reveal that 
musically experienced individuals keep their enhanced rhythm 
perception despite their age-related hearing loss.

For the instrument discrimination task measuring timbre 
perception, participants with musical experience had signifi-
cantly higher global measure of discriminability than partici-
pants without musical experience when controlling for age and 
hearing loss. Timbre is a complex perceptual attribute resulting 
from a combination of temporal, spectral, and spectro-temporal 
envelopes (Marozeau et al. 2013; McAdams & Giordano 2016) 
that contributes to the unique quality or color of an instru-
ment’s tone. It is a key factor that allows different instruments 
to be distinguished even when they play the same note, for the 

same length, and at the same intensity. In our study, musically 
experienced older adults outperformed participants without 
musical experience of the same age in distinguishing instru-
ment stimuli based on their timbre characteristics. Because of 
its central role in music, it is expected that experienced musi-
cians performed better than nonmusicians in discriminating 
timbre. Pitt (1994) reported that musicians showed enhanced 
performance compared with nonmusicians in a task involving 
the detection of pitch or timbre changes in piano and trumpet 
stimuli. Chartrand and Belin (2006) documented that musi-
cians were more accurate and faster than controls in a timbre 
discrimination task involving instrument and voice stimuli. 
However, these studies explored timbre perception only in 
normal- hearing adults. Indeed, because of its complex nature, 
timbre has not been extensively explored in the older adults, 
especially not in those with presbycusis. Our study addresses 
this gap in the literature by suggesting that this advantage pres-
ent in musically experienced individuals persists even as they 
get older and despite presbycusis. More specifically, we found 
that significant differences between groups were observed for 
two pairs of instruments (viola-cello and cello-sax), which 
appear to be of intermediate difficulty for participants according 
to the psychometric plot. No differences between groups were 
found for the easier pairs (viola-clarinet, viola-trombone, sax-
trumpet, clarinet-trombone, sax-trombone, viola-trumpet, and 
clarinet-trumpet), where a ceiling effect was observed. These 
results are in line with previous studies that have shown that 
even adults without musical training can be very sensitive to the 
perception of subtle timbre differences in digital tones (Samson 
et al. 1997) and instrument stimuli (Peynircioǧlu et al. 2015). 
Moreover, the more difficult instrument (viola-sax, cello-
trombone, and trombone-trumpet) pairs were equally chal-
lenging for both groups. Further investigation should explore 
the use of other intermediate pairs of instruments because this 
difficulty degree seems to be the most sensitive to differences 
between participants with and without musical experience. In 
the selected stimuli, acoustic information related to attack and 
release time was removed while pitch, duration, and intensity 
were controlled for each stimulus. This was done to standard-
ize each stimulus so that they would be distinguished by their 
spectral component. However, even if these acoustic traits were 
controlled, timbre perception is related to multiple spectral ele-
ments that were not controlled (centroid, spread, kurtosis, odd-
to-even ratio, etc.). With the current paradigm, it is difficult to 
identify which of these acoustic traits have a more predominant 
role in the measured instrument discrimination performance. 
Further investigations are required to identify which spectral 
acoustic traits make it easier or more difficult to distinguish 
instruments between each other and how perception of these 
traits is influenced by musical experience, age, and hearing loss. 
Moreover, familiarity with the instruments used for comparison 
has not been investigated in the present study, which would be 
an interesting avenue to investigate from an experience-driven 
perspective. Because only 3 participants from the musicians’ 
group had one of the instruments presented in the excerpts 
of the instrument detection task as their primary instrument, 
it was not possible to draw conclusions about how familiarity 
with these instruments influenced their performance. Moreover, 
these participants were multi-instrumentalists, which is com-
mon in Québec, where most music education programs encour-
age the study of multiple instruments. To explore the impact 
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of familiarity with the instruments found among the excerpts, 
future research could recruit a larger sample of musicians who 
play these instruments and analyze the relationship between the 
instruments they play and their scores on the instrument pair-
ings task. Alternatively, the task could be modulated by varying 
the instrument pairs to include congruent and incongruent stim-
uli related to each musician’s primary instrument. These inves-
tigations could provide valuable insights into how familiarity 
influences performance in the detection task. A task featuring 
a continuum from lesser known to well-known instruments 
could provide valuable insights into the impact of familiarity 
with instruments on performance. However, it is important to 
acknowledge that despite all these avenues of research that 
remain to be explored, the task demonstrated sufficient sensitiv-
ity to detect a global significant difference between older adults 
with and without musical experience. Hence, our results show 
that experience-induced enhancement in timbre perception 
remains present in musically experienced individuals even as 
their auditory processing deteriorates with age.

Impact of Hearing Loss and Amount of Musical 
Experience

Our second objective was to assess the impact of age, hear-
ing loss, and amount of musical experience on accuracy for 
MBEA and instrument discrimination tasks. For the MBEA 
task, hearing loss was found to be the main predictor of global 
accuracy in older adults without musical experience, indicat-
ing a negative association between hearing loss with melody 
and rhythm perception abilities, while controlling for age. This 
relation was expected since past studies have reported similar 
negative relationships between hearing impairment in hard-of-
hearing older adults and music perception (Hake et al. 2023), 
speech perception (Cox et al. 2008; Peixe et al. 2019), and tem-
poral resolution (John et al. 2012). In musically experienced 
individuals, the amount of musical experience appeared to 
be the main predictor of global accuracy for the MBEA task 
while controlling for age and hearing loss. Similar results were 
reported by Moreno-Gómez et al. (2017) revealing that music 
training significantly correlates with overall MBEA perfor-
mance in individuals aged 64 and older, even when accounting 
for age-related hearing loss. Overall, these results imply that 
despite the alteration of melodic and rhythm perception in older 
adults with hearing loss, musical experience is associated with 
a less marked deterioration in these abilities. Furthermore, even 
when controlling for age and hearing loss, more musical experi-
ence (years of training and practice) is significantly linked to 
better melody and rhythm perception skills. In other words, the 
more years of training and practice one gets, the more likely it is 
that their melodic and rhythm perception abilities will not be as 
deteriorated as someone without musical experience at old age. 
For the instrument discrimination task, none of our predictors 
(age, hearing loss, and/or musical experience) could explain the 
variance in d-prime score for both groups. This could be due to 
the ceiling effect which hindered the analysis from identifying 
a model that significantly predicts accuracy. Overall, our results 
demonstrate that older adults with musical experience exhibit 
significantly better music perception abilities compared with 
those without such experience, regardless of their age or hearing 
loss. Furthermore, we found that the amount of musical experi-
ence correlates with enhanced melody and rhythm perception 

abilities. In contrast, hearing loss in nonmusically experienced 
individuals reduces their ability to accurately perceive melody 
and rhythm in musical stimuli. Finally, our study suggests the 
rather pivotal idea that musical experience moderates the nega-
tive impact of hearing loss on melody and rhythm perception.

Perspective
These findings allowed us to demonstrate that, even in the 

context of age-related hearing loss, there is a long-term correla-
tion between improved musical perception abilities and musical 
experience. It should be noted that while our tasks measured 
melody, rhythm, and timbre perception, our stimuli may not 
faithfully replicate real-world music conditions. Music compo-
sitions typically involve greater complexity than the short piano 
excerpts and single-tone instrument samples utilized in our 
study, thereby limiting its ecological validity. Further investiga-
tion should include subjective assessment of music perception 
and appreciation to gather more information on how partici-
pants perceive different styles of music despite their presby-
cusis. Moreover, while it has been suggested that better innate 
characteristics in overall music perception, including melody, 
rhythm, and timbre perception, could be linked to involvement 
in musical pursuits (McKay 2021), the cross-sectional design 
of this study only provides a snapshot in time. As such, it does 
not allow for assessments of changes over time and this inabil-
ity to establish temporal precedence limits the possibility to 
draw causal conclusions. Further studies should consider lon-
gitudinal randomized controlled designs to establish potential 
causal relationships. For example, music lessons given over a 
period could be an interesting avenue to explore its impact on 
melodic, rhythm, and timbre perception in older adults with 
hearing impairment. Furthermore, while much evidence sug-
gests that age of onset can enhance musical skills and modulate 
training-driven brain plasticity (Bailey & Penhune 2012; Bailey 
et al. 2014), the relationship between age of onset and musical 
proficiency in adulthood remains a subject of ongoing debate 
(Wesseldijk et al. 2020). Future studies should investigate the 
nuanced effects of age of onset in relation to the intensity and 
consistency of musical training, particularly in how these fac-
tors interact with age-related hearing loss and the decline of 
central auditory abilities. Nevertheless, because perception of 
melody, rhythm, and timbre is essential to fully perceive and 
appreciate music, our results are very promising from a reha-
bilitation perspective. Given that listening to music is such an 
important leisure activity with many benefits (Coffman 2002; 
Hays et al 2002; Laukka 2007; Solé et al. 2010; MacDonald 
2013; Fung & Lehmberg 2016; Daykin et al. 2018; Castillejos 
& Godoy-Izquierdo 2021), it is essential that older adults can 
enjoy it just as much as other age groups. Considering current 
results, the next step would be to explore whether musical train-
ing started at an advanced age would restore musical perception 
skills degraded by age and hearing loss. Improving these skills 
could allow older adults who have not had the opportunity to 
play music in their lives to enjoy the same benefits of music 
that individuals with musical experience can appreciate, despite 
their presbycusis.

CONCLUSIONS

The objective of this study was to investigate the impact 
of musical experience on the following music perception 
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abilities: melody, rhythm, and timbre perception. The impact 
of age and hearing loss on these abilities was also observed 
for each group to see if the age-related decline in these abili-
ties is solely attributable to presbycusis. Musically experi-
enced individuals performed better than participants without 
musical experience for all three tasks when controlling for 
age and hearing loss. These results are consistent with prior 
studies showcasing that musicianship is associated with bet-
ter music perception abilities. The amount of musical experi-
ence predicted better accuracy, while hearing loss predicted 
significant decline for older adults without musical experi-
ence in melodic and rhythm perception tasks. These results 
further enhance the notion that music training is beneficial 
and acts as a protective factor on the impact of presbycusis 
in central auditory processing abilities. While more research 
is needed, because we observe a positive association between 
musical experience and music perception abilities, music 
training could be a creative and effective approach to improve 
music perception abilities in hard-of-hearing older adults, 
thereby improving their music listening experience and its 
many benefits.
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