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Abstract
Background: an audio-visual computerized remediation program in students with developmental dyslexia.
Aim: to verify the efficacy of an audio-visual computerized remediation program in students with
developmental dyslexia. The specific goals of this study involved the comparison of the linguistic-
cognitive performance of students with developmental dyslexia with that of students considered good
readers; to compare the results obtained in pre and post-testing situations of students with dyslexia who
were and were not submitted to the program; and to compare the results obtained with the remediation
program in students with developmental dyslexia to those obtained in good readers. Method: the participants
of this study were 20 students who were divided as follows: group I (GI) subdivided in: GIe (five students
with developmental dyslexia who were submitted to the program) and GIc (five students with developmental
dyslexia who were not submitted to the program); group II (GII) was subdivided in: GIIe (five good readers
who were submitted to the program) and GIIc (five good readers who were not submitted to the program).
An audio-visual computerized remediation program was used - "Play on". Results: results indicate that GI
presented a lower performance in auditory processing and phonological awareness when compared to GII
in the pre-testing situation. However, GIe presented a similar performance to that of GII in the post-
testing situation, indicating the effectiveness of the audio-visual remediation program in students with
developmental dyslexia. Conclusion: this study made evident the effectiveness of an audio-visual
remediation program in students with developmental dyslexia.
Key Words: Dyslexia; Intervention; Learning.

Resumo
Tema: programa de remediação auditivo-visual computadorizado em escolares com dislexia do
desenvolvimento. Objetivos: verificar a eficácia de um programa de remediação auditivo-visual
computadorizado em escolares com dislexia do desenvolvimento. Dentre os objetivos específicos, o
estudo teve como finalidade comparar o desempenho cognitivo-lingüístico de escolares com dislexia do
desenvolvimento com escolares bons leitores; comparar os achados dos procedimentos de avaliação de
pré e pós testagem em escolares com dislexia submetidos e não submetidos ao programa; e, por fim,
comparar os achados do programa de remediação em escolares com dislexia e escolares bons leitores
submetidos ao programa de remediação. Método: participaram deste estudo 20 escolares, sendo o grupo
I (GI) subdivido em: GIe, composto de cinco escolares com dislexia do desenvolvimento submetidos ao
programa, e GIc, composto de cinco escolares com dislexia do desenvolvimento não submetidos ao
programa. O grupo II (GII) foi subdividido em GIIe, composto de cinco escolares bons leitores submetidos
à remediação, e GIIc, composto de cinco escolares bons leitores não submetidos à remediação. Foi
realizado o programa de remediação auditivo-visual computadorizado Play-on. Resultados: os resultados
deste estudo revelaram que o GI apresentou desempenho inferior em habilidade de processamento auditivo
e de consciência fonológica em comparação com o GII em situação de pré-testagem. Entretanto, o GIe
apresentou desempenho semelhante ao GII em situação de pós-testagem, evidenciando a eficácia da
remediação auditivo-visual em escolares com dislexia do desenvolvimento. Conclusão: o estudo evidenciou
a eficácia do programa de remediação auditivo-visual em escolares com dislexia do desenvolvimento.
Palavras-Chave: Dislexia; Intervenção; Aprendizagem.
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Introduction

Dyslexia is a specific learning disorder of
neurological origin, characterized by the difficulty
with the correct fluency in reading and the difficulty
in decoding and spelling skills, resulting of a deficit
in the phonological component of the language1.
Because of the phonological deficit, some of the
phonological awareness training programs have
been shown to be effective to improve the
phonological letter-sound conversion skills,
damaged in individuals with dyslexia. There are few
national studies on the theme. The studies to verify
the effectiveness of a phonological remediation
program in students with specific learning disorder
and learning disabilities concluded that there was
an improvement in the phonological processing of
information, which improved the emergence of
syntactic phonological awareness2-3.

However, the international literature shows more
remediation studies with students with
developmental dyslexia, with emphasis on training
the phonological awareness in students with
dyslexia. The results indicated that the training of
phonological awareness has lasting effects, and
that it was possible to observe these effects
specially in the improvement of their reading
comprehension4-13. Some recent studies used
computer programs with tasks of phonological
awareness (phonemic discrimination, manipulation
of phonemes), and the results indicated that the
training provided audiovisual improvement of the
phonological skills of dyslexic students14-15.

Based on what was exposed above, this study
aimed to verify the effectiveness of an auditory-
visual computerized remediation program in
students with developmental dyslexia. Among the
specific objectives, the study intended to compare
the cognitive-language performance of students
with developmental dyslexia with good readers;
compare the findings of the procedures used in the
evaluation of pre and post-testing in students with
dyslexia submitted and not submitted to the
program, and compare the findings of the
phonological remediation program in students with
dyslexia and good readers submitted to the
remediation program.

Method

This study was approved by the Committee on
Ethics in Research, of the Faculty of Philosophy and
Science - FFC/UNESP - Marilia - São Paulo, under the
protocol number 3118/2006.

A group of 20 schoolchildren in the second to
fourth grades of an elementary school of the City of
Marilia - São Paulo, both genders, with an age range
between eight and                        twelve years.

The students with developmental dyslexia were
submitted to

phonological assessment at the Centre of Study
of Education and Health (CEES/UNESP- Marília - São
Paulo - Brazil) and to an interdisciplinary evaluation
at the the Ambulatory of Child Neurology of the
Clinical Hospital of State University of São Paulo -
FM/UNESP -Botucatu - São Paulo - Brazil).

The subjects were considered dyslexic when
presented the following criteria in the interdisciplinary
assessment: static balance; appendicular
coordination; motor persistence, dynamic balance,
torso-limb coordination and sensitivity alteration in
the neurological evaluation, normal cognitive level
and  discrepancy between verbal intellectual quotient
and performance intellectual quotient in the
psychological assessment WISC III-R, memory,
reading and writing alteration in the
neuropsychological battery, phonemic, syllabic,
rhyme and alliteration alteration in the phonological
awareness test, reading level and reading speed lower
to age and school level, phonological disorder in the
phonological assessment, single word and non-word
reading and writing, thematic essay, and partial
comprehension of text reading.

The following were adopted as exclusion criteria:
the non-submission of the Term of Free and Informed
Consent, students with an interdisciplinary diagnosis
of Learning disabilities or who presented eyesight,
hearing and cognitive performance below normal
standards, and / or other genetic or neurological
syndromes. The students were divided into two
groups:

1. Group I (GI): Group composed by ten (100%)
students with interdisciplinary diagnosis of
developmental dyslexia of both genders, with an
average age of ten years and three months subdivided
into:

. group Ie (GIE): composed by five (100%) students
with developmental  dyslexia, which were submitted
to the thirteen sessions of the phonological
remediation program, one (20%) from the second
grade, one (20%) from the third grade, and three (60%)
from thefourth grade, with 20% of females and 80%
of males;
. group IC (GIC): composed of five (100%) students
with developmental dyslexia, one (20%) from the
second grade, one (20%) from the third grade, and
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three (60%) in the fourth grade, with 20% of females
and 80% of males who were not submitted to the
thirteen sessions of the program of remediation with
reading.

2. Group II (GII): composed by ten (100%) good
readers, of both genders, with an average age of ten
years and three months, matched according to gender,
education and age with the GI, subdivided into:

. group IIe (GIIe): composed by five good readers
submitted to the thirteen sessions of the phonological
remediation program
. group IIc (GIIc): composed by five good readers
who were not submitted to the phonological
remediation program.

Students who were considered good readers were
those who have obtained satisfactory performance
in teaching evaluations related to knowledge and
word recognition and text comprehension by two
consecutive bimesters indicated by the teachers of
the second to fourth grades from a public school of
Marilia - Sao Paulo. The parameter used by the teacher
was the performance in reading of the student as
compared to group-class.

The students of both groups were first submitted
to the procedures of

Pre-test, conducted at the Centre of Study of
Education and Health (CEES/UNESP- Marília - São
Paulo - Brazil).  The procedures for pre and post test
included Evaluation of the auditory processing, with
dichotic and verbal tests (dichotic of digit and
alternate byssilabes test)16 and phonological
awareness - sequential evaluation instrument -
Confias17.

As a procedure for remediation, it was used the
Play-on software - Jeu d'entraînement à la lecture, in
groups GIe and GIIe and adapted to the Brazilian
Portuguese18. The program was chosen because it
is based on listening skills that foster the hearing
perception of grapheme-phoneme conversion,
necessary for learning the alphabetic writing system
of the Portuguese language, being granted permission
to use the program by the authors for this research.
The phonemes worked were established according
to the order of development of speech and language
(/b/, /p/, /t/, /d/, /k/, /g/, /f/, /v/, /s/, /z/, / /, / /, /l/, /r/).
The activities of the program included discrimination
of phonemes in logatomos, words and phrases,
deletion of phonemes in logatomos, dissyllabic and
trisyllabic words. The program was conducted in 13
sessions, lasting for 40 minutes with each child
individually, twice a week.

The results were analyzed statistically, and
adopted the significance level of 5% (0005) for the
application of statistical tests (*). For the
implementation of statistical analysis, SPSS (Statistical
Package for Social Sciences) was used in its version
13.0, to obtain the results, by using the Mann-
Whitney test and Posts of placarded Wilcoxon.

Results

The results showed improvement in
performance of the remedied students when
compared (GIE and GIIe) in pre and post-testing in
the dichotic digits tests and disyllabic alternated
test, as shown in Table 1.

In the intragroup comparison for the
Phonological Awareness procedure - CONFIAS, it
was found that there was statistical significant
difference in the Post-testing situation between the
GIe and GIc in subtests of identification of initial
syllable, identification of medial syllable, syllabic
transposition, phonemic synthesis, phonemic
segmentation, production of  rhyme, and phonemic
exclusion and phonemic transposition (Table 2).

There were also statistically significant
difference at the post-testing between GIe and GIc
in the total score of phonemic skills, showing an
improvement in

GIe performance when compared to the GIc.
Also, the students without learning difficulties had
difficulty in implementing these subtests,
suggesting a lack of dominance in the use of the
phonological awareness abilities.

It was also noticed that the performance of
students with dyslexia (GI) was lower than the
performance of the good readers (GII) showing the
improvement in the performance of GIe in the post-
testing situation and the effectiveness of the
remediation program.

There was statistically significant difference
when comparing the pre and post-testing of GIE of
GIC at the phonemic level, showing an increase of
the average score of the GIE in post-testing,
suggesting the effectiveness of the program for
remediation

There was also a statistically significant
difference in the phonemic level between GIIe and
GIIc when pre and post tests were compared,
indicating

improvement in the performance of GIIe after
being submitted to the remediation program. There
was also statistical significant difference in the
comparison between the groups of dyslexic (GI)
and good readers (GII) in the phonemic and syllabic

∫ ? 
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level in pre and post testing, indicating that the
performance of GI is

below GII, indicating the presence of the
phonological deficit in GI and the effectiveness of
the remediation program in post-testing.

During the implementation of the phonological
remediation program it was observed that the
students showed lower performance in the
sessions of

discrimination of pairs of phonemes in
logatomes  (/t/ and /d/, /k/ and /g/ and /f/ and /v/),
in words (/t/ and /d/ /f/ and /v/), and in phrases (/b/
and /p/ and /k/ and /g/).

∫ ? 

However, in the deletion task, it was observed
that the students had lower performance in the
sessions of deletion of phonemes in the trisyllabic
/  /, / /. It was noticed that the performance of the
good readers (GIIe) is higher than that of students
with developmental dyslexia (GIE) in deletion and
discrimination tasks, as can be observed in Figure
1.

TABLE 1. Inter-group comparison of the students from GIe, GIc, GIIe and GIIc in dichotic digits test and SSW with the Mann-

Whitney test. 

Groups  
Variable 

GIE x GIC  GIIE x GIIC  GIE X GIIE  GIC x GIIC 

 DD SSW  DD SSW  DD SSW  DD SSW 

RE_PRE 0,387 0,576  0,749 0,005*  0,016* 0,008*  0,012* 0,003* 

RE_POS 0,156 0,005*  0,749 0,005*  0,287 0,059   0,009* 0,003* 

LE_PRE 0,009* 0,577  > 0,999 0,005*  0,028* 0,036*  0,101 0,003* 

LE_POS 0,517 0,005*  0,828 0,005*  0,209 0,105   0,026* 0,003* 

classifi_PRE > 0,999 0,571  0,317 0,005*  0,014* 0,020*  0,003* > 0,999 

classifi_POS 0,014* 0,005*  > 0,999 0,003*  0,317 0,134   0,003* > 0,999 

Caption: DD = dichotic of digits, SSW = rotated disyllabic, RE = right ear, LE= left ear. 
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TABLE 2. Intra-group comparison of students from GIE, GIC, GIIe and GIIc in the assessment of phonological awareness 

(CONFIAS). 

Groups 
Variáble 

GIE x GIC GIIE x GIIC GIE X GIIE GIC x GIIC  

SLPre 0,396  0,059 0,008* 0,017* 

SLPos 0,515  0,571 0,154 0,054 

PLPre 0,459  0,006* 0,008* 0,006* 

PLPos 0,008* 0,005* 0,461 0,005* 

Tpre 0,034* 0,092 0,452 0,005* 

TPos 0,242  0,136 0,831 0,005* 

CLPre 0,419  > 0,999 0,053 0,134 

CLPos 0,134  > 0,999 > 0,999 0,134 

Caption: NC = phonemic level, NS = syllabic level, CL = classification). 

FIGURE 1. The average performance of students in the tasks of discrimination of phonemes in logatomos (L), words (P) and 

phrases (F). 
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Discussion

The results of this study revealed the difficulty in
integration of the information found in tests of dichotic
digits and dissyllabics alternated in pre-testing situation,
because the average achieved by the students with
developmental dyslexia was lower than that of students
without learning difficulties. There was statistically
significant difference in the performance of GIe and GIIe
when compared in pre and post-testing situations in the
right ear and left ear, indicating better performance of
students of GIIe when compared to GIE. However,
students with dyslexia submitted to the remediation
program improved when compared in the pre and post
tests. The central difficulty of dyslexia is related to sound
processing, known as phonological processing. It is
also in the difficulties in processing brief and fast hearing
clues, implying the lack of ability to understand critical
elements of the speech accurately, not allowing, in such
a way, access to phonological coding4, 14, 19. The results
of this study suggest that children with developmental
dyslexia have changes in auditory processing, that is,
alteration of the manipulation and use of sound signals,
changing since the detection of the sound until the
analysis of linguistic information10-15, 19-24. Regarding
the evidence of phonological awareness, it was found
that students with developmental dyslexia had lower
average score than good readers. Besides, both groups
had better performance in tests of syllabic skills than
phonemic skills. Among the students submitted to the
remediation program, there was improvement in the
performance of syllabic skills and, mainly, the phonemic
one, demonstrating the effectiveness of the remediation
program.

Through analysis of the findings, the auditory-visual
remediation program caused improvement in activities
of reading and writing, phonological awareness and
auditory processing. The students with developmental
dyslexia have improved by the use of the auditory-visual
remediation program, because it gives clear instructions
and it is easy to manipulate, for the students which
could not perceive the auditory information, using

the visual information to the perception of
logatomos and words. The program provided a
significant gain of phonological skills in the students
with developmental dyslexia, and also in the students
without learning difficulties.

This program is easy to manipulate for researchers
and also for the school

participants, who felt happy to carry out activities
on the computer. The use of games and computer
has improved the sustaining of attention time

of the children to the conduction of the activities.
The fact that the program led to the improvement of

listening and phonological skills shows that this
program can be used not only by speech therapists
but also in the school environment.

The group of good readers also showed
improvement in their performance

when compared in pre and post testing, showing
that the abilities of

phonological awareness have not been fully
acquired during literacy. Studies have indicated that
the phonemic awareness is developed as a result of
literacy, around six or seven years old25-28.

It appears that the alphabetic system, regardless
of language, does not directly represent the meaning
of words, but the sequences of its sounds, that is, a
phonological sequence or more specifically,
phonemes. Thus, this instruction should occur in
the initial period of literacy.

Some authors29-30 yet reported that the
opportunity to access the direct instruction of
phonemic awareness is not available in 25% of
students in the first grade of fundamental education
of middle-class and could cause difficulties in learning
and writing code of reading. In this way, it was
observed that both students with developmental
dyslexia and good readers failed in the

development of transposition, synthesis,
segmentation phonemic skills and rhymes.

Conclusion

The findings of this study enabled us to
conclude that:

. the students with developmental dyslexia had
lower performance when compared to good readers
in the abilities of auditory processing and
phonological awareness;
. the students with developmental dyslexia
submitted to the remediation program showed
improvement in their performance in post-tests
when compared to the performance of students with
developmental dyslexia not
submitted the remediation program;
. the good readers submitted to the remediation
program showed improvement in skills of auditory
processing and phonological awareness,
demonstrating the need for formal instruction in
metalinguistic skills during the literacy, due to the
alphabetical basis of Brazilian Portuguese;
. the auditory-visual remediation program Play-on
was effective because of the improvement of
auditory and phonological skills of the students
with developmental dyslexia and also for the good
readers.
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