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Temporal processing in children with phonological
disorders submitted to auditory training: a pilot study

Processamento temporal de criangas com transtorno
fonolégico submetidas ao treino auditivo: estudo piloto

ABSTRACT

Purpose: This study compared the temporal processing performance of children with phonological disorders
submitted to formal and informal auditory training. Methods: Fifteen subjects with phonological disorder
(pure tone thresholds <20 dBHL from 0.50 to 4 kHz, and age between 7 years and 10 years and 11 months)
were evaluated, divided into three groups: Control Group: five subjects (mean age 9.1 years) without auditory
processing disorder, who passed through two evaluations of the auditory processing at intervals of six to eight
weeks and without any intervention; Formal Training Group with five subjects (average 8.3 years) with audi-
tory processing disorder submitted to eight sessions of formal training; and Informal Training Group, with five
subjects (average 8.1 years) with auditory processing disorder submitted to eight sessions of informal training.
Results: After eight sessions the formal training group showed an improvement of 8% and the informal train-
ing group of 22.5% in comparison with the pitch pattern sequence test. For the duration pattern sequence test,
the average of the formal training group improved by 12.9% and the informal training group by 18.7%. There
was no statistical difference between the means obtained by both groups after intervention, neither in the pitch
pattern nor in the duration pattern sequence test. Conclusion: Although the results did not present significant
differences, this pilot study suggests that both formal and informal trainings provide improvement in the tem-
poral processing abilities of children with phonological and auditory processing disorders.

RESUMO

Objetivo: Comparar o desempenho em processamento temporal de crian¢as com transtorno fonolégico sub-
metidos a treino auditivo formal e informal. Métodos: Quinze individuos com transtorno fonolégico (limiares
tonais <20 dBNA de 0,50 a 4 kHz e idades entre 7 anos e 10 anos e 11 meses) foram avaliados e divididos em
trés grupos: Grupo Controle — composto por cinco individuos (média de idade de 9,1 anos) sem transtorno do
processamento auditivo, que passaram por duas avaliagdes do processamento auditivo (central) com intervalo de
seis a oito semanas, sem receber qualquer intervenc@o; Grupo Treino Formal — composto por cinco individuos
(média de idade de 8,3 anos), com transtorno do processamento auditivo, submetidos a oito sessdes de treino
formal; e Grupo Treino Informal — composto por cinco individuos (média de idade de 8,1 anos) com transtorno
do processamento auditivo, submetidos a oito sessdes de treino informal. Resultados: Apds oito sessoes, o
grupo treino formal apresentou melhora de 8% e o grupo treino informal de 22,5% no que se refere ao teste
padrio temporal de frequéncia. Para o teste padrdo temporal de duragdo, o grupo treino formal melhorou 12,9%
e o grupo treino informal 18,7%. No desempenho nos testes padrio de frequéncia e padrdo de duracdo, ndo
houve diferencga estatistica entre as médias obtidas pelos dois grupos apés a intervengdo. Conclusao: Embora
os resultados ndo tenham apresentado significancia estatistica, o estudo piloto apresentado sugere que ambos
os treinos, formal e informal, proporcionam melhora das habilidades de processamento temporal em criangas
com transtorno fonolégico e do processamento auditivo.
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INTRODUCTION

The assessment of the Central Auditory System have
aroused the interest of researchers since the mid-1950s.
According to the American Speech-Language-Hearing
Association (ASHA), Central Auditory Processing (CAP) in-
volves the mechanisms of the auditory system with which the
nervous system deals with sound information, whether verbal
or nonverbal. If a person has preserved auditory sensitivity but
difficulty in one or more listening abilities necessary for the
auditory processing, a Central Auditory Processing Disorder
(CAPD) is characterized®.

The auditory temporal processing refers to how the au-
ditory system deals with the time differences of the acous-
tic stimulus. In this perspective, authors have defended its
close relationship with the comprehension of speech. This
relationship can be established because, in speech, there is
rapid transition of acoustic elements, and these changes must
be properly analyzed by the auditory system®->,

The auditory brainstem can be modified by short and
long-term auditory experiences initiated in childhood®. It is
possible to improve the functions of the auditory system re-
garding the resolution of acoustic signals by training listening
abilities, which is called auditory training”®. Such training
can be formal or informal. In formal training, acoustically
controlled activities are proposed and applied within a sound-
proof booth by a qualified professional. Informal training also
involves stimulation of auditory skills, but without requiring
acoustic control of the environment and stimuli. Both formal
and informal training are based on neural plasticity, which is
the ability of the central nervous system (CNS) to undergo
neurophysiologic changes based on sensory experiences!!%'%,
Studies have demonstrated the benefits provided by temporal
auditory processing training®'?,

Considering the development of language, Ingram® states
that it is based on the auditory perception and production of
speech sounds that a child learns the rules of her/his native
language and appropriates a phonological system of contrasts.

The phonological disorder is a speech and language disorder
that is very common in the pediatric population and has an
uneven manifestation. Theoretical models that study the deve-
lopment of speech, supported by the Dynamic Systems Theory,
indicate that there is an interrelationship between motor, lin-
guistic and auditory-cognitive speech processes, emphasizing
the connection between the action (oral motor gesture) and the
perception caused in the subject. This connection develops the
kinesthetic and auditory monitoring of the articulatory ges-
ture'2D, Evidences support the interactions between motor,
auditory and somatosensory systems that involve the forma-
tion of neural mappings "?. Some authors believe there may
be a close relationship between CAPD and speech disorders
because the first interferes with the stability of the phonemic
representation in the brain and with speech perception, making
the learning of phonology, syntax and semantics difficult®,

CAP studies have shown positive results in cases of patients
with CAPD who were submitted to informal auditory training®®'?.
However, studies that compare these types of intervention
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(formal and informal CAP training) are still needed, in order
to verify their real effects, results, and ideal situations of use.

Thus, the main objective of this pilot study was to determine
the variations in temporal processing performance of children
with phonological and CAP disorders, before and after formal
and informal auditory training.

METHODS

Approval for this study was granted by the local ethics
committee (0807/08). Written informed consent was obtained
from the parent or guardian of each child tested in this study.

The first inclusion criteria for all subjects was the presence
of alterations in the phonological test*? of the ABFW Child
Language Test, characterized by omission and/or substitution
of phonemes related to the presence of phonological processes,
with or without alterations in written language, and in the ab-
sence of concomitant syntactic, semantic or pragmatic altera-
tions. The subjects were all volunteers invited to participate
in this study. Participants were 15 children with phonological
disorder and ages between 7 years and 10 years and 11 months,
who were submitted to an audiological assessment that in-
cluded CAP tests and presented hearing thresholds <20 dB
in the frequencies from 0.5 to 4 kHz. The results of the CAP
assessment determined the inclusion of children in one of the
three groups in this study.

After signing the informed consent, subjects underwent
tympanometry (middle ear analyzer Interacoustics® AT235h
—microprocessor and equipped with two-frequency impedance
probe tone: 226 Hz and 1 kHz). The equipment was used for
automatic tympanometric measurements and for measures of
ipsilateral acoustic reflex. Subjects were also submitted to pure
tone audiometry for frequencies ranging from 0.5 to 4 kHz,
using Audiometer GSI 61 — Grason Stadler® (ANSI S3 0.6-
1989, ANSI S3 .43-1992, IEC 645-1.1992, IEC 645-2, 1993,
ISO 389, UL 544) and TDH 50P phones.

The tests used to evaluate CAP were: a) Figure Identification
(FI) with competitive ipsilateral noise (signal to noise ratio =
+20; normal range: 90%) (Portuguese version®); b) Dichotic
Digits test (DD) (Portuguese version®) (normal range: between
7 and 8 years of age, 85% in the right ear and 82% in the left
ear; between 9 and 10 years, 90% in both ears; from 11 years
on, 93% in both ears); ¢) Pitch Pattern Sequence test (PPS)?%;
and d) Duration Pattern Sequence test (DPS)®* (normal stan-
dards for both tests were based on the results of Balen®).

For the evaluation, a compact disc (CD) with the stimuli
was played on a CD player coupled to the audiometer.

According to the results from the CAP evaluation, children
were divided into three groups:

- Control Group (C): composed of five male subjects without
CAPD, with mean age of 9.1 years;

- Formal Auditory Training Group (FT): composed of five
subjects (two female and three male) with mean age of 8.3
years and altered results in at least two behavioral CAP
tests;

- Informal Auditory Training Group (IT): composed of five
subjects (two female and three male) with mean age of 8.1
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years and altered results in at least two behavioral CAP

tests.

All children in this study were submitted to an initial CAP
assessment (CAP1). Between six and eight weeks after, all
subjects were submitted to a second CAP evaluation (CAP2),
without having received any intervention. The interest in carry-
ing out two CAP evaluations with an interval of time between
six to eight weeks was directed to an attempt to identify eventual
performance variations, even in the absence of intervention.

The placement of each child into the groups C, FT or IT was
based on the results of the CAP2, according to the following
criteria. To be included in the C group, the child could have
altered results in only one task of the battery of CAP tests.
Children who were included in the formal training (FT) group
had altered results in at least two tests, both in the CAP1 and
the CAP2. These children were subjected to eight sessions of
formal auditory training, conducted according to principles
previously proposed®®. After the completion of formal training,
this group was submitted to a third CAP evaluation (CAP3), in
order to verify performance modifications. Children included
in the informal training (IT) group also showed altered results
in at least two tests, both in the CAP1 and the CAP2. These
children received eight sessions of informal auditory training.
All activities were carried out using headphones adjusted to 60
dBA (measurements taken in a soundproof booth with digital
sound level meter — brand Instrutherm®, model DEC 460 — with
frequency range from 31.5 Hz to 8 kHz) in a quiet therapy room,
and followed an informal auditory training program elaborated
specifically for this study. The characteristics of the stimulation
program are in Appendix 1. After the completion of informal
training, this group was also submitted to the CAP3.

For data analysis, the means of both research groups (FT
and IT) in all three evaluations were compared by using the
multivariate analysis of variance with repeated measures, in
order to compare the mean of the third evaluation with those
of previous reviews, and compare the means of the two groups
in the third evaluation. The method of Bonferroni multiple
comparisons was applied to find differences between the means.

Table 1. Correct responses in the PPS test by group and evaluation
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The significance level was set at 0.05.

As the interest of this research was on temporal auditory
processing, the dependent variables studied were the results
obtained in the PPS and DPS tests.

RESULTS

Analysis of the results obtained in the Pitch Pattern
Sequence test (PPS)

Observed values of descriptive statistics for the percentage
of correct responses in the PPS by group and assessment are
found in Table 1. Mean values in the Control Group were hi-
gher than in the FT and IT groups in the first two evaluations.
Mean values of the IT group were higher in the third evaluation
than those observed in previous assessments, although without
statistical significance.

The comparison between the three groups in the first two
evaluations (Figure 1) showed that there was no difference
between the mean scores on the PPS test in both evaluations
(p=0.165), regardless of the group (p=0.349). Moreover, the
mean scores were different in all three groups, and the differen-
ce between them was independent of the evaluation (p=0.349).
No difference was found between the mean scores of the C and
FT groups on the PPS in the first two evaluations (p=0.055). The
mean of the C group was higher than the IT mean (p=0.003),
and there was no difference between the mean scores of the
FT and IT groups (p=0.356), still considering the first two
assessments. Thus, one can conclude that there was no diffe-
rence between the means of the FT and IT groups on the PPS,
and their means are smaller than that of the C group, although
this difference was not significant compared to the FT group.

The analysis of the FT and I'T groups showed no difference
between the mean scores in all evaluations (p=0.076), regardless
of the group (p=0.323) (hence, there was no difference between
the mean in the third evaluation and the means in the first two).
There was also no difference between the mean scores of the
groups (p=0.243), regardless of the evaluation (p=0.323) (thus,

Evaluation Group n Mean SD Minimum Median Maximum
CAP1 C 5 89.0 8.9 80.0 90.0 100.0
FT 5 49.0 17.8 20.0 55.0 65.0
IT 4 32.5 34.0 0.0 25.0 80.0
Total 14 58.6 31.5 0.0 62.5 100.0
CAP2 C 5 86.0 16.7 60.0 90.0 100.0
FT 5 61.0 18.5 30.0 65.0 75.0
IT 5 40.0 25.7 15.0 30.0 70.0
Total 15 62.3 27.3 15.0 65.0 100.0
CAP3 FT 5 57.0 23.1 30.0 65.0 80.0
IT 5 55.0 23.2 15.0 60.0 75.0
Total 10 56.0 21.8 15.0 62.5 80.0

Note: CAP1 = first central auditory processing assessment; CAP2 = second central auditory processing assessment; CAP3 = third central auditory processing assess-
ment; C = control group; FT = formal training group; IT = informal training group; SD = standard deviation
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central auditory processing (CAP3)

Figure 1. Mean = standard error of the percentage of correct responses
in the Pitch Pattern Sequence test by group and evaluation.

there was no difference between the means of the FT and IT
groups in the third evaluation).

Analysis of the results obtained in the Duration Pattern
Sequence Test (DPS)

The values of the descriptive statistics in Table 2 are similar
to those observed in the analysis of the PPS: the mean score
was higher in the C group than in the other two groups, and
the means of the FT and IT groups tended to increase along
the evaluations.

There was no difference between the mean percentage of
correct answers in the first two evaluations (p=0.151), regar-
dless of the group (p=0.511) (Figure 2). Moreover, the mean
percentages of correct responses in the DPS test were different
in all three groups (p=0.001), regardless of the group (p=0.511).
Further analysis showed that the mean of the C group was

Table 2. Correct responses in the DPS test by group and evaluation
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higher than that of the FT (p=0.012) and the IT (p=0.002)
groups, and there was no difference between the means of the
FT and IT (p=0.435) groups.

— . P=0.012

DPS (%)
SIS ARSI SRS

-
o

o

Evaluation
Group Control FT m

Note: 1 = first evaluation of the central auditory processing (CAP1); 2 = second
evaluation of the central auditory processing (CAP2); 3 = third evaluation of the
central auditory processing (CAP3)

Figure 2. Mean =+ standard error of the percentage of correct responses
in the Duration Pattern Sequence test by group and evaluation.

The results obtained from analyzing the performances of
the FT and IT groups showed that there was no difference
between the mean percentage of correct responses in the DPS
in all three evaluations (p=0.096), regardless of the group
(p=0.615) (thus, there was no difference between the mean in
the third evaluation and the means in the first two). Furthermore,
no difference was found between the means of both groups
(p=0.131), regardless of the evaluation (p=0.615) (hence, there
was no difference between the means of the FT and IT groups
in the third evaluation).

DISCUSSION

The present study shows that both formal training

Evaluation Group n Mean SD Minimum Median Maximum
CAP1 C 5 74.0 22.7 40.0 80.0 100.0
FT 4 29.1 20.3 1.5 325 50.0
IT 3 18.3 17.6 0.0 20.0 35.0
Total 12 451 32.0 0.0 37.5 100.0
CAP2 C 5 77.0 17.9 55.0 70.0 100.0
FT 5 41.0 18.8 10.0 45.0 60.0
IT 3 25.0 10.0 15.0 25.0 35.0
Total 13 51.2 271 10.0 50.0 100.0
CAP3 FT 5 42.0 16.8 30.0 35.0 70.0
IT 5 37.0 14.0 25.0 30.0 60.0
Total 10 39.5 14.8 25.0 325 70.0

Note: CAP1 = first central auditory processing assessment; CAP2 = second central auditory processing assessment; CAP3 = third central auditory processing assess-
ment; C = control group; FT = formal training group; IT = informal training group; SD = standard deviation

J Soc Bras Fonoaudiol. 2012;24(1):42-8
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and informal training were able to provide qualitative improve-
ment in the performance of children with regard to the auditory
ability of temporal ordering and inter-hemispheric transfer.

Considering the performance of children in the PPS test, it
can be observed that the means obtained in PAC3 for FT and
IT groups were closer than the means obtained for the
same groups in PAC1, although without statistical significance.

Considering subjects’ performance in the PPS test, it must
be noticed that, in the IT group, one child was unable to per-
form the test during the first assessment (CAP1), and started
to respond only from the CAP2 on.

Considering the performance of the children in the DPS test,
it must be emphasized that there were also children who were
not able to carry out the initial assessment (CAP1) (one child in
the FT group and two in the IT group) and in CAP2 (the same
two children of the IT Group). The analysis of this data, sepa-
rately, gives us the idea that the children who participated in the
research improved in temporal ordering and inter-hemispheric
transfer, once they had not been able to perform the task and
later they could do it.

Unlike what happened in the PPS test, the performance of
the C group in the DPS test did not appear more homogeneous
than that of the other groups. Taking into account the compa-
rison of the normal range between the PPS and DPS tests®, it
can be concluded that Portuguese-speaking children have better
performance in the PPS test. This might be why even the per-
formance of the C group was also heterogeneous; these findings
corroborate the results of another study®”.

In general, the responses of the children in the FT and IT
groups in the three CAP evaluations (1, 2 and 3) were very
heterogeneous. These data agree with the findings of another
study®® that also found enough variability in the responses of
children between 7 years and 11 years and 11 months.

Considering that the individuals in our study had phono-
logical disorder and that this diagnosis can lead to learning
difficulties, one could suggest that the participating children
also showed delayed maturation of auditory skills, as suggested
by some authors®.

Although in the DPS test the performance of the IT group
was worse than the FT group in the initial assessment (CAP1),
no significant difference was observed between these two
groups. However, both groups differed from the C group.
After the auditory training, neither the FT nor the IT groups
showed inter-groups differences, but one can observe that the
difference between the means of these two groups decreased
after the auditory training (Table 2). The FT group did not show
performance improvement after the auditory training, whereas
the IT group demonstrated greater ability to accomplish the task
of temporal ordering and inter-hemispheric transfer after the
training, even though this improvement was not significant. The
results from this pilot study may provide us evidence that the
differences observed could present statistical significance
with a larger sample.

The results obtained reinforce the need of early intervention
in children with phonological and auditory processing disor-
ders, since both disorders hinder the learning of reading and
writing and, hence, the academic performance of these children.
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CONCLUSION

Both formal and informal training expand the intervention
approaches in speech therapy for children with phonological
disorders associated with auditory processing disorder. The
results suggest that children with phonological disorders asso-
ciated with auditory processing disorder benefit from additional
sessions of auditory training.

Although the improvement of the auditory abilities of
temporal resolution and inter-hemispheric transfer has not
been statistically proved in this pilot study, the increase in the
mean percentage of correct responses suggests that a larger
sample could provide important changes.
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Auditory ability | Tr. Number of stimuli S/N BN Duration (ms) ISI (ms) Pitch (Hz) Task
1 200 i i
4 sets of 2 stimuli _ N 200 Differentiate 2 sounds
2 100 and/or name them
3 450 1000 and
~ an
4 350 ~1400
5 14 sets of 3 stimuli - - 250 200 Ordering the stimuli
6 150
7 1
TO and ITr. 00
8 _— 250 Differentiate 2 sounds
4 sets of 2 stimuli -- -
9 200 and/or name them
10 500
11 400 and 200 400 ~1000
12 14 sets of 3 stimuli -- - 300 Ordering the stimuli
13 200
14 150
15 20
* WN
Ve 16 | 100 words distributed in +5 B B ; Signal to each word of
17 5SC 0 aSC
MB
18 -15
19 33 NVS distributed in +20 Identify stimuli of a SC
NVC ST - - -
20 5SC +5 and name them
21 100 words distributed in 0 Signal to each word of
VFG 22 58C .15 WN - - - aSsC
NVFG 23 33 NVS distributed in 0 ST B B 3 Identify stimuli of a SC
24 58C -15 and name them

continue...
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... continuation
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Auditory ability | Tr. Number of stimuli S/N BN Duration (ms) ISI (ms) Pitch (Hz) Task
25 20
26 ; 5 WN
+
8 sets of 4 stimuli (= SC)
27 0
MB
28 -15
29 20
30 ; 5 WN
+
8 sets of 4 stimuli (= SC)
31 0
32 15 M8
C+VM 3 20
+
34 +5 WN
35 8 sets of 5 stimuli (= SC) 0
MB
36 -15 B B N Repeat the sequence
37 20 heard in the same order
38 ; 5 WN
+
39 8 sets of 5 stimuli (= SC) 0
MB
40 -15
41 0
ts of 4 stimuli (=
e 8 sets of 4 stimuli (= SC) 15
43 0
24 8 sets of 4 stimuli (= SC) 15
FG + VM ST
45 8 sets of 5 stimuli (= SC) 0
46 i -15
47 0
ts of 5 stimuli
8 8 sets of 5 stimuli (= SC) 15

Note: BN = background noise; C + VM = closure + verbal memory; FG + VM = figure-ground + verbal memory; ISI = inter stimuli interval; ITr. = interhemispheric transfer;
NVC = nonverbal closure; NVFG = nonverbal figure-ground; NVS = nonverbal stimuli; SC = semantic category; S/N = signal to noise ratio; ST = Story; TO = temporal
ordering; VC = verbal closure; VFG = verbal figure-ground
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