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ABSTRACT 

The present study investigated the relationship between 
dyslexia and specific language impairment (SLI) by 
comparing the speech perception of 3-year-old children 
with a genetic risk for developing dyslexia and children 
with SLI. Speech perception was studied with two listening 
tasks, a phoneme identification task with minimally 
differing word pairs, and a categorical perception task with 
a stimulus continuum between a stop-consonant contrast 
and a vowel contrast. Results demonstrated that both the 
at-risk group en SLI group had more difficulty with the 
identification and categorisation of speech sounds than the 
control group. The findings support the view that dyslexia 
and SLI might be caused by the same underlying speech 
perception deficit. This study further shows that the 
perceptual performance of the at-risk children is highly 
similar to that of older dyslexic children and adults and 
therefore might be an early sign of the inherited disorder. 

1. INTRODUCTION 

The development of reading is one of the major 
achievements of the early school years. For most children 
learning to read is an enjoyable experience. However, some 
children struggle for years with written language because 
they suffer from developmental dyslexia. Developmental 
dyslexia is a language-based disorder characterised by a 
failure in reading and spelling despite conventional 
instruction, adequate intelligence, visual perception and 
sociocultural opportunity. It affects around 3.6 percent of 
the Dutch primary school population [1]. Although there is 
not yet consensus about the cause(s) of dyslexia, the most 
widely accepted cognitive explanation is that it stems from 
an underlying phonological processing deficit [1,2,4,6,9]. 
A poor analysis of words into sequences of phonemes 
(phoneme awareness) has been shown to be one of the most 
consistent deficits in persons with dyslexia, whether 
children or adults. This begs the question what the causes 
are of this phonological processing deficit. There is 
growing evidence that the poor phoneme awareness skills 
in poor readers are associated with problems in speech 
perception [4,6]. It is suggested that poor speech perception 
gives rise to ‘fuzzy’ or ‘underspecified’ lexical 
representations, to weak verbal short-term memory and 
ultimately to poor metaphonological abilities.  

In the current study, speech perception was studied in 
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en with a genetic risk for developing dyslexia. These 
en had at least one parent with dyslexia. According to 
utch study by Blomert [1], the dyslexia risk for 
en with one dyslexic parent is 20 to 47%. The 
ion of at-risk children creates the opportunity to study 
 perception at a much younger age, during early 

age development and long before the children start to 
nd write, than in previous reports. Moreover, it makes 
sible to investigate early signs or risk factors of the 
al disorder. Previous at-risk studies with 5-year-old 
en have shown delays in oral language development, 
s a delay in vocabulary development or grammatical 

ssion [9]. In addition, retrospective studies have 
sted that many dyslexic children show a history of 
age impairment in their pre-school years. From the 
ctive of SLI, it has been shown that many children 
early oral language problems develop reading 
ms when they start to read and write [5,7,9]. Such 
gs have led to the formulation of several assumptions 
 the relationship between SLI and dyslexia in terms of 
etween language and literacy development [2,7,9]. It 
pothesised that dyslexia and specific language 
rment might simply represent different manifestations 
 same underlying speech perception disorder [9]. This 
hesis is supported by several reports showing that SLI 
en, as well as children with dyslexia, are impaired in 
identification, discrimination and categorisation of 
h sounds [4,5,6,10,11].  

im of the present study was to collect further evidence 
e relationship between dyslexia and SLI and the 
lying speech perception deficit. The research 
ons were: 1) Do young children at-risk for dyslexia 
roblems with the perception of speech sounds? 2) Is 

speech perception performance similar to that of 
en with specific language impairment? These 
ons were addressed with two listening tasks, reported 
periment I and Experiment II. Experiment I was 
cted to gain insight in the children’s identification of 
 that differed only in one phoneme or even only one 
tic feature. In Experiment II, the categorisation of 
h stimuli on an acoustic continuum was investigated. 

2. EXPERIMENT I 

iment I tested the identification of words in 
ally differing word pairs by three groups of 3-year 
ildren: at-risk children, SLI children and controls.  



2.1. Stimuli. The stimulus material of the phoneme 
identification task consisted of 20 items, all minimally 
differing monosyllabic Dutch word pairs. The meaningful 
words in the word pairs differed only in one single 
phoneme or phonetic feature like in ‘pear-‘bear’ and 
‘sock’-‘rock’. The items were a selection (most vowel 
contrasts were excluded) of a 30 item standardised Dutch 
test of auditory discrimination for children of age 4 to 6.  
Eleven different phoneme contrasts were presented in total.  

2.2. Subjects. A total of 125 children participated in the 
experiment (see details in table 1). The at-risk children 
were recruited via calls in newspapers and parental 
magazines. The SLI-children were recruited from 
Language Development Centres that provide full-time 
specialised teaching to children with SLI from 3 to 12 years. 
These children had been classified as language impaired 
after extensive assessment of their verbal and nonverbal 
abilities. The control children were matched in terms of 
chronological age and were recruited via day-care centres.  

2.3. Procedure. The children responded by pointing at one 
of two pictures that represented the words in a pair, after 
they had heard one of the words by an audio recorder.  

2.4. Results. The results in Table 1 show that all children 
had relatively high scores; between 80 and 91% correct 
word identification. The mean score of the at-risk group 
appears to be in between those of the SLI and control 
group. 

Table 1. Mean proportion correct identification for the three 
groups of children. Their mean age is presented in years; 
months. 

Group Mean prop. 
Correct 

SD N Mean age  

     

At-risk .84 .37 58 3;2 

SLI .80 .40 25 3;5 

Control .91 .28 42 3;2 

     

An univariate analysis of variance with fixed factors Group 
(3 levels), and factor Item (20 levels) and covariate Age 
revealed a significant effect of all variables (resp. F=4.27, 
p=0.014; F=9.56, p<0.01, and F=10.72, p<0.01). There was 
an Age*Group interaction (F=3.13, p=0.04) showing that 
the SLI children were significantly older. However, their 
performance was still poorer than that of the younger 
control children. Tukey’s post-hoc comparison of Group 
showed that only performance of the control group was 
significantly higher than that of the at-risk and SLI group; 
there was no significant difference between the 
identification scores of the at-risk and the SLI group. A 
Tukey post-hoc test with factor Item revealed that all 
children made more errors on certain items. It is not clear 
why those items were more difficult to identify: there was 
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same 
that a
the at
ect of a certain phoneme contrast or of familiarity of 
ords. In several other studies it has been suggested 
hildren with dyslexia or SLI mainly have difficulty 
he identification of phonetically less salient contrasts, 
as stop-consonant voicing or place-of-articulation 
0,11]. However, the children in our study had no 
ent difficulty with word pairs that were differentiated 
p-consonants, at least no more than the controls did 
 was no Group by Item interaction). Yet, the relatively 
cores, almost at ceiling level, of all children, might 
re this effect. Therefore a more sensitive perception 
as used when the children were slightly older. This 
is described in the following section. To summarise, 
dings of Experiment I indicate that, as early as age 3, 
 children have subtle speech perception problems, 

arable to those of young SLI children. 

3. EXPERIMENT II 

ndings in Experiment I showed that children with a 
al risk for dyslexia and SLI children make a larger 
er of errors than controls when presented with 
al pairs of words, which only differed by one 
me. To further investigate the speech perception of 
children, the categorical perception paradigm was 
This test, in which a speech continuum is presented, is 
hly sensitive test to investigate speech perception 
sses. Previous studies with dyslexic adults and 
en (8 to 11 years old) suggest that their phoneme 
risation is less consistent, and therefore less 
rical, than that of average readers [6]. Similar results 

been found for older children with SLI [10]. In one 
 speech perception of at-risk children has been 
ed [8].  Richardson et al. showed that speech sound 
mination of six-months-old at-risk infants deviated 
age-matched controls. In the selection of speech 
i, most studies have focused on the perception of 
onsonant voicing or place-of-articulation contrasts. 
 present study, speech sounds from two different 
s were selected, stop-consonants and vowels, in order 
t the hypothesis that speech perception might be 
red in general or be affected selectively, i.e. only 
ing perception of certain speech sounds.  

timuli. In the present experiment two stimulus 
ua with seven stimuli each were presented to the 
en in two separate test conditions. The stimuli 
ted of a six-step continuum between the /p/ and /k/ in 

ords /pçp/ and /kçp/ (‘doll’ and ‘cup’) and a six-step 
uum between the vowels /a/ and /A/ in the words /zak/ 

Ak/ (‘shop’ and ‘bag’). The continua were generated 
terpolation between the relative amplitudes of the 
al envelopes of the original words. In the vowel 
uum, vowel duration was also manipulated by 
sing it in equal steps of 15 ms.  

ubjects. The subjects of this experiment were the 
children as in Experiment I, with as main difference 
ll children were nine months older. The mean age of 
-risk children was 3;11 (N=15), The SLI children 



were again slightly older, 4,4 years old (N=8), and the 
controls were on average 3;11 years old (N=19). It has to be 
noted that the number of subjects per group was much less 
in Experiment II compared to Experiment I, due to 
relatively strict criteria. Children were excluded from data 
analysis if they failed to pass the training criterion, did not 
complete both the stop-consonant and the vowel task or did 
not remain concentrated. In the present data analysis only 
those children were included who completed both tasks in 
order to be able to investigate the effect of the phoneme 
contrast. A relatively high attrition rate was expected since 
this task was more difficult and lasted longer than the one 
chosen in Experiment I.  

3.3. Procedure. The categorisation task contained training 
and a test phase. In the test phase each stimulus was 
presented six times. The children were tested in the 
language acquisition lab of the Utrecht Institute of 
Linguistics OTS. They heard one stimulus at a time and had 
to respond by pointing at one of two pictures that 
represented the endpoints of the continuum. The stimuli 
were presented via headphones connected to a speaker and 
laptop computer.  

3.4. Results. The categorisation performance of the three 
groups of children is presented in figures 1 and 2. Figure 1 
shows the percentage /kçp/ responses of the three subject 
groups at each stimulus level. Firstly, it can be seen that the 
slope of the categorisation functions of the at-risk group 
and the SLI group is less steep than the function gradient of 
the control group. The slope is the reciprocal of the 
standard deviation and indicates the range of uncertainty 
distinguishing one phoneme category from another. A steep 
slope indicates a small uncertainty range and suggests 
highly consistent ability to categorise a speech contrast; 
whereas a shallow slope indicates a large range of 
uncertainty and suggests difficulties in identifying the 
speech stimuli. Secondly, the data show that the at-risk and 
SLI children also had more difficulty with categorising the 
(unambiguous) endpoint stimuli, which is in line with the 
findings of Experiment I. The difference between groups 
was confirmed by the statistical analysis. A repeated 
measurement analysis was performed with percent /kçp/ 
response as the dependent or outcome variable for each of 
the seven levels of stimulus. All possible interactions 
between group, stimulus level, and age were considered as 
potential terms. The final model includes Group (at-risk 
and SLI), Stimulus, and the interaction between Group and 
Stimulus as statistically significant (p<0.01) parameters for 
phoneme categorisation. The model obtained was: %/kçp/= 
-20.77 + 23.75*at-risk + 26.41*SLI + 17.46*stimulus – 
5.47*at-risk*stimulus – 5.85*SLI*stimulus. The SLI group 
was older than the two other groups. Nevertheless, after 
controlling for age the SLI group still performed more 
poorly. 

The results of /zak/-/zAk/ categorisation are presented in 
figure 2. The categorisation functions indicate that the three 
groups do not differ in their categorisation responses, as 
was the case with the stop-consonant contrast. The 
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en the groups. A repeated measurement analysis was 
cted with percent /zAk/ response as the dependent 
le for each of the seven levels of stimulus. All 
le interactions between group, stimulus level, and 
ere considered as potential terms. The final model 
es only Stimulus as statistically significant (p<0.01) 
eter for phoneme categorisation. The model obtained 
%/zAk/= -5.99 + 1.73*at-risk + 2.3*SLI + 

*stimulus. 
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 together, the results of Experiment II reveal that 
en at risk for dyslexia and SLI children are less 
tent in their categorisation of stop consonants than 
lly developing children and do not have such a clear 
me boundary. The difference between groups does 
ld for the vowel contrast. This contrast effect was 

emonstrated in the study of Tallal and Stark [11], who 
d that SLI and control children of 5;6 to 8 years old 



only differed in their consonant perception, but not in their 
vowel perception. They explain this difference by the 
nature of the acoustic cues of the two classes of speech 
sounds: brief and transitional formant spectra for stop 
consonant, but relatively long and steady-state formant 
spectra for vowels. This implies that, for all listeners, stop 
consonant will be perceptually less salient than vowels. 
Although little has been reported with respect to the 
development of vowel perception, it is generally agreed 
that the perceptual vowel system is fully acquired long 
before the consonant system. In Gerrits [3], it was found 
that in normal developing children the weighting of 
acoustic cues for vowel categorisation was adult-like at age 
6. However, the weighting of cues for stop-consonant 
categorisation was not fully acquired yet at age 9. The 
present categorical perception task will be repeated with the 
at-risk and SLI children when they are six months older to 
see whether the stop-consonant results are presenting a 
delay or deficiency of their speech perception skills.  

4. EXPERIMENT I AND II 

The results of Experiment I and II demonstrate that at-risk 
and SLI children are impaired in their perception of subtle 
changes in speech sounds, which may not surface when 
standardised language tests are used. However, in an 
experimental setting the perception performance of these 
children clearly deviates from normally developing 
controls. The clinical relevance of the phoneme 
categorisation paradigm has already been demonstrated by 
Maassen et al. [6] in a study with dyslexic children of 8 
years old. They found a negative correlation between 
reading performance and identification and discrimination 
of a voice and place-of-articulation contrast. A follow up 
study with the children in the present study is needed to 
fully understand the relationship between early speech 
perception and later developing reading and writing skills. 

5. CONCLUSIONS 

The findings of the present study show that young children 
(age 3) with a genetic risk for developing dyslexia have 
subtle speech perception deficits. Their perceptual 
performance is highly similar to that of young language 
impaired children and much older dyslexic children and 
adults with impaired phonological processing. The results 
of this study confirm the hypothesis that perceptual deficits 
might be the underlying cause of dyslexia as well as 
specific language impairment and imply that dyslexia and 
SLI might be merely two conditions on a phonological 
processing continuum rather than represent two “specific” 
language disabilities. Furthermore, the findings suggest 
that an impaired speech sound categorisation may be a 
precursor of dyslexia, present early in life.  
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