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Maintenance of auditory abilities after auditory training

Manutenção das habilidades auditivas pós treinamento auditivo
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ABSTRACT

Purpose: The aim of the current study was to determine the efficacy 

of auditory training and to establish the long-term effectiveness of the 

acquired auditory abilities one, two or three years following the comple-

tion of the program. Methods: Ten children, who presented abnormal 

auditory processing ranging in degree from mild-moderate, moderate, to 

moderate-severe, underwent an 8-week auditory training program. All 

participants were reassessed immediately after training (POST-1) and 

one, two or three years after training (POST-2). Results: Significant di-

fferences were detected in average performance between the assessment 

made prior to auditory training (PRE) and POST-1 assessment, and be-

tween PRE and POST-2 assessments, but no significant differences were 

found between POST-1 and POST-2 assessments. No correlations were 

detected between POST-1 and POST-2 time interval, and the difference 

in performance between these two evaluations. The auditory processing 

assessments in POST-1 were considered normal, or were mildly altered. 

Further, 60% of the individuals achieved the same results in POST-2 

assessment. Conclusion: In the current study, we verified that auditory 

training is an effective intervention for Auditory Processing Disorders, 

and that the benefits obtained after training persist even after intervals of 

one, two or three years following intervention.
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RESUMO

Objetivo: Verificar a eficácia do Treinamento Auditivo e a manutenção 

das habilidades auditivas treinadas após um, dois, ou três anos do seu 

término, com o intuito de comprovar a eficácia do treino em longo prazo. 

Métodos: Dez crianças com alteração do processamento auditivo - graus 

variando entre leve a moderado, moderado e moderado a severo - passa-

ram por um programa de treinamento auditivo de oito semanas e foram 

reavaliadas imediatamente após o treino (PÓS-1) e um, dois, ou três anos 

depois (PÓS-2). Resultados: Foram observadas diferenças significati-

vas no desempenho médio, entre a avaliação pré-treino e as avaliações 

PÓS-1 e PÓS-2, sem diferenças entre as duas últimas. Não foram ob-

servadas correlações entre o intervalo de tempo entre PÓS-1 e PÓS-2 

e a diferença no desempenho dessas avaliações. Em PÓS-1, a maioria 

das avaliações apresentou-se dentro da normalidade, ou com alterações 

leves do PA, sendo que 60% dos indivíduos mantiveram tais resultados 

em PÓS-2. Conclusão: Verificamos, neste estudo, que o Treinamento 

Auditivo é eficaz na intervenção dos Transtornos do Processamento 

Auditivo e que os benefícios obtidos após o treinamento se mantêm, 

mesmo após um, dois, ou três anos do seu término.

Descritores: Percepção auditiva; Transtornos da percepção auditiva; 

Estimulação acústica; Plasticidade neuronal; Aprendizagem
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INTRODUCTION

The Auditory Processing Disorder (APD) is related to diffi-
culties in the perceptual processing of the auditory information 
in the central nervous system and the neurobiological activity 
that underlies such processing(1,2). Intervention in cases of APD 
must be composed of top-down and bottom-up approaches, 
which consist, of linguistic and cognitive stimulation, and of 
environmental adaptations, improvement of acoustic signal 
(e.g.: FM system) and auditory stimulation through Auditory 
Training (AT)(3,4), respectively. 

AT comprises a set of conditions and/or tasks designed to 
activate the auditory and related systems in such a manner that 
their neural base and auditory behavior are altered in a positi-
ve manner(5). This alteration is possible because the Auditory 
Central Nervous System is considered a plastic system, or in 
other words, a system capable of promoting changes to the 
nerve cells according to environmental influences(6). 

Several studies have been demonstrated the benefits of AT 
in children with APD using behavioral and electrophysiologi-
cal assessments(4,7-14), which suggests that the efficacy of the 
perceptual auditory system may be improved through training. 

The beneficial effects of AT have been called “perceptual 
learning,” and some authors suggested that this learning take 
place in two stages. The first stage is a brief phase that occurs 
during the training session, and might reflect the learning of 
the stimulus and the concept, such as learning the procedures 
and tasks. The second stage involves slow development, occurs 
during consolidation, and might take from six or eight hours 
to weeks, most likely reflecting the changes in long-term 
memory(15-17). 

The consolidation and maintenance of the benefits obtained 
in the auditory abilities after AT has been a concern among 
researchers and clinicians, because, generally, assessments are 
conducted immediately following the completion of the final 
training session, and no long-term patient follow-up is perfor-
med. In fact, only a limited number of studies have attempted 
to verify the long-term maintenance of the effects of AT on 
auditory abilities(18-20), and the maintenance of results has only 
been verified for a few weeks or months after AT. 

The aim of the current study was to verify the effectiveness 
of AT, as well as to prove the long-term efficacy of this program 
for the maintenance of the trained auditory abilities, through 
auditory processing (AP) behavioral reevaluation one, two or 
three years after the completion of training.

METHODS

This study was conducted in the Auditory Processing 
Laboratory within the Department of Physical Therapy, Speech-
Language and Audiology Sciences and Occupational Therapy, 
at the Universidade de São Paulo, Faculty of Medicine. The 
study received full approval from the Faculty of Medicine 

Ethics in Research Committee, and was conducted under the 
research protocol number 0117/08.

 The ten subjects who participated in this study were aged 
7 to 14 years (9.6±2.9), during the first assessment, and 8 to 
17 years (12±2,7) in the last assessment. All study participants 
went through an AT program proposed in previous studies and 
validated in Brazil(7,21,22) that consisted of a weekly 50-min 
acoustic booth session designed to stimulate the abnormal 
auditory abilities, with duration of eight weeks. At the end of 
the AT program, the patient was reassessed using the same test 
battery employed in the initial assessment, to verify improve-
ments in the trained auditory abilities. 

All subjects underwent AP behavioral assessment before 
AT (PRE), right after AT (POST-1) and one, two or three years 
after AT (POST-2). At the time of the assessments all subjects 
presented hearing thresholds under 20 dBHL (250-8000 Hz), 
and tympanometry type A with the presence of acoustic reflex 
for both 1000 and 2000 Hz. All parents or guardians signed 
the informed consent formulary. 

The tests used in the current study were chosen according 
to the age, complaint and motor/linguistic conditions of each 
individual participant. The repeat assessments consisted of 
the same tests applied during the initial assessment (Chart 1).

The criteria for normality, and assessment materials used 
in the current study, are widely used in clinical practice(23-25). 
The performance on each test and the number of abnormal 
responses were used to determine the alteration degree of the 
AP assessment, and the same criterion was maintained throu-
ghout all assessments.

The performances of each test at PRE, POST-1 and POST-
2 assessments, as well as the degree of AP alteration of each 
assessment, were compared. The correlation between AP al-
teration and the different time intervals between POST-1 and 

Chart 1. Tests applied in the assessment and reassessment, according 
to the evaluated auditory ability

Evaluated auditory 

skill 

Test n*

Sound localization Sound localization test (SL) 9

Auditory memory Sequence memory to verbal sounds 

(SMV)

9

Sequence memory to non-verbal 

sounds (SMNV)

9

Auditory closure Speech in noise test (SN) 9

Auditory figure-

ground

Pediatric Speech Intelligibility (PSI) 9

Dichotic Digits (DD) 4

Staggered Spondaic Word (SSW) 6

Nonverbal dichotic test (NVD) 7

Temporal sequencing Pitch Pattern Sequencing (PPS) 8

*number of subjects evaluated in each test
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POST-2 was also verified. Pearson Correlation, a Student’s 
t-Test, and analysis of variance (ANOVA), were used for data 
analysis, all with 5% level of significance. 

RESULTS

No differences were detected between right and left ears in 
any of the tests that evaluated the ears individually (p>0.05 in all 
comparisons). Thus, we choose to combine the results of both 
ears, so that the analysis would yield greater statistical power.

An increase in the average number of correct responses was 
observed between PRE and POST-1 assessments, and the obser-
ved increase was maintained at POST-2 assessment (Table 1).

Differences between PRE, POST-1 and POST-2 were verified 
for the following tests: SN, PPS, NVD, and SSW/DD. The diffe-
rences observed were due to distinctions between performances 
in PRE and POST-1 assessments (SN: p=0.020; PPS: p<0.001; 
NVD: p=0.003; SSW/DD: p=0.035) and PRE and POST-2  
assessments (SN: p=0.019; PPS: p=0.017; NVD: p=0.001; SSW/
DD: p=0.027). No differences were observed in any of the ap-
plied tests between POST-1 and POST-2 assessments (Figure 1).

Among the ten participants, the time interval between the 
POST-1 and POST-2 assessments was three years in five par-
ticipants, two years in three participants, and one year in two 
participants. No correlations were observed for any applied 
tests between the POST-1 and POST-2 time intervals, and the 
performance differences between both assessments.

Regarding the degree of alteration of AP assessment, at the 
initial assessment (PRE), the participants of the study presented 
mild to moderate alteration (10%, n=1), moderate alteration 
(70%, n=7), or moderate to severe alteration (20%, n=2). 
Immediately following AT (POST-1) all individuals demons-
trated an improvement in the AP assessment, with the majority 
of the performances falling within normal range (40%, n=4) or 
with only mild alterations (40%, n=4). At POST-2 assessment, 
60% of the participants returned the same results they had 
obtained in POST-1. Among the rest of the participants, one 
exhibited improvement and three had results that were lower 
than POST-1 assessment (Figure 2). 

DISCUSSION

In the current study, we observed improvement in AP after 

Table 1. Mean performance (M) and standard deviation (SD) for each test (%), according to the evaluation

Evaluation
SL SMV SMNV PSI SN PPS NVD SSW/DD

M SD M SD M SD M SD M SD M SD M SD M SD

PRE 93.3 14.1 77.8 28.9 33.3 23.6 71.7 16.2 71.2 17.6 46.0 13.6 59.5 26.7 65.0 19.7

POST-1 97.8 6.7 77.8 28.8 51.9 24.2 75.0 15.8 83.4 11.9 85.0 7.9 86.9 17.2 78.0 17.9

POST-2 100 0 81.5 24.2 55.6 40.8 79.4 15.1 82.2 7.0 71.0 12.9 88.7 16.9 79.5 20.4

Note: SL = sound localization; SMV = sequence memory to verbal sounds; SMNV = sequence memory to non-verbal sounds; PSI = pediatric speech intelligibility test; 
SN = speech in noise; PPS = pitch pattern sequencing; NVD = nonverbal dichotic test, SSW/TDD = staggered spondaic word/dichotic digits

Note: (*) p≤0,05; (#) 0,09<p<0,05; SL = sound localization; SMV = sequence 
memory to verbal sounds; SMNV = sequence memory to non-verbal sounds; PSI 
= pediatric speech intelligibility test; SN = speech in noise; PPS = pitch pattern 
sequencing; NVD = nonverbal dichotic test, SSW/TDD = staggered spondaic 
word/dichotic digits 

Figure 1. Error Bars and mean percentage of correct responses to each 
assessment, according to the applied test

Note: Mo/S = Moderate to severe; Mo = Moderate; Mi/Mo = Mild to Moderate; 
Mi = Mild; NL = Normal

Figure 2. Distribution of AP alteration degree by subjects, in all as-
sessments
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training, as well as the maintenance of such improvement, 
even as long as three years after training. Other researchers(10,11) 
reported similar results, with approximately 70% of the 
individuals assessed performing normally after AT. Moreover, 
prior studies also demonstrated the efficacy of AT in children 
with APD(4,7-9,12,13). 

The tests used in this study were considered stable by 
test-retest studies that involved individuals with typical 
development(26). Consequently, changes in performance 
suggest modifications in the auditory system and its functions 
as consequence of cellular reorganization promoted by lesion-
induced compensation, stimulation-induced learning, or natural 
system maturation(6).

We believe that in the current study, the changes observed 
after the completion of the AT program took place because 
of auditory learning induced by training. The basis of our 
conviction was the fact that the interval between PRE and 
POST-1 assessments was only eight weeks, which is not 
considered enough time to justify changes based only on the 
maturation of subjects within the age range of those included 
in the study. 

The observation that the maintenance of acquired behavioral 
improvements was relatively constant for a period of three years 
following AT is of extreme importance to the field, considering 
the limited number of previous studies that investigated the 
maintenance of auditory stimulation benefits months or years 
after the end of an AT program.

In another study(18), the maintenance of acquired 
improvements up to six months after AT was reported for a 
high proportion of the subjects (85%). According to the authors 
of the prior study, non-auditory factors, such as emotional, 
cognitive, memory or attention disorders, might have interfered 
with the assessments of children who did not maintain their 
improved performances. 

While analyzing the responses to language and word 
discrimination tests given by typical developing school 
children after auditory discrimination training, a different 
study(19) resulted in reports of observed improvements to both 
phonological and auditory abilities, with maintenance of these 
improvements five or six weeks after the end of AT.

On the other hand, the results of a study aimed at verifying 
the auditory and cognitive benefits of an AT program in an 
adult with a Traumatic Brain Injury(20), indicated maintenance 
of the improved behavioral auditory responses four months 
after training, but not of the electrophysiological or cognitive 
tests responses. The authors argued that perhaps the patient 
required additional AT sessions to reach consolidation of the 
auditory learning in a manner that allowed for the maintenance 
of acquired improvements in all assessment levels.

In the current study, three individuals reverted to 
unsatisfactory results at POST-2 assessment. One of the 
individuals was a child diagnosed with hyperactivity and 
another was undergoing psychological assessment due to 

behavioral problems and difficulties socializing. Considering 
that both AP assessment and learning process may be influenced 
or depend upon non-auditory factors(14,17), we believe that for 
these individuals, such factors, including attention problems 
and lack of motivation, may have influenced their performance 
during POST-2 assessment. Another hypothesis is that once 
these patients demonstrated clear involvement of other non-
auditory alterations, they might have failed at the learning 
consolidation process, and, would perhaps have benefitted 
from additional training sessions, to achieve consolidation of 
the AT-induced cellular reorganization. 

The fact that we did not observe a correlation between 
the POST-1 and POST-2 time interval, and the difference in 
performance between these assessments suggested that after 
consolidation, the changes obtained during AT were maintained 
for at least three years, the longest time interval observed in 
this study. 

On the basis of the current study results as well as the 
literature analyzed we can suggest auditory training induced 
positive behavioral changes, and that these modifications could 
last for a long term. 

CONCLUSION

The current study verified, through behavioral AP 
assessments, that auditory training is an efficient intervention 
for APD and that the benefits obtained after training are 
maintained even after one, two or three years. 
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