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Abstract

Background: auditory tempora processing and reading. Aim: to analyse the potentia correl ations between
reading acquisition, phonological awareness, and auditory tempora processing in Brazilian children with
dydexia Method: this study evaluated sixty children, nineto twelve years of age, divided into two groups:
acontrol group of twenty seven children without dyslexia and a study group of thirty three children with
dydexia The children in both groups were submitted to tests designed to assess reading skills, phonological
awareness, and auditory temporad processing. Results: in theresults of all threetests, significant differences
were found between the dyslexic children and those in the control group, with poorer results for the
dyslexic group. However, for both groups, correlations were found only between the performance on the
reading test and the performance on the phonologica awareness test. Conclusion: dyslexic children
demonstrated poorer resultsin all tests when compared to their controls. However, there was no definitive
evidence that their poor performance on the auditory tempora processing tests was directly related to
their phonological awareness skills, or even to their reading skills.

Key Words: Children; Dydexia; Hearing.

Resumo

Tema: influéncia do processamento auditivo no aprendizado da leitura. Objetivo: analisar a correlagdo
entre leitura, consciéncia fonolégica e processamento tempora auditivo em criangas brasileiras com
dislexia. Método: foram avaliadas sessenta criangas de nove adoze anos, sendo trinta e trés pertencentes
a0 grupo com dislexia e trinta e trés ao grupo controle. Os testes aplicados envolveram habilidades de
leitura, consciéncia fonoldgica e processamento auditivo temporal. Resultados: ambos os grupos
apresentaram diferencas estatisticamente significantes entre os desempenhos nos testes de leitura,
consciéncia fonol égica e processamento auditivo temporal, sendo que o grupo de criangas com disexia
apresentou desempenho estatisticamente pior em todos os testes aplicados. Foi encontrada correlacdo
apenas entre os desempenhos nos testes de | eitura e consciénciafonol dgica. Concluso: Apesar de o grupo
decriangas com didexiater apresentado pobre desempenho nostestes de processamento auditivo temporal,
ndo é possivel afirmar que este estejarelacionado ao pobre desempenho em tarefas envolvendo leituraou
consciéncia fonologica

Palavras-Chave: Crianca; Didexia; Audicdo.

{1, Murphy CFB, Schochat E. Correlations between reading, phonological awareness and auditory temporal processing (original title: Correlaces entre leitura,
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I ntroduction

Nowadays, several theories have been
elaborated to find the etiology of dydexia, areading
disorder. One of the theoriesis based on adeficit of
the tempora processing (1-5). According to Habib
(6), difficulties are seen in processing temporal
characteristics of different typesof sensorid stimuli,
asauditory, visua and sensoria-motor stimuli, when
presented in afast manner and in a sequence. More
specifically, difficult involving temporal auditory
processing would be expressed by a limited ability
in processing "short acoustical elements”, as
consonants that are classified with rapid transition
of formants. This would lead, consequently, to a
difficulty in associatel ettersto their specific sounds.

Although several studies show relationship
between reading and temporal auditory processing,
therearestill controversies about thisreport. Main
critics are in respect to the characteristics of
behaviora tests, to the type of task administered
and to the cognitive demand required to the usage
of tasks, including attention and intelligence
quotient (1Q) (7-11).

Some questions emerged in relation to the
findings of Talal (1), precursor of this hypothesis.
In the research mentioned, although the group of
children with dyslexia presented worse results in
all comparisons, temporal tests showed a large
individual variation. Only some children (45%)
presented more errors than children of the control
group with worse results. Bishop et al (7), for
example, affirmed that the auditory temporal
processing deficit may be presented but it isneither
enough nor necessary to cause language disorders.

Considering the questions that are still existent
about the relationship of learning to read and
auditory temporal processing, the present study
aimed to compare the performance of childrenwith
dyslexia and a control group in tests involving
reading, phonological processing and auditory
temporal processing. Moreover, it aimed to
investigate a possible correlation between the
performances of each test administered.

Methods

This research was approved by the Ethics
Committee for Research Projects Analysis -
CAPPegq of theClinical Hospitd and of theMedical
School of the University of S&o Paulo (FMUSP),
protocol number 649/01, in October the 9th, 2002.

This research was conducted at the Auditory
Processing Laboratory of the Speech and Hearing
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Sciences Course of the Medical School of the
University of Sdo Paulo, from January 2003 to May
2004. Participated in this study 27 children from the
control group (15 girlsand 12 boys, mean age=10:8
[years; monthg]; agerange=9;2- 12;4) and 33 children
from the study group (14 girlsand 19 boys, mean age
=10:5 [years; months]; agerange = 9;5 - 12;5). All
children were Brazilian Portuguese native speakers,
they dl studied in private schools of the same city
that guaranteed similar socio-cultural-economic stetus
for the subjects of both groups; they all presented
resultswithin thenormd rangeinthebasic audiometric
evaluation (audiometry, imitanciometry and
logoaudiometry). Moreover they could not present
cognitive, psychological, neurological or
ophthalmological disorders, ord languageacquisition
delay, otitis media background and they could not
have had any previous musical knowledge.

The Brazilian Association of Dyslexiawas the
responsible for the diagnosis and referral of the
studied group. The diagnosis followed these
criteria. average or above average intelligence,
according to the Intelligence Scale for Children-111
(90 or above in verba and non-verbal tests of
intelligence); reading and phonological abilities
with two years of delay as compared to the
chronological age; anamnesis applied to the
caregivers to investigate any other problem that
may have influenced reading, as education and
teaching method. The control group was
congtituted of children referred by private schools
and the selection was done by teachers that were
encouraged to refer children with no scholar
complaints.

Individuals of both groups underwent a series
of procedures as: clinical history, complete
audiometric evaluation composed of meatoscopy,
imitanciometry and tonal and vocal audiometry.
Following, children that did not accomplish these
criteriawere excluded from the research and when
necessary areferral was doneto a specidist. After
the groups were constituted, three tests were
conducted:

Tests of Single Word Reading / Adaptation (12)

Thisis atest constituted of 30 words ranging
according to regularity (regular and irregular
words), to lexicality (real wordsand pseudowords),
to extension (short and long stimuli), to familiarity
(frequent and non-frequent words).

Presentation of wordswas donethrough an LG
computer, using the Microsoft Word programinan
acoustically treated room. Stimuli were presented
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one by one on the center of the computer's screen.
Duration of each stimulus was unlimited at the
beginning and its disappearance was operated by
the examiner after the child's answer. Participants
were oriented to articulate loudly the stimuli
immediately after their appearance on the screen
even if they were not sure about the correct answer
and if they did not know their meaning, because
some of them were pseudowords. Answers were
recorded in a Sony TCM -323 recorder for latter
transcription. The number of correct answers was
computed for each child considering the first
answer, that is, self correction was not considered
for this anaysis.

Phonological Awareness Test (13)

Test was conducted oraly and the subject could
not see the lips of the examiner. This test was
composed of four tasks: phonemic blending and
exclusion, rhyme identification and phonemic
segmentation. Each task had threeitemsfor practice
andfiveitemsrelated to thetest. Application of each
task was preceded by threeinitiad examplesinwhich
the examiner explained what had to be done and, if
necessary, the answer was corrected. The number
of correct answers was computed for each task.

Auditory Progressive Tempora Test - (14)

Auditory tempora processing tests are based
on a series of tests elaborated by Tala and
Piercy (15), named "Repetition Test". So, the eight
tests present differences regarding the type of task
(discrimination x ordering), stimuli and inter-stimuli
duration that are named Frequency Ordering Tests
(Tests 1 and 2), Duration Ordering Tests (Tests 3
and 4), Frequency Discrimination Tests (Tests 5
and 6) and Duration Discrimination tests (Tests 7
and 8). For more details about the characteristics of
each test, readers are referred to Murphy and
Schochat (14).

During the conduction of thetest, examiner and
subject were seated side by side in front of the
computer. It was possibleto view the program used
for the reading of the CD (track number, seconds
remaining and elapsed time) on the screen. Tests
were applied in a comfortable intensity that
according to the measurement done through a
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Sound Pressure Level Measurer, corresponded with
approximately 70 dBHL . Stimuli werebinaural, that
is, presented simultaneously in both ears. The type
of answer was verbal, so in the ordering tests,
participants should say the stimuli order and in the
discrimination tests they should say if the stimuli
weresimilar or different.

Results

Performance comparison of both groupsin each
test was doneusing the ANOV A and the significant
level considered was .05.

According to the analysis (Table 1), there was
significant statistical difference between the mean
of correct answers of both groups for the reading
tests (p<0.001), for each phonological awareness
test (p<0.001) and for each auditory temporal
processing test (p<0.05). In al comparison the
group of childrenwith dys exiapresented the lower
results.

Correlation between performances of the
reading, phonological awareness and auditory
temporal processing tests were also conducted
(Table2)

In order to facilitate the analysis, results
obtained for each of the phonological awareness
ability were grouped. As the same manner, the
auditory temporal tasks that presented differences
according to duration of stimuli wereal so grouped,
thatis, Test 1+ Test 2, Test 3+ Test 4, Tes5+ Test
6and Test 7+ Test 8.

Pearson Correlation showed that the group of
dydlexic children presented good correlation only
between reading and phonological awareness tests
(83.7%). Correl ation between reading and auditory
tempora processing ranged between 13 and 26%
(correlation considered very bad to bad) and
between phonological awareness and auditory
temporal processing tests ranged from 24 to 35%
(considered abad correlation).

Control group also presented better correlation
between reading and phonological awareness tests
(45.7%, considered a regular correlation).
Correl ation between reading and auditory temporal
processing testsranged from 0.5to0 31% (correlation
considered very bad to bad) and between
phonological awareness tests and auditory
processing testsranged from 12to 31% (correlation
considered very bad to bad).
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TABLE 1. Performance of the groups in reading, phonological awareness and auditory temporal processing tests.

DYSLEXIA CONTROL
(n=33) (n=27) P-VALUE

Age (mean) 125 months 128 months

READING

Meant 1842 29.74 <0.001*
Standard Deviation 9.56 0.71

PHONOLOGICAL AWARENESS

Phonemic Segmentation

Mean? 197 452 < 0.001*
Standard Deviation 183 1.05

Rhyme Identification

M ean? 3.0 481 <0.001*
Standard Deviation 156 0.62

Phonemic Exclusion

Mean? 191 4.26 < 0.001*
Standard Deviation 167 0.98

Phonemic Blending

Mean? 330 4.85 <0.001*
Standard Deviation 1.36 0.46
AUDITORY TEMPORAL PROCESSING
Tet 1

Mean® 34.64 38.72 <0.06*
Test 2

Mean® 31.2 37.48 <0.05*
Test 3

Mean* 18.8 23.44 <0.06*
Test 4
Mean* 17.15 23.11 <0.05*
Tet 5
Mean® 25.24 34.7 <0.05*
Test 6

Mean® 23.28 32.44 <0.05*
Test 7

Mean* 1855 23.15 <0.05*
Test 8 Legenda: *n = 30; 2n = 4; °n = 40; “n = 30; *significante.

Mean* 17.08 23.59 <0.05*

Legend:n = 30; 2n = 4; *n=40; “n=30; *significant

TABLE 2. Correlation of the performance for the Reading, Phonological Awareness and Auditory temporal processing tests.

Phonological
Teds Reading Awareness Freguency Disc Dur ation Disc. Freguency Ord.
dysexia control | dyslexia control | dydexia control dyslexia control | dydexia control
Phonologica
Awareness 83.7%  457%
Frequency Disc. 138%  255%| 2950% 1250%
Duration Disc. 233%  285%]| 24.70% 31.10%| 40.10%  18.20%
Frequency Ord. 18.4% 0.5%] 30.30% 17.50%]| 24.60%  30.10%]| -040% 23.10%
Duration Ord. 26.6%  313%| 3560% 16.30%| 14.50% 8.30% | 4180% 35.70%| 12.40% -0.60%

Legend: Disc=discrimination; Ord=ordering
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Discussion

The main aim of the present study was to
analyze the performance of dyslexic children
involving reading, phonological awareness and
temporal tasksand investigate apossible correlaion
between the performances of each test conducted.

Results showed that children with dyslexia
presented significant worse results compared to the
control group in relation to reading, phonological
awareness and auditory temporal processing tasks
(table 1and 2). Regarding thereading te<t, thisresult
was expected if we consider that the difficulty of
readingistheprimary complaint of dydexicchildren.
The performance of the phonol ogical awvarenesstest
corroboratesagreat number of researchesthat show
the importance of the acquisition of phonological
abilitiesfor thelearning of reading (16-24). Moreover,
the good correlation found between the
performances of reading and phonological
awareness tests of the study group also confirms
the high relationship between these variables.
According to Temple et d. (25), thisis an essentid
ability for the learning of reading and, at the same
time, one of the main complaints of reading and
writing disorders. Curioudy, and a so differently from
the study group, the control group presented only
regular correlation (45.7%). One of the hypotheses
for thisfinding may be dueto the difference between
the standard deviation of both groupsin the reading
test. Differently from the study group that seemed
to demonstrate subjects with different levels of
difficulty inthereading test, all subjectsof thecontrol
group presented similar performanceinthistest. This
may have raised difficulties in the trace of a
correlation between tests as al of them presented
the same performance.

Regarding the auditory temporal processing tests,
the poor performance obtained by the study groupin
tasks involving this ability indicates a relationship
between reading and auditory tempora processing
and also corroborates severa studies conducted
(1,34,5,26,27). However, thecorrdationfound between
these two abilitieswas considered awesk correlation
(13 to 26%) as also for the tests involving
phonological processing (24to 35%). Therefore, this
result does not show direct relationship between the
abilities that were tested (Table 3). One of the
hypothesesisthat the poor performance of the study
group in auditory tempora processing testsmay bea
consequence of other factors not considered in this
research and that in some way could also have
influenced the phonologica abilities like attention,
cognitive abilitiesand working memory.

Marshd (9) inasimilar research dso did not find
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correl ation between auditory tempora processingand
phonologica processing. The author attributed the
findings to the level of attention possibly reduced in
dydexic children. Inrelation to the cognitive abilities
and according to research conducted by Ben-

Y ehudah et d. (10), excelent cognitiveabilitiesof the
dydexicgroup may interferein the performance of the
auditory tempora processing tests. In the present

research al children of the study group underwent a
cognitiveability test and no resultsunder the expected
range were detected. However, it was not considered
the hypothesis that some of the subjects might have
presented cognitive &bilities above range. This may
have lead to a ggnificant difference between the IQ
meansin each group. Regarding theworking memory,

Bana and Ahissar (11), for example, andyzed the
auditory tempord processing, working memory and
reading of agroup of dydexicindividuals. Theauthor
found that only the subgroup that presented a weak
performance in auditory processing tests also
presented week performanceinworking memory tests,

Moreover, the research presented high correlation
between tasks involving working memory, cognitive
abilities and reading.

The relationship still not explained between
reading and language disorders aso have influenced
theresultsfound. Heeth et d (8), for example, verified
that only the group that presented concomitant
reading and language disorders presented worse
results compared to the control group in tests of
auditory tempora processing. The group with only
reading disorders smilar to the one of the present
research did not show results differently from the
control group. So, it is till discussed if dydexiaand
specificlanguagedisordersrepresent, smply, different
demonstration of the same underlying disorder (4).
Gaaburda et d (28) arguethat asin great part of the
developing deficits, symptoms of the subject with
dydexiamay suffer changes during thisdevelopment
(meturation) with somesymptomshbeing modified and
others remaining unchanged. This could raise
difficulties with the establishment of correlation
between symptoms as also the establishment of a
causal relationship.

One of the problems discussed by Talld (1), is
the possible existence of subgroups of dyslexic
children that may justify the great range of their
performancein auditory tempora processing tests.
This hypothesis can also justify the absence of
correlation found in the present research. Although
some criteriawere adopted to select the study group
in order to constitute amore homogeneous group,
theetiology of the problem may not bethe samefor
al children. This could justify the high standard
deviation of the study group (Table 1).
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Conclusion

Concluding, this research indicates that
dysexic children present difficulties in auditory
temporal processing tests, but this difficulty was
not correlated with the performancein reading and
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