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Identification of obstruent contrasts by
children with and without phonological
disorders

Identificac&o perceptivo-auditiva de contrastes
de obstruintes por criangas com e sem
Transtorno Fonologico

ABSTRACT

Purpose: (1) To compare auditory-perceptual accuracy and reaction time in children with and without phonological
disorders for identifying the contrast of obstruents, and (2) to verify whether there is an effect of the phonetic
class (stops vs. fricatives) on the accuracy, reaction time and error pattern. Methods: Sixty-two children (41
diagnosed with phonological disorders and 21 with typical phonological development), aged between 4 and
9 years, participated in the study. An identification task was performed in the obstruent class using the speech
perception assessment instrument (PERCEFAL). Reaction time, percentage of correct and incorrect answers,
and the error pattern were considered in the analysis. Results: Regarding auditory—perceptual accuracy, children
with phonological disorders had a significantly lower average of correct answers than children with typical
phonological development for both obstruent classes. Regarding reaction time, children with phonological
disorders showed longer reaction times for the stop class (p<0.05). In the error pattern analysis, errors involving
the articulatory point were the most frequent for both classes and both groups of children. Conclusion: The
presence of phonological disorders implies attenuated perceptual accuracy. The longer reaction time of children
with phonological disorders depends on the phonic class.

RESUMO

Objetivo: (1) comparar a acuracia perceptivo-auditiva e o tempo de reagdo em criangas com e sem transtorno
fonologico na identificagdo do contraste das obstruintes; (2) verificar se ha um efeito da classe fonica (oclusivas
vs fricativas) na acuracia, no tempo de reacdo e no padrao de erro. Método: Participaram do estudo 62 criangas
(41 com diagnostico de transtorno fonoldgico e 21 com desenvolvimento fonoldgico tipico), entre 4 a 9 anos de
idade. Foi realizada uma tarefa de identificacdo na classe das obstruintes, a partir do instrumento de avaliacao de
percepcao de fala (PERCEFAL). O tempo de reagdo, a porcentagem de erros e acertos, bem como o padrao de
erro foram considerados na analise. Resultados: Com relagdo a acuracia perceptivo-auditiva, as criangas com
transtorno fonoldgico tiveram uma média de acerto significativamente inferior quando comparadas as criangas
com desenvolvimento fonoldgico tipico, para ambas as classes. Quanto ao tempo de reagdo, as criangas com
transtorno fonoldgico apresentaram maior tempo de reacdo para a classe das oclusivas (p<0,05). Na analise
do padrdo de erro, os erros envolvendo o ponto articulatério foram os mais frequentes para ambas as classes e
para ambos os grupos de criangas. Conclusio: A presenca do transtorno fonologico implica em menor acuracia
perceptual. O maior tempo de reagao das criangas com transtorno fonologico ¢ dependente da classe fonica.
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INTRODUCTION

According to the DSM-5%, phonological disorders (PDs)
fall under the diagnosis of speech disorders, which are
neurodevelopmental disorders diagnosed when speech production
does not occur as expected, according to the child’s age and stage
of development and when the deficiencies are not consequences
of physical, structural, neurological or auditory impairment.

Some studies have sought to identify factors that may explain
the occurrence of this alteration. Among them, those that point
to alterations in the auditory—perceptual domain stand out. This
includes changes in auditory processing, assessments of hearing
using electrophysiological methods, and how children perform
speech perception tasks. These tasks involve distinguishing
between sounds and recognizing phonological contrasts®.

In order to find an organic—physiological etiology that
could explain the occurrence of PDs, a study® investigated the
relationship between temporal auditory processing skills and
altered distinctive features in cases of PD. Eighteen children
aged between 6:0 and 8:0 years, diagnosed with PD, participated
in the study. The participants were assessed for their temporal
processing skills using the GIN — Gap in Noise Test, FPT
— Frequency Pattern Test and DPT — Duration Pattern Test.
It was observed that the subjects presented low performance in
temporal auditory processing tasks according to the normative
standards of the tests.

Considering the studies that evaluated the electrophysiological
aspects of hearing in children with PD, one study characterized
children with PD according to short-latency auditory evoked
potentials (SAEPs) and long-latency auditory evoked potentials
(LLAEPs)®. Twenty-nine children with PD, aged between
5:0 and 7:11 years, participated in the study and underwent
SAEP and LLAEP evaluation. Participants were divided into
subgroups according to the severity of the PD (i.e., mild,
moderate and severe). As a result, it was observed that children
with PD presented performances that were not compatible with
the normative data for LLAEP. Specifically, the latency values
were higher than those indicated in the literature. Furthermore,
in general, children with severe PD presented increased latencies
for both LLAEPs and SAEPs.

Regarding the behavioral studies on the auditory—perceptual
performance of children with PD, it has been proposed that this
population could present difficulties in the perceptual domain,
specifically with phonetic identification skills. For example,
one study found that children with PD had worse accuracy in
speech perception in a lexical and phonetic judgment task™.
The authors suggested that sounds produced incorrectly by
children with PD would be perceived with less precision than
those produced correctly compared to those with typical speech
development. The presence of a correlation between the errors
presented by both groups of children was also investigated,
observing similarity in the phonemes judged as errors in the
speech perception and production tasks.

Additionally, two recent studies investigated the auditory—
perceptual performance of children with and without PD in
phonemic identification tasks. The first study compared the
performance of children with and without PD in identifying

stops and observed worse auditory—perceptual accuracy in
children with PD compared to children without PD, as well as
longer reaction times for correct responses®. The second study
compared the auditory—perceptual performance of children with
and without PD in identifying fricatives and found differences
only in reaction time between the groups and in the error pattern®.
The results showed that children with PD had longer reaction
times for correct and incorrect responses. Interestingly, errors
involving the place of articulation of fricatives were the most
frequent in both groups.

A recent systematic review and meta-analysis investigated
whether preschool and school-age children with PD have difficulties
in speech perception'?. The systematic search was conducted
in eight databases, and the authors registered 71 eligible articles
that examined speech perception skills in children with PD. Each
study’s results and methodological characteristics were reviewed,
and each article’s reporting of methodological information was
assessed. The authors performed a meta-analysis of studies that
used the most common type of speech perception assessment
task (i.e., lexical and/or phonetic judgment tasks). In 60 of
the 71 studies, it was reported that some or all children with
PD had difficulties with speech perception. The meta-analysis
also showed a significant difference between children with PD
and children with typical speech development on lexical and/
or phonetic judgment tasks. Overall, the meta-analysis results
demonstrate that children with PD have difficulties in speech
perception.

Considering the studies reviewed, it can be inferred that the
change in speech perception is a critical variable that directly
influences the change in speech production. However, few
studies have assessed the auditory—perceptual performance of
children with PD in tasks of auditory—perceptual identification of
phonemic contrasts. In the present study, given the recurrence of
production errors involving the phonemes of the obstruent class,
we sought to investigate the auditory—perceptual performance
in children with and without PD by assessing stop and fricative
perception.

Assuming the existence of a possible relationship between
PD and perception difficulties, the hypotheses of the present
study are: (1) children with PD would present a less accurate
and more laborious performance compared to the performance
of children with typical phonological development and (2)
for both groups, stops and fricatives would differ in terms of
auditory—perceptual accuracy, reaction time and error pattern.

The objectives of the present study, therefore, were (1) to
compare auditory—perceptual accuracy and reaction time in
children with and without PD and (2) to verify whether accuracy,
reaction time and error pattern are dependent on the phonetic
class (i.e., stops vs. fricatives).

METHODS

The study was approved by the Research Ethics Committee of
the Sao Paulo State University “Julio de Mesquita Filho” (Unesp),
Marilia Campus, under protocol number 67549317.5.0000.5406.
The guardians of the participating individuals signed the Free
and Informed Consent Form, and there was assent from the
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participating children. The institution where the collections
took place authorized the development of this study.

Subjects

The study included 62 children aged 4 to 9 years; 41 were
diagnosed with PD with speech impairment in both stops and
fricatives, among other sound classes (PD), and 21 had typical
phonological development (non-PD). The children in the GTF
group were recruited from the Supervised Internship of Speech
Therapy: Clinical Phonology of the Center for Health Education
Studies (CEES), UNESP in Marilia. All children in the PD
group underwent audiometry when they began their treatment
at CEES and did not present any hearing alterations. The data
from the PD group were selected from a database related to
GPel (Language Study Group — CNPq).

The PD group was composed of children diagnosed with PD
with speech production impairment in both stops and fricatives
without any associated auditory alteration, and who took the
PERCEFAL test"" for both phonetic classes were selected.

The non-PD group participants were selected according to
age and gender, considering the children who composed the PD
group. These individuals received a previous hearing screening
with normal results and took the PERCEFAL test!" for both
phonetic classes.

Similar parameters were adopted for both groups as a criterion
for sample exclusion. Subjects who presented a diagnosis of PD
associated with another language disorder, neurological and/
or auditory alterations, and those who presented performance
below 80% in the word recognition phase of the PERCEFAL
test' were excluded. The test authors adopted this parameter.

Chart 1 presents the characteristics of the participating subjects.

Chart 1. Characterization of subjects

Materials

Data on the auditory—perceptual performance of obstruents
were obtained from the PERCEFAL instrument!'V, using the
PERCEVAL (Perception Evaluation Auditory & Visual) software.

As reported in previous studies®!"'3 PERCEFAL is a
phonemic identification test, also called a forced-choice test,
involving minimum pairs of words, which can be used with
children from four years of age. It is a test comprising a subset
of four experiments: PERCivogais, PERCocl, PERCifric, and
PERCison. In this study, only PERCocl and PERCifric were used.

The test included 30 words in Brazilian Portuguese from
each phonetic class (15 contrastive pairs) represented by
pictures, totaling 60 stimuli, possibly familiar to the child’s
vocabulary. Chart 2 shows all the contrastive pairs present in
the identification test.

The selection of words that make up the instrument was carried
out according to the following criteria: they must contrast the
phonemes of Brazilian Portuguese (BP) to compose minimum
pairs of words, preferably in accented syllables; they must be
capable of being represented using pictures; they must preferably
be paroxytone nouns and belong to the child’s vocabulary!V.

This instrument consists of visual and auditory stimuli.
The auditory stimuli include edited audio recordings of the
target words produced by a typical BP-speaking adult. On the
Other hand, the visual stimuli correspond to images that directly
correspond to the target words, i.e., there is a corresponding
image for each target word. The images were obtained from
the public domain website Google Images!'¥ The images were
cropped and edited to standardize them using the Paint software,
thus resulting in the visual stimuli of the experiment-%,

Group SUBJECT AGE NUMBER OF SUBJECTS SEX
3 M
4-5:11
2 F
7 M
5-6:11
2 F
11 M
PD 6-7:11
3 F
6 M
7-8:11
2 F
2 M
8-9:11
3 F
2 M
4-5:11
2 F
4 M
5-6:11
1 F
2 M
non-PD 6-7:11
1 F
4 M
7-8:11
2 F
8-9:11 8 M
' 0 F

Caption: PD = Phonological Disorder Group; non-PD = Group with typical phonological development; M = Male; F = Female
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Chart 2. Table of contrastive pairs of obstruents

FRICATIVES STOPS

Contrasts Minimal pairs Contrasts Minimal pairs
faca — vaca [t/ - v/ berco - tergo /bl -1t/
fanta— santa /f/ - /s/ bola - cola /b/ - /k/
forro — zorro /t/ - 12/ gola — bola /g/ - /b/
fora — chora 1t -1/ bote — pote /b/ - /p/
faca - jaca /f/ - 13/ bucha - ducha /b/ - /d/
vela - sela N/ -/s/ dango - ganso /d/ - /g/
cavar — casar N/ -/z/ guerra — terra /gl - It/
veia — cheia i pato — gato /p/ -/9/
vaca — jaca NI =13/ pente — dente /p/ - /d/
cagar — casar /sl - /z/ porta — corta /p/ - Ik/
sapa - chapa /sl - [/ tia - dia /t/ - /d/
selo - gelo /sl - 13/ torta — porta /- /p/
rosa — rocha /z/ - /f/ cola - gola /K/ - 19/
zangada - jangada /z/-1%/ couro — touro /K - 1Y/
Xiz—- giz /[l -1%/ fada - faca /d/ - /k/

Experimental procedure

The auditory—perceptual test used in this study, PERCEFAL!Y,
refers to an identification test in which a choice is made based
on the sound—picture relationship. The experiment has three
stages: word recognition, training phase and test phase.

In the first stage, called the recognition phase, participants
are presented with the visual and auditory stimuli present in
the test. This process investigates the child’s familiarity with
the stimuli. If the child did not recognize 80% of the stimuli
presented, they were excluded from the sample.

The training phase, which corresponds to the second stage
of'the test, is performed automatically by the software to ensure
that the identification task is understood. To this end, ten
stimuli are randomly selected by the software. These stimuli
(auditory and visual) are presented almost simultaneously so
that immediately after the presentation of the sound stimulus
(target word), two figures (corresponding to minimal pairs)
are displayed on the computer screen, with only one of them
corresponding to the sound stimulus. After the stimuli are
presented, the child must choose which picture corresponds
by pressing a previously agreed-upon computer key. However,
the software does not compute the results in this phase. It is
only after the participants have ensured they understand the
task that the test phase begins.

The test phase corresponds to the third and final stage of
the experiment. The children remained comfortably seated in
front of a computer screen with Koss headphones attached to
their ears in the acoustic treatment room of the Acoustic and
Articulatory Analysis Laboratory of Center for Health Education
Studies (CEES) — UNESP Marilia.

The children listened individually (with binaural presentation,
at an intensity of 50 dB SPL) to one of the words in the minimal
pair. Then, they had to decide and indicate which picture

corresponded to the word from two pictures displayed on the
computer screen by pressing a previously agreed key.

For example, for the stop test, the word “duck” was presented
aurally. Then, pictures corresponding to the words “duck”
and “cat” were displayed on the computer screen so that the
participant could decide and indicate which of the images would
correspond to the auditory stimulus presented.

Similarly, in the identification test involving fricatives,
for example, the word “knife” was presented aurally and then
pictures corresponding to the words “cow” and “knife” were
displayed on the computer screen so that the participant could
decide and indicate which of the pictures corresponded to the
auditory stimulus presented.

Both the presentation time of the auditory and visual stimuli,
as well as the response or reaction time of the participants, were
automatically measured by the PERCEVAL software.

Each experiment lasted an average of 15 minutes per child,
considering the three stages.

Data analysis

A descriptive and inferential statistical analysis of the data
was performed to verify differences in accuracy and reaction
time of both groups of children and the effect of the phonic
class on auditory—perceptual performance.

To analyze auditory—perceptual accuracy and reaction time
(percentages of correct and incorrect responses), the Repeated
Measures ANOVA was used, considering the clinical condition
of'the children (non-PD and PD) as intergroup variables and the
phonological class (stop vs. fricative) as intragroup variable.
An alpha (o) value equal to or less than 0.05 was established.

The typology of errors presented in the perception test was
analyzed to analyze the error pattern, considering all subjects
involved in the study (non-PD and PD). The Repeated Measures
ANOVA test was used again, considering the phonological class
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(stop and fricative) as the intergroup variable and the types of
errors as intragroup variables: voicing, articulation point, and
voicing + articulation point errors.

RESULTS

Table 1 presents descriptively the mean of the general auditory-
perceptual accuracy (% of correct and incorrect answers) and
standard deviation of the PD and non-PD groups.

As indicated in Table 1, the Repeated Measures ANOVA
showed a significant effect for groups (F(1,60)=4.11, p=0.04)
but did not show a significant effect for class (F(1,60)=0.24, p=
0.62), nor for the interaction between group and class (F(1,60)=
3.69, p= 0.59). In particular, the PD group displayed a lower
average accuracy (83.94) than the non-PD group (87.12).

Regarding the percentage of errors, the Repeated Measures
ANOVA did not show a significant effect for groups (F(1,60)=
3.32, p=0.07), for class (F(1,60)= 0.15, p= 0.69) or for the
interaction between group and class (F(1,60)= 1.49, p=0.22).
Table 2 shows the mean Reaction Time and standard deviation
of the non-PD and PD groups.

For the data related to the reaction time (RT) of the correct
answers, the Repeated Measures ANOVA did not show a
significant effect for group (F(1,60)= 1.43, p= 0.23) or class
(F(1,60)=0.13, p=0.71), but showed a significant effect for the
interaction between group and class (F(1,60)=4.82, p=0.03),
that is, the group that presented the longest reaction time was
dependent on the phonic class.

A post-hoc analysis was then performed using the Fisher
t-test, which showed that the difference in RT between classes
was only for the PD group. In particular, the PD group presented
a higher RT for the stop class than the fricative class, as shown
in Figure 1.

For the RT of errors, the Repeated Measures ANOVA
showed no main effect for group (F(1,60)= 2.31, p= 0.13),
class (F(1,60)= 0.42, p=0.51) and interaction between group

and class (F(1,60)=1.02, p=0.31). Table 3 presents the general
average (in percentage) of the error pattern concerning the stop
and fricative classes.

In the analysis of the error pattern, the repeated measures
ANOVA did not show a significant effect for class (F(1,60)=
0.01, p=0.91) or for the interaction between class and type of
error (F(1,60)=2.22, p=0.11), but there was a significant effect
for type of error (F(1,60)= 7.06, p=0.002).

Subsequently, the Bonferroni post-hoc test was performed
to investigate the difference between the error types. It was
observed that articulation point errors differ from voicing and
voicing + articulation point errors, as they are the most frequent,
as shown in Figure 2.

In summary, the PD group presented lower auditory—perceptual
accuracy in relation to their age peers with typical phonological
development. Furthermore, the PD group was more laborious
in identifying the stop class. The phonic class only affected the
RT of the PD group. The most frequent error pattern for both
groups involved the articulatory point.

2000 -
1950 T |
1900 1
1850

1800

Reaction Time (
g
e

TRac-fric

PD non-PD
Group

TRAC-stops
Caption: PD = Phonological Disorder; non-PD=Group with typical phonological
development; ms = milliseconds; TRac-fric = reaction time for correct answers in
the fricative class; TRac-stops = reaction time for correct answers in the stop class
Figure 1. Average reaction time and SD between children with and
without PD for correct answers

Table 1. Distribution of percentage and SD of accuracy and reaction time of children with and without SD

Group % Fricatives Correct

% Stops correct

% Fricatives Correct % Stops incorrect

PD 83.94 (11.05)
non-PD 87.12 (+10.72)

80.13 (+16.81)
89.38 (+8.02)

13.06 (£10.75)
9.77 (+8.04)

15.01 (+13.08)
8.76 (+£5.36)

Caption: PD = Phonological disorder group; non-PD = Group with typical phonological development; % = Percentage; + = Standard deviation

Table 2. Average reaction time and SD (ms) of children with and without PD

Reaction time for correct responses

Reaction time for incorrect responses

Group — -
Fricatives Stops Fricatives Stops
PD 1884.5 (+244.19) 2001.7 21741 2318.7
(+295.86) (£504.11) (£532.31)
non-PD 1883.9 (+525.92) 1799.7 1899.1 1994.9
(+448.46) (£737.58) (+476.25)

Caption: PD = Phonological disorder group; non-PD = Group with typical phonological development; SD = Standard Deviation; + = Standard Deviation; ms =

milliseconds
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Table 3. Overall average (in percentage) of the error pattern considering both groups (PD and non-PD) in relation to the phoneme classes (stops

and fricatives)

Standard error % Stops- Average

Fricatives- Average Total

Articulatory point 25.86 (90/348)

Voicing 13.79 (48/348)
Articulatory point + voicing 11.78 (41/348)
Total 51.43 (179/348)

23.27 (81/348) 49.13 (171/348)

10.05 (35/348) 23.84 (83/348)
15.22 (53/348) 27 (94/348)
48.54 (169/348) 99.97 (348/348)

Caption: PD = Phonological disorder group; non-PD = Group with typical phonological development; % = Percentage

6.5
5.0

45

4.0

36

3.0

25

20

Number of errors

15

1.0

0.5 —3— Fricatives
0.0

-G- Stops
Point Voice - Sop!

The error pattern

Point + Voice

Caption: Point = articulation point; Voice = voicing; Point + Voice = articulation
point + voicing
Figure 2. Error pattern in relation to phonological class

DISCUSSION

The study’s objectives were (1) to compare auditory—
perceptual accuracy and reaction time in children with and
without PDs and (2) to verify whether accuracy, reaction time
and error pattern depend on the obstruent phonetic class, i.c.,
stops vs. fricatives.

It was hypothesized that (1) children with PD would present
a less accurate and more laborious performance compared to the
performance of children with typical phonological development
and (2) for both groups, stops and fricatives would differ in
relation to auditory—perceptual accuracy, reaction time and
error pattern.

Regarding auditory—perceptual accuracy, the hypothesis was
partially confirmed as the groups differed only in the percentage
of correct answers, in which children with PD presented a
lower percentage of correct answers than children with typical
phonological development.

These results corroborate previous studies®®, which reported
that the lower percentage of correct responses by children with
PD is due to their inability to decode and organize auditory
stimuli. The findings on auditory—perceptual accuracy also agreed
with the results found in other studies®!'>1¢1® which showed
that children with PD have less accurate speech perception
than children with typical phonological development, which,
according to the authors, would be a reflection of a change in
the phonological representation of the language.

Regarding the percentage of error results, the PD and non-PD
groups did not differ from each other. A possible explanation

for the lack of differentiation between the groups is that both
groups have children who are in the process of phonological
acquisition. Thus, we can infer that difficulties inherent to the
language during the phonological acquisition process® could
be present for both groups, suggesting that “perceptual errors”
would be similar to the groups since they present perceptual
characteristics of greater difficulty resulting from the language
itself.

Regarding reaction time, it was hypothesized that the
PD group would be more laborious than the non-PD group.
The results partially confirmed this hypothesis, as the groups
differed only in the RT of correct responses. These results
corroborate results reported in a previous study®, evidencing
greater information processing time by children with PD and,
consequently, reflecting the perceptual difficulty presented by
the PD group.

Authors report in a study®?? that using reaction time is
an important form of analysis in identification studies since it
reduces uncertainties surrounding results involving phonetic
boundaries and perceptual and categorical analyses of speech
sounds. Furthermore, the authors state that RT reflects the
processing time for decision-making in perceptual tests.

The fact that the PD and non-PD groups did not differentiate
themselves by RT in the task of identifying errors may be linked to
the perceptual difficulties imposed by the acoustic characteristics
of the language segments since the literature reports a gradual
auditory—perceptual acquisition as age increases, as well as a
hierarchy in acquisition according to the following decreasing
order: vowels > sonorants > stops > fricatives?. Thus, considering
the age range of the participants in this study (4 to 9 years and
11 months), it is noted that some of the participants are in the
process of phonological acquisition; that is, the perception of
phonic contrasts imposes difficulties for both groups of children,
which would justify the lack of differentiation in performance
by RT considering errors.

Regarding the influence of the phonetic class on the
auditory—perceptual performance between the PD and non-
PD groups, it was expected that the accuracy, RT and error
pattern would depend on the phonetic class. The results
only partially confirmed this hypothesis since there was a
difference between the phonetic classes only for the reaction
time in the PD group.

For the PD group, the stop class presented a higher reaction
time than the fricative class. From an acoustic point of view,
the stop class is characterized by a long period of silence,
corresponding to the blocking of the articulators and a reduced
time of acoustic information, that is, from the explosion to the
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formant transition. Consequently, these acoustic characteristics
make the stop class a phonemic class that is more difficult to
perceive@. On the other hand, the fricative class presents a
longer time of acoustic information due to the longer blocking
of the articulators and friction of the release of air®, which
could facilitate the perception of this class.

The stop and fricative classes did not differ in terms of
accuracy or error pattern. Both classes presented a similar
number of errors (179 errors for the stop class and 169 for
the fricative class) and the same error pattern. The most
frequent errors were those involving the articulatory point,
corroborating previous studies®?%, which state that the voicing
cue is more robust perceptually, while the articulatory point
cue is less salient than the cues that mark voicing and voicing
+ articulatory point®@.

This result demonstrates that the difficulty in speech perception
for children found in the error pattern — articulatory point —
does not occur in the degree of constriction of the articulators;
that is, the difficulty is not due to the amplitude of the tongue
movement but rather in the location of the constriction, which
concerns the place where the tongue will be positioned to
produce the target sound, which corroborates the studies cited
previously27,

In short, it is believed that the findings of the present study
(1) provided information regarding the perceptual performance
of children with PD and can (2) assist speech-language pathology
clinics in analyzing the perceptual performance of individuals
with speech—language disorders, as well as (3) consider
approaches in phonological rehabilitation that encompass
therapeutic stages aimed at the development of phonological
perception and production.

We would like to point out as a limitation of this study
that neither the severity of the PD nor the PD subtype were
considered. Furthermore, the auditory—perceptual investigation
was restricted to the class of stops and fricatives. Therefore, for
future studies, we suggest auditory—perceptual investigation for
the other phonological classes of BP.

CONCLUSION

Children with PD have worse accuracy regarding the
percentage of correct answers and a longer RT for correct
answers than those with typical phonological development.
It is also worth noting that the stop class presents a longer RT
for children with PD and that errors involving the articulatory
point were the most frequent for both groups.

ACKNOWLEDGMENTS

To the Coordination for the Improvement of Higher Education
Personnel - Brazil (CAPES) - Financing Code 001, to the Sao
Paulo Research Foundation - FAPESP (processes 2019/12749-2
and 2020/03990-5) and to CNPq - National Council for Scientific
and Technological Development (process 301735/2019-0).

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Assis et al. CoDAS 2025;37(2):¢20240086 DOI: 10.1590/2317-1782/¢20240086en

APA: American Psychiatric Association. Manual Diagnostico e Estatistico
de Transtornos Mentais: DSM-5. 5. ed. Porto Alegre: Artmed; 2014.

Bird J, Bishop D. Perception and awareness of phonemes in phonologically
impaired children. Eur J Disord Commun. 1992;27(4):289-311. http://doi.
org/10.3109/13682829209012042. PMid:1308694.

Broen PA, Strange W, Doyle SS, Heller JH. Perception and production
of approximant consonants by normal and articulation-delayed preschool
children. J Speech Hear Res. 1983;26(4):601-8. http://doi.org/10.1044/
jshr.2604.601. PMid:6199587.

Rvachew S, Jamieson DG. Perception of voiceless fricatives by children with
a functional articulation disorder. J Speech Hear Disord. 1989;54(2):193-
208. http://doi.org/10.1044/jshd.5402.193. PMid:2709838.

Marchetti PT, Dalcin LM, Balen SA, Mezzomo CL. Processamento auditivo
temporal e os tragos distintivos de criangas com transtorno fonologico. Rev
CEFAC. 2022;24(3):¢2022.

Barrozo TF. Relagdo entre medidas fonologicas, de producao de fala e os
potenciais evocados auditivos [tese]. Sdo Paulo: Faculdade de Medicina,
Universidade de Sao Paulo; 2018. http://doi.org/10.11606/T.5.2018.tde-
02082018-123059.

Hearnshaw S, Baker E, Munro N. The speech perception skills of children
with and without speech sound disorder. J Commun Disord. 2018;71:61-71.
http://doi.org/10.1016/j.jcomdis.2017.12.004. PMid:29306068.

Assis MF, Cremasco EBMP, Silva LM, Berti LC. Desempenho perceptivo-
auditivo em criangas com e sem transtorno fonoldgico na classe das
oclusivas. CoDAS. 2021;33(2):e20190248. http://doi.org/10.1590/2317-
1782/20202019248.

Cremasco EBMP, Assis MF, Berti LC. Identificagdo de contrastes fricativos
do Portugués Brasileiro em criangas com e sem disttrbio dos sons da fala.
Revista Linguagem & Ensino. 2021;24(4):686-700. http://doi.org/10.15210/
rle.v24i4.21985.

Hearnshaw S, Baker E, Munro N. Speech perception skills of children
with speech sound disorders: a systematic review and meta-analysis. J
Speech Lang Hear Res. 2019;62(10):3771-89. http://doi.org/10.1044/2019
JSLHR-S-18-0519. PMid:31525302.

Berti LC. PERCEFAL: instrumento de avaliagdo da identificagdo de
contrastes fonologicos. Audiol Commun Res. 2017;22:e¢1727. http://doi.
org/10.1590/2317-6431-2016-1727.

Gifalli G, Berti LC, Marini VCC, Pegoraro-Krook MI, Dutka JCR.
Assessment of speech perception in individuals with cleft lip and palate:
percefal case report. In: Anais do Simpdsio Internacional de Fissuras
Orofaciais e Anomalias Relacionadas: a fronteira do conhecimento na
reabilitacdo das anomalias craniofaciais; 2019; Bauru. Bauru: Hospital
de Reabilitagdo de Anomalias Craniofaciais, Universidade de Sao Paulo;
2019. p. 45.

Roque LMR, Berti LC. O efeito da idade em uma tarefa de identificagao
das vogais tonicas do Portugués Brasileiro. Audiol Commun Res.
2015;20(4):349-54. http://doi.org/10.1590/2317-6431-2015-1536.

Seekpng [Internet]. Related Wallpaper - monstrinhos coloridos. Skeeping;
2018 [citado 2018 Abr 11]. Disponivel em: https://www.seekpng.com/
ipng/u2w70000e600r5u2_quadrado-colorido-png-parallel.

Patterson RD, Johnsrude IS. Functional imaging of the auditory
processing applied to speech sounds. Philos Trans R Soc Lond B Biol
Sci. 2008;363(1493):1023-35. http://doi.org/10.1098/rstb.2007.2157.
PMid:17827103.

Berti LC, Assis MF, Barbi EMPC. Speech production and speech
perception in children with speech sound disorder. Clin Linguist Phon.
2022;36(2-3):183-202. http://doi.org/10.1080/02699206.2021.1948609.
PMid:34279164.

Berti LC, Guilherme J, Esperandino C, Oliveira AM. Relationship between
speech production and perception in children with Speech Sound Disorders.
Journal of Portuguese Linguistics. 2020;19(1):13. http://doi.org/10.5334/
jpl.244.

. Cabbage KL, Hogan TP, Carrell TD. Speech perception differences in

children with dyslexia and persistent speech delay. Speech Commun.
2022;82(1):14-25.

7/8


https://doi.org/10.3109/13682829209012042
https://doi.org/10.3109/13682829209012042
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1308694&dopt=Abstract
https://doi.org/10.1044/jshr.2604.601
https://doi.org/10.1044/jshr.2604.601
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6199587&dopt=Abstract
https://doi.org/10.1044/jshd.5402.193
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2709838&dopt=Abstract
https://doi.org/10.11606/T.5.2018.tde-02082018-123059
https://doi.org/10.11606/T.5.2018.tde-02082018-123059
https://doi.org/10.1016/j.jcomdis.2017.12.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29306068&dopt=Abstract
https://doi.org/10.1590/2317-1782/20202019248
https://doi.org/10.1590/2317-1782/20202019248
https://doi.org/10.15210/rle.v24i4.21985
https://doi.org/10.15210/rle.v24i4.21985
https://doi.org/10.1044/2019_JSLHR-S-18-0519
https://doi.org/10.1044/2019_JSLHR-S-18-0519
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31525302&dopt=Abstract
https://doi.org/10.1590/2317-6431-2016-1727
https://doi.org/10.1590/2317-6431-2016-1727
https://repositorio.usp.br/item/result.php?filter%5b%5d=releasedEvent:%22Simp%C3%B3sio%20Internacional%20de%20Fissuras%20Orofaciais%20e%20Anomalias%20Relacionadas:%20A%20fronteira%20do%20conhecimento%20na%20reabilita%C3%A7%C3%A3o%20das%20anomalias%20craniofaciais%22
https://repositorio.usp.br/item/result.php?filter%5b%5d=releasedEvent:%22Simp%C3%B3sio%20Internacional%20de%20Fissuras%20Orofaciais%20e%20Anomalias%20Relacionadas:%20A%20fronteira%20do%20conhecimento%20na%20reabilita%C3%A7%C3%A3o%20das%20anomalias%20craniofaciais%22
https://repositorio.usp.br/item/result.php?filter%5b%5d=releasedEvent:%22Simp%C3%B3sio%20Internacional%20de%20Fissuras%20Orofaciais%20e%20Anomalias%20Relacionadas:%20A%20fronteira%20do%20conhecimento%20na%20reabilita%C3%A7%C3%A3o%20das%20anomalias%20craniofaciais%22
https://doi.org/10.1590/2317-6431-2015-1536
https://doi.org/10.1098/rstb.2007.2157
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17827103&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17827103&dopt=Abstract
https://doi.org/10.1080/02699206.2021.1948609
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34279164&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34279164&dopt=Abstract
https://doi.org/10.5334/jpl.244
https://doi.org/10.5334/jpl.244

19.

20.

21.

22.
23.

24.

Pisoni DB, Tash J. Reaction times to comparisons within and across
phonetic categories. Percept Psychophys. 1974;15(2):285-90. http://doi.
org/10.3758/BF03213946. PMid:23226881.

Berti LC. Desempenho perceptivo-auditivo de criangas na identificagdo de
contrastes fonicos. Alfa Revista de Linguistica. 2017;61(1):81-103. http://
doi.org/10.1590/1981-5794-1704-4.

Wang MD, Bilger RC. Consonant confusions in noise: a study of
perceptual features. J Acoust Soc Am. 1973;54(5):1248-66. http://doi.
org/10.1121/1.1914417. PMid:4765809.

Kent RD, Read C. Analise actstica da fala. Sdo Paulo: Cortez Editora; 2015.
Miller GA, Nicely PE. An analysis of perceptual confusions among some

English consonants. J Acoust Soc Am. 1955;27(2):338-52. http://doi.
org/10.1121/1.1907526.

Edwards J, Gibbon F, Fourakis M. On discrete changes in the acquisition of
the alveolar/velar stop consonant contrast. Lang Speech. 1997;40(2):203-
10. http://doi.org/10.1177/002383099704000204.

25.

26.

217.

Barbosa PA, Madureira S. Manual de fonética acustica experimental:
aplicagdes a dados do portugués. Sao Paulo: Cortez Editora; 2023.

Munson B, Baylis AL, Krause MO, Yim D. Representation and access in
phonological impairment. Lab Phonol. 2010;10:381-404.

Munson B, Edwards J, Beckman ME. Phonological knowledge in
typical and atypical speech-sound development. Top Lang Disord.
2005;25(3):190-206. http://doi.org/10.1097/00011363-200507000-
00003. PMid:20209070.

Author contributions

MFA: Collected data, performed conduction of experiments and drafied the
manuscript, followed the journal guidelines;, EBMPC: Prepared the project,
collected data and performed conduction of experiments, manuscript writing;
IRD: discussion of the findings, bibliographic survey, LCB: supervised the
study, performed statistical analysis, reviewed draft the manuscript and gave

Assis et al. CoDAS 2025;37(2):¢20240086 DOI: 10.1590/2317-1782/¢20240086en

final approval for the version submitted for publication.

8/8


https://doi.org/10.3758/BF03213946
https://doi.org/10.3758/BF03213946
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23226881&dopt=Abstract
https://doi.org/10.1590/1981-5794-1704-4
https://doi.org/10.1590/1981-5794-1704-4
https://doi.org/10.1121/1.1914417
https://doi.org/10.1121/1.1914417
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4765809&dopt=Abstract
https://doi.org/10.1121/1.1907526
https://doi.org/10.1121/1.1907526
https://doi.org/10.1177/002383099704000204
https://doi.org/10.1097/00011363-200507000-00003
https://doi.org/10.1097/00011363-200507000-00003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20209070&dopt=Abstract

