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Abstract Introduction The importance of temporal ordering and sequencing in the auditory
system is discussed because these are considered basic functions for language.
Objective To verify the correlation between the practice of choir music and the
temporal ordering in elderly with no prior formal musical experience.

Method The study design is cross-sectional. The sample consisted of 85 elderly
individuals of both genders, > 60 years old, and it was composed of 43 elderly
individuals with no prior formal musical experience but choir participation (research
group) and 42 elderly individuals who never sang in a choir and had no music training
during their life (control group). The research group was divided based on three
categories of choir time. The performances of the research and control groups were
compared with pitch pattern sequence (PPS), verbal condition (PPSverb), humming
condition (PPShum), and duration pattern sequence (DPS) tests.

Results The mean PPShum and PPSverb showed a statistically significant difference
by choir time with a different mean of PPShum between the no singing experience
group (59%) and the > 10 years of singing experience group (90%) (p =0.02). Regard-
ing the averages of PPSverb, there was a statistically significant difference between the
no singing experience (23%) and > 10 years of choir time (54%) (p =0.02) groups.
Conclusion The findings indicate a better performance in the temporal ordering of
the elderly who are not formal musicians but who have choir experience in the research
group in relation to those with no choir experience in the control group.
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Introduction

Hearing loss is characterized by the loss of sensory and neural
cells in the auditory system. In the aging process, it is called
presbycusis and is already the target of many studies in
audiology.'® Central auditory processing (CAP) refers to a
series of processes involving structures of the central auditory
nervous system (CANS). Studies have shown that disorders in
CAP may occur in the elderly without structural damage due to
changes in metabolism caused by aging.>” Martin et al.. in a
review of studies performed in their laboratory with a focus on
the effect of age on central auditory mechanisms, identified
evidences of changes resulting from aging in dichotic activities
related to sensory asymmetry and difficulties in inter-hemi-
spheric interaction. A systematic decline in temporal process-
ing was identified after the 4™ decade of life, with a more
evident acceleration after the age of 70 years old. This finding,
according to the authors, may be associated with communica-
tion difficulties of the elderly characteristically in noisy envi-
ronments.’ A study comparing centenaries, elderly and adults,
identified a gradational degeneration of the temporal auditory
processing skills over time, even with normal tonal thresholds
at 250 and 500 Hz.' Moreover, a study reported a relationship
between poor performance in CAP and a diagnosis of Alz-
heimer disease.!’

Auditory management processes involve the auditory
pathways and the cortex. The auditory receiving area is in
the Heschl gyrus, located in the middle portion of the
superior temporal gyrus, in each cerebral hemisphere.u'13
The left hemisphere is important for serial ordering of
temporal information. It is the dominant side for language
processing for most right-handed individuals. The right
hemisphere dominates the holistic functions, which are
important for temporal ordering.'

The importance of temporal ordering and sequencing in
the auditory system is discussed because these are consid-
ered basic functions for language.”'" The temporal process-
ing test includes temporal aspects of hearing, such as
resolution, integration, temporal ordering, and masking.
The frequency pattern test (PPS) is a test that evaluates
temporal processing, being able to identify impairment in
the right hemisphere, in the left hemisphere, and in the inter-
hemispheric connections. It was considered highly sensitive
for detecting brain injury.®'®

Among the tests of auditory sequencing that showed good
sensitivity for hemispheric and cortical lesions, the PPS and
the duration pattern (DPS) tests where selected, as they have
complementary results when investigating central func-
tions. A study found that the DPS test was sensitive for the
identification of brain lesions, since 95% of the patients with
such injury had altered results.' The authors recommend
that these tests be part of any battery of central tests, as they
are easy and quick to administer.>'41°

For the Brazilian population, standardizations of DPS and
PPS were performed in adults with normal hearing.!” Correct
response rates ranged from 76 to 100% in the PPS test, with a
mean of 91.27% of correct answers. In the DPS test, correct
response rates of 83 to 100% where found, with a mean of

95.87% of correct answers. Other studies performed with the
elderly also used the reference standards found in the cited
research.4® The study by Sanchez® agreed with that of
Musiek study,'® in which the DPS test was not influenced
by mild to moderate cochlear hearing loss, and that also
showed that the test can be applied in individuals with or
without cochlear hearing losses to aid in the evaluation of the
neural pattern for processing of nonverbal sounds.>'”

It is well-known that music can be a stimulus for changes in
the responses and functionality of the auditory nervous sys-
tem.'>"18 Studies with musicians have shown opportunities to
explore the impact of musical training on the neural structure
in central and peripheral auditory processing in adults.'®2%
Anatomical magnetic resonance imaging (MRI) studies in
adults revealed that the Heschl gyrus of musicians has a higher
volume than that of nonmusicians.?" Another study, among
musicians and elderly musicians, established the relation
between aging and the decline of central and peripheral
auditory processing, but did not use the DPS and PPS tests.?

In the literature, there are reports that musical training
can influence the results of the DPS and PPS tests.'® In
Brasilia, Distrito Federal, Brazil, there are many elderly choir
participants with formal musical training or with no prior
formal musical experience. A group of choir conductors of
Brasilia has>70 members, and many of them work with
older people. These elderly individuals participate actively in
choir activities, performing in concerts in theaters, churches,
and in other events, requiring regular training and rehearsals
with teachers trained to deal with the lay public.

It is postulated that the great productive activity of these
elderly people and the verbal and nonverbal auditory stimu-
lation they receive through the songs they sing could con-
tribute positively to the results of the cognitive and auditory
skills of this group.?2* However, no studies that evaluated
the central auditory processing of elderly choir participants
laymen in music were found. Therefore, the objective of the
present work is to verify the correlation between the practice
of choir music and the temporal processing of elderly indi-
viduals inexperienced in formal musical activities.

The general objective of the present study is to verify the
correlation between choir music and temporal ordering of
the elderly with no prior formal musical experience.

The specific objective of the present study is to verify the
performance of elderly choir singers in the PPS and DPS tests
according to the time of participation in the choir; to verify
the performance in the PPS and DPS tests of elderly individ-
uals who do not participate in choirs; and to compare the
performance in the PPS and DPS tests of elderly individuals
who participate and who do not participate in choirs.

Materials and Methods

Study Design
Cross-sectional study.

Ethical Considerations
The present study had its project analyzed and approved by the
Research Ethics Committee of the Faculty of Health Sciences,
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number 2,021,183. The ethical aspects that involve research in
human beings was considered, as recommended by resolution
CNS466 | 2012 of the National Health Council, regarding the
free decision to participate or not to participate in the research.
Participants signed the Free Prior Informed Consent (FPIC) and
could withdraw at any time. The right to confidentiality and
anonymity of the participants was guaranteed.

Study Area

The control and the research groups were recruited from a
social-trade entity that promotes recreational, social, and
community activities throughout the Federal District (DF).
They offer physical activities, swimming, art workshops,
lectures on health, recreational encounters, and choir activi-
ty, free of charge, to the elderly > 60 years old. When the
authors visited these places, participants were invited to
participate in the survey. Therefore, the participants had an
active and independent life. The research group was also
recruited from other choirs operating in the administrative
region of Brasilia. The present study was performed in two
DF clinics: one located in the central area of Brasilia, and
another in the administrative region of Aguas Claras. Due to
the great distances between the administrative regions of
the DF, the participants could choose the clinic that was
closer to their residence or that was more easily accessible.
The exams were performed free of charge, and participation
in the research was voluntary.

Study Population
The sample consisted of 85 elderly participants, of whom 65
were female and 20 were male, > 60 years older from Brasilia,
Distrito Federal, Brazil. It contained choir participants
(research group with 43 people) and non-choir participants
(control group with 42 people). The 43 choir participants were
divided into 3 categories by choir time. The initial group
consisted of 19 people, 15 of whom were female and 4 were
male, with 6 months to 5 years of choir participation. The
intermediate group consisted of 7 people, 5 of whom were
female and 2 were male, with 6 to 10 years of choir participa-
tion. The advanced group consisted of 17 people, of whom 15
were female and 2 were male, with > 10 years of choir partici-
pation. The control group consisted of 42 people, 30 of whom
were female and 12 were male, who never sang in a choir (choir
time equal to 0) and never had music training during their lives,
which is a fact that reflects the educational reality of Brazil.

In the present study only choirs that sang at least in four
voices (soprano, alto, tenor, and bass were included).

The following inclusion criteria were adopted:

a) Age > 60 years old;

b) Normal hearing thresholds or cochlear hearing loss of
up to 50dBNA for the average (500, 1,000, 2,000, and
4,000Hz), as recommended by the Bureau Internation-
al d’AudioPhonologie (BIAP).2>

c) Tympanometric curve type A, to exclude middle ear
changes.

d) Absence of clinical history of neurological and/or psy-
chiatric disease, collected by means of a questionnaire.

Exclusion Criteria

a) Asymmetry between the right and left ears > 10 dBHL
for the average frequencies of 500, 1,000, 2,000, and
4,000 Hz, since this makes it impossible for the 2 ears to
perform similarly in the diotic stimulation.

b) Scores in the Mini Mental State Examination below
expectations, as a potential source of bias.

¢) Choir participants who were musicians, with formal
musical training, as it would probably influence the
scoring of the choir group and would mask the effect of
choir participation for those without prior formal
music experience. Those who did not receive formal
musical training were considered as nonmusician cho-
risters. For the purpose of the present research, formal
musical training refers to a minimum of 6 years of
musical instruction by a professional musician or mu-
sical educator, through technical exercises.?2

Period of Collection
Data was collected starting in May and finalizing in
December 2017.

Method of Collection
Data collection was performed as follows:

a) Questionnaire for mapping the profile of the partici-
pants, including age, period of participation in the choir,
educational level (elementary, high school, or college),
and income categorized in minimum wages.

b) Exams:

A) Meatoscopy to evaluate the presence of cerumen that
could impair the results of the tests.

B) Tonal audiometry using an AC 40 audiometer (Inter-
acoustics, Middelfart, Denmark) and a Midimate 622
audiometer (Madsen), both with two channels and
calibrated according to ISO 8253 version 2010 for pure
tone audiometry by air and bone conduction, ISO
8252 version 2012 for speech audiometry, following
the resolution 365 of the Federal Speech Therapy
Council of March 30, 2009. Pure tones were presented
from 250 to 8,000 Hz, with a maximum intensity of
120dB, to evaluate the auditory thresholds by air
conduction, and in the frequencies of 500 to
4,000 Hz by bone conduction. Because it is a random
heterogeneous sample of elderly participants, there is
a possibility of hearing loss; therefore, the mean
auditory thresholds were calculated in 2 ways: by
the average airway thresholds in the frequencies of
500, 1,000 and 2,000, as recommended Lloyd et al.,%°
and by the average air conduction thresholds in the
frequencies of 500, 1,000, 2,000 and 4,000Hz, as
recommended by the BIAP.2®

C) Vocal audiometry: speech recognition index (SRI) and
speech reception threshold (SRT).

D) Acoustic immittance measurements: tympanometry
and acoustic reflex tests, performed with Immittances
AT 235 (Interacoustics, Middelfart, Denmark).
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E) Application of the Mini Mental State Examination test?’

(Annex II).

F) Frequency pattern test,'?® using a CD presented in a
booth with acoustic treatment by means of the com-
puter connected to the auxiliary outputs of the audi-
ometer. The test consists of the presentation of three
tones of 150 mseg and 2 intervals between the tones of
200 mseg. The tones differ in 2 frequencies: 1,122 Hz
high frequency (H) and 880 Hz low frequency (L). The
tones are combined into six different frequency pat-
terns. Fifteen combinations of humming response and
15 naming response combinations are applied, with an
interval of ~ 6 seconds between each combination. The
tones presented in the test through the sound card of
the computer to the audiometer were previously
recorded on CD.?®27 The stimuli of binaural condition
were presented to the participants at 50 dB NS, that is,
50dB above the average of the tonal thresholds of the
frequencies of 500, 1,000 and 2,000 Hz of the worst ear.
Previous training was also performed, with five combi-
nations before the start of the test. Responses are
calculated as a percentage.

G) Duration pattern test,'> using a CD presented in a booth
with acoustic treatment by means of the computer
connected to the auxiliary outputs of the audiometer.
The test consists of 30 items, each with a sequence of 3
combined pure tones of 1kHz that differ in duration:
long (L) and short (S). The long tone lasts 500 ms, and
the short tone lasts 250 ms, and the interval between
the tones is of 300 ms. The participant was asked to
name each combination after hearing it. The combina-
tion which had its three tones named correctly was
considered correct. Fifteen stimuli of binaural condi-
tion were presented at 50 dBNS, that is, 50 dB above the
average of the tonal thresholds of the 500, 1,000 and
2,000 Hz frequencies of the worst ear. Pretraining, with
presentation of 5 groups, was performed prior to the
beginning of the tests to assure the basic understanding
of these tests.

Statistical Analysis

To determine which mean comparison tests were most
appropriate for the present study, the Shapiro-Wilk normal-
ity test was performed, which identified that the data did not
follow a normal distribution. Therefore, the Kruskall-Wallis
nonparametric test was used to compare the means of the
variables of interest. When this test presented significant
results, the Dunn multiple comparisons test was applied on
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subgroups by choir time. The nonparametric measurement
test, Spearman correlation, was used to identify correlations
between the quantitative variables of average with three or
four frequencies per ear. To measure the level of association
between the profile, schooling and income, the chi-squared
test of independence of variables was used. For all tests,
a significance level (a) of 5% was considered, with a
p-value < 0.05.

Results

The research group comprised 35 women and 8 men. The
control group comprised 30 women and 12 men. Therefore,
43 participants were assigned to the research group and 42 to
the control group. The mean performances of the PPS
humming test, verbal PPS and DPS for the control and
research groups are shown in =~Table 1.

The mean values of the PPS humming and PPS verbal tests
were considered lower for the control group when compared
with the choir group. To evaluate if the means were different
based on choir time, the Kruskal-Wallis test was performed
(=Table 1).

The mean humming PPS and verbal PPS showed statisti-
cally significant differences by choir time. To identify which
categories presented differences, the Dunn test was per-
formed, which presented different means for PPS humming
scores between 0 years (no singing experience), with 59%,
and 10 years, with 90% (p = 0.0225). The other categories did
not present a statistically significant difference. The same
occurred for the averages of verbal PPS, whose difference
between the group with 0 years, with 23%, and 10 years of
choir time, with 54% (p =0.0276) (~Figure 1).

The Kruskal-Wallis mean comparison test was used to
evaluate whether there was a difference in the mean of the
tests between the groups by gender, and a statistically
significant difference was found between the the PPSverb
averages (33% female and 57% male;, p=0.0158) and the DPS
(32% female and 55% male; p=0.0062). In these cases, the
means were lower in the female group.

The mean of the tests between the education level of the
groups was evaluated using the Kruskal-Wallis mean com-
parison test. The results indicate that there is a statistically
significant mean difference for the PPSverb by schooling
(p <0.0001) at elementary school (14%), high school (30%),
and college (54%), and for the DPS by schooling (p < 0.0001)
at the 3 levels (13; 30; and 50%, respectively). The Dunn post-
hoc test was used to evaluate which categories showed
differences in the means, and a statistically significant

Table 1 Distribution of the performance means (percentage), of PPShum, PPSverb and DPS tests per choir or control

Tests Control Research KW-X2 p-value
Mean of PPShum (%) 59 78 8.25 0.004"

Mean of PPSverb (%) 23 43 11.41 0.0007*
Mean of DPS (%) 28 40 3.14 0.0760

Abbreviations: DPS, duration pattern; PPShum, frequency pattern humming condition; PPSverb, frequency pattern verbally condition.

(*): statistically significant.
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Table 2 Correlation between performance in PPS and DPS and averages per ear

PPShum PPSverb DPS
Variables Spearman p-value Spearman p-value Spearman p-value
RE1 -0,21 0.0334* - 0.09 —-0.30 0.0023*
LE1 -0.22 0.0296" - 0.1745 -0.28 0.0049*
RE2 - 0.0512 - 0.1045 -0.27 0.0066"
LE2 -0.22 0.0279" - 0.0628 —-0.32 0.0015"

Abbreviations: DPS, duration pattern; LE, left ear; RE, right ear; PPShum, frequency pattern humming condition; PPSverb, frequency pattern verbally

condition.

1=average with 500,1,000 and ,2000 Hz thresholds; 2 = average with 500,1,000, 2,000 and 4,000 Hz thresholds; (*) = statistically significant.

difference (p < 0.05) was found for all levels of schooling for
the PPSverb and DPS tests. Thus, the higher the level of
education, the higher the results of the PPSverb and DPS
tests.

To evaluate whether there was a difference in the mean of
the tests between the groups by income in minimum wages
(mw), the Kruskal-Wallis mean comparison test was used.
Although the mean of the PPShum test showed a difference
between the means (p=0.03), the Dunn test to identify
which groups were different showed no significant differ-
ence between the means. Thus, the test is inconclusive, and it
cannot be inferred that there is a difference between the
means of the PPShum test. All categories of income for the
PPSverb test (0 mw: 20%; 1-3 mw: 24%; 4-6 mw: 32%; 7-9
mw: 28%) were different from the category > 10 mws, which
had an average performance of 62% (p < 0.001). In this way,
the average PPSverb is considered higher when the income
is>10 mws. The DPS also had a statistically significant
difference (p < 0.0001). To identify which DPS category had
a mean difference, the Dunn test was performed, presenting
a statistically significant difference between the category of
between 1 and 3 mws, which had an average performance of
21%, and the category of > 10 mws, which had an average
performance of 57% (p < 0.0001).

The chi-squared association test was used to evaluate
whether there was an association between the profile (re-
search, control), schooling (p=0.0149), and income
(p=0.0219). Thus, it is considered that there was an associ-
ation between participating in choir or not and schooling and
income. Also, the control group was more representative in
the lower schooling and income brackets. The research group
was more evenly distributed among the categories of school-
ing and income.

To evaluate the correlation between the results of the PPS
and DPS tests with hearing loss through the average with
three and four tones per ear in dBHL, the Spearman correla-
tion test was used. Considering a level of significance («) of
5%, the hypothesis that the groups are not correlated is
rejected if the p-value <0.05. The results are presented
in =Table 2.

The mean of the right and left ears showed a weak
correlation and was inversely proportional to PPS humming
and DPS. The average of 4 tones of the right ear showed a
significant correlation only with DPS (p =0.0066). The aver-
age of four tones of the left ear presented a weak correlation

and was inversely proportional to PPS humming and DPS.
Thus, the hearing loss evidenced by elevated means pre-
sented a weak influence on the PPS and DPS scores.

Discussion

In its latest review, the British Society of Audiology (BSA)
included aging as a cause of acquired central auditory
processing disorder (CAPD).?° This reaffirms the well-known
process of deterioration of the auditory processing abilities
that occur with advancing age.2 The low scores in the PPS and
DPS tests found in the present research (~Table 1) agree with
a Brazilian survey conducted with elderly people with nor-
mal hearing sensitivity,” aged > 60 years old, using frequen-
cy pattern tests and duration. This research found a mean
percentage of correct answers of 67.5% in the DPS and of
49.2% in the PPS; these results are below those found in
young adults. It also found worse performance in tests with
increasing age.” Other surveys with older adults also found
low performance values in these tests.'-®

Musicians present greater proficiency for auditory cogni-
tive measures if compared with nonmusicians; specifically,
better perception of speech in noise,>° auditory working
memory, and temporal auditory acuity.?! One study that
evaluated the effect of choir musical training on the central
auditory nervous system was found. It is a longitudinal
study>? that evaluated the effect of group music lessons in
the brains of adolescents from a public high school for 2 years.
The curriculum involved band and choir activities. A control
group received fitness training rather than music lessons.
Responses to the electrophysiological examination of speech
in noise were measured before and after 2 years of training.
The musical group presented statistically significant differ-
ences (p=0.0016) with better responses, while the fitness
group did not present changes. This study was conducted in a
public American school, and the music class curriculum
included a group instrumental music study, and those stu-
dents who chose choir also had keyboard training. The same
did not happen with the choristers group analyzed in the
present study, as they never received lessons in instrumental
or musical theory, being exposed only to choir practice. This
may justify the low performance of the choir group found in
the temporal tests of the elderly of the present research
(=Table 1) when compared with musicians, in addition to
the age factor that already reduces the performance of both
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groups.3 However, the values found indicate that the aver-
ages for choir time presented a statistically significant differ-
ence between the control group (choir experience time =0)
and the group with choir time > 10 years, indicating a better
performance when the choir time is prolonged. Choir prac-
tice with people without prior musical knowledge is a tool
that provides the development of multiple skills and com-
petences.34 Cognitive changes have been described in choir
practice with the elderly, with people without any training in
music. It was noted that it was easier to prepare the reper-
toire due to the greater ability to concentrate and memorize
the lyrics and melodies,?>-?* in addition to the self-report of
feelings of improvement in learning among the participating
choristers.?3 The benefits of singing for elderly lay people in
music and even without musical gifts, however, go beyond
cognitive gains such as maintaining memory.?3?434 pleasur-
able activity increases self-esteem, personal satisfaction in
overcoming challenges, and social interaction, and, conse-
quently, results in a better quality of life.?*

No study was found in which only the performance of
choir groups in the PPS and DPS temporal tests was evaluat-
ed. A study comparing children, between music students and
non-music students® in the performance of the PPS test,
found a better performance of the children who studied
music, with a statistically significant difference (p <0.05).
Another study compared PPS among professional singers,
amateur singers, and amateur singers out of tune,*® finding a
statistically significant difference between the groups. The
group of professional singers presented a higher average of
correct answers, followed by the group of independent
amateur singers and, finally, by the group of amateur singers
out of tune. Also on popular singers, through the PPS test, a
study compared singers between the ages of 19 and 55 years
old who play musical instruments with people who only
sing.20 A statistically significant difference was found be-
tween the groups (p =0.028), with a better performance for
the group that plays and sings (mean =95.70%). The group
that only sings had a mean of 82.30%. Another study evalu-
ated violinist musicians and nonmusicians in the PPS tem-
poral test,'® obtaining better performance in the tests for the
group of musicians. A comparison was also made between
the average of the thresholds of the low and high frequencies
and of the tritonal mean and PPS scores in order to observe if
there was a correlation between them, observing that the
lower the mean values, the higher the PPS values.

According to the American Academy of Audiology
(AAA),>’ the CAP test can be performed in the elderly with
a lower degree of hearing loss and good ability to recognize
speech using tests that are less affected by cochlear hearing
loss, suggesting that the PPS is one of them. This is because
the authors found that these tests are resistant to hearing
loss, as long as the stimulus can be perceived by the
subject.!>28

In the present study, participants with presbycusis were
included. As the correlation analysis between the ear aver-
ages and the test results was weak, it was not possible to
differentiate the performances among the participants with
or without hearing loss. In a systematic review, four studies

compared the influence of hearing loss on the DPS test; only
one of them also compared the PPS test.>® The studies
agreed on the results that showed no influence of the
age-related hearing loss in these temporal tests, because
no statistical difference was found between the results of
the groups with and without hearing loss.">%3° For the
standardization of 10 auditory processing tests, including
the PPS and DPS tests, Humes et al.% evaluated 38 elderly
individuals and 40 young adults. The elderly group was
divided into subgroups with and without age-related hear-
ing loss. The elderly group presented worse performance
than the group of young adults, regardless of whether or not
they had hearing loss. The Scheffe post-hoc tests were
performed to determine the contrasts of the groups, and
the results showed that the group of elderly with hearing
loss scored significantly worse in 5 tests. However, the PPS
and DPS tests did not present a statistically significant
difference in the comparison between individuals with
and without hearing loss.*°

Confounding factors such as educational level, income, and
cognitive factors were evaluated in the present study to reduce
the risk of bias. The tests in the present study showed an
association of the educational level, an unconfirmed result in
another study with the elderly on the effect of hearing loss in
the PPS test, although with a lower number of participants.*!
This shows the need for further research on this confounding
factor. The variable educational level is considered in the
normative studies of CAP.'>'742-46 The BSA says that CAPD
often occurs along with shortcomings in executive functions,
memory, speech, and attention, and may contribute to the
disorder of these systems. Therefore, the disorder may include
auditory and cognitive elements.?’ Some Brazilian studies
excluded participants who had musical education'’*'! even
just for a few years and only in group, in a regular school. No
justification was found for this exclusion, since international
normative studies'-33:42-4446-49 4o not exclude people with
musical education offered by the regular school as part of the
curriculum, not characterizing it as a confounding factor. One
justification would be the reality of Brazilian education, which
does not usually offer music education in schools. However, in
the present study, some elderly people reported having re-
ceived musical education at school but were excluded because
they did not participate in choir and could not go to the control
group. This calls attention to the fact that, today, Brazilian
public schools do not offer music education in their curricu-
lum, not even in groups. The fact that, in the present study, the
control group never had contact with music education can
influence the low performance of this group.

To identify changes in cognitive functions, the Mini-
Mental State Examination was performed as an exclusion
criterion. Other studies evaluating PPS and DPS also per-
formed this test because cognitive factors may influence the
application and the temporal test results.**! To minimize the
effect of language on processing tests, many studies have
used nonverbal tests such as PPS and DPS.%°

The limitations of the present research should be men-
tioned. The present study reflects the Brazilian reality re-
garding musical education and may not have external
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PPS and DPS percentage scores by choir time
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Fig. 1 PPS and DPS score by choir time.

validity. However, it shows the importance of musical edu-
cation for these central auditory tests.

The number of presentations was 30 in binaural mode, 15
for each mode of PPS response (humming and verbally), and
15 in binaural mode for DPS. At first, the test was performed
with 30 presentations for each condition, as recommended
in the literature,’® but the participants complained about the
time they were inside the booth, without air conditioning.
Therefore, it was necessary to reduce the number of pre-
sentations. Fadel et al.>" used the pitch matching test with a
sequence of 10 sound tasks, the first 5 of which were
synthesized sound and, the last 5, sound recordings of the
vowel | u /, to assess the accuracy in the reproduction of
sounds. They also applied the PPS with 10 items in each ear to
be able to correlate the results of the 2 tests. The authors
identified interesting correlations between good vocal accu-
racy in the PMT and performance in the PPS test. Bamiou
et al®? applied the PSS with 20 items for each ear assessed
separately. Humes et al.** does not describe the number of
items evaluated but evaluated only the left ear. Parra et al.’
presents 30 items for each ear separately. Studies with the
elderly using these temporal tests range from 15 to 60
presentations, in monaural or binaural mode,>%°3:54 dem-
onstrating that despite efforts to standardize the tests, some
factors related to the sample, to the duration of the complete
research protocol, to the internal temperature of the booth,
or even to respiratory discomfort, makes impractical to
prolong time in a soundproof booth, leading to adjustments
in the test application methodology, without prejudice to the
interpretation of data.

The age factor was considered without stratification, and
the collection was done with active and independent elderly
people, since those who did not participate in choir partici-
pated in a program for the elderly that demanded several
physical, sports, and social activities and lectures during the
week. A survey of the elderly with normal hearing sensitivity
found that the older the age, the lower the score on the tests.”
Other studies with PPS observed the effect of aging on the
central auditory nervous system.”* However, a PPS study, in
which the elderly were divided into 3 groups, one from 60 to
65 years old, another from 66 to 70 years old, and the last one
> 71 years old, did not find a significant difference between
the groups.®

The profile of the choristers compared with the control
was also a limitation of the research, since low income and
non-participation in choir may be confounding factors,
although the control group had the same opportunity as
the choir group to choose the choir activity offered by the
free service provided to the elderly but did not choose choir
singing. In the present research, the profile of people who
enjoy choir singing was higher in both schooling and income.
Future research could clarify these preferences.

Conclusion

The findings of the present study indicate a better perfor-
mance in the temporal ordering of the elderly with choir
experience, in the research group, in relation to those with no
choir experience in the control group, with a statistically
significant difference between the group that does not
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participate in choir and the group with > 10 years of choir for
the PPS test verbal and humming condition. No statistically
significant difference was found for the DPS test between
choir and non-choir groups, not even for time of participa-
tion in choir among the elderly with choir experience.
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