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Factors related to the performance of
elderly people in temporal ordering tests

Fatores associados ao desempenho de idosos
nos testes de ordenacao temporal

ABSTRACT

Purpose: To describe the performance of elderly individuals in Pitch Pattern Sequence (PPS) and Duration
Pattern Sequence (DPS) tests and research related factors. Methods: An observational, cross-sectional study
conducted with elderly people aged 60 to 79 years. The participants underwent cognitive screening tests, interviews
containing socio-demographic data and general health, as well as audiologic evaluation and temporal auditory
processing (PPS and DPS) evaluation tests. A descriptive analysis of the association between the performance in
temporal processing and the variables gender, age, level of education and audiometric alterations was conducted
through multiple linear regression. Results: 86 elderly people participated in the study, most of them female,
with ages between 60 and 69. Male participants performed better in both tests as well as the participants with
higher education, whereas no difference in performance was observed across the different age ranges. In the
DPS, the participants with auditory alteration performed worse in relation to the ones with average frequencies
0f 0.5 to 4 kHz. Conclusion: The male gender and higher level of education were associated with better results
in the temporal ordering tests, whereas auditory alteration was associated with worse performance only in the
pitch pattern sequence test.

RESUMO

Objetivo: Investigar os fatores associados e descrever o desempenho no teste padrao de frequéncia e teste padrdo
de duracao em idosos. Método: Estudo observacional, seccional, conduzido com idosos de 60 a 79 anos. Os
participantes realizaram teste de rastreio cognitivo, entrevista contendo dados sociodemograficos e de satde geral,
avaliagdo audiologica e testes de avaliagdo do processamento auditivo temporal (padro de frequéncia e padrao
de durag@o). Foi conduzida analise descritiva da associagdo entre o desempenho nos testes de processamento
temporal e as variaveis: sexo, idade, nivel de escolaridade e alteragdes audiométricas, por meio da regressao
linear multipla. Resultados: Participaram do estudo 86 idosos, sendo a maioria do sexo feminino, com idade
entre 60 e 69 anos. O desempenho para ambos os testes foi melhor nos homens e nos idosos com maior nivel
de escolaridade e similar nas diferentes faixas etarias. No teste padrao de frequéncia, idosos com alteragdo
auditiva apresentaram pior desempenho do que aqueles com média nas frequéncias de 0.5 a 4 kHz normal.
Conclusiao: O sexo masculino e maior nivel de escolaridade estao associados ao melhor desempenho nos testes
de ordenagao temporal, enquanto a alteragdo audiométrica apresenta associagdo com o pior desempenho apenas
no teste padrao de frequéncia.
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INTRODUCTION

Hearing loss due to age-related degenerative changes is
known as presbycusis, and is characterized by sensorineural
impairment accompanied by reduced hearing sensitivity to
pure tones, especially at high frequencies). Coser et al.®)
described the existence of significant hearing complaints in
individuals without an audiological diagnosis compatible with
the magnitude of the complaint. Thus, it is believed that there
may be alterations at the Central Auditory Processing (CAP)
level — not identified by the basic audiological assessment.

Studies have shown a relation between aging and decline in
auditory capacity; however, the involvement of Central Auditory
Nervous System (CANS) structures depends on extrinsic and
intrinsic variables to which the individual is exposed throughout
life. Extrinsic variables include the use of medication and exposure
to noise, while intrinsic ones include genetic predisposition®.

Temporal auditory processing reflects the individual’s
ability to process acoustic stimuli within a given time interval
and seems to be the capacity most affected by aging®. Among
temporal skills, ordering refers to discrimination of the order
of occurrence of acoustic stimuli within a time interval and is
directly related to speech comprehension®.

Clinically, the tests used to assess temporal ordering skills
are the Pitch Pattern Sequence (PPS) and the Duration Pattern
Sequence (DPS), which assess, respectively, the ordering of
sequences of sounds that differ by stimulus frequency (pitch)
or duration®. These tests were developed by Musiek in 1994
in the United States of America (USA), and are sensitive to
changes in temporal hemispheric areas and interhemispheric
connections®. Studies in Brazil have been investigated the
performance of these tests in adult individuals. For young adults
aged between 17 and 30 years, Corazza™ observed correct answers
above 76% for the PPS and 83% for the DPS. Parra et al.®), by
evaluating elderly subjects aged over 60 years and with normal
hearing, found that the percentage of correct answers was 49%
for the PPS and 67% for the DPS, which could show an inverse
correlation between age and test performance.

However, further studies have shown that central auditory
skills can be influenced by gender, peripheral hearing loss and
education level®!), Despite the contributions of Corazza™
and Parra et al.®, these factors were not considered in their
analyses; thus, using the standards established in these studies
to interpret results in the elderly may not be the most suitable
path, as it disregards the idiosyncrasies of this population®.

In view of the above, the present study aimed at describing
the performance of the elderly in the PPS and DPS tests as well
as investigating associated factors.

METHODS

Study participants

The present study, observational and analytical, was conducted
from June 2018 to January 2019, with a baseline population of
individuals aged between 60 and 79 years of age who attended
social and health centers of reference for the elderly located in
Northeast Brazil. The study included individuals without a history
of Traumatic Brain Injury (TBI) or stroke (or cerebrovascular

accident (CVA)), who had neither a diagnosis of severe psychiatric
disorders nor neurodegenerative diseases. Those diagnosed
with conductive, mixed, or sensorineural hearing loss!'? with
at least a moderately severe degree"? in one ear were excluded.
Moreover, those who presented an altered cognitive status
were excluded, as well as those who were identified using the
Portuguese version of the cognitive screening instrument, the
Montreal Cognitive Assessment (MoCA)¥, and those who did
not perform all assessment procedures proposed for the study.

Collection procedures

Evaluation procedures were carried out at the Audiology
Department of a public teaching institution in Northeastern Brazil.
Initially, a meatoscopy was performed and, in the presence of
obstruction in the external acoustic meatus, the individual was
referred to an otorhinolaryngologist, returning for the evaluation
procedures. After this step, cognitive aspects were evaluated using
the MoCA. The maximum score obtained in this instrument is
30 points, and values below 26 suggest cognitive impairment.
In individuals with less than or 12 years of formal education,
one point was added to the final test score!?.

The individuals, then, answered the interview created for
the study, containing socio-demographic data (age, gender and
education level) and clinical information on general health
(diabetes and hypertension).

Audiometric evaluation was carried out in an acoustic booth,
with equipment properly calibrated according to ISO 825319,
All procedures were carried out by the same researcher, duly
qualified and using a single piece of equipment. To start with,
the Speech Reception Threshold (SRT) was used, and then the
PPS and DPS tests were carried out. The order in which the
procedures were carried out was adopted with a view to ensure
greater attention and reliability in the responses, minimizing
the possible effects of fatigue and lowered concentration of
the individual during the tests. In addition, the initial temporal
processing test (PPS or DPS) was alternated according to the
individuals entry into the study, in order to minimize interference
of these factors in the second test to be performed, as well as
the possible effect of learning on the results.

To perform the PPS and DPS tests, a Samsung tablet coupled
to an Interacoustics audiometer model AC40 was used as
well as the TDH 39 supra-aural headphones. Both tests were
carried out binaurally, at the intensity of 50 decibels sensation
level (dB SL), from the SRT obtained, presenting three initial
training sequences and 30 evaluation sequences. Individuals
who, after three trials, were unable to correctly discriminate
the sequences established for training were invited to return for
a new evaluation at a later date. Those who failed to complete
the training were excluded from the study.

In the PPS, pure tones were presented at frequencies of
1122 Hz (high) and 880 Hz (low)®. For the DPS, sequences
of three 1000 Hz tones were presented, differing in duration —
short (250 ms) or long (500 ms)©. The individuals were asked
to name the sounds in the perceived order of presentation in the
PPS as being of “high” or “low” frequency, and in the DPS, as
“long” or “short”. Afterwards, the percentage of correct answers
in each test was recorded.
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After the CAP tests, threshold tonal audiometry was done
with air conduction, at the frequencies from 250 to 8000 Hz,
and bone conduction, at the frequency range of 500 to 4000 Hz,
whenever any air threshold was equal to or higher than 25 dB HL.

Data analysis

For analysis purposes, age was stratified into two age groups:
60 to 69; and 70 to 79 years. Education was divided into three
levels: Elementary School (illiterate, incomplete or complete
— 0 to 8 years of formal schooling); High School (incomplete
or complete — 9 to 11 years of formal schooling); and College
(incomplete or complete graduation, incomplete or complete
post-graduation — 12 or more years of formal schooling).

Audiometric alteration was so defined when mean thresholds
obtained in the frequencies of 0.5, 1, 2 and 4 kHz were higher than
25 dB19, In order to investigate the frequency of this alteration,
the results obtained in the best ear was used, as it represents
the individual’s social functioning, from the communicative
point of view!".

A descriptive analysis of the performance regarding the
study population in the temporal ordering tests was carried out,
according to the variables gender, age range, education level
and clinical characteristics (audiometric alteration, diabetes and
hypertension). Information about clinical variables (diabetes
and hypertension) was obtained from the subjects answers and
analyzed according to the presence (“yes”) or absence (“no”
of disease.

Results of the temporal ordering tests were compared with
the normality standard established for adults by Corazza™, where
averages of correct answers above 76% and 83% for the PPS
and DPS tests, respectively, were considered.

Statistical analysis

The analysis was performed using the R software, version
3.6.1. To check the normality of data distribution, the Shapiro-Wilk
test was used for graphical analysis and analysis of the symmetry
and flattening of the distribution. The chi-square or Fisher’s exact
test was used to identify associations between nominal variables,
and the #-student test or Analysis of Variance (ANOVA) was
used for associations between quantitative variables according
to groups of interest followed by Bonferroni’s a posteriori test.
The significance level established for this study was 5%.

The selection of variables included in the multiple linear
regression model followed the criterion of p <0.20"® in the
univariate (analysis) association and was conducted using the
stepwise (regression) method, which excludes from the model
the variables whose parameters are not shown to be statistically
significant at the 5% level. Considering its relevance in the CAP
test performance according to previous studies, audiometric
alteration was inserted into the regression model despite not
meeting this criterion.

Ethical considerations

This study was approved by the Research Ethics Committee
of the proposing entity, under opinion number 2.268.734. All
participants signed the Free and Informed Consent Form (ICF)
prepared for the study.

RESULTS

A total of 164 individuals were invited to participate in the
study. Of these, 30 did not show up for the evaluation procedures
and three were not eligible for the study due to a history of TBI
or stroke. Of the 131 who did attend, 39 were excluded, where
the most frequent reason for exclusion was an alteration in the
result of the MoCA cognitive screening test (n=27), followed
by a diagnosis of mixed or conductive hearing loss (n=7) and
also for failing to perform the auditory processing tests (n=5)
even after two evaluation attempts. Six female individuals over
the age of 80 were not considered for analysis because no male
individuals in the same age range had been included in the study.

Thus, the sample consisted of 86 individuals, of which 28 were
men, with a mean age of 68.3 (+ 5.9) years and a maximum
age of 79. Of the 58 women included in the study, the mean
age was 66.2 (+ 4.19), with a maximum age of 76. Table 1
shows that younger seniors predominated in the sample (from
60-69 years). There was no statistically significant difference
in levels of education between men and women, as well as
presence of diabetes and hypertension. We noticed a difference
in the distribution between genders in relation to age range and
the presence of audiometric alteration.

Regarding individuals with hearing loss in the sample, we
noticed that mean hearing threshold values show a descending
audiometric configuration, with preservation of hearing thresholds
up to 2 kHz and greater variability of these in high frequencies
(Figure 1).

Considering the current standard of normality for adults?”,
we found in the PPS test that 63.8% of women and 32.1% of
men would be classified as altered. In the DPS test, 81% of
women and 46.4% of men would be identified as showing
altered performance.

The mean percentage of correct answers in the PPS was 85.3
(+12.5) for men and 73.7 (£14.6) for women, and in the DPS,
81.5(¢15.9) and 70.7 (+17.0) for men and women, respectively.
Both tests showed a statistically significant difference between
genders (p=0.001 for the PPS and p= 0.005 for the DPS).

Analysis of the percentage of correct answers in the temporal
ordering tests according to gender (Figures 2 and 3) could reveal
that half of male individuals or more got more than 90% of
correct answers in the tests, while for females the frequency
of correct answers in this same percentage range was under
25%. Additionally, it was found that the percentage of correct
answers in the tests was similar between genders up to 40%
and, from this value on, the number of females who reached a
higher score was significantly lower than that of males.

Investigating the performance in temporal ordering tests in
relation to possible associated factors, we observed a statistically
significant difference between mean test scores in relation to
level of education for females (Table 2). It was observed that
those with higher education (high school and college) had 10%
or more correct answers than individuals with lower education
(elementary school).

Figures 4 and 5 show the frequency of females corresponding
to each percentage of correct answers in the PPS and DPS tests,
respectively, with respect to the various levels of education. It
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Table 1. Socio-demographic and clinical characterization according to the gender of the studied population

Variables N =286 Male (N=28) Female (N=58) p-value
N (%) N (%) N (%)
Age
60-69 62 (72.1) 16 (57.1) 46 (79.3) 0.032*
70-79 24 (27.9) 12 (42.9) 12 (20.7)
Education level
Elementary School 30 (34.9) 8 (28.6) 22 (37.9) 0.665
High School 35 (40.7) 12 (42.9) 23 (39.7)
Higher Education 21 (24.4) 8 (28.6) 13 (22.4)
Audiometric alteration**
25 (29.1) 13 (46.4) 12 (20.7) 0.014*
Diabetes
14 (16.3) 4(14.3) 10 (17.2) 1.000
Hypertension
46 (53.5) 16 (57.1) 30 (51.7) 0.637

*Value of p < 0.05; **Average values in the frequencies of 0.5, 1, 2 and 4 kHz > 25 dB. Source: Research data
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was found that, as the percentage of correct answers increases,
the frequency of individuals in level 1 decreases, and that the
number of females in levels 2 and 3 is similar for all percentages
of correct answers in the tests.

The multiple linear regression analysis of factors that
influence performance in temporal ordering tests revealed that
the variables gender, audiometric alteration and education
level were associated with the PPS (Table 3) and, in the
DPS, there was an association with gender and education
level (Table 4).

Table 2. Analysis of factors associated with performance in the Pitch Pattern Sequence (PPS) and Duration Pattern Sequence (DPS) tests

according to gender

Male Female
Variables/gender PPS DPS PPS DPS
Average (DP) p-value Average (DP) p-value Average (DP) p-value Average (DP) p-value
Age range
60-69 years 85.4 (14.2) 0.993 77.9 (18.7) 0.141 74.4 (15.7) 0.469 711 (17.8) 0.592
70-79 years 85.3 (10.7) 86.2 (10.0) 71.0 (9.0) 68.1 (14.0)
Education level
Elementary School 85.4 (13.7) 0.586 81.4 (18.4) 0.403 65.8 (11.9) A*  0.003*  62.7 (18.2) A*  0.022*
High School 82.9 (12.1) 77.5(15.7) 77.8 (15.4) B* 75.5(12.3) B*
Higher Education 89.0 (12.8) 87.5(13.8) 80.0 (11.7) B* 74.8 (18.7)
Audiometric alteration***
<25dB 87.0 (14.8) 0.467 80.9 (19.5) 0.830 75.6 (14.6) 0.053 70.8 (17.9) 0.756
>25dB 83.5(9.4) 82.1 (11.1) 66.5 (12.5) 69.1 (13.8)
Diabetes
Yes 88.7 (10.9) 0.569 75.5 0.429 73.8 (15.8) 0.992 74.0 (14.1) 0.476
No 84.8 (12.9) 82.4 73.8 (14.5) 69.7 (17.6)
Hypertension
Yes 86.5 (12.3) 0.587 81.9 (16.9) 0.878 73.6 (15.2) 0.926 68.8 (18.2) 0.446
No 83.8 (13.2) 80.9 (15.2) 73.9 (14.2) 72.2 (15.8)

*Distinct letters within the same variable indicate statistically significant differences; **Value of p < 0.05; ***Average values in the frequencies of 0.5, 1, 2 and

4 kHz > 25 dB

Caption: PPS = Pitch Pattern Sequence Test; DPS = Duration Pattern Sequence Test; SD = Standard Deviation. Source: Research data

Table 3. Multiple linear regression analysis for performance in the Pitch Pattern Sequence Test (PPS) according to gender, age, hearing impairment

and education

Variables Coefficient p-value (95% CI)
Age removed 0.889* -
Female gender -12.60 0.000 [-18.80 — (- 6.40)]
Audiometric Alteration -7.66 0.021 [-14.12 - (- 1.19)]
Elementary School 7.25 0.028 (0.79-13.72)
High School 12.19 0.002 (4.75-19.63)
*>0.05

Caption: Cl = Confidence Interval; adjusted R? = 0.2399. Source: Research data

Table 4. Multiple linear regression analysis for performance in the Duration Pattern Sequence Test (DPS) according to gender, age, hearing

impairment and education

Variables Coefficient p-value Cl
Age Removed 0.896* -
Female Gender -10.08 0.009 [-17.58 — (-2.58)]
Audiometric Alteration Removed 0.788* -
Elementary School 7.73 0.061 (-0.35-15.82)
High School 10.79 0.023 (1.583 - 20.06)
*>0.05

Caption: Cl = Confidence Interval; adjusted R? = 0.1220. Source: Research data
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DISCUSSION

The literature states that central auditory skills are influenced
by socio-demographic and clinical variables®'V. However, most
studies in the elderly population do not consider these factors
for interpretation of the results regarding temporal ordering
tests. Thus, investigating the associated factors and describing
the performance of elderly people in the PPS and DPS tests will
contribute for accurate diagnosis and rehabilitation of auditory
processing difficulties in this population.

The results of the present study revealed that performance
in the PPS and DPS tests in elderly individuals was associated
with gender and education level. The presence of audiometric
alterations was found to be associated only with the PPS test.

These results were evidenced by the higher performance of
men in the temporal ordering tests, regardless of age range, as
well as a better performance of individuals with a higher level
of education and of those who obtained a lower than 25 dB
mean in the frequencies of 0.5 to 4 kHz in the PPS.

When analyzing the age range of individuals, some authors
could corroborate the current investigation®!?; however, other
studies have identified a decline in temporal ordering skills with
advancing age®2°. It is possible that after 60 years of age, which
is the age range of the participants in this study, reduction in
the performance of temporal ordering tasks is lower than in the
transition between adulthood and senescence. Additionally, it
is believed that the most significant changes in central auditory
processing, which culminate in a decline in auditory skills in
the elderly, take place after 80 years of age; however, this age
range was not assessed in the current investigation.

In the literature, the mean value of correct answers in
temporal ordering tests in adult individuals was described by
Corazza, and compared to the present study, we noticed that
the mean value of correct answers in women was lower for the
PPS (73.7%) and the DPS (70.5%). As for men, the average
percentage of correct answers in the PPS was higher (85.3%),
and in the DPS was slightly lower (81.5%). Although the author™”
stated that the performance of men was higher than that of
women, the percentage of correct answers according to gender
was not identified, which makes it difficult to compare results.

In other investigations with elderly individuals described in
the literature®!9), the percentage of correct answers was lower
than that identified in the current study, ranging from 47 to 68%.
However, most of the participants in these studies were women
and, since this variable was not considered in the presentation
of results, we believe that the percentage found reflects with
greater precision the profile of women’s performance in these
tests, which is lower than that of men, as mentioned above.

The literature describes the difference between genders in
the performance of temporal ordering tests, corroborating the
current investigation, and the authors emphasize the importance
of setting normality standards accounting for this variable®2?.
The difference between genders, with better performance for
males in behavioral hearing tests, is also described in other
auditory skills®". However, most studies investigating temporal
ordering in the elderly population®®!? did not consider gender

for analysis, which makes it difficult to compare their findings
with the present study.

Regarding the difference in performance in temporal
ordering tests between genders, we suggest that there may be a
relationship with other aspects that do not directly involve the
central auditory system. It is known that cognition is essential
for auditory processing, and authors have reported that cognitive
decline happens more slowly in men®?. Moreover, they performed
better in tests involving processing strategies, which can favor
discrimination, memorization and later evocation of the stimuli
in the order presented®.

Education level has been described in the literature as a
factor that influences performance in tests assessing temporal
resolution and ordering!?¥, which confirms the findings of
this study. Although Lenehan et al.*® suggested that current
scientific evidence did not allow for a consistent association
between schooling and decline in specific cognitive functions,
the literature review conducted supports the theory that a higher
schooling level predisposes to better cognitive reserve. Thus, it
is possible to surmise that this reserve may favor performance
of tasks mediated by cognitive functions, resulting in better
performance in temporal ordering tests by older adults with
more schooling. On the other hand, the lower performance in the
ordering tests of the elderly with lower education levels in our
study, even without scores indicating cognitive impairment in the
MoCA, may reflect a greater vulnerability to the development
of a cognitive decline®® not detectable by the instrument.

Since the tasks involved in temporal ordering tests require
cognitive-linguistic abilities, demand for information processing
may reflect not only auditory abilities, but also a better
understanding of the test execution®. The biological plausibility
of this relationship can be explained by the greater volume of
white and gray matter, especially in the temporoparietal and
orbitofrontal lobes, described in elderly people with higher
levels of education, which, according to the authors, would
compensate for the signs of cognitive decline®”. It is also
important to consider that, throughout life, neuronal activation
resulting from intellectual experiences allows for the dynamic
construction of cognitive reserve, which depends mostly on
genetic and socio-economic aspects, schooling and type of
professional activity®®.

The relationship between temporal ordering tests and
hearing loss is controversial®!?%. Studies that have been
shown a relation between peripheral hearing loss and temporal
processing®” could state that sensorineural alteration reduces
the strength of temporal coding at a more peripheral level of
auditory processing. Furthermore, synaptic losses and cochlear
degeneration imply a reduction in redundancy of neural coding
and possible changes in central auditory processing, justifying the
difficulty in speech perception, especially in noisy environments®.
We should also consider that in audiometry the frequencies
of 500, 1000 and 2000 Hz are assessed; however, it is not
known for sure if there is sound distortion in the frequencies
assessed by the test (880 and 1122 Hz), which could justify
the association found in the current study between DPS and
audiometric alteration.
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It is likely that the higher frequency of younger individuals,
aged up to 69 years, has contributed for age not being identified
as a variable that affects performance on the test. Although this
relationship was not verified, we noticed a high frequency of
alterations in temporal ordering ability, when considering the
normality standard established for adults. This fact pointed out
to a difference in performance of adults and elderly in the tests,
which leads to the conclusion that this standard should not be
used to evaluate the elderly.

The findings of this study should be interpreted with
caution due to potential methodological limitations. Since this
was a convenience sample, the implications of selection bias
cannot be ruled out. In addition, we did not investigate elderly
individuals over 80 years of age. Despite these limitations, the
results of the present study contributed to a better understanding
of aspects that need to be considered when interpreting the
results of temporal ordering tests in the elderly. Some of these
aspects were observed with greater frequency in this population
because they were associated with the aging process, such as
hearing loss®” and cognitive decline®, or with issues that imply
greater difficulties during senescence, such as low schooling,
which may result in lower cognitive reserve. Thus, in addition
to being considered in the interpretation of results, these aspects
should guide development of strategies that promote care and
assistance to this population, contributing to more effective
communication and socialization processes.

CONCLUSION

Based on the results obtained in the present study, it was
possible to conclude that elderly men aged between 60 and
79 years presented better performance in temporal ordering
tests when compared with females of the same age range.
Education level, likewise, is a factor influencing performance
in temporal ordering tests and, therefore, must be considered
when analyzing results. Moreover, the audiometric alteration
analyzed in this study was associated with the performance of
the elderly in the PPS test.
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