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ABSTRACT
Purpose: to analyze the performance of individuals with trisomy 21 (T21) in the sim-
plified assessment of central auditory processing, identify the impaired skills, and 
compare it with the results of the hearing self-perception questionnaire administered 
to the parents. 
Methods: a descriptive, observational, quantitative study conducted at the Speech-
Language-Hearing Teaching Clinic of a public university. The sample comprised 16 
individuals with T21, aged 8 to 33 years. Simplified assessment tests of central audi-
tory processing were conducted, namely, sounds localization and sequential memory 
for verbal and nonverbal sounds, diotically. Then, the Scale of Auditory Behaviors 
(SAB) was administered to the subjects’ parents/guardians. The descriptive statistical 
analysis with the chi-square test considered p<0.05. 
Results: in the simplified assessment, 81.3% had abnormal results in the memory 
tests for verbal sounds; 75%, in the memory tests for nonverbal sounds; and 37.5%, 
in the sound localization test. In the Scale of Auditory Behaviors, 62.5% of the answers 
indicated changes in the central auditory processing, demonstrating that the scale 
can be useful to identify such changes. However, there was no significant association 
between the questionnaire and the behavioral test results. 
Conclusion: the results point to impaired sequential memory skills for verbal and non-
verbal sounds in most individuals assessed. The simplified assessment results indi-
cate the need for assessments of central auditory processing. Hence, the simplified 
assessment is highly important to detect possible changes in the central auditory pro-
cessing that might interfere with the communication and overall learning of individuals 
presented with trisomy 21.
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INTRODUCTION
Trisomy 21 (T21) is marked by the presence of 

chromosome 21, which determines the phenotypic 
characteristics of the disease. The incidence of T21 is 
approximately 1 in 700 live births1. It is characterized 
by microbrachycephaly, up-slanted palpebral fissure, 
flattened occipital, short neck, epicanthal folds, broad 
nasal bridge, microtia, low-implanted ears, narrow 
external auditory pathways, macroglossia, and 
microdontia. 

People with T21 have significant health problems, 
including cognitive delays, heart diseases, gastroin-
testinal disorders, autoimmune dysfunction, hypothy-
roidism, leukemia, and hearing problems2. They also 
have significant changes in the frontal and temporal 
lobes, affecting their spatial orientation, language, 
speech, and social interaction3. 

Another change they present with is the increased 
prevalence of peripheral hearing loss, especially 
the conductive one, due to the frequent episodes 
of recurrent otitis media4 in children with T21. It can 
be associated with ossicular chain malformation, 
Eustachian tube anatomical changes, or retention of 
cerumen secondary to the external acoustic meatus5,6.

Such a hearing loss may be either intermittent or 
not and cause intermittent hearing deprivation in the 
critical period of language development7. This can 
compromise the maturation of the auditory pathways, 
impairing the central auditory skills and, consequently, 
the learning process5-8.

Studies on the auditory pathway in this population 
and on procedures to screen possible changes in their 
central auditory processing (CAP) are still incipient. In 
this context, the simplified assessment of CAP (ASPA, 
as abbreviated in Portuguese) uses instruments to 
assess sound localization and temporal ordering skills 
(sequential memory for verbal and nonverbal sounds). 
It is low-cost, easy to access, quick to perform, and 
requires simple instruments (bells, sleigh bells, agogo 
bells, speech, and so forth). It can be considered a 
predictor sensitive to changes in the CAP9.

A recent review study demonstrated the scarcity 
of screening methods aimed at assessing the central 
auditory skills, emphasizing the importance of associ-
ating the use of questionnaires combined with specific 
auditory tasks9.

In this regard, the main guidelines have suggested 
using self-perception questionnaires, also known as 
checklists, in hearing screening of possible changes in 
the auditory processing10,11.

A tool that complements the ASPA is the Scale of 
Auditory Behaviors (SAB), which is a questionnaire 
capable of identifying the auditory behavior of children 
based on the parents’ and/or teachers’ perceptions. 
The SAB score results contribute to the ASPA, and 
it can help speech-language-hearing therapists, 
educators, and other health professionals effectively 
participate in the ASPA, making early diagnosis and 
interventions possible12. 

Hence, it is utterly important to identify and inves-
tigate central auditory pathway dysfunctions in these 
subjects. Given the above, this study aimed to analyze 
the performance of people with T21 in the ASPA, 
identifying the impaired skills, and comparing it with 
the results of the hearing self-perception questionnaire 
administered to the parents.

METHODS
The study was approved by the Human Research 

Ethics Committee of the Universidade Federal da 
Paraíba (Federal University of Paraíba), Brazil, under 
number 1.302.829, in compliance with Resolution 
466/12 of the National Health Council (CNS, in 
Portuguese). All volunteers who agreed to participate in 
the research signed the informed consent form.

This was a descriptive, observational, quantitative 
study, initially recruiting 29 volunteers with T21 who 
participated in a public outreach program on literacy 
(speech-language-hearing intervention focused on 
language rather than auditory training). However, 16 
subjects were included in the sample because not 
all of them met the eligibility criteria, which were as 
follows: being at least 6 years old; understanding 
simple commands (observed in a speech-language-
hearing assessment with questions on expressive and 
receptive language); and not having changes in the 
middle ear (type A tympanogram) or recent history of 
otitis media (in the last 6 months). The volunteers were 
8 to 33 years old, six of them males and 10, females, 
and they attended regular schools.

Firstly, they were submitted to meatoscopy and 
acoustic immittance to ensure the subject’s inclusion in 
the study. The meatoscopy was performed to observe 
the external acoustic meatus. If there were obstruc-
tions, they were referred for otorhinolaryngological 
assessment. The acoustic immittance was performed 
to investigate the conditions of the middle ear, verifying 
the tympanic membrane complacency. The tympa-
nogram was considered type A when the maximum 
admittance peak was around the air pressure of 0 
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daPa, whose variation did not exceed -100 daPa; type 
B, when there was no maximum admittance peak in any 
air pressure; type C, when the maximum admittance 
peak was displaced to negative pressures, below -100 
daPA; type As, when there was a low admittance; and 
type Ad, when the interval between the two branches of 
the curve was equal to or higher than 100 daPa13. It also 
investigated the presence of contralateral and ipsilateral 
acoustic reflexes at 500, 1000, 2000, and 4000 Hz 
(contralaterally) and 1000 and 2000 Hz (ipsilaterally)13, 
using an acoustic-immittance meter manufactured by 
Interacoustics, model AT 235, with test tone at 226 Hz.

The ASPA was performed with the sound local-
ization test (SLT) and sequential memory test for verbal 
(SMTV) and nonverbal sounds (SMTNV), diotically, 
in a sound booth at a Teaching Clinic. The volunteer 
sat comfortably, while one examiner played the instru-
ments behind them and the other one took notes of 
their responses.

The SLT assesses sound localization skills and 
binaural interaction. The test was applied by presenting 
the sound of the sleigh bells in five directions in 
relation to the head (above, in front, behind, on the 
right, and on the left), 20 cm apart from one another. 
The criteria for normal responses were getting four or 
five directions right, as long as the right and left ones 
were correctly identified. The SMTNV assesses the 
auditory memory skill for nonverbal sounds, and it was 
applied playing four sound instruments (sleigh bells, 
agogo bells, bells, and/or coconut shells), in different 
orders. The SMTV assesses the auditory memory skill 
for verbal sounds, and it was applied with the oral 
repetition of four syllables: “pa”, “ta”, “ca”, and/or “fa”, 
in four orders, as all volunteers were older than 6 years. 
The pass criterion in the SMTV and SMTNV required 
the person to get two sound sequences right out of the 
three presented to them. The subject was said to have 
passed the ASPA when they responded as expected in 
the three tests applied14. Nonetheless, considering T21 
as comorbidity, this research approached the auditory 
skills separately for the response analysis.

After the tests, the parents/guardians were asked 
to answer the SAB, which has 12 questions charac-
terizing the subject’s everyday behavioral difficulties. 
The answers were given on a numbered scale ranging 
from 1.0 to 5.0 to indicate occurrence, as follows: 1.0 
corresponded to very frequent; 2.0, almost always; 
3.0, sometimes; 4.0, occasionally; and 5.0, never. In 
the end, the values were added, reaching a total score 
that ranged from 12 to 60 points. The results were 
classified and analyzed, considering mean values of 
46 points indicative of typical auditory behavior; values 
lower than 35 points, indicative of a need for auditory 
processing assessment; and values lower than 30 
points, suggestive of CAP disorder, requiring long-term 
follow-up².

The data obtained in this study were tabulated and 
organized in a digital spreadsheet and later submitted 
to a descriptive statistical analysis with the chi-squared 
test to verify the association between the ASPA and 
SAB. The statistical analysis was performed in the SPSS 
software, version 20, presenting the variable p<0.05.

After the assessments, the results were commu-
nicated to the literacy outreach program team, who 
afterward began informally stimulating the impaired 
auditory skills. Those who needed more specific stimu-
lation, according to the need perceived by the speech-
language-hearing therapists at the outreach program 
and based on their indication, were referred for 
booth auditory training at the Department of Speech-
Language-Hearing Therapy of the Teaching Clinic.

RESULTS

The sample comprised 16 people with T21 – 69% 
females and 31% males – mean age of 16 years, 
ranging from 8 to 33 years.

Table 1 shows the ASPA results. There were 
abnormal results in 81.3% of the subjects in the SMTV 
test, in 75% of them in the SMTNV, and in 37.5% of 
them in the SLT.

Table 1. Description of the behavioral test results of the simplified assessment of central auditory processing

Simplified assessment of central auditory processing 

Test
Normal Abnormal TOTAL 

N % N % N
Sound localization 10 62.5 6 37.5 16
Sequential memory for nonverbal sounds 4 25 12 75.0 16
Sequential memory for verbal sounds 3 18.75 13 81.25 16
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than 30 points (indicating subjects suggestive of CAP 
disorder) (Table 2). 

As for the SAB, 37.5% of the subjects had normal 
results, 18.75% had from 30 to 35 points (indicating the 
need for CAP assessment), and 43.75% scored less 

Table 2. Description of the total score obtained in the Scale of Auditory Behaviors of the individuals with trisomy 21 (n=16) 

Total score in the SAB N %
≥ 46 points 6 37.5
35 to 30 points 3 18.75
< 30 points 7 43.75
Total 16 100.0

Caption: SAB = Scale of Auditory Behaviors

Concerning the descriptive analysis of the ASPA 
results in relation to the SAB results (Table 3), the 
scaled SLT showed an agreement between the two 
assessment methods in eight subjects (50% of the 
sample) – four were normal in both methods and 
four, abnormal in both methods. There was also an 

agreement between the SMTNV and the scale in 10 
subjects – two were normal in both methods, and eight, 
abnormal in both methods. Although the tests revealed 
an agreement between the assessment methods, no 
significant association was observed.

Table 3. Description of the results obtained in the simplified assessment of central auditory processing associated with the results in the 
Scale of Auditory Behaviors

Tests
Results

SAB Questionnaire
*p-value

CAP
Normal Abnormal

N % N %

SL
Normal 4 40.0 6 60.0

0.608
Abnormal 2 33.3 4 66.7

SMTNV
Normal 2 50.0 2 50.0

0.489
Abnormal 4 33.3 8 66.7

SMTV
Normal 2 66.7 1 33.3

0.304
Abnormal 4 30.8 9 69.2

*Paired chi-square test with a significant difference (p<0.05).
Captions: SL-sound localization; SMTNV-sequential memory test for nonverbal sounds; SMTV- sequential memory test for nonverbal sounds; CAP-central auditory 
processing 

DISCUSSION
 According to the literature, there is a close 

relationship between the CAP and speech acquisition, 
as some auditory skills, such as temporal processing, 
influence the time taken to process information and 
speech sounds14. There are CAP changes in people 
with T21, with different types of impairment, which may 
interfere with oral and written language acquisition and 
development. Thus, it is important to make peripheral 
and central hearing assessments in this population10.

This research emphasized the use of an auditory 
behavior questionnaire and the ASPA in people with 

T21. Most of these subjects obtained less than 46 
points (Table 2), which is suggestive of CAP disorder. 

Likewise, Table 1 shows abnormal results in all 
the ASPA tests, occurring more often in the SMTV 
and SMTNV. These abnormal results correspond to 
difficulties in the auditory skills of simple verbal and 
nonverbal sound ordering, which may hinder language 
acquisition and development9.

There was no significant association between the 
tests, even though they agreed (Table 3). Nevertheless, 
including well-structured questionnaires on auditory 
behavior (such as the SAB) along with the ASPA15 
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CONCLUSION

The results point to impairments in sequential 
memory for verbal and nonverbal sounds in most 
subjects assessed. As for the ASPA, its results indicate 
the need for CAP assessment. Hence, the ASPA is 
highly important to detect possible CAP changes that 
might interfere with the communication and overall 
learning of people presented with T21.
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