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ABSTRACT
Purpose: to identify the Scale of Auditory Behaviors perception after an acoustically 
controlled auditory training program. 
Methods: 23 individuals of both genders, aged 6 to 15 years, participated in this study. 
Inclusion criteria: to present auditory thresholds lower than 20 dBHL between 250 and 
8000Hz, type A tympanometry and diagnosis of central auditory processing disor-
der confirmed by behavioral tests with indication of acoustically controlled auditory 
training which was performed in ten one-hour sessions. Hearing tests in progressively 
adverse listening conditions were used. In the first and last session of the acoustically 
controlled auditory training program, the individuals were submitted to the Scale of 
Auditory Behaviors. The appropriate statistical tests were applied considering a p-value 
less than 0.05. 
Results: questions Q1, Q2, Q4, Q7, Q8 and Q11 showed statistically significant results 
and improvement in behaviors after the acoustically controlled auditory training. On the 
other hand, questions Q3 and Q10 showed a tendency towards significance and the 
total score in the post time period increased in relation to the pre-moment, pointing to a 
statistically significant difference that represents complaint reductions. 
Conclusion: the subjective perception of the individuals and their family members 
could be identified by the application of SAB in the pre and post auditory training, 
revealing an improvement in auditory and attention behaviors.
Keywords: Audiology; Child Language; Speech, Language and Hearing Sciences; Self-
Assessment; Auditory Perception
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INTRODUCTION
Central auditory processing (CAP) deals with the 

efficiency and effectiveness of the central nervous 
system related to the information received via the sense 
of hearing. When this process fails, there is a possi-
bility of central auditory processing disorder (CAPD), 
which can result in changes in communication and /or 
learning1-3.Characteristic behaviors of individuals with 
CAPD are alterations in oral communication or in the 
use of grammatical rules, as inversions of graphemes, 
changes in the notion of laterality, agitation, hyperac-
tivity or apathy, impaired auditory memory and diffi-
culty in understanding the acoustic message in noisy 
environments.

There are several approaches for the treatment of 
CAPD, with the majority of programs including acousti-
cally controlled auditory training (ACAT) and improved 
access to the acoustic signal. It also includes the use 
of language, cognitive and metacognitive strategies, 
facilitating plasticity and cortical reorganization1-3. 
ACAT needs to be intense and has activities that are 
challenging to the auditory system. Besides, it must 
remain interesting enough to maintain the patient’s 
motivation, avoidingfrustration4.

Studies have shown that specific ACAT techniques 
can positively stimulate temporal auditory processes of 
individuals who have language and learning difficulties. 
Specific auditory skills can be improved with training 
and this better performance of the auditory system is 
directly linked to the ability to modification of the central 
nervous system5. Such ability to reorganize the central 
nervous system is called neural plasticity and can be 
defined as neuronal modification based on environ-
mental influences that have repercussions on behav-
ioral changes1.

A study6 found that the average of correct answers 
in the behavioral tests (PSI –Pediatric Sentence 
Identification, speech in noise, non-verbal dichotic 
and SSW – Staggered Spondaic Word tests) in the 
CAP evaluation after the ACAT showed a statistically 
significant difference when comparing initial and final 
evaluations. The same study revealed that 63.3% of the 
children presented results of CAP within normal limits 
after the program, demonstrating that it was effective in 
the rehabilitation of altered auditory skills.

In Brazil, there are still no specific normalized and 
published instruments for self-assessment after ACAT. 
International questionnaires are usually used for 
other purposes, such as to measure the benefit with 
hearing aids or general quality of life questionnaires, for 

example the Abbreviated Profile of Hearing Aid Benefit 
(APHAB)7 and the Hearing Handicap Inventory for the 
Elderly (HHIE)8. It is important the use especial scales 
for CAPD, considering the specificities of this disorder.

A study9 in Brazil used a questionnaire to monitor the 
results rendered by ACAT in adolescents. In this study, 
the Fisher’s auditory problems checklist for auditory 
processing evaluation (QFISHER) was used, proving to 
be effective to monitor auditory behavior before, during 
and after auditory training. 

According to recent results of a systematic review10, 
the only instrument for Brazilian Portuguese is the 
Auditory Processing Domains Questionnaire (APDQ)11. 
It has 100% sensitivity and specificity and therefore 
is the most suitable instrument for application in 
clinical practice and researches. One study12 used the 
translated, back-translated and culturally equivalent 
versions of the questionnaire in a group of school-age 
children without CAPD. The total score of the original 
questionnaire is 208 points and the translated version 
obtained an average of 199.2 points – a score close to 
the original. Another study13 applied the translated and 
validated version to school-aged individuals with ACAT, 
obtaining an average of 92.6 points. The researchers 
stated that there was a statistically significant difference 
between the group with CAPD, subject of the study, 
and the group without CAPD, evaluated in the trans-
lation study. Therefore, they suggested that such 
an instrument could be a potential tool to evidence 
individuals at risk for CAPD. 

The Post Training Exit Questionnaire (PTEQ)14 was 
developed with the main objective of investigating 
the benefits of an AT program and its repercussions 
on the hearing experiences of patients submitted to 
this intervention. The subjects included in the original 
study (78 hearing aid users and 15 cochlear implant 
users) aged between 18 and 89 years old, underwent 
a six-week AT program, with hour-long sessions, twice 
a week. After training, the subjects answered the PTEQ 
questionnaire. The questions in this instrument relate 
to the improvement in situations of adverse listening, 
understanding of syllables, sentences, contexts and the 
appreciation of the AT program. The response possi-
bilities ranged from 1 (very little) to 7 (too much). Study 
participants reported improvements in their speech 
recognition skills and in their self-confidence as a result 
of participating in the training. 

Scale of Auditory Behaviors (SAB)15 was an 
instrument developed to be used as a screening tool 
for CAPD in school children (10 to 13 years old) and 
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contains questions related to general and auditory 
behavior, speech, attention and academic perfor-
mance. According to the authors of this questionnaire, 
it is possible to detect signs of CAPD and/or the need 
for a more comprehensive investigation based on its 
application.

There are evidences that ACAT is effective in 
the (re) habilitation of CAPD when measuring and 
comparing pre and post ACAT with behavioral and 
electrophysiological tests. Besides, it is important to 
evaluate patients who underwent interventions and 
their evolution. They can report behavioral changes 
mainly related to self-confidence in communication in 
adverse hearing situations, speech understanding in 
unfavorable environments, improvement in academic 
and / or professional self-esteem performance and 
others.

Considering the patients and their families’ point 
of view are extremely important in the rehabilitation 
process the aim of this study is to identify the subjective 
perception of individuals and their families after an 
ACAT, using the Scale of Auditory Behaviors (SAB).

METHODS

This study is an observational cross-sectional study 
and was submitted to the Research Ethics Committee 
of Universidade Federal de São Paulo – UNIFESP, SP, 
Brazil, protocol 990,433. It was carried out at the Central 
Auditory Processing Clinic of the Speech Therapy and 
Audiology Department at UNIFESP.

All participants and their guardians were informed 
about the nature of the research, its objectives, 

methods and procedures. They signed the consent 
form for voluntary participation in the study.

Before the collection started, the subjects were 
submitted to the following procedures: pure tone 
audiometry, speech audiometry, immittance testing and 
behavioral assessment of central auditory processing. 
To eligible participate in this study, individuals had 
hearing thresholds lower than 20 dBHL, between 
250 and 8000Hz16, tympanometry with type A curves, 
diagnosis of CAPD confirmed by behavioral tests, alter-
ations in at least two tests and indication of ACAT. They 
should have not been submitted to speech therapy 
or ACAT before. The time between the diagnosis of 
CAPD and the beginning of ACAT was approximately 
one month to all individuals. Exclusion criteria were 
syndromes of any nature, as psychological, psychi-
atric and cognitive disorders that were evident and / 
or diagnosed. Based on these criteria, 23 volunteers 
of both sexes were selected, aged 6 to 15 years old. 
All attended school and had complaints related to 
academic performance, so assuming that individuals 
with school difficulties coexisting with CAPD stood out 
in the search for care.

The ACAT program was organized in ten sessions, 
occurring once a week and lasting between 45 and 
60 minutes. The sessions were held in an acoustic 
booth and the auditory tasks were presented by TDH 
earphones, CD player and a two-channel audiometer. 
All tasks were presented in progressively adverse 
listening conditions, through the variation of the 
signal-noise ratio from positive (favorable) negative 
(unfavorable). 

1st SESSION – Figure-ground for phrases in both ears + SAB application
2nd SESSION – Figure-ground for words: Listening in the right ear + Figure-ground for non-verbal sounds in the left ear.
3rd SESSION – Figure-ground for words: Listening in the left ear + Figure-ground for non-verbal sounds in the right ear.
4th SESSION – Binaural integration + Speech with noise.
5th SESSION – Auditory Closing (phrases, figures and words) Temporal Aspects – Intensity.
6th SESSION – Temporal aspects – Intensity 
7th SESSION – Temporal Aspects – Duration.
8th SESSION – Temporal Aspects – Duration + Frequency.
9th SESSION – Temporal Aspects – Frequency.
10th SESSION – Figure-ground for syllables – Directed Listening and Binaural Integration.

Figure 1. Schedule of acoustically controlled auditory training sessions
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asked to help in case of difficulties in understanding 
and respond appropriately, given the complexity of 
some questions. Scores were agreed between children 
and their parents.

In the first ACAT session, participants were subjected 
to the scheduled activities and the application of SAB 
(Figure 2), through a single interview with the children 
and / or their parents or guardians. The latter was 

SAB is made up of 12 questions related to day-to-

day events. The one that occurs very frequently is 

assigned a value of 1.0; the one that occurs almost 

always receives a value of 2.0; the one that sometimes 

occurs scores 3.0. Sporadic people received 4.0 and 

those who never occur 5.0. The values are added up, 

resulting in a final score that can vary from 12 to 60 

points. In the last training session, the CAP’s behav-

ioral reassessment was performed and the SAB was 

reapplied.

After data collection, the results were analyzed 

using descriptive and inferential statistical analysis. 

In the descriptive analysis, tables were designed with 

measures for the scores in the questions from Q1 to 

Q12 and the total score. In the inferential analysis, for all 

questions and the total score, the non-parametric signal 

test was used to compare the median scores between 

the pre and post ACAT moments. This test was used 

since the assumption of normality for the distribution of 

scores was not verified. 

Date: ___/___/___
Name:
Current age: ___________ Birth Date: ___/___/___
School:
Year:
Teacher:

Guidance: Please measure each item proportionately, circling the number that best represents the behavior of the child you are analyzing. At the 
top of the column of numbers it is possible to check the term for each frequency that is being observed. Please consider these terms carefully 
when measuring each possibility of behavior. A child may or may not show one or more of these behaviors. A high measurement in one or more 
areas will not indicate any particular pattern of functioning. If you are unable to decide on a score for a particular item, use your best judgment.

Behavior items:
Always (1)
Almost always (2)
Sometimes (3)
Rarely (4)
Never (5)

1. Difficulty in listening or understanding at a noisy environment 1 2 3 4 5
2. Not understanding well when someone speaks fast or in a “muffled” tone 1 2 3 4 5
3. Difficulty in following oral instructions 12 3 4 5
4. Difficulty in identifying and discriminating speech sounds 1 2 3 4 5
5. Inconsistency of answers to auditory information 1 2 3 4 5
6. Poor reading skills 12 3 4 5
7. Asks to repeat things 12 3 4 5
8. Easily distracted 1 2 3 4 5
9. Academic or learning difficulties 1 2 3 4 5
10. Short attention span 12 3 4 5
11. Daydreams, seems inattentive 12 3 4 5
12. Disorganized 1 2 3 4 5

Figure 2. Scale of Auditory Behaviors - SAB9
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The sample consisted mostly of male subjects 
(56.5%), aged between 6 to 15 years old (average of 
8.9 years old). CAP alteration that most stood out was 
the abnormality in decoding and non-verbal processes 
(52.17%). 

The descriptive measures in the tables were calcu-
lated for the set of 23 values of questions Q1 to Q12 
and the total score, at each time of assessment and for 
the 23 values of the difference variable. It can be seen 
that only the average of the difference variable equals to 
the difference between the average of the values in the 
post moment and the average of the values in the pre 
moment, which means that other descriptive measures 
did not necessarily respect this rule.

Table 2 shows the pre-and post-ACAT comparison 
p-values for each SAB question.

The level of significance adopted for all hypothesis 
tests performed was less than 0.05 (5%). When the 
p-value obtained in a hypothesis test was greater than 
5% but less than 10%, the tested hypothesis is not 
rejected and we conclude that there is not enough 
statistical evidence to reject it.

RESULTS

The results obtained in the SAB will be presented 
since this study intends to identify the perception of 
improvement measured from the point of view of the 
patient submitted to ACAT and / or his family, regarding 
aspects of academic performance, hearing skills and 
communication.

Table 1 shows the data of the sample’s 
characterization. 

Table 1. Sample characterization according to gender, age and auditory skills altered in pre-training

 Gender Age Altered hearing skills
Case 1 Male 9 Figure-ground for words
Case 2 Male 15 Figure-ground for words, complex temporal ordering and temporal resolution
Case 3 Male 9 Figure-ground for words, complex temporal ordering, temporal resolution and auditory closure
Case 4 Male 8 Figure-ground for words and auditory closure
Case 5 Female 7 Figure-ground for words, complex temporal ordering and temporal resolution
Case 6 Female 9 Figure-ground for words
Case 7 Male 7 Figure-ground for sentences and words and complex temporal ordering
Case 8 Male 8 Figure-ground for words, complex temporal ordering and temporal resolution
Case 9 Female 7 Figure-ground for sentences and words and temporal resolution
Case 10 Female 12 Figure-ground for words, complex temporal ordering, temporal resolution and auditory closure
Case 11 Male 9 Figure-ground for words, complex temporal ordering and temporal resolution
Case 12 Male 8 Figure-ground for words, complex temporal ordering and temporal resolution
Case 13 Male 9 Figure-ground for sentences and words, complex temporal ordering and temporal resolution
Case 14 Male 9 Figure-ground for words and complex temporal ordering
Case 15 Male 8 Auditory Closure
Case 16 Female 12 Figure-ground for sentences and temporal resolution
Case 17 Female 10 Figure-ground for words and complex temporal ordering
Case 18 Female 7 Figure-ground for words, complex temporal ordering and temporal resolution
Case 19 Female 10 Figure-ground for sentences and words, complex temporal ordering and temporal resolution
Case 20 Male 8 Figure-ground for words, auditory closure and temporal resolution
Case 21 Female 9 Figure-ground for words and complex temporal ordering
Case 22 Female 9 Figure-ground for words, complex temporal ordering and  auditory closure
Case 23 Male 6 Figure-ground for words
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Table 2. P-values of the signal test to compare the median population scores between the pre and post acoustically controlled auditory 
training

SAB question P-value
Q1 0.021*
Q2 0.023*
Q3 0.092#
Q4 0.023*
Q5 >0.999
Q6 0.267
Q7 <0.001*
Q8 <0.001*
Q9 0.180

Q10 0.092#
Q11 <0.001*
Q12 0.289

Total score <0.001*

Captions: Q1: Difficulty listening or understanding in a noisy environment ; Q2: Do not understand well when someone speaks fast or “muffled”; Q3: Difficulty following 
oral instructions ; Q4: Difficulty in identifying and discriminating speech sounds ; Q5: Inconsistency of answers to auditory information ; Q6: Poor reading skills ;  
Q7: Asks to repeat things ; Q8: Easily distracted ; Q9: Academic or learning difficulties ; Q10: Short attention span; Q11: Daydreams and seems inattentive and  
Q12: Disorganized .#: Tendency to significance. *: Statistically significant.

Statistical test: Non-parametric sign test.

It is noted that the differences in the applications of 
questions Q1, Q2, Q4, Q7, Q8 and Q11 were statisti-
cally significant and questions Q3 and Q10 showed a 
tendency towards significance.

Table 3 and Figure 3 show the values obtained in the 
total SAB score, in the pre and post ACAT moments.

Table 3 shows that the values of the population 
medians in the post ACAT evaluation were higher than 
at the time pre for the total score.

In Figure 3, the answers for the total SAB score are 
shown, in the pre and post ACAT moments.

It is possible to notice by Figure 2 that the SAB 
score, in the post ACAT evaluation increased when 
compared to the pre ACAT evaluation with a statisti-
cally significant difference showing improvement of the 
subjects submitted to the ACAT.

Table 3. Descriptive Statistics for the total score of the Scale of Auditory Behaviors in the Acoustically Controlled Auditory Training pre 
and post moments

Moment N Mean SD Minimum Median Maximum
Pre 23 28.7 7.9 16 26 42
Post 23 35.8 7.2 22 37 46
Difference 23 7.1 5.4 0 6 20

Captions: N: number of individuals; SD: standard deviation.
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DISCUSSION

This study is relevant to the speech therapy field 
because it considers the patient’s perception regarding 
the results obtained after ACAT. The relationship 
between subjective data and the data from objective 
reassessments (behavioral and electrophysiological 
tests) allows the improvement of protocols used in 
the rehabilitation of the patient with CAPD. Besides, it 
measures how the behavioral modifications could be 
perceived in the patient’s routine in auditory, atten-
tional, academic or behavioral contexts, so the results 
of ACAT are closer to the reality of the patient.

In Table 1 it was noted that the most altered auditory 
ability among the subjects was that of auditory figure-
ground. Such alteration corresponds to the difficulty to 
separate important information to which one should pay 
attention from competitive noise. This is the auditory 
ability more redundantly evaluated in the battery of tests 
used. Alteration in a figure-ground is quite common in 
CAPD 4,17, regardless the type of stimulus. 

Table 2 shows the occurrence of six questions with a 
statistically significant difference before and after ACAT, 
which were: Q1, Q2, Q4, Q7, Q8, Q11; two questions 
showed tendency to significance: Q3 and Q10; and four 
showed no trend nor statistically significant differences: 
Q5, Q6, Q9 and Q12. The questions were grouped into 
categories to facilitate the discussion.

Auditory category (Q1, Q2, Q3, Q4, Q5 and Q7)

In questions Q1,“difficulty to hear or understand 
in a noisy environment”; Q2, “difficulty to understand 
fast or muffled speech”; Q4,“difficulty to identify and 
discriminate speech sounds”; and Q7,“request to 
repeat the speech of the other,” an increase in the 
mean with a statistically significant difference was 
observed after ACAT. This finding can be compared 
to the results of previous studies17-21, which stated that 
CAPD can compromise communication in acousti-
cally unfavorable environments and be associated with 
speech comprehension difficulties.

It is believed that the improvement reported by the 
interviewees and confirmed by the statistical analysis 
is relevant because complaints are specifically auditory 
and are directly related to the objectives of the ACAT, 
which includes exercises of memory, attention and 
concentration skills. As all subjects were submitted 
to the same ACAT program and fully performed it, 
there was an improvement in the CAP behavioral tests 
applied after ACAT, which was expected6,11.

In question Q3, “difficulty to follow oral instructions,” 
it was noted that the average of responses increased 
and showed a trend towards significance. Although 
the results for this question were not statistically signif-
icant, it is still possible to verify that patients noticed 
an improvement in this aspect. However, it is believed 

Figure 3. Boxplots of the total score of the Scale of Auditory Behaviors in Acoustically Controlled Auditory Training pre and post moments
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that the change in this behavior was not so expressive, 
because it does not depend only on the proper 
functioning of the auditory system, either peripheral 
and / or central, but also requires language and 
cognition aspects15 varying regarding the complexity of 
the instruction presented.

In question Q5 “inconsistency of responses to 
auditory information,” there was no statistically signif-
icant difference and in both moments the responses 
remained the same. Such a finding would not be 
expected since different studies have pointed out the 
improvement of receptive language afterACAT6,9.

Attention category (Q8, Q10 and Q11)
In questions Q8, “Easily distracted,” and Q11, 

“daydreams and seem inattentive,” the average 
response increased and there was a statistically 
significant difference between the moments, showing 
improvement in these behaviors. Similar results were 
found in a study22 that evaluated children with attention 
difficulties. There are great scientific evidence22-27 that 
ACAT improves auditory attention, corroborating that 
perception. 

In question Q10, “short attention spans,” there was a 
tendency towards significance, agreeing with previous 
studies23,27 that refer attention levels improvement after 
a ACAT program. In the interview with the subjects 
and their parents, this complaint was very frequent, 
especially when they reported children’ situations in 
the classroom and / or doing homework before being 
submitted to the ACAT. In the reapplication of the SAB, 
these complaints were less frequent.

Academic category (Q6 and Q9)
In questions Q6, “poor reading ability,” and Q9, 

“academic and learning difficulties,” there was no 
statistically significant difference between the applica-
tions of the questionnaire. These results disagreed with 
the findings of other studies5,22 that rendered significant 
improvements in these behaviors after AT. Although 
some subjects reported improvement in reading ability 
after ACAT, this was an issue for which significant differ-
ences were not expected, as reading is also related 
to other aspects of language and auditory skills28-32. 
Moreover, a recent study does not correlate CAPD with 
reading and writing difficulties33.

ACAT does not solve reading difficulties, being a 
complementary tool in the rehabilitation of reading and 
writing disorders, especially when they can coexist with 

CAPD. The ACAT program carried out in the present 
study sustained predominantly Bottom-up strategies 
that improve access to auditory information even 
in adverse environments, as hearing reception. For 
academic improvements to be evidenced, which also 
depend on linguistic, phonological and metacognitive 
skills, Top-down strategies would be the most suitable.

Behavioral category (Q12)

In question Q12, “disorganized,” there were no 
statistically significant differences between moments. 
During the application, it was noticed that the family 
members and the patients themselves had difficulties 
understanding the questions, even after the examiner 
participation. This fact may have influenced the 
response provided and, consequently, the comparison 
between applications. 

Overall score

Tables 2 and 3 and Figure 3 refer to the total score 
of the SAB questionnaire before and after ACAT, an 
increase in the medians was observed in the post ACAT 
evaluation for questions Q1, Q2, Q4, Q7, Q8, Q11 and 
for the total score, showing a statistically significant 
difference for half of the questions proposed in the 
instrument. For the total score, the median in pre time 
is 26 and post time 37. In the analysis proposed by the 
authors who developed the SAB questionnaire, a score 
of 56 points indicates that individuals passed CAPD 
screening and do not require CAP test. Although no 
subject in the present study reached this score, it was 
possible to observe the self-improvement of the subject 
after having undergone rehabilitation through the 
ACAT. This result stems from the majority of subjects 
who underwent treatment and did not reach normal 
standards in all behavioral tests of CAP reevaluation. 
Anyway, their percentage of correct answers increased 
and patients felt improvement in auditory and attentional 
aspects. This result can also be justified by the nature 
of auditory processing disorders, which for the most 
part also involve aspects of expressive and receptive 
language. This result reinforces the complementary 
role that ACAT plays in the rehabilitation of CAPD, 
contributing to the improvement in aspects of attention, 
memory and concentration. Other manifestations, not 
always auditory, need a more specific approach never-
theless; the fact is that even with the occurrence of an 
increase in the score, no case reached 56 points in the 
total score.
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There is currently no specific questionnaire in Brazil 
to be applied as a subjective measure after the ACAT. 
SAB was developed as a screening tool for CAPD. In 
this sense, the present study can demonstrate a new 
clinical application for the instrument, since the partici-
pants already had CAPD diagnosed by behavioral tests 
and the questionnaire was used to demonstrate the 
impact that acoustically controlled auditory training had 
on auditory, academic behaviors and attention under 
the judgment of the patients and / or their families.

CONCLUSION
After a critical analysis of the results of the present 

study, it is possible to conclude that the subjective 
perception of the individuals and their family members 
could be identified by the application of SAB in the pre 
and post ACAT evaluations, revealing improvement in 
auditory and attention behaviors.
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