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ABSTRACT

Purpose: to assess whether there is a relationship between temporal auditory
processing skills and altered distinctive features in cases of phonological disorder.

Methods: 18 children aged between 6 and 8 years, diagnosed with phonological
disorders participated in the research. All children underwent speech-language
screening, phonological assessment and the assessment of temporal processing
skills through the GIN — Gap in Noise Test, TPF — Frequency Pattern Test and TPD —
Duration Pattern Test. The numbers of altered phonemes and distinctive features and
the level at which they were in the Implicational Model of Features Complexity were
compared with those of the GIN, TPF and TPD tests. The significance level adopted for
all statistical tests was 5% (p<0.05).

Results: in no comparison and correlation was there statistical significance, but the
subjects evaluated showed low performance in temporal auditory processing tasks,
according to normative testing standards.

Conclusion: in the general analysis, there was no relationship between temporal
auditory skills and distinctive traits in the population assessed, even though they had
difficulties in temporal auditory processing tasks.

Keywords: Speech; Speech Perception; Auditory Perception

113



2/13 | Marchetti PT, Dalcin LM, Balen SA, Mezzomo CL

INTRODUCTION

Considering the normal development of language,
it is through the perception of speech sounds that
children learn the rules of the linguistic system to which
they are being exposed to and, thus, organize the
phonological system of their language'.

When the correct appropriation of this system does
not occur, the phonological disorder (PD) is estab-
lished. It consists of a developmental feature that corre-
sponds to a speech difficulty which is characterized by
the inappropriate use of the contrastive sounds of the
language, according to age and regional variations?®.

The production of intelligible speech depends both
on programming and motor execution capabilities, as
well as on the ability to process the paradigms of the
acoustic spectrum. Then, there is a close relationship
between temporal acoustic perception and speech
perception. For this reason, it is understood that
changes in central auditory processing (CAP), and even
the delay in the stages of maturation of auditory skills,
may be a predictive factor of disorders in the devel-
opment of speech and oral and written language*~.

In PD, production of speech of each child, when
analyzing the distinctive features that make up the diffi-
culties of this production, may show greater difficulties
in the spectral or temporal decoding of sounds. In
this sense, some studies have verified the importance
of evaluating auditory discrimination in cases of PD,
verifying the influence of all auditory skills in cases of
phonological disorders®®. In addition, several studies
have already related PD and CAP, demonstrating, in
general, that children with PD present alterations in
auditory skills*710-14,

Among the altered skills, investigations into temporal
auditory processing skills1'671517 can be observed. A
possible justification for the implication of this skill in
speech production is that temporal resolution is the
skill that contributes to the detection of small acoustic
variations in time. In this way, it is fundamental in
the detection and auditory recognition of all sound
elements, constituting a prerequisite for language skills.
This statement is justified because, in order to correctly
discriminate and produce phonemes, it is necessary
to know how to identify and discriminate small
acoustic alterations, such as the perception of sound
intervals, subtle alterations in duration and frequency.
It is considered that deficits in temporal auditory ability
generate difficulties in sound discrimination, and this
difficulty has already been verified in children with
PD1,13,15.
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Although some studies indicate the importance of
temporal processing for phonological acquisition, in
most of them the temporal processing skills (temporal
resolution and temporal ordering) were investigated
using only one test to assess only one of these skills,
that is, they made use of the test that evaluates the
perception of temporal gap or the test that evaluates
temporal ordering, through the frequency or duration
pattern tests or simplified assessment of central
auditory processing. However, in this study, a test was
used to assess temporal resolution and another test to
assess temporal ordering, thus enabling a complete
analysis of temporal auditory processing.

Based on these data, it is important to verify whether
there is a relationship between auditory temporal
processing skills, both temporal resolution and
temporal ordering, with altered distinctive features in
PD cases, which is the aim of the present study.

METHODS

This research was developed as part of a larger
project entitled: “The study of different perceptual skills
in children with typical and atypical speech devel-
opment”. This study is characterized by being trans-
versal and quantitative. The research was developed
in the clinical school of the Speech, Language and
Hearing Sciences Major at Universidade Federal de
Santa Maria (UFSM), Brazil, according to rules regulated
by Resolution 196/1996 (BRAZIL Resolution MS/CNS/
CNEP n2.466/2012). Ethics in Research with Human
Beings from UFSM, Brazil, with registration number
046/2011 and CAAE 0202.0.243.000-11.

Participants were selected through a speech
screening, carried out in two schools in a city in
southern Brazil. Subjects were also elected through
the analysis of the screenings carried out in the Clinical
Practice of Speech Therapy and Public Health | and I,
which are attended by students of the fourth year of
Speech, Language and Hearing Sciences Major at the
home institution where the study was carried out.

For children to be included in the sample, the
following inclusion criteria were observed: age between
6:0 and 8:0; be monolingual speakers of Brazilian
Portuguese; be right-handed; present a diagnosis of
phonological disorder; present hearing thresholds
better than 15 dBHL bilaterally from 250 to 8000 Hz;
parents or guardians sign the Free and Informed
Consent Term (FICT); and the children themselves
consent to their participation. As exclusion criteria, the
following aspects were considered: having received



or being receiving speech therapy; having difficulty
concentrating; be a practitioner of activities with musical
instruments; present other speech-language disorders
that interfere with speech production, such as voice
alterations, orofacial motricity, hearing, other language
levels, in addition to the phonological component, and
present evident neurological, cognitive or psycho-
logical alterations.

Thus, for the selection of the sample, an initial
interview with the parents or guardians, speech
screening and phonological assessment were carried
out. In the initial interview, data on pregnancy and child-
birth, motor and linguistic development, breastfeeding
and current diet, aspects related to sociability, sleep,
general health and schooling were investigated.

In the speech therapy screening, aspects of the
stomatognathic system were observed - through the
application of the MBGR protocol (Marchesan, Berretin-
Felix, Genaro, Rehder)'®, in which aspect, posture,
muscle tension and mobility of phonoarticulatory
organs and their functions are observed - breathing,
phonoarticulation, mastication and swallowing.
Language aspects were also analyzed, through sponta-
neous speech obtained in the description of a logical
sequence; voice, through the glottic source perceptual
assessment scale — RASATI (Hoarseness, Roughness,
Breathiness, Asthenia, Tension, Instability)’®, and
hearing, through hearing assessment performed at
the Audiology Laboratory of the HEI (Higher Education
Institution).

To carry out the hearing assessment, according to
the ANSI S3.21-1978% standard, a properly calibrated
Fonix audiometer, model FA-12 and type |, was used.
First, the external acoustic meatus of both ears was
inspected with the aid of an otoscope, in order to verify
the accumulation of cerumen or the presence of foreign
objects in the region. Afterwards, the audiological
assessment itself was carried out, being investigated
the auditory thresholds, of the airway, between the
frequencies of 250 and 8000 Hz, being considered
normal thresholds of up to 15 dBHL for each tested
frequency. Observing that no subject presented
conductive problems, all had symmetry?' between the
ears in terms of auditory acuity and it was the first time
that they underwent CAP assessment.

The assessment of the phonetic and phonological
system of the children aimed to identify cases of phono-
logical disorder and was performed using the Child
Phonological Assessment (CPA) instrument. To this
end, the child was asked to spontaneously name the
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items contained in the five figures of the instrument and
this speech sample was recorded. After the phonetic
transcription, the contrastive analysis was carried out
in order to establish the phonetic and phonological
systems. This instrument was also used in order to
calculate the degree of severity of the phonological
disorder and to carry out the analysis of distinctive
features and  phonetic-phonological  inventory,
observed in cases of speech disorder.

When necessary, complementary exams were
performed, such as: otorhinolaryngological, neuro-
logical and psychological assessment, in order to
confirm the exclusion or inclusion of the subject in the
research.

Then, after the assessments, the research sample
consisted of 18 subjects aged between 6 and 8 years,
diagnosed with phonological disorder. With these
subjects, the analysis of the phonetic-phonological
systems was performed, based on the results of the
CPA instrument previously applied. The phonological
inventory was described by the verification of acquired
phonemes (correct production equal to or greater than
80%), partially acquired (40% to 79% of production)
and non-acquired (equal to or less than 39% of
production)?,

In addition, the analysis was performed using
the Implicational Model of Trait Complexity - IMTC?,
modified®* as shown in Figure 1. The distinctive features
or combinations of distinctive features that make up
the phonemes considered absent or partially acquired
were identified in the analysis of distinctive features.
IMTC represents the relationship of implication
between the distinctive features, forming paths to be
followed during phonological acquisition. The lines
drawn in the model represent the paths, establishing
the relationship of implication between the distinctive
features (the presence of a feature at a lower/marked/
complex level implies the presence of another feature
at a higher/unmarked/less complex level). Solid lines
establish stronger relationships, while dotted lines
denote weaker relationships.

The author® of this model affirms that, during the
acquisition process, the child presents a basic repre-
sentational structure (unmarked distinctive features)
and, as the acquisition takes place, the input and the
cognitive and articulatory abilities themselves will
influence the specifications of other traits. (marked
distinctive features) that were not present in the initial
basic representation. On the other hand, the increase
in complexity does not occur in the same way for all
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children, as they do not follow the same route of acqui-
sition, they can go through different paths to reach the
adult target.

In this way, it was possible to perceive the paths
already covered by each subject in the modified IMTC
and in which maximum level of development each
subject was. For that, the percentages of alterations
of distinctive features or combinations of distinctive
features were used according to the possibilities of
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each level of complexity, considering the total number
of occurrences of each phoneme and its corresponding
level in the assessment of each child.

For the analysis of IMTC, it was decided to
categorize the subjects in three levels, because, of the
eighteen subjects evaluated, all were concentrated
in four levels of the IMTC, therefore, the levels were
categorized in level 5 plus level 7 (L5 + L7), level 8 (L8)
and level 9 (L9).
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D3
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Captions: N: Complexity Level; Voc: Vocalic; Approx: Approximant; Soan: Sonorant; Voz: Voiced; Cont: Continuant; Cor: Coronal; Ant: Anterior; Lab: Labial; Dors: Dorsal.

Figure 1. Implicational Model of Trait Complexity with alterations proposed by Rangel (1998)
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The duration pattern and frequency pattern tests®
and the Gap in Noise test (GIN)?® were applied in the
assessment of temporal auditory processing. CAP tests
were performed in the Audiology Sector of the Speech
Therapy Service (SAF) of the institution of origin, in
a soundproof booth, using the following materials:
two-channel digital audiometer, Fonix, model FA-12
and type |; Telephonics earphones, model TDH-39P
and MX-41 cushion and Sony CD-player, model D-11,
coupled to the audiometer.

In the application of all tests of temporal auditory
processing, the tritone mean of the frequencies of
500, 1000 and 2000 Hz was used, based on the values
found in the pure tone audiometry of each child per
ear. This mean was added to 50 dB HL. The PPS and
DPS tests were applied binaurally and the GIN test in
monaural mode.

The Pitch Pattern Sequence (PPS) test used in
this study was developed by Auditec, as it presents a
children’s version, which consists of the presentation
of 60 sequences of three pure tones each, which differ
from each other. in relation to the frequency of stimuli:
fine/high (1430 Hz) and coarse/low (880 Hz). Of the 60
sequences, 30 are answered in the form of a murmur
and 30 in the form of naming. The expected response
norm is, between 6 and 7 years old, 60%, and between
7 and 8 years old, it is 76%.

The Duration Pattern Sequence (DPS) test is similar
to the PPS%, however, in this one, the frequency is
kept at 1000 Hz and the duration of the tones is varied
(250 ms - short; and 500 ms - far away). Even though
this test does not present a normal pattern for the
age group analyzed here, it is known that it is closely
related to learning®, being used as a parameter for
comparing pre and post-therapy. In the same way as
the PPS, in the DPS 60 sequences are presented, 30
must be answered in the form of a murmur and 30 in
the form of naming. In adults, the expected percentage
of correct answers is greater than 70%, and at 9 years
of age children already present results similar to those
of adults. Younger children needed longer duration
patterns to perform the task, considering that at 7 years
old the expected is around 9% of correct answers and
at 8 years old the percentage of 13% naming and 15%
mumbling?.

The GIN Test (Gap in Noise) was developed?®
and its objective is to determine the gap detection
threshold, in other words, silence interval detection.
To be able to detect the intervals, it is necessary to be
able to solve aspects related to the time of the acoustic
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event. The name given to the auditory behavior that
characterizes this kind of ability is temporal resolution.
The test consists of four tracks, each one consisting
of several six-second segments of white noise, five
seconds apart. Inserted in the noise stimuli, there are
gaps in different positions and duration, however, for
this research, a band was applied to each ear (lanes
1 and 2). The duration threshold was considered to
be the smallest time gap detected from four of the six
presentations. For children, the expected result is a
threshold lower than 6 ms®, however, at 7 years old the
children presented responses close to those obtained
by adults, which would be 5 ms®. The results of the GIN
test, in this study, for better analysis, were categorized
into normal and altered, being considered a normal
response when the child obtained a result between 2
and 6 ms (milliseconds), which is the test normative,
and it was considered altered when the score was
greater than 6 ms or when the child was unable to
perform the task.

After carrying out all the assessments, the results of
the tests that assess the temporal auditory processing
ability (GIN, PPS and DPS) were correlated with the
absent distinctive features.

For this purpose, the profile of the sample was
described according to the variables under study
from frequency tables with absolute (n) and relative
(%) frequency values of the categorical variables and
descriptive statistics of the numerical variable (GIN, PPS
and DPS tests) , with mean values, standard deviation,
minimum values, maximum values and median.
Pearson’s chi-square test or Fisher's exact test was
used to compare categorical variables in the presence
of expected values lower than 5. In order to compare
numerical variables between groups, the Mann-Whitney
(2 groups) and Kruskal-Wallis (3 or more groups) tests
were used, due to the absence of normal distribution.
In order to analyze the relationship between numerical
variables (distinctive features, number of altered
distinctive features and number of altered phonemes)
the correlation coefficient of Spearman was used. It
was adopted for all statistical tests the significance level
of 5% (p<0.05).

RESULTS

In this session, the results of the comparisons
between the temporal auditory processing tests and
the different levels of the IMTC will be presented; the
correlation of temporal processing results with the
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number of altered phonemes and the number of altered
distinctive features of the 18 evaluated subjects.

Table 1 shows data from the comparison of the
results of PPS and DPS tests, naming and murmuring,
in the different IMTC groupings. As can be verified,
there was no significant difference in the performance
of the temporal tests by the children according to the
IMTC levels in which they were.

However, when analyzing the means of PPS test,
it is noted that the subjects who are in the last level
(L9) obtained higher values than the others. On the

contrary, N8 children presented lower responses than
L5+L7 subjects. In the analysis of the results of DPS
test, it is possible to observe a better performance of
the subjects who are in L8, followed by L9 and, finally,
in L5+L7. Thus, when comparing the means of correct
answers in the two tests, a worse performance in the
performance of the DPS test compared to the PPS test
is observed, even though DPS test normative is lower
than that of PPS test.

Table 1. Comparative analysis of the numerical variables of the three groups of the Implicational Model of Trait Complexity in relation to

performance in the Frequency Pattern Test and Duration Pattern Test

MEAN OF
IMTC VARIABLE N CORRECT S.D. MIN MEDIAN MAX P-VALUE*
ANSWERS
L5+L7 NAMPPS 5 35.33 38.99 0.00 23.33 80.00 p=0.949
MURMPPS 5 38.67 41.14 0.00 30.00 83.33 p=0.877
NAMDPS 5 16.00 16.90 0.00 16.66 40.00 p=0.929
MURMDPS 5 18.66 19.66 0.00 20.00 46.66 p=0.929
L8 NAMPPS 8 29.98 29.53 0.00 26.67 73.33 -
MURMPPS 8 33.75 32.09 0.00 33.33 80.00 -
NAMDPS 8 23.74 26.68 0.00 15.00 56.66 -
MURMDPS 8 2417 2712 0.00 15.00 56.66 -
L9 NAMPPS 5 36.67 37.93 0.00 43.33 90.00 -
MURMPPS 5 40.66 40.71 0.00 46.66 93.33 -
NAMDPS 5 20.00 28.96 0.00 0.00 63.33 -
MURMDPS 5 22.00 31.94 0.00 0.00 70.00 -

Captions: IMTC: Implicational Model of Trait Complexity; DPS: Duration Pattern Sequence Test; PPS: Pitch Pattern Sequence Test; N: number of subjects;

S.D.: standard deviation; MIN: minimum; MAX: maximum; P-value*: referring to the Kruskal-Wallis test to compare the variables between the 3 groups;

L5: Complexity level 5; L7: Complexity level 7; L8: Complexity level 8; L9: Complexity level 9; NAMPPS: Named Frequency Pattern Sequence Test;

MURMPPS: Murmured Pitch Pattern Sequence Test; NAMDPS: Named Duration Pattern Sequence Test; MURMDPS: Murmured Duration Pattern Sequence Test.

Table 2 shows the comparison of IMTC levels
in relation to the performance in GIN test in the left
ear and in the right ear. It was also not possible to
observe a significant difference in the analyses. What
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can be noticed is that most subjects showed diffi-
culty in performing the temporal gap perception task,
regardless of phonological development, that is, of
being more evolved in IMTC levels.
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Table 2. Comparative analysis of the numerical variables of the three groups of the Implicational Model of Trait Complexity with the

Gap-In-Noise test

GINRE FREQUENCY GINLE FREQUENCY
IMTC Altered Normal Total IMTC Altered Normal Total

N (%) N (%) N N (%) N (%) N

L5+L7 2 3 5 L5+L7 4 1 5
(15.38) (60.00) (26.67) (33.33)

L8 7 1 8 L8 6 2 8
(53.85) (20.00) (40.00) (66.67)

L9 4 1 5 L9 5 0 5
(30.77) (20.00) (33.33) (0.00)

Total 13 5 18 Total 15 3 18

p=0.286 p=0.755

Captions: IMTC: Implicational Model of Trait Complexity; GIN: Gap in Noise; N: number of subjects; GINRE: Gap in Noise right ear; GINLE: Gap in Noise left ear;

L5: Complexity level 5; L7: Complexity level 7; L8: Complexity level 8; L9: Level of complexity 9. The statistical test used was Fischer’s Exact Test.

Regarding the results of the correlation between
PPS and DPS tests (naming and murmuring) with the
number of altered distinctive features and the number

of altered phonemes of the research subjects, no signif-
icant correlation was observed (Table 3).

Table 3. Correlation of the Pitch Pattern Sequence Test and Duration Pattern Sequence tests with the specific distinctive features that are
altered in the studied sample

NAMPPS MURMPPS NAMDPS MURMDPS
SOUNDING *r 0.02411 0.02409 0.12493 0.12493
P 0.9244 0.9244 0.6214 0.6214
APPROACHING T 0.02411 0.02409 0.12493 0.12493
P 0.9244 0.9244 0.6214 0.6214
VOICE s -0.20384 -0.20373 0.16864 0.16864
P 0.4172 0.4175 0.5035 0.5035
CONTINUOUS *r -0.31548 -0.35559 -0.03342 -0.03342
P 0.2022 0.1476 0.8953 0.8953
LABIAL>CORONAL T -0.02411 -0.02409 0.02499 0.02499
P 0.9244 0.9244 0.9216 0.9216
CORONAL>LABIAL *r -0.26517 -0.26503 0.07496 0.07496
P 0.2876 0.2878 0.7675 0.7675
CORONAL>ANTERIOR T -0.16268 -0.14682 -0.03214 -0.03214
P 0.5189 0.5610 0.8992 0.8992
CORONAL>DORSAL *r 0.04482 -0.00487 0.21210 0.21210
P 0.8598 0.9847 0.3981 0.3981
DORSAL>CORONAL T -0.26517 -0.26503 0.07496 0.07496
P 0.2876 0.2878 0.7675 0.7675

Captions: NAMPPS: Named Frequency Pattern Sequence Test; MURMPPS: Murmured Pitch Pattern Sequence Test; NAMDPS: Named Duration Pattern Sequence Test;
MURMDPS: Murmured Duration Pattern Sequence Test; *r=Spearman’s correlation coefficient; p=p-value >: indicates the substitution; in the alterations of
CORONAL>ANTERIOR were considered as well as the alterations of [+ant] > [-ant] and [-ant] > [+ant].
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Table 4 shows the comparative analysis of GIN analysis of GIN test with the specific distinctive features.
test with the number of altered distinctive features and It can be observed that there was no significant
altered phonemes. Table 5 shows the comparative relationship between any of the variables.

Table 4. Results of the comparative analysis of the Gap-In-Noise test with the number of altered phonemes, total number of altered
distinctive features

GIN VARIABLE N MEAN S.D. MIN MEDIAN MAX P-VALUE*
NO. ALTERED DISTINTIVE _
ALTERED RE FEATURES 13 4.31 427  0.00 3.00 16.00 p=0.549
NO. ALTERED PHONEMES 13 3.15 294 1.00 2.00 9.00 p=0.223
NO. ALTERED DISTINTIVE
NORMAL RE FEATURES 5 6.20 497 1.00 6.00 13.00 -
NO. ALTERED PHONEMES 5 5.00 3.39 1.00 5.00 10.00 -
GIN VARIABLE N MEAN PD. MIN MEDIAN MAX P-VALUE*
NO. ALTERED DISTINTIVE _
ALTERED LE FEATURES 15 4.40 4.44  0.00 3.00 16.00 p=0.368
NO. ALTERED PHONEMES 15 3.27 3.10  1.00 2.00 10.00 p=0.143
NO. ALTERED DISTINTIVE
NORMAL LE FEATURES 3 7.00 436  2.00 9.00 10.00 -
NO. ALTERED PHONEMES 3 9.67 252 3.00 6.00 8.00 -

Captions: GIN: Gap in Noise; N: number of subjects who responded to the test; S.D.: standard deviation; MIN: minimum; MAX: maximum; P-value*: referring to the
Mann-Whitney test to compare the variables between the 2 groups; RE: right ear; LE: left ear; No.: number.
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Table 5. Results of the comparative analysis of the Gap-In-Noise test with the specific distinctive features altered

GINRE VARIABLE N MEAN SD. MIN MEDIAN MAX P-VALUE*
ALTERED SOUNDING 13 0.08 028 0.00 0.00 1.00 p=0.535
APPROACHING 13 0.08 028  0.00 0.00 1.00 p=0.535
VOICE 13 0.92 1.89  0.00 0.00 7.00 p=0.495
CONTINUOUS 13 0.92 1.19  0.00 1.00 4.00 p=0.790
LABIAL>CORONAL 13 0.00 0.00 0.00 0.00 0.00 p=0.107
CORONAL>LABIAL 13 0.23 0.83  0.00 0.00 3.00 p=0.535
CORONAL>ANTERIOR 13 1.77 1.88  0.00 1.00 7.00 p=0.762
CORONAL>DORSAL 13 0.62 171 0.00 0.00 6.00 p=0.367
DORSAL>CORONAL 13 0.08 028 0.00 0.00 1.00 p=0.535
NORMAL SOUNDING 5 0.00 0.00 0.00 0.00 0.00 -
APPROACHING 5 0.00 0.00 0.00 0.00 0.00 -
VOICE 5 1.40 3.13  0.00 0.00 7.00 -
CONTINUOUS 5 0.80 045 0.00 1.00 1.00 -
LABIAL>CORONAL 5 0.20 045 0.00 0.00 1.00 -
CORONAL>LABIAL 5 0.00 0.00 0.00 0.00 0.00 -
CORONAL>ANTERIOR 5 2.00 2.00 0.00 2.00 4.00 -
CORONAL>DORSAL 5 0.00 0.00 0.00 0.00 0.00 -
DORSAL>CORONAL 5 0.00 0.00 0.00 0.00 0.00 -
GINLE VARIABLE N MEAN SD. MIN MEDIAN MAX P-VALUE*
ALTERED SOUNDING 15 0.07 026  0.00 0.00 1.00 p=0.655
APPROACHING 15 0.07 026  0.00 0.00 1.00 p=0.655
VOICE 15 0.80 1.78  0.00 0.00 7.00 p=0.891
CONTINUOUS 15 1.00 1.07  0.00 1.00 4.00 p=0.249
LABIAL>CORONAL 15 0.07 026  0.00 0.00 1.00 p=0.655
CORONAL>LABIAL 15 0.20 0.77  0.00 0.00 3.00 p=0.655
CORONAL>ANTERIOR 15 1.87 1.96  0.00 1.00 7.00 p=0.952
CORONAL>DORSAL 15 0.53 160 0.00 0.00 6.00 p=0.515
DORSAL>CORONAL 15 0.07 026 0.00 0.00 1.00 p=0.655
NORMAL SOUNDING 3 0.00 0.00 0.00 0.00 0.00 -
APROACHING 3 0.00 0.00 0.00 0.00 0.00 -
VOICE 3 2.33 404  0.00 0.00 7.00 -
CONTINUOUS 3 0.33 0.58  0.00 0.00 1.00 -
LABIAL>CORONAL 3 0.00 0.00 0.00 0.00 0.00 -
CORONAL>LABIAL 3 0.00 0.00 0.00 0.00 0.00 -
CORONAL>ANTERIOR 3 1.67 153  0.00 2.00 3.00 -
CORONAL>DORSAL 3 0.00 0.00 0.00 0.00 0.00 -
DORSAL>CORONAL 3 0.00 0.00 0.00 0.00 0.00 -

Captions: GINRE: Gap in Noise right ear; GINOE: Gap in Noise left ear; N: number of subjects who responded to the test; S.D.: standard deviation; MIN: minimum;
MAX: maximum; RE: right ear; LE: left ear; P-value*: referring to the Mann-Whitney test to compare the variables between the 2 groups; >: indicates the substitution in
the alteration of CORONAL>ANTERIOR were considered as well as the alterations of [+ant] > [-ant] and [-ant] > [+ant].
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DISCUSSION

The analysis of the results showed that, in the
comparison between the variables, there was no statis-
tically significant difference in all performed analyzes.

In the analysis of IMTC separated by groups
(L5+L7, L8 and L9), an improvement in the results is
noted in PPS test when comparing the means between
the L5+L7 and L9 levels, however, when the L8 is
verified, the means get worse. A similar result was
found in the means of DPS test, where there is also
an improvement when comparing the L5+L7 and L8
levels, but worsening when the L9 results are analyzed.
However, none of the performed analyzes was statis-
tically significant. Based on these results, it can be
verified that the child presenting a less altered phono-
logical system does not mean that he will have better
performance in temporal processing tasks.

These data suggest that the temporal auditory
abilities of subjects with PD would not follow the
same pattern of development as the phonological
acquisition, because, even the subjects with a slightly
altered phonological system, presented great difficulty
in performing temporal processing tasks. This fact is
observed in the analysis of the averages of the temporal
tests?72°,

In a study'®, when analyzing the sequence of verbal
sounds in the simplified CAP assessment, the authors
observed that temporal ordering shows to be the skill
that can be most compromised in children with alter-
ation of distinctive features.

The relationship between language problems
and CAP is already known, especially regarding oral
language comprehension. The perceptual abilities of a
child influence the development of speech. By receiving
stimuli, analyzing and organizing the processing of
auditory information, the child will establish a mental
representation of the linguistic stimulus and store it in
memory %% However, this finding was not confirmed
in the present study, because, according to the results,
the performance in temporal processing did not
follow the evolution in the phonology of the evaluated
subjects.

When analyzing the results of PPS and DPS tests,
it is noted that the subjects presented greater difficulty
with the duration pattern test. In a research® of literature
review on the use of PPS and DPS tests in Brazil, the
researchers concluded that, in most speech-language
disorders, the temporal ordering ability is altered, and
the most used test in Brazil to verify this ability was
the of frequency pattern. However, the authors did
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not show differences between PPS and DPS tests in
Brazil*+.

Such difference in performance between tests was
reported in a study? which verified the performance
in the frequency and duration pattern tests in children
aged between 7 and 11 years, with normal speech
development. When comparing the results between
the frequency and duration pattern tests, the author
observed a worse performance in the duration pattern
test. This result is in agreement with the present
research, as younger children presented lower perfor-
mances in DPS compared to PPS in the Auditec test,
also used in this study. It is worth mentioning that this
did not aim to statistically correlate the results of the
PPS and DPS tests, however, it observed, through the
analysis of the results, the same pattern of responses
between the tests. The aforementioned author states
that the frequency pattern may have an innate deter-
mination, while the duration pattern depends on stimuli
from the environment, requiring learning.

Another study'®, similar to the present work, found
a weak correlation between CAP and combinations
of distinctive features. This study used a different
protocol, the simplified CAP assessment, however, it
showed a higher correlation between the sequencing
of verbal sounds and the combination of the features
[+proximate, +continuous], which corresponds to the
phoneme /r/. The study showed a distinct tendency
for children with alterations in this combination of
distinctive features to also present difficulties with the
auditory ability of temporal ordering®. This result agrees
with the findings of the present research, because,
even with no significant relationship, it is possible to
observe that most subjects had results well below the
expected scores for the standard of each test. This
finding demonstrates the difficulty that children with PD
have with temporal ordering, recognition, naming and
imitation of patterns of duration and frequency.

In the present study, no significant relationship
was found between the CAP tests applied and the
distinctive features, however, it is verified that children
with alteration in the [approximate] trait show greater
difficulty with the auditory skills tested by the analysis of
the means obtained in the applied CAP tests.

A similar study applied PPS test to children with PD,
and most subjects obtained results within the normal
range in both tests'™. This result is in agreement with
some research carried out previously with children in
the same age group, which presented results within the
expected for the temporal ordering skills''*®, however,



both results disagree with the data obtained in the
present research, which, despite not presenting statis-
tical significance of the results, show that most subjects
obtained results below expectations in all applied tests,
not agreeing with the aforementioned research.

In the analysis of GIN test, it is observed that there
was no correlation in the analysis of altered distinctive
features, but, similar to PPS and DPS tests, most
children obtained results considered altered. It is
noteworthy that there are normotypic data expected for
these tests in the child population from seven years old,
but there is also a great variability in the performance
of the GIN, PPS and DPS test in normotypic children.
Of the 18 children that were evaluated, 15 presented
results greater than 6 ms, in one or both ears, or were
unable to perform the task proposed by the test. This
result agrees with the findings of other studies that
evaluated temporal resolution''®3637.  Thus, even
though GIN, PPS and DPS are tests with low perfor-
mance for reference of normality, it was found that
the performance of the studied sample was below the
normative values.

The difficulty of children with PD in performing
temporal processing tests agrees with findings in the
literature, some hypotheses relate speech and/or
language difficulties to a deficit of perceptual origin,
especially with temporal processing®%. Processing
speech sounds is related to the ability to perceive and
process the spectral features of phonemes, including
the intervals between each sound, within a time interval
on the order of milliseconds, which is essential for
language development. Therefore, any change or
instability in the representation of phonemes can lead
to difficulties in speech perception and in phonological,
syntactic and semantic acquisition®:4041,

It is believed that the lack of a statistically significant
relationship can be explained, in part, by the consti-
tution of the group of evaluated subjects. In the sample,
there was no variation in the severity of PD, with most
children presenting a little altered phonological system.
The age factor may have contributed, as the age group
evaluated can be considered advanced to still present a
PD. Around the age of nine, PD starts to be considered
as residual speech errors, which also has negative
consequences on the development of the child, both in
speech and writing.

It is suggested to carry out further research with a
greater number of subjects and to try to carry it out with
children who have a more altered phonological system,
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using a more specific protocol for assessing temporal
auditory processing, as in the present study.

CONCLUSION

No significant relationship between distinctive
features and altered phonemes and temporal auditory
processing tests was observed. However, the low
performance in all temporal processing tests used in
the research subjects was noted, indicating the diffi-
culty that children presented with PD have with the
tested auditory skills.

REFERENCES

1. Vilela N, Wertzner HF, Sanches SGG, Neves-Lobo
IF, Carvallo RMM. Temporal processing in children
with phonological disorders submitted to auditory
training: a pilot study. J Soc Bras Fonoaudiol.
2012;24(1):42-8.

2. Murphy CFB, Pagan-Neves LO, Wertzner HF,
Schochat E. Children with speech sound disorder:
comparing a non-linguistic auditory approach with
a phonological intervention approach to improve
phonological skills. Front Psychol. 2015;6:64.

3. Wertzner HF, Pulga MJ, Pagan-Neves LO.
Metaphonological skills among children with
speech sound disorder: the influence of age
and disorder severity. Audiol Commun Res.
2014;19(3):243-51.

4. Beattie RL, Manis FR. Rise time perception in
children with reading and combined reading
and language difficulties. J Learn Disabil.
2013;46(3):200-9.

5. Moraes TFD de, Feniman MR, Gongalves T dos S,
Crenitte PAP. Temporal processing, phonology and
writing in lead-contaminated children. Rev. CEFAC.
2014;16(1):161-6.

6. Ramus F, Marshall CR, Rosen S, van der Lely
HKJ. Phonological deficits in specific language
impairment and developmental dyslexia: towards a
multidimensional model. Brain. 2013;136(2):630-45.

7. Sussman E, Steinschneider M, Lee W, Lawson K.
Auditory scene analysis in school-aged children
with developmental language disorders. Int J
Psychophysiol. 2015;95(2):113-24.

8. Boets B, Wouters J, Van Wieringen A, De Smedt B,
Ghesquiere P. Modelling relations between sensory
processing, speech perception, orthographic and
phonological ability, and literacy achievement.
Brain Lang. 2008;106(1):29-40.

DOI: 10.1590/1982-0216/20222432022 | Rev. CEFAC. 2022;24(3):e



12/13 | Marchetti PT, Dalcin LM, Balen SA, Mezzomo CL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Cavalheiro LG, Brancalioni AR, Keske-Soares M.
Prevalence of phonological disorders in children
from Salvador, Bahia, Brazil. Rev Soc Bras
Fonoaudiol. 2012;17(4):441-6.

Quintas VG, Attoni TM, Keske-Soares M, Mezzomo
CL. O processamento auditivo e a combinagao
de tracos distintivos na aquisicdo de fala em
criangas com desvios fonoldgicos. Rev Soc Bras
Fonoaudiol. 2011;16(2):167-73.

Muniz LF, Roazzi A, Schochat E, Teixeira CF,
Lucena JA de. Avaliacdo da habilidade de
resolucao temporal, com uso do tom puro, em
criangas com e sem desvio fonoldgico. Rev.
CEFAC. 2007;9(4):550-62.

Quintas VG. A relacdo das habilidades do
processamento auditvo com a consciéncia
fonologica e com o desenvolvimento da fala. Rev
Soc Bras Fonoaudiol. 2010;15(2):310.

Quintas VG, Attoni TM, Keske-Soares M, Mezzomo
CL. Auditory processing in children with normal
and disordered speech. Braz J Otorhinolaryngol.
2010;76(6):718-22.

Santos J dos, Parreira L, Leite R. Habilidades de
ordenacao e resolucado temporal em criancas com
desvio fonoldgico. Rev. CEFAC. 2010;12(3):371-6.

Assis EF, Parreira LMMV, Lodi DF. Noise test: Gap
detection in children with phonological deviation.
Rev. CEFAC. 2013;15(1):79-88.

Vanvooren S, Poelmans H, Hofmann M, Ghesquiéere
P, Wouters J. Hemispheric asymmetry in auditory
processing of speech envelope modulations in
prereading children. J Neurosci. 2014;34(4):1523-9.
Yathiraj A, Vanaja CS. Age related changes in
auditory processes in children aged 6 to 10 years.
Int J Pediatr Otorhinolaryngol. 2015;79(8):1224-34.
Genaro KF, Berretin-Felix G, Rehder MIBC,
Marchesan 1Q. Avaliacao miofuncional orofacial:
protocolo MBGR. Rev. CEFAC. 2009;11(2):237-55.

Pinho S, Korn GP, Pontes P. Desvendando os
segredos da voz. Musculos intrinsecos da laringe e
dinamica vocal. 12 ed. Vol. 1. Editora Revinter: Rio
de Janeiro; 2008.

Katz J. Tratado de Audiologia Clinica. 42 ed. Editora
Manole: Sao Paulo; 1999.

. AMERICAN SPEECH-LANGUAGE ASSOCIATION

(ASHA) [homepage on the internet]. Configuration
of Hearing Loss. [accessed 2022 dec 19] 2015.
Available at: https://www. asha.org/public/hearing/
Configuration-of-Hearing-Loss/

Rev. CEFAC. 2022;24(3):e | DOI: 10.1590/1982-0216/20222432022

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bernhardt B. The application of nonlinear
phonological theory to intervention with one
phonologically disordered child. Clin Linguist Phon.
1992;6(4):283-316.

Mota HB. Aquisicdo segmental do portugués:
um modelo implicacional de complexidade de
tracos [dissertation]. Porto Alegre (RS): Pontificia
Universidade Catolica do Rio Grande do Sul; 1996.

Rangel GA. Uma andlise auto-segmental da
fonologia normal: estudo longitudinal de 3 criancas
de 1:6 a 3:0 [thesis]. Porto Alegre (RS): Pontificia
Universidade Catolica do Rio Grande do Sul; 1998.

AUDITEC. Pitch Pattern Sequence - PPS and
Duration Pattern Sequence — DPS [CD-ROOM].
AUDITEC’s Tests; 1997.

AUDITEC. Gap-in-noise test [CD-ROM]. AUDITEC’s
Tests; 2015.

Balen SA, Moore DR, Sameshima K. Pitch and
Duration Pattern Sequence Tests in 7-to 11-year-old
children: results depend on response mode. J Am
Acad Audiol. 2019;30(1):6-15.

Musiek FE, Shinn JB, Jirsa R, Bamiou D-E, Baran
JA, Zaida E. GIN (Gaps-In-Noise) Test performance
in subjects with confirmed central auditory nervous
system involvement. Ear Hear. 2005;26(6):608-18.

Marculino CF, Rabelo CM, Schochat E. Gaps-in-
Noise test: gap detection thresholds in 9-yearold
normal-hearing children. J Soc Bras Fonoaudiol.
2011;23(4):364-7.

Shinn JB, Chermak GD, Musiek FE. GIN (Gaps-In-
Noise) performance in the pediatric population. J
Am Acad Audiol. 2009;20(4):229-38.

Guimaraes ACF, Santos JN, Rabelo ATV,
Magalhaes M de C. The influence of noise on verbal
auditory temporal ordering ability. Rev. CEFAC.
2015;17(1):209-15.

Loo JHY, Bamiou D-E, Rosen S. The impacts
of language background and language-related
disorders in auditory processing assessment. J
Speech Lang Hear Res. 2013;56(1):1-12.

Pinheiro FH, De Oliveira AM, Cardoso ACV,
Capellini SA. Dichotic listening tests in students
with learning disabilities. Braz J Otorhinolaryngol.
2010;76(2):257-62.

Delecrode CR, Cardoso ACV, Frizzo ACF, Guida
HL. Pitch pattern sequence and duration pattern
tests in Brazil: literature review. Rev. CEFAC.
2014;16(1):283-92.



35.

36.

37.

38.

39.

40.

41.

Barreto M, Muniz L, Teixeira C. Desempenho da
habilidade a resolugcao temporal em criancas
de 07 a 13 anos. Rev Soc Bras Fonoaudiol.
2004;9(4):220-8.

Rabelo ATV, Campos FR, Friche CP, Silva BSV Da,
Friche AADL, Alves CRL et al. Speech and language
disorders in children from public schools in Belo
Horizonte. Rev Paul Pediatr. 2015;33(4):453-9.
Rocha-Muniz CN, Befi-Lopes DM, Schochat E.
Investigation of auditory processing disorder
and language impairment using the speech-
evoked auditory brainstem response. Hear Res.
2012;294(1-2):143-52.

Murphy CFB, Zachi EC, Roque DT, Ventura DSF,
Schochat E. Influence of memory, attention, 1Q
and age on auditory temporal processing tests:
preliminary study. CoDAS. 2014;26(2):105-11.
Peter V, Wong K, Narne VK, Sharma M, Purdy SC,
McMahon C. Assessing spectral and temporal
processing in children and adults using temporal
Modulation Transfer Function (TMTF), Iterated
Ripple Noise (IRN) Perception, and Spectral
Ripple Discrimination (SRD). J Am Acad Audiol.
2014;25(2):210-8.

Balen SA, Boeno MRM, Liebel G. A influéncia do
nivel socioeconémico na resolucdo temporal
em escolares. Rev Soc Bras Fonoaudiol.
2010;15(1):7-13.

Soares AJC, Sanches SGG, Alves DC, Carvallo
RMM, Carnio MS. Temporal auditory processing
and phonological awareness in reading and
writing disorders: preliminary data. CODAS.
2013;25(2):188-90.

Auditory processing in phonological disorders | 13/13

DOI: 10.1590/1982-0216/20222432022 | Rev. CEFAC. 2022;24(3):e



