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ABSTRACT

- Introduction: Many studies have claimed that speech perception in dyslexic children is
Article info: :  impaired in comparison to normal children in a way that dyslexic children are weaker in the
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Materials and Methods: We examined the speech perception in 30 normal and 18 dyslexic

children, using speech identification task in 3 continua of Voice Onset Time (VOT) in [ba-pa],
[da-ta], and [ga-ka]. We also studied 2 other skills to examine the processing of phonological
information and syntactic skills. We used the nonword repetition test and passive sentence
comprehension, respectively. To compare the data, the Mann-Whitney U test, t-test, and
logistic regression were used.

Results: Dyslexic children in speech identification task performed similarly to normal children
in all 3 continua (P=0.81, 0.87, and 0.58); but, in the nonword repetition test, they were
significantly lower than normal children (P=0.01), and in the passive sentence comprehension

Keywords: . task, there was no significant difference between normal and dyslexic children (P=0.12).
Speech perception, Dyslexia, Conclusion: The results of various studies for speech perception and linguistic abilities in
Nonword repetition, Sentence : dyslexic children are contradictory. They are mostly related to the tasks that have been used.
comprehension ¢ Therefore, more studies in the future are suggested.
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1. Introduction

peech perception is called a process,
through which perceptual mapping occurs
from the acoustic speech signal to a linguis-
tic representation in a person’s mind [1].
Through studying this phenomenon, one
can obtain a comprehensive view of the basic processes
of language acquisition; also, knowing the relationship
between speech perception and linguistic skills can help
predict future linguistic disorders [2]. In fact, during the
process of speech perception, phonemes are interpreted
and understood, and this process can be in the form of
sound, syllables, and words [1]. In this study, our focus is
on syllabic speech perception. Reading disorder is one of
the most common problems for students and dyslexia is
the most important one. Dyslexics often have reading dif-
ficulty in their classes because of reading disorders [3].

Dyslexia means the reading ability is lower than in ex-
pected age, education, and intelligence of the child. The
characteristics of dyslexia are the inability to word rec-
ognition, false and slow reading, and poor understand-
ing [4]. One of the main causes of dyslexia is percep-
tual deficit such as visual and auditory perception. The
results of a study also indicated that children with the
reading disorder in the index of visual perception and au-
ditory perception acted significantly lower than the nor-
mal children [5]. This disorder is a learning disability, in
which the fluency and accuracy of reading are affected,
and also phonological awareness, phonological decod-
ing, and letter encryption are impaired [6]. Dyslexia is
often characterized by difficulties in decoding words,
low ability in phonological processing skills, and vari-
ous problems in the written language [7].

According to the result of studies, the learning of read-
ing significantly correlates with speech perception [8].
Phonological information is often acquired through
speech perception; on the other hand, reading and spell-
ing problems are related to the specific deficits in the rep-
resentation and use of phonological information. Phono-
logical deficit limits the ability of dyslexic children to
learn sound-letter matching. It is generally proved that
children with similar patterns of reading deficit cannot
be assumed to have similar deficits [9].

Although in most cases dyslexic children have nor-
mal intelligence, they cannot achieve good academic
achievement and they continue to study with great dif-
ficulty or leave school, which, in turn, has many social,
economic, cultural, and emotional-psychological conse-
quences for them and society [4].
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Many studies have investigated the perception of
speech in dyslexic children, but the results have not yet
reached a general consensus, and in some cases, they are
completely contradictory. To resolve these contradictory,
we used common clinical tasks in the Farsi language in
order to better diagnose normal and dyslexic children.

In the present study, 2 tasks were used for the assess-
ment of phonological information processing and syn-
tactic skills. We wanted to know how speech perception
deficits are accompanied by language problems. Consid-
ering that in Farsi language there is no research on these
issues, the need for such a study becomes more urgent.

Most studies found that nonword repetition is related to
dyslexia because it shows the efficiency of phonological
information processing and nonword repetition is con-
sidered a predictor of word decoding skill [10]. Hence,
we studied nonword repetition in Farsi language and its
relation with dyslexia.

As the comprehension of the text is related to linguistic
skills, in dyslexic children in addition to phonological
skills, it is necessary to examine the syntactic and se-
mantic skills. To this aim, we examined the comprehen-
sion of Farsi’s passive sentences as a proxy for syntactic
and semantic processing. Some previous studies found
deficiencies in the comprehension of sentences in dys-
lexic children in comparison to normal age-matched
children [11-13] and some studies found that dyslexic
children are susceptible to problems in sentence compre-
hension [14, 15].

2. Materials and Methods

This is a cross-sectional study that examined speech
perception in normal and dyslexic children. The partici-
pants included 30 normal children and 18 dyslexic chil-
dren enrolled in the second and third elementary schools.
This study is in accordance with the ethical principles
and national norms and standards for conducting medi-
cal research in Iran with the approval ID of IR. TUMS.
FNM.REC.1397.060 in the institutional research ethics
committee.

The inclusion criteria for two groups of children in-
cluded: 1. Having normal intelligence quotient; 2. Hav-
ing no speech disorders notably articulation problems;
3. Having no visual or auditory impairment; 4. Having
no cerebral palsy or obvious sensory-motor disorder; 5.
Studying in the second or third basic elementary school;
6. Being monolingual and Farsi speakers; 7. Having no
educational deprivation history.
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The parent’s questionnaire and the teacher’s question-
naire were completed. The parent’s questionnaire, in ad-
dition to the demographic information of the child, in-
cluded 7 questions that provided information about the
inclusion criteria. The teacher’s questionnaire included
7 questions of yes/no completed by a teacher or thera-
pist; if they answered “yes” from 3 questions, it would
be determined that the child was at risk of dyslexia. The
diagnosis of dyslexic children was confirmed by reading
and dyslexia NAMA reading tests. In order to homog-
enize the two groups, normal and dyslexic children were
selected from the same area.

If the inclusion criteria were met, the child could enroll
in the $tudy, and if the child did not want to cooperate
during the study or there was a problem to perform the
tests, he/she would be excluded. The parents completed
the form of ethical considerations and signed the con-
sent form. For each subject, NAMA, speech perception,
passive sentence comprehension tasks, and nonword
repetition tests were examined. In order to reduce the fa-
tigue effect, these tests were performed rotationally and
the results were recorded.

The speech perception task is based on the Voice Onset
Time (VOT), which means the time interval between the
release of a stop consonant and the start of larynx peri-
odic vibration. The Farsi language is in the category of
aspiration languages and the VOT has a strong correla-
tion with voicing [16]. We used voicing identification
because most of the previous studies used the same task
to assess speech perception [8, 9].

In speech perception task, 3 voiced syllables ([ba],
[da], and [ga]) versus their voiceless pairs ([pa], [ta],
and [ka]) were presented auditory and in a random way
for the child; then, the child had to repeat the syllable
he/she heard and the examiner, according to the child’s
repetition, chose one of the two syllables displayed on
the screen. These stimuli were artificially designed by
PRAAT version 5.2.15. For each pair of syllables, 92

Table 1. Children’s distribution based on group and gender

April 2019, Volume 13, Number 2

stimuli were provided with 5 ms time interval and the
difference in stimuli was in VOT at the onset of the con-
sonant of the syllable, ranging from -40 ms to +70 ms.
Finally, the location of the sudden change of responses
in the continuum of VOT along with the slope of this
change was recorded as the final result.

In order to assess the nonword repetition skill, we used
the Farsi nonword repetition test, which has 25 non-
words (for example: /xinu/, /kibzomini/, etc.) and the
child received a score for each correct repetition. Also,
to assess the understanding of the passive sentences
comprehension, the task of Afaghi et al. was used. Dur-
ing this task, 15 passive sentences were told to the child,
and the child had to show the associated picture with the
sentence and received a score for each correct answer,
for example: “Fish was eaten” (in Farsi).

Eventually, SPSS v. 22 was used to analyze the data.
To compare the results of the nonword repetition test
and the passive sentence’s comprehension task between
normal and dyslexic children, both parametric indepen-
dent t-test and non-parametric Mann-Whitney U test
were used. To compare the results of the speech percep-
tion task, we used the logistic regression. The results are
presented in text format, tables, and charts.

3. Results

In this study, 48 students were examined. As presented in
Table 1, 21 (43.8%) students were female and 27 (56.2%)
students were male. Twenty-five of the students were
studying in the third elementary grade and 23 were study-
ing in the second elementary grade. The mean age of the
children was 9 years with a Standard Deviation (SD) of 6
months. The age range was between 8 and 10: 3 (Table 1).

The Mean+SD score of NAMA subtests in the dys-
lexic group (89.9+3.7) was lower than the normal group
(101.6%4.3) (Table 2). In the nonword repetition test,
the Mean+SD performance of the dyslexic children

Group
Variables Total
Normal Dyslexic
Male 16 11 27
Gender
Female 14 7 21
Total (mean age) 30(8:11) 18 (9:1) 48 (9:0)

JMR
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Table 2. Basic statistic on NAMA subtests for the normal and dyslexic group

MeantSD
Subtests
Normal Dyslexic
Word reading 97+6 83+10
Word chains reading 99+7 8614
Rhyming 9747 8617
Picture naming 119+11 104+12
Text comprehension 104+15 89+14
Word comprehension 1057 100+4
Phoneme reduction 101+6 88+4
Nonword and pseudo-word reading 90+10 8018
Letter fluency 10519 935
Category fluency 98+10 89+4
JMR
Table 3. Results of the speech identification task
Edge of Categories Slope of Logistic Regression
Continuum
Normal Dyslexic Normal Dyslexic P
/ba/-/pa/ 25.48 25.12 1.065 1.048 0.815
/da/-/ta/ 25.10 25.08 1.058 1.064 0.874
/ga/-/ka/ 24.84 23.92 1.052 1.061 0.587
JMR

(20.2242.43) was significantly lower than the normal
children (22.13+2.24) (P=0.010). In the passive sentence
comprehension task, although the Mean+SD score of the
dyslexic group (13.83+0.76) was lower than that of the
normal group (14.37+1.2), this difference was not sig-
nificant (P=0.128).

In the speech identification task, as presented in Table
3, the normal and dyslexic groups performed roughly the
same, and the values obtained for the slope of logistic re-
gression and the edge of the categories in the two groups
were very close to each other. In none of the 3 continua,
there was no significant difference between the two groups;
the greatest difference in the slope of logistic regression was
in the continuum /ga/~/ka/ with a significance level of 0.587.

4. Discussion

In the present study, we found dyslexic children per-
formed as normally-developing children in speech per-
ception; however, this result is consistent with some
studies [8, 17, 18]. This consistency cannot be seen with
others [19, 20]. Since in this study dyslexic children
were not classified into different subgroups, we could
not discuss the relationship between speech perception
and phonological processing. Some of the studies con-
firm that speech perception is impaired in dyslexic chil-
dren, but others do not confirm this claim. The reason for
this controversy is that dyslexic children are categorized
into subgroups, and some studies have acknowledged
the weakness in speech perception in a specific subgroup
of dyslexic children [9, 18].

We considered the existence of a battery for the assess-
ment of speech perception as an important reason for the

Ganjkhanlu S, et al. Speech Perception in Dyslexics. JMR. 2019; 13(2):105-112.
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different results of studies. In this study, we used only
speech identification tasks in plosive consonants. Oth-
er tasks can be used in the form of phoneme, syllable,
word, and nonword. Some studies, whose results were
similar to this study, have used the same tasks in order
to assess speech perception [9, 17, 19], but some others
used different tasks [20].

The dyslexic children were significantly weaker than
the normal children in the nonword repetition test. Re-
garding the fact that nonword repetition shows the ef-
ficiency of phonological information processing, most
researchers find it related to dyslexia and reading dif-
ficulties [10]. Although many researchers believe that
nonword repetition is the reflection of phonological
skills [10], they do not agree with how the nonword rep-
etition is related to phonological skills and dyslexia.

In an approach, it is assumed that nonword repetition
shows the function of the verbal short-term memory
[21]. The learning of reading is basically related to ver-
bal short-term memory [22, 23]. This type of memory-
impaired in dyslexic children [23]. Other view states that
weakness in nonword repetition is a reflection of weak-
ness in oral language skills, and children, who have dif-
ficulty in oral language skills, act significantly weaker
than normal children in nonword repetition; also, the ef-
fect size in nonwords with high wordlikeness was more
than those with low wordlikeness [10]. Considering the
fact that the nonwords [24] used in this study were built
from the actual words of Farsi language, dyslexic chil-
dren had significant weakness in the scores compared to
the normal children.

According to another approach, the deficit of nonword
repetition in dyslexic children is justified by the pho-
nological representation [22]. Regarding the point that
nonword repetition requires identifying phonemic com-
ponents and this identification is done by the help of pho-
nemic representations, this view states that dyslexic chil-
dren act weaker in phonemic representation; thus, they
cannot identify the phonemic components of nonword
and, finally, encounter problems in nonword repetition.

Almost all studies show that dyslexic children have def-
icits in nonword repetition [25]. However, there is still
disagreement regarding the degree of deficit in nonword
repetition skills, as some studies show a small differ-
ence between normal and dyslexic children [26], while
other studies show significant differences [27]. The main
reason for this difference in the results can be found in
oral language skills; in dyslexic children, the weaker the
oral language skills are, the weaker they act in nonword

April 2019, Volume 13, Number 2

repetition [10]. Since nonword repetition is considered
a predictor of word decoding skills, we can consider it a
cognitive marker in dyslexic children [10].

Our purpose was to measure the relationship between
speech perception and nonword repetition; but, accord-
ing to the results of this study, since the speech percep-
tion was the same in the normal and dyslexic groups, it
cannot be said that speech perception is responsible for
deficit in the nonword repetition as a task, which mea-
sures phonological processing.

Text processing is a language-based process that de-
pends on a variety of factors that not only includes the
phonemes and features but also includes semantic and
syntactic domains [28]. On this basis, it is expected that
in the study of dyslexia, in addition to phoneme and syl-
lable, syntax and semantics be noted. Therefore, in this
research, we consider passive sentence comprehension
as an example of a syntactic and semantic processing
function. In passive sentence comprehension tasks, al-
though dyslexic children scored less than normal chil-
dren, this difference is not significant. In explaining this
finding, we firstly present two approaches to sentence
comprehension.

The first view states that dyslexic children have deficits
in some basic syntactic abilities because of the delay in
the development of phonologic, morphologic, and syn-
tactic skills [11]. Therefore, dyslexic children can expe-
rience problems in different language tasks that involve
some kinds of syntactic and semantic skills. Of course,
there is a lot of research in this area, some of which be-
lieve that dyslexic children have difficulty in complex
grammatical skills, while in basic skills, they perform
similar to normal children [29].

Another view conveys the weakness in sentence com-
prehension as a result of working memory limits [30].
Dyslexic children cannot accurately keep all the words
of a sentence because of their weakness in working
memory; thus, they lose some of the sentence informa-
tion and, ultimately, encounter problems in the compre-
hension of the sentence.

In explaining the results of this section of the study, with
regard to both views, the reason can be justified by the
fact that the passive sentence comprehension task used in
this study contains relatively short sentences and the child
should choose one of the 3 pictures that are most relevant
to the sentence. With respect to the length of the sentence
used in this task, it cannot show the weakness of dyslexic
children. If we look at the results of the text comprehension
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subtest of NAMA, this subtest for each grade consists of 2
texts with a sentence length of 3 to 8 words followed by 5
to 7 questions for each text. The average score of dyslexic
children in the text comprehension subtest is 89.39 and the
average of normal children is much higher than that of dys-
lexic children (P=0.001); the reason for this difference can
be interpreted that this subtest has a syntactically high com-
plexity that can show the weakness of dyslexic children. On
the other hand, because of having a longer length, it also
involves working memory so that dyslexic children cannot
function as normal children.

One of the limitations we encountered in this study was
the lack of dyslexia diagnostic tests in the Farsi language
to categorize dyslexic children into subgroups, as well
as the lack of similar studies in the Farsi language that
limits the explanation of theoretical issues in the Farsi
language. Another limitation refers to the limited sample
size because of the lack of cooperation of relevant insti-
tutions in accessing more samples. Finally, the sampling
area was limited only to Tehran.

It is suggested to develop and standardize an accurate
diagnostic test for dyslexia and a comprehensive test
in relation to speech perception in the Farsi language.
Conducting research on the speech perception in the
Farsi-speaking dyslexic children with high sample size
and accurate tests in the subgroups of dyslexia, as well
as carrying out studies on the relationship between the
aspects of speech perception and impaired functions of
dyslexic children are highly suggested.

Dyslexic children are weaker than normal children
in the nonword repetition test, but they performed the
speech perception and passive sentence comprehension
tasks similar to their normal age-matched peers.
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