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ABSTRACT
Objective: to generate reference values for different central auditory processing tests, 
investigating the influence of peripheral hearing and considering education and cogni-
tion, in the elderly. 
Methods: a prospective, quantitative and cross-sectional study. The casuistry con-
sisted of 23 elderly, aged between 60 and 81 years old, being 8 men and 14 women. 
Regarding the audiological characteristics, the elderly were included with normal audi-
tory thresholds or mild and moderate sensorineural hearing loss, classified by the 
quadritonal average, proposed by the World Health Organization. All elderly underwent 
Basic Audiological Evaluation, Edinburgh Handedness Inventory, Mini Mental State 
Examination, and seven central auditory behavioral tests. Statistical analysis was per-
formed using the nonparametric Mann-Whitney U test. 
Results: the Adapted Time-Compressed Speech Test was influenced by the peripheral 
hearing loss, in both ears (p-value = 0,000), and no significant differences were found 
in the other data analyzed. 
Conclusion: reference values were generated for the different behavioral tests. Hearing 
loss influenced the results of the Adapted Time-Compressed Speech Test, suggesting 
that it should not be applied in the elderly with peripheral alteration. Regarding edu-
cation and cognition, there was a similarity among the elderly with normal hearing 
thresholds and those presented with hearing loss.
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INTRODUCTION

Aging accompanies biological changes, which 
are intrinsic, although influenced by environmental 
factors; psychological, related to the behavior of the 
subject; and social, interfering in his role in society1,2. 
Among the sensory deprivations that affect the elderly, 
hearing is one of the most harmful communication3. All 
these aspects enable social isolation, depression and 
reduced cognitive function4,5. Thus, the importance 
of studying the aging process is evident, when these 
facts are added to the current increase in the elderly 
population6.

Modifications affecting the central auditory system 
may damage the functioning of auditory processing, 
which is responsible for the efficiency with which sound 
information received from the peripheral system is 
used. This process requires auditory skills, responsible 
for the interpretation and analysis of stimuli7. There are 
numerous tests that measure these skills in situations 
that resemble daily living activities8-11. 

The evaluation of these skills is accompanied by 
important particularities, as they may be influenced 
by education, hearing loss12, age13,14, hypertension 
and diabetes15. Even motivation and fatigue can 
compromise the subject’s performance in behavioral 
tests16, thus explaining how delicate and individual the 
evaluation17. 

Faced with the growing aging, and understanding 
the uniqueness of this population, this study had as 
justification, to find more appropriate reference values. 
This, in order to contribute to the improvement of the 
evaluation and the rehabilitation process of the elderly. 
Therefore, this study aimed to generate reference 
values for different behavioral tests of central auditory 
processing, studying the influence of peripheral hearing 
and considering the variables education and cognition. 

METHODS

This is a prospective, quantitative and cross-
sectional study. This research was analyzed and 
approved by the Research Ethics Committee of the 
Federal University of Santa Maria, RS, Brazil, under 
number 78740117.3.0000.5346. The procedures 
were performed at the Audiology Clinic of a university 
hospital. All elderly in the sample nodded their voluntary 
participation, signing the Informed Consent Form, 
following the ethical precepts of Resolution 466/12 of 
the National Health Council.

The following eligibility parameters were adopted: 
age 60 years old or over; of both genders; Brazilian 
Portuguese as a native language; a minimum of three 
years of education, referred to; pure tone hearing 
thresholds within the normal or average range of 500, 
1000, 2000 and 4000 Hz (Hertz) up to 55 dB, using the 
World Health Organization classification18; minimum 
performance of 76% in the Percentage Index of Speech 
Recognition (PISR); up to 10 dB difference between 
the right and left ear auditory thresholds, configuring 
symmetry between the ears19. 

All subjects also had right hand preference, 
indicated by the Edinburgh Handedness Inventory. 
Normality in the Mini Mental State Examination (MMSE), 
according to years of education, proposed in 200320 
(illiterate - 20 points; from 1 to 4 years of education - 
25 points; from 5 to 8 years of education - 26.5 points; 
from 9 to 11 years of education - 28 points, and over 12 
years - 29 points). The Dichotic Digits Test (DDT) was 
used as a screening, so the sample presented normal 
performances, using the reference criterion loyal in 
the literature, being for normal hearing individuals: 
percentage greater than or equal to 78% correct; for 
elderly with hearing loss: score greater than or equal to 
60% correct21.

Illiterate subjects with a history of brain injury (BI), 
stroke, evident speech, psychiatric or neurological 
disorders, tympanometric curve B or C and who 
used the Individual Sound Amplification Device were 
excluded.

115 elderly people were contacted, but of these, 
three showed interest and could not be contacted, 
14 refused to participate in the research, six were 
excluded due to history of stroke, three due to TBI 
(Traumatic Brain Injury), ten for presenting conductive 
impairment, 14 due to asymmetrical hearing loss, 
five with PISR below the inclusion criteria, three with 
altered MMSE, three illiterate, nine marked the evalua-
tions, but did not attend, one due to Machado-Joseph 
disease and one due to present thresholds worse than 
55dB, 13 excluded due to change in DDT and 7 due to 
asymmetry between ears. Finally, the sample consisted 
of 23 elderly, aged 60 to 81, average of 66.6 years old, 
being 8 men and 14 women.

All subjects underwent the basic audiological 
evaluation, consisting of audiological history, visual 
inspection of the external acoustic meatus, pure tone 
audiometry, logoaudiometry and acoustic immittance 
measures. In addition, the Edinburgh Handedness 
Inventory and the MMSE were applied.
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To generate the reference values, the following tests 
were performed: DDT; Dichotic Sentence Identification 
Test (DSI); Masking Level Difference (MLD); Adapted 
Time-Compressed Speech Test (FCA); Randon Gap 
Detection Test (RGDT); Frequency Pattern Test (FPT) 
and Duration Pattern Test (DPT), from Auditec® 
version. All were applied with the intensity of 40 dB NS 
to 50dB NS above the tritonal average (500, 1000 and 
2000 Hz), varying according to the test. 

The result of each analysis was considered signif-
icant when ≤ 0.05, with a 95% confidence interval. 
For the results, descriptive analyzes were included 
and, in comparisons in general, the nonparametric 
Mann-Whitney U test was used. 

The mean value presents greater reliability when the 
results have little variation between the minimum and 

maximum. In the present research, these values were 
considered due to the representation of the variability 
that exists in the elderly population. In addition to the 
mean, for reference values, a standard deviation should 
be considered for each behavioral test. 

RESULTS

Table 1 shows the sample descriptive data and 
their respective comparisons between normal hearing 
thresholds and hearing loss. Remembering that 
these elderly people had normality in DDT, used as 
a screening of this research. It is noteworthy that the 
mean values of age, education and cognition are close 
in both groups. 

Table 1. Description and comparison of the variables age and quadritonal average for the elderly with normal hearing thresholds and 
those with hearing loss

Variables Report N Average SD Min Max P-value

Age (years old)
N. T. 12 64.42 4.91 60.00 75.00

0.180
H. L. 11 67.27 6.07 60.00 81.00

RE average (dB)
N. T. 12 17.92 4.63 10.00 23.75

0.000
H. L. 11 35.91 5.84 26.25 48.75

LE average (dB)
N. T. 12 16.45 5.09 5.00 23.75

0.000
H. L. 11 35.68 6.00 28.75 46.25

Education
N. T. 12 6.00 2.22 4.00 11.00

0.202
H. L. 11 4.82 2.93 3.00 11.00

MMSE
N. T. 12 28.42 1.62 26.00 30.00

0.109
H. L. 11 27.27 1.62 25.00 30.00

Legend: MMSE: Mini Mental State Examination; N: sample; SD: standard deviation; Min: Minimum; Max: maximum.
Total sample number: normal hearing thresholds: 12; hearing loss: 11.
Statistics: Descriptive analysis and Mann-Whitney U test, significant p-value <0.05 (5%).

The following are the reference values (Table 2) 
for the dichotic tests (DDT and DSI) and the monau-
rally applied FCA, organized by ear. It is evident that 
the higher the degree of peripheral hearing loss in the 
elderly, the lower the average values found for the FCA.

Table 3 shows the reference values for the central 
auditory processing behavioral tests, applied binaurally. 

It is noteworthy that the performance of the elderly 
with normal thresholds was better in all tests, showing 
a greater difference in the DPT and RGDT tests, but 
without statistical difference. 

Figure 1 shows the final values suggested for the 
elderly population, according to peripheral hearing, 
taking into account the use of a standard deviation. 
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Table 2. Reference values and complete descriptive of monoaural and dichotic behavioral tests for the elderly with normal hearing 
thresholds and those with hearing loss

Right ear Report N Average SD Min Max P-value

RE DDT
N.T.. 12 93.75 5.49 85 100

0.192
H.L. 11 87.27 11.32 67.5 97.5

RE DSI integration
N.T. 12 90.00 8.53 70 100

0.101
H.L. 8 81.25 13.56 60 100

DSI Dir RE
N.T. 12 91.83 9.96 70 100

0.196
H.L. 8 91.25 9.91 80 100

RE FCA
N.T. 12 71.33 4.77 64 80

0.000
H.L. 11 41.45 8.05 32 60

Left ear Report N Average SD Min Max P-value

LE DDT
N.T. 12 86.83 5.79 80 95

0.708
H.L. 11 84.54 9.90 67.5 95

LE DSI integration
N.T. 12 74.16 13.11 50 90

0.695
H.L. 8 68.75 23.57 30 100

DSI Dir LE
N.T. 12 93.33 6.51 80 100

0.221
H.L. 8 80.00 23.90 30 100

LE FCA
N.T. 12 73.33 5.99 64 80

0.000
H.L. 11 52.91 9.01 40 68

Legend: RE: right ear; LE: left ear; SD: standard deviation; Min: Minimum; Max: maximum; N: number; Dir: directed; DDT: dichotic digit test; DSI: dichotic sentence 
identification test; FCA: adapted time-compressed speech test.
Total number: normal hearing thresholds: 12 subjects; hearing loss 11 subjects.  
Statistics: Descriptive analysis and Mann-Whitney U test. significant p-value <0.05 (5%).

Table 3. Reference values and complete descriptive of binaural behavioral tests for the elderly with normal hearing thresholds and those 
with hearing loss

Tests Report N Average SD Min Max P-value

DPT
N.T. 12 87.78 12.50 63.33 100.00

0.287
H.L. 11 80.00 18.32 36.66 100.00

FPT
N.T. 12 94.99 6.28 83.33 100.00

0.379
H.L. 11 92.12 8.73 70.00 100.00

RGDT
N.T. 12 18.58 33.14 3.50 122.50

0.288
H.L. 11 33.34 46.09 5.00 147.50

MLD
N.T. 12 16.00 3.72 10.00 22.00

0.487
H.L. 11 14.91 3.14 10.00 22.00

Legend: N.T .: Normal thresholds; H. L.: mild and moderate hearing loss; SD: standard deviation; Min: minimum; Max: maximum; N: number of subjects; MLD: Masking 
level difference; FPT: frequency pattern test; DPT: duration pattern test; RGDT: randon gap detection test.
Total number: normal hearing thresholds: 12 subjects; hearing loss: 11 subjects.
Statistics: Descriptive analysis and Mann-Whitney U test, significant p-value <0.05 (5%).
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the important and complex rehabilitation process23 
because it pointed to the fact that the use of hearing 
aids does not replace integral hearing rehabilitation.

Considering this information, added to the 
knowledge that the elderly population is growing, 
both nationally and globally, it is important to evaluate, 
monitor and rehabilitate these subjects, so that these 
changes do not affect their activities of daily living and 
their independence, maintaining the best quality of life. 

Table 2 shows the values found for the dichotic tests 
and those applied monaurally. It should be noted that 
the DDT presented better results when compared to 
those already existing in the literature21. This difference 
may be due to the fact that the referential criteria used 
in this study were the mean values, different from those 
chosen by the authors, as they considered, for the 
elderly with normal thresholds, the minimum of correct 
identifications (78%), for subjects with loss, the lowest 
median value (60%)21. It is not possible to compare 
standard deviation values between studies21, as these 
values were not cited during the study.

The reference values found in subjects with hearing 
loss (Table 2) were more similar to a group of healthy 
elderly than to the group with hypertension and 
diabetes. This recent study15 applied DDT, seeking to 
compare three auditory skills in the two groups above. 
The sample consisted of 49 participants, with a mean 
age of 68.06 years and normal hearing thresholds or 
mild sensorineural hearing loss, of which 25 elderly 

DISCUSSION

It is essential to highlight the proximity of the values of 
age, education and MMSE (Table 1), among the elderly 
with normal hearing thresholds and mild or moderate 
hearing loss. Considering cognition, it is noteworthy 
that the literature5,22,23 shows relationships between the 
presence of peripheral alteration and cognitive decline, 
which was possibly not manifested in this research, 
due to the fact that only elderly with normality in the 
MMSE were included. However, in relation to age and 
education, this study corroborates one conducted in 
the mid-2000s22, in which researchers sought to relate 
cognitive performance with the presence and degree of 
hearing loss, gender, age and education. The sample 
consisted of 33 elderly who underwent pure tone 
audiometry and MMSE, from which it was possible to 
conclude that only the degree of loss interfered with the 
cognitive performance of the elderly.

A longitudinal study5 indicated that hearing loss 
is associated with acceleration of cognitive decline. 
Developed with 1,984 elderly Americans, the results 
showed that when compared to elderly with normal 
thresholds, those with hearing loss showed 41% 
cognitive decline, and a 24% higher risk of developing 
cognitive impairment. Recently23, relationships between 
self-reported hearing loss and cognitive impairment 
were also found. These important conclusions are also 
derived from a longitudinal research with 3,670 subjects 
and a longer duration (25 years). This study highlighted 

Tests Average and SD 
(NT) Ref. Value Final Value (NT) Average and SD 

(HL) Ref. Value Final Value (HL)

RE DDT (%) 93.75 - 5.49 88.26 ≥ 87.5 87.27 - 11.32 75.95 ≥ 75.0
LE DDT (%) 86.83 - 5.79 81.04 ≥ 80.0 84.54 - 9.90 74.64 ≥ 72.5
RE DSI (%) 90.00 - 8.53 81.47 ≥ 80 81.25 - 13.56 67.69 ≥ 60
LE DSI (%) 74.16 - 13.11 61.05 ≥ 60 68.75 - 23.57 45.18 ≥ 40

RE DSI (dir) (%) 91.83 - 9.96 81.87 ≥ 80 91.25 - 9.91 81.34 ≥ 80
LE DSI (dir) (%) 93.33 - 6.51 86.83 ≥ 80 80.00 - 23.90 56.10 ≥ 50

RE FCA (%) 71.33 - 4.77 66.56 ≥ 64 41.45 - 8.05 33.40 ≥ 32
LE FCA (%) 73.33 - 5.99 67.34 ≥ 64 52.91 - 9.01 43.90 ≥ 40
DPT (%)* 87.78 - 12.50 75.28 ≥ 73.33 80.00 - 18.32 61.68 ≥ 60.00
FPT (%)* 94.99 - 6.28 88.71 ≥ 86.66 92.12 - 8.73 83.39 ≥ 83.33

RGDT (ms)* 18.58 - 33.14 51.72 ≤ 51.72 33.34 - 46.09 79.43 ≤ 79.43
MLD (dB) 16.00 - 3.72 12.28 ≥ 12 14.91 - 3.14 11.77 ≥ 10

Legend: N.T .: Normal thresholds; H. L: mild and moderate hearing loss; SD: standard deviation; DDT: dichotic digit test; DSI: dichotic sentence identification test; Dir: 
directed; FCA: adapted time-compressed speech test; DPT: duration pattern test; FPT: frequency pattern test RGDT: randon gap detection test. MLD: Masking level 
difference; Ref: reference.
* Values generated with binaural application

Figure 1. Suggested reference values for the elderly population
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were healthy and 24 had the above changes. The 
average values found by the authors15 in the binaural 
integration stage for the healthy elderly were 87.62% 
for the right ear and 89.18% for the left ear, while the 
elderly with alterations had a mean of 78.99% for the 
right ear and 75.99% for the left ear. It is noteworthy that 
this proximity of performances occurred, even without 
considering the diagnosed health aspects (hyper-
tension and diabetes) in this study. Regarding the 
standard deviation, both studies present high values, 
reflecting how much the elderly population presents a 
great variability in the performance in the DDT. 

Regarding the results of another research24, the 
average values found for the elderly with normal hearing 
thresholds (Table 2) are slightly lower. The authors were 
interested in seeking the influence of aging in tests of 
dichotic listening and temporal ordering. For this, the 
sample consisted of 16 elderly, aged over 60 years 
old, on average 67.8 years old, with normal hearing 
thresholds and no cognitive impairment. For the DDT 
test, 95% performances were found for the right ear 
and 89.8% for the left ear. Even the values of this study, 
being lower, both found values significantly higher than 
the normative proposed in the work of Luz, Pereira 
(2000). Regarding the standard deviation values, the 
authors24 found 5.1 for the right ear and 9.5 for the left 
one, the performance variability was close in this study 
for the right ear, and again, lower for the left one.

Both this study and the ones mentioned above15,24 

show a better performance of the elderly in relation to 
the normative values already found in the literature21. 
This fact demonstrates how important the proposal of 
the new values is for the conclusion of this test. It is also 
reinforced that the performance of the elderly varies 
greatly for the DDT test. This being a strong character-
istic of this population, highlighting the importance of 
taking this variability into account, using the standard 
deviation in the analysis.

Also in the same table are the reference values for 
the DSI, in which it is emphasized that the performance 
of the elderly was not affected by hearing loss, in both 
stages of the test application, which corroborates the 
literature, since originally the DSI was developed to 
be applied to subjects with peripheral hearing loss, 
being minimally affected by it25. Therefore also, in their 
version of Brazilian Portuguese, the authors first sought 
reference values for the population with good hearing 
acuity26. It is also noteworthy that the values of the 
directed listening stage are better than in the binaural 
integration stage, corroborating the findings of this 

recent study26, which pointed out that in the directed 
stage, subjects without central auditory processing 
disorder are able to direct your auditory attention.

When the DSI performances are compared between 
the ears, it is noticed that the right ear has better results 
in both stages of the test (Table 2). This information 
corroborates the study that aimed to generate reference 
values for the DSI26. The research consisted of a sample 
of 200 subjects with normal thresholds, aged between 
13 and 49 years old, which showed a superior perfor-
mance of the right ear, as the age increased. 

This advantage of the right ear is also exposed 
in a sample of the elderly in another dichotic test27. 
Moreover, these authors suggest the introduction of 
these tests in the central auditory processing evaluation 
battery, in this age group, as it provides early identifi-
cation of the degenerative processes present in aging. 
Since this difference between the ears may be caused 
by a progressive degradation of the corpus callosum, 
also promoted by aging, reducing the efficiency of 
interhemispheric transfer28. The authors of this study 
reinforce the importance of including dichotic tests in 
the evaluation, since as it may evidence a degeneration, 
the speech therapist may make a referral for more 
targeted evaluations. This enables an earlier identifi-
cation of these changes, benefiting the intervention. 

Regarding the performance of the elderly in the FCA 
(Table 2), it is important to highlight that the hearing 
loss influenced the performance of the elderly in both 
ears. As well as the sample subjects showed difficulty 
and discomfort in performing this test, due to the great 
difficulty to which they were exposed, most of the time, 
the elderly invented the test responses. Therefore, the 
authors of this study do not indicate its performance 
in the elderly population with hearing loss. When the 
values are compared with the Compressed Speech 
(CS), original version, with disyllable words, a study 
already addressed above15 shows that the elderly with 
normal thresholds had similar values in the FCA, since 
the values for healthy elderly found by the authors, 
were 70.96% for the right ear and 68% for the left one. 
This fact indicates that the adaptation of the test11 did 
not influence the performance of the subjects when 
compared to the original test10. There is less variability in 
the responses of the elderly in this research, indicated 
by the standard deviation values, considering that the 
results for the right and left ears, respectively, were 
11.84 and 14.36. This deviation-related difference may 
be due to the lower number of words in the adapted 
version.
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Recently, other authors29 also applied CS, with 
disyllable words, in the elderly, seeking to evaluate 
their performance in general. The sample consisted of 
22 subjects, aged 60 to 80 years old, normal hearing 
thresholds or mild sensorineural hearing loss. The 
authors performed the test application on random 
ears. Therefore, they found no difference between the 
ears, however, the best performance was that of the 
second ear started. Their results were inferior to those 
of the adult population. Regarding the performances, 
the average obtained for the right ear was 73.81% and 
72.36% for the left one. The values of the elderly with 
normal thresholds in this study (Table 2) are close 
to those found, reinforcing the hypothesis that the 
adaptation of the instrument did not influence the test 
results. Regarding the standard deviation values29, for 
the right and left ears, respectively, were 10.77 and 
13.36, again, this study presented less variability for the 
FCA, which may be due to the lower number of words.

The values shown in Table 3 show that in the RGDT 
and DPT tests, which evaluate the resolution skills 
and temporal ordering, respectively, the elderly who 
presented hearing loss had a worse performance. This 
fact was also demonstrated by a study12 that sought to 
analyze the effect of hearing loss, education and age 
on the temporal processing of the same population. 
The authors evaluated the abovementioned skills in 
30 elderly, divided into two groups, according to their 
audiological reports. The tests used for the evaluations 
were GIN and DPT8. They found that hearing loss only 
influenced the temporal resolution skill.

Regarding temporal ordering30, even if the difference 
was not confirmed by statistical analysis, the mean 
value for the group with normal thresholds was 84.6% 
and those with hearing loss 78% for DPT8. On the other 
hand, the opposite occurs in the melodic version, 
since the normal hearing elderly averaged 84% and 
those with hearing loss had an average of 89%. These 
facts regarding DPT12,30 can be explained by the use 
of different versions of it. However, the authors of this 
study emphasize the evidence that the Auditec9 version 
is easier to apply to the elderly population (longer 
duration of stimuli), compared to another version8. It 
is also highlighted that different normalities should be 
used according to the audiological report presented by 
the elderly, in order to seek the best way to represent 
their difficulties.

In this study (Table 3), considerably better perfor-
mances in DPT and FPT are noticed when compared 
to other studies found in the literature31,32. In order to 

evaluate central auditory processing in the elderly 
population and to verify if hearing loss influences their 
performance, the authors31 applied the DPT8. The study 
included 65 elderly people, divided into three groups, 
according to the audiological reports. As hearing loss 
did not interfere with the results, the average of correct 
responses in the general sample was 63.1%. The 
overall standard deviation value was 25.4, indicating, 
as in this study, a large variability related to the perfor-
mance of the elderly. This oscillation of this research 
is smaller, but still, it is considered high. The authors31 
discuss the possibility of this variation being related to 
other aging factors.

The second research mentioned32 performed the 
DPT and FPT tests, Auditec®9 version, seeking to 
verify the effects of a hearing rehabilitation program 
for temporal ordering in elderly hearing aid users. 
Therefore, the sample consisted of 17 subjects with 
hearing loss, divided into two groups, the control, 
made up of hearing aid users and the study, in which 
hearing aid users performed rehabilitation. The values 
for the control group in the initial study evaluation were 
51.93% for DPT and 82.64% for FPT. The increase in 
the values of this study is evident, even compared to 
the performance of the elderly with hearing loss (Table 
3). Not only are the performances considerably better, 
but the elderly in this study showed great response 
variability, but even lower than those found by Hennig 
et al., 201232. The value for the DPT was 31.85 and for 
the FPT, 19.81.

These better performances are also evidenced when 
compared to another population33 that also used the 
Auditec® version tests in adult subjects. The authors33 
analyzed the effects of age on temporal processing. To 
this end, the sample consisted of adults divided into 
two groups, the first consisting of 10 subjects from 35 
to 45 years old and the second, also with 10 adults, 
from 46 to 55 years old. The mean values found for 
older adults were 74.3% for DPT and 67.3% for FPT. 
Two points differ in this study, besides the values being 
considerably higher, the performance of the elderly in 
the FPT is better than in the DPT, both for the elderly 
with normal thresholds and those with hearing loss. 
However, the latter may be a characteristic of the elderly 
population, since FPT also obtained better results in the 
other research mentioned32. 

Considering the values found, shown in Table 3, 
for the RGDT, a better performance of the elderly with 
normal thresholds is observed when compared to a 
recent study34 conducted in the same population. The 
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authors investigated which test has the best sensitivity 
to evaluate temporal resolution, comparing RGDT 
and GIN, and suggesting reference values for both. 
The value found for the RGDT was 23.13 ms, but this 
divergence between reasearch may be a consequence 
of the difference between the casuistry among them, 
since the sample composed by the authors34 included 
elderly with and without hearing loss, without group 
separation, as well as, the value used by the study was 
the median. Regarding the oscillation of responses, 
indicated by the value of the standard deviation, this 
study corroborates with Vellozo et al. (2016)34, which 
points to a value of 40.04.

Regarding the performance of the elderly with 
hearing loss, there is also a divergence between the 
values, when compared to another recent research35. 
The authors sought to measure the relationship 
between the functioning of hearing skills and cognitive 
aspects. For this, the 12 elderly participants, with a 
mean age of 68.3 years old, presented mild to moderate 
sensorineural hearing loss. Their average was 21.3 ms 
before the fitting and use of hearing aids. Even between 
two groups with the same auditory characteristics, this 
study indicated a significantly higher average. The 
study does not expose standard deviation values.

Comparing the values with another study15, 
discussed above, there is a similarity between the 
elderly with normal thresholds of this study, and the 
healthy subjects evaluated by Bruno et al. (2015)15. 
When temporal resolution skill was evaluated with the 
RGDT test, they found an average of 19.39 ms. This 
similarity in the test performance does not occur when 
considering the variability of the results, since the value 
of the standard deviation was 18.3715. Although both 
present a great variation, the values present consid-
erable differences.

These divergences mentioned above may be due 
to the great performance variability found in the elderly 
population. This is also emphasized when the standard 
deviation values are observed both in this research and 
in the studies mentioned here. This variation is possible 
due to the influence of aging on temporal aspects, as 
well as on individual hearing experiences. A high value 
of standard deviation sometimes ends up not gener-
ating studies with good reliability, however, it is noticed 
that it is a strong characteristic of the elderly.

The importance of reaching the best way to evaluate 
temporal resolution auditory skill is highlighted, as it is 
closely related to speech intelligibility36, being respon-
sible for distinguishing or resolving sound stimuli37. A 
valuable guideline that should be given to the elderly 

or their caregiver is that it is not always necessary to 
speak stronger, since it is pointed out38 that, regardless 
of the peripheral condition, message recognition is 
facilitated when speech is performed at a slower speed 
and in silence.

Table 3 also shows the reference values for MLD, 
the averages found for the group of elderly with 
normal thresholds and those with hearing loss, are 
close. However, it is remarkable how much larger they 
are when compared to a study39 that sought to point 
out reference values. The sample consisted of 30 
subjects, aged 18 to 39 years old, of these, 73.34% 
had values equal to or greater than 7 dB, and this 
value, considered normal, this study did not present the 
standard deviation value found. Another recent study40 
also sought to contribute with reference values in the 
same population. A total of 109 women aged 20-30 
years old with normal thresholds were included in the 
sample. The average value found was 10.83 dB. This 
research also obtained higher values, so it is hypoth-
esized how sensitive this test is to changes in the skill of 
selective attention in the elderly, since even compared 
to adults, they performed better, and it is important to 
highlight that the worst result found (minimum) was 10 
dB, and the standard deviation value is 3.30. Regarding 
this result, this research corroborates the recent study40 
because both point to little response variability for MLD. 
This doubt of how sensitive this test is to the elderly 
population suggests what the scientific community 
needs further studies in order to unravel this issue.

It is emphasized that the hearing history of the 
elderly exponentially influences the behavioral evalu-
ation, not only the audiological report itself, but also 
the time of sensory deprivation in which the elderly 
are exposed. Therefore, in an attempt to make the 
application of central auditory processing tests more 
appropriate, it is suggested and emphasized the use of 
a standard deviation (Figure 1), even though it is not 
a small value, as they are strictly related to the great 
variability of the performance of the elderly.

CONCLUSION
It was possible to generate the reference values 

for the behavioral tests applied here. In addition, the 
progression of hearing loss influenced the results of 
the FCA, indicating that its application is not advisable 
in the elderly with peripheral alteration. There was a 
close proximity to the average of education and perfor-
mance in a cognitive screening test among the elderly 
with normal hearing thresholds and mild or moderate 
hearing loss.
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