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Abstract 

The aim of this study was to investigate the categorical speech perception deficit in 

dyslexic children and adults. In order to do so, an experiment was carried out, in 

which participants were tested on two categorical perception tasks: a classification 

(2AFC) and discrimination (AX) task. Four subgroups were tested: 9 dyslexic 

children, 10 non-dyslexic children, 6 dyslexic adults and 7 non-dyslexic adults. The 

classification and discrimination results showed no significant difference between the 

subgroups of children and no significant difference between the subgroups of adults. 

The results of a comparison of reaction time revealed a significant difference between 

the subgroups of children, the dyslexic children were significantly slower on both 

tasks, and revealed a significant difference between the subgroups of adults on the 

classification task but not the discrimination task. For all groups the degree of 

categorical perception was high, but it was highest for the two dyslexic groups. The 

main conclusion is that there is no difference between dyslexics and non-dyslexics in 

their mechanism of categorical speech perception. The results of this study do not 

support the hypothesis of a categorical speech perception deficit in dyslexics; therapy 

should not be focussed on the categorical perception of speech.  



Maartje de Klerk MA-thesis 

Categorical speech perception in dyslexic children and adults 5 

1. Introduction 
 

 

General introduction 

This study is based on a study by Nouwens & de Klerk (2007; unpublished), which 

was in its turn based on the internship of Suzan Nouwens at University College 

London (UCL) 2007. Nouwens participated in the research project ‘Clarifying the 

speech perception deficit in dyslexic children’ of Hazan, Rosen, and Messaoud-Galusi 

(2007; in preparation). During her internship, Nouwens tested adults with and without 

dyslexia on their categorical perception in a way that is similar to Hazan et al.'s 

previously done experiments concerning categorical perception in dyslexic and non-

dyslexic children. Nouwens and de Klerk kept the experiments as similar as possible 

to the study of Hazan et al. The results of the study of Nouwens and de Klerk will be 

discussed briefly below. 

 

Learning to read and write fluently is not easy for every child that begins with this 

challenge at the age of (approximately) six. Whereas the majority of beginning 

readers establish stable grapheme to phoneme relations fairly easily, a minority of 5-

10% (Boets, Ghesquiere, van Wieringen and Wouters, 2007) is  unable to master 

fluent literacy skills, a disorder widely known as (developmental) dyslexia. According 

to the Word Federation of Neurology, dyslexia is defined as an inability to attain 

fluent reading and writing skills in the absence of general cognitive, neurological or 

sensory deficits, inadequate education, unfavourable social conditions and so forth 

(Van Alphen et al. 2004). Research has shown that children with developmental 

dyslexia are impaired on a wide range of phonological processing abilities such as 

phonological awareness (Goswami & Bryant, 1990; Wagner & Torgesen, 1987), 

verbal short-term memory (Brady, 1991; De Jong, 1998; McDougall, Hulme, Ellis & 

Monk, 1994) and the rapid retrieval of the names of familiar objects, digits, letters and 

colours (Wolf & Bowers, 1990). In other words, there seems to be a phonological 

processing deficit. This Phonological Deficit Hypothesis claims ‘that children and 

adults with dyslexia have unremitting difficulty in constructing, maintaining and 

retrieving phonological representations’ (De Bree, 2007). It is now widely agreed that 

this phonological deficit is characterized as a deficit in phonological representation. 

Research has suggested that the relationship between dyslexics’ phonological 

processing deficits and their reading and writing difficulties are a result of the 

inaccuracy of the underlying phonological representations of words in the mental 

lexicon of dyslexics (Swan & Goswami, 1997). Metsala & Walley (1998) state that 

children’s initial holistic phonological representations of words become more 

“segmentalized” (segmented into syllables) during preschool and primary school and 

eventually will be segmented further in phonemic detail. This is in accordance with 

Fowler (1991), who states that words are organized as segments in each mental 

lexicon,  i.e. segmented in phonetic information. So, if the precision of the 

phonological specification of the underlying representations of words is not as 

accurate as it should be (like in average readers), a “crystallized” phonetic code is not 

available and as a consequence segmental analysis may be hampered. Snowling 

(2000) argues that this is exactly the problem of children who suffer from dyslexia, 

which is reflected in her Phonological Representation Hypothesis. This hypothesis 

holds that: “dyslexic children have poorly specified phonological representations”. 

So, if poorly specified phonological representations are the cause of the phonological 

deficit, which is in its turn the cause of the severe reading and writing problems of 
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dyslexics, the question arises what these “poorly specified representations of words” 

look like, and what causes this poor representation. De Bree (2007) writes that this 

“underspecification”  or “poor specification” have led to mixed findings. On the one 

hand research has shown that representations have too little information or detail in 

the lexicon (Swan & Goswami, 1997; Messbauer, 2005); on the other hand research 

has shown too much detail in (phoneme) representations (Serniclaes, van Heghe, 

Mousty, Carre and Sprenger-Charolles, 2004; Adlard & Hazan 1998; Masterson, 

Hazan & Wijayatilake, 1995; Mody, Studdert-Kennedy, & Brady, 1997; Reed, 1989). 

Since 1957 (Liberman, Harris, Hofman, & Griffith) a well known method to measure 

phonological representations are categorical speech perception experiments. These 

experiments test the idea that listeners have more difficulty perceiving acoustic 

differences that do not cross phonemic boundaries than differences of the same 

magnitude between two different phonemes. This mechanism appears to be a 

constructive mechanism for listeners to acquire language. Listeners who are exposed 

to spoken language need to learn which phonemes are meaningful in their language 

and which are not. For example, a Dutch listener is not confused when a speaker 

pronounces the word /tak/ as /t
h
ak/ (with an aspirated /t

h
/) since the /t

h
/ is not a 

phoneme in Dutch and therefore the meaning of the word does not change. However, 

in Thai, /t/ and /t
h
/ are two different phonemes.  

To test categorical perception a (speech) sound continuum between two 

phonemes is presented to listeners in two psychoacoustic tasks, an identification task 

and a discrimination task. The definition of strong categorical perception is that the 

results of these two tasks must have a strong relationship, i.e. the results of the 

discrimination task should be predictable from the results of the identification task. In 

the present study, I will use both tasks to test speech perception of children and adults 

with and without dyslexia.  

 

Results from several studies indicate that children with dyslexia have a deficit in 

categorical speech perception. An exact definition of this deficit is not at hand, but 

several studies together might give an impression. 

Godfrey, Syrdal-Lasky, Millay & Knox (1981) showed that the classification or 

identification of dyslexic children (aged between 9 & 10) was less consistent at the 

end points of two /ba-da/ continua and a /da-ga/ continuum than that of non-dyslexic 

children (age-matched). Their crossover slope near the phoneme boundary was more 

gradual, but this difference was not significant. There was a significant difference 

between the obtained discrimination scores, which was due to  higher-within category 

discrimination of the dyslexic children. A more recent study by Breier, Fletcher, 

Denton and Gray (2004) found that children at risk of dyslexia were less sensitive to 

changes in a /ga/ - /ka/ continuum than age-matched control children. The children 

were asked to press a button as soon they detected a change in the stimuli that were 

presented to them in a never changing rhythm. Children at risk of dyslexia showed 

significantly less sensitivity for detection of a change between stimuli that crossed the 

phoneme boundary, but no significant effect was found for the detection of change 

within the phoneme category. According to Breier et al., their results indicate poor 

categorical perception. Serniclaes, Sprenger-Charolles, Carré and Démonet (2001) 

argue that children with dyslexia, besides performing worse on between-category 

stimuli, also show higher within-category discrimination. Serniclaes et al.’s (2004) 

results seem to support their hypothesis: a group of dyslexic children showed an 

overall higher sensitivity to within category discrimination than the age-matched 

control group (Fig.1).  
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Figure 1. Discrimination results of  non-dyslexic adults & children (9 years) and dyslexic children (9 

years). From Serniclaes et al. (2004, p.350) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, Serniclaes et al. (2004) needed to average data from all four different types 

of continua to find evidence in favour of their hypothesis (two types of sinewave, 

place-of-articulation and voice-onset time continua; a modified sinewave continuum 

and a naturally spoken /ga-ka/ continuum) and evidence for higher within-category 

discrimination was only found in the first three stimuli. 

  

Although the statistical method used by Serniclaes et al. (2004) is questionable, there 

still seems enough evidence suggesting that there is a deficit in categorical speech 

perception in dyslexic children. Again, at least some reservations need to be made. 

Firstly, the deficit in categorical perception is not seen in every speech contrast. It is 

especially seen in stop consonants and not in fricatives (Adlard & Hazan,1998; Manis 

et al, 1997). Mixed results were shown in Maassen, Groenen, Crul, Assman-

Hulsmans, and Gabreëls (2001), who tested two types of continua, a place-of-

articulation and a voice-onset-time continuum. Significant differences were only 

found in the identification task in the voice-onset-time continuum and not in the 

place-of-articulation continuum. Secondly, studies that compare young dyslexics with 

reading-age-matched controls instead of chronological-age-matched controls, often 

find no differences in categorical perception between the two groups, or only for the 

most severely affected subgroups of dyslexics (Manis et al. 1997; Adlard & Hazan, 

1998; Joanisse, Manis, Keating, & Seidenberg, 2002). Manis et al. (1997) and Adlard 

& Hazan (1998) both tested speech sound identification, and both studies found 

shallower slopes for the dyslexic group compared to the reading-level- matched (RL) 

group but not compared to the chronological-age-matched (CA) group. Joanisse et al, 

2002) also tested phoneme identification and did not find significant differences 

between the slopes of the dyslexic group compared to age-matched as well as reading-

level matched children. However, they did find differences between dyslexic 

subgroups compared to the reading-level matched group, but these were again not 

significant. Thirdly, in some studies the deficit is found in one of the two tasks of the 

categorical perception paradigm but not in both. Boets et al (2007) tested children of 

‘dyslexic families’, the so called high-risk group (HR) and children of ‘normal 
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reading families’, the low-risk group (LR) with a /bak-dak/ (box-roof) continuum. 

They found marginally significant effects between the LR group and the HR group in 

the discrimination task (lower within-category discrimination in the HR group) but no 

significant effects in the identification task (the slope was shallow for both groups of 

children). Maassen et al (2001) did not find any significant differences in the 

identification task with a place-of-articulation continuum, but did find that dyslexic 

children have a significantly poorer performance on the discrimination task from both 

a voice-onset-time and a place-of-articulation continuum.  However, higher within-

category discrimination was not found, but exactly the opposite, as is seen in figures 2 

and 3. This contradicts the findings of Serniclaes et al (2001, 2004).   

 
Figure2. Mean discrimination scores as a function of  stimulus pair of the place-of-articulation 

continuum ( dyslexics, CA children an dRL children). From Maassen et al. (2001, p. 331) 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3. Mean discrimination scores as a function of stimulus pair of the voice-onset-time continuum 

(experimental group and two control groups). From Maassen et al. (2001, p. 331) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compared to the research with children, there are only few studies with 

dyslexic adults. Van Beinum, Schwippert, Been, Leeuwen and Kuijpers (2005) 

showed that dyslexic adults are less consistent in phoneme identification and 

discrimination than controls. They were slower (reaction time was measured), they 
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were less reliable in classifying the ambiguous stimuli, plus they were less consistent 

in discriminating between the categories (a Dutch /bak-dak/ continuum was used). 

The authors concluded that, although the dyslexics did have difficulties discriminating 

between the different phoneme categories, there was no evidence in favour of better 

within-category discrimination. These results are similar to those of  Schwippert &  

Koopmans-van Beinum (1998), who found that dyslexic adults are slower and less 

accurate than controls on both Dutch /bak-wak/ and /bak/-/dak/ continua. Steffens et 

al. (1992) also found that the dyslexic identification curve was shallower than the 

curve of the non-dyslexics, but contrary to the former studies, no significant between-

group difference was found in discrimination (/ba-da/ continuum). Finally, Nouwens 

& de Klerk (2007) tested categorical perception of dyslexic adults (N=6) with a /bak-

pak/ continuum. The results of both the identification and discrimination tasks 

revealed no significant differences between dyslexic and non-dyslexic adults.  

It may be clear that there are not many adult studies to refer to, but the 

findings suggest that phoneme identification of dyslexic adults is less consistent and 

results in a shallower curve. Discrimination task performance yields contradictory 

results, but higher within-category discrimination was never found.   

 

In summary, the categorical perception deficit in children leads to two assumptions. 

The first is that dyslexic children (or children at risk of dyslexia) show a shallower 

slope in the identification curve, and the second is that they show less sensitivity to 

the between-phoneme boundary in the discrimination task (Godfrey et al, 1981; Breier 

et al., 2004; Serniclaes et al., 2004 and Maassen et al., 2001). The predictions for 

within-category discrimination are less clear. The results from the study by Godfrey et 

al. showed higher within-category discrimination, and the same applies to the results 

of Serniclaes et al. (2001 & 2004). On the other hand, others have found that 

dyslexics do not show higher within-category discrimination (Breier et al, 2004), and 

even the opposite: a lower level of discriminability (Maasen et al, 2001). Maassen et 

al. included RL-matched as well as CA-matched children; results were significant for 

both groups compared to the dyslexics. These results seem exceptional beside the 

studies of Manis, McBride-Chang, et al. (1997); Adlard & Hazan (1998) and Joanisse, 

et al. (2002), who only found differences between the RL group and the dyslexics but 

not between the CA group and the dyslexics. In the case of adults the same diffuse 

picture is seen. They do differ in their identification performance, but in the 

discrimination performance it is not so clear: none of the adult studies revealed higher 

within-category discrimination. The question whether dyslexic adults differ in their 

performance on categorical perception tasks is legitimate because research has shown 

contradictory results; shallower slope vs. non-shallower slope, less consistency in 

between-category discrimination vs. consistency in between-category discrimination. 

In this introduction, four adult studies have been referred to. Three of these studies 

found that the slope of the identification task was shallower and two of these studies 

found less consistency in between-category discrimination, whereas the other two 

studies did not find less consistency in between-category discrimination. None of the 

studies found higher within-category discrimination. The hypotheses on p. 10 are 

based on these findings.   

Results of studies (besides the study of Maassen et al, 2001) in which the 

performance of dyslexic children is compared to the performance of RL and CA 

matched children, revealed no significant effects for the RL matched children, but 

only for the CA children. So it seems that RL children and dyslexic children perform 

similarly, whereas dyslexic children and RL matched children both perform 



Maartje de Klerk MA-thesis 

Categorical speech perception in dyslexic children and adults 10 

significantly differently from CA matched children. This would imply that non-

dyslexic children refine their mechanism of categorical perception; the question is 

whether the same happens with dyslexic children. This hypothesis would be 

confirmed if dyslexic adults did not show any significant differences from non-

dyslexic adults (and if the opposite was seen between the groups of children). In that 

case, the categorical perception deficit might just be a developmental delay.  

 

1.2 General research questions and hypotheses 

Dyslexic children and dyslexic adults have never been tested with the same stimuli in 

one and the same study (or with different stimuli in the same study, for that matter). In 

this study, children and adults are given exactly the same speech sound continuum 

and categorical perception tasks.  

 

The general research questions are:  

� Do dyslexic children show higher within-category discrimination of stimuli in 
a /bak/-/pak/ continuum and do they show a different performance on the 

identification task from non-dyslexic children?  

� Do dyslexic adults show a significantly different performance on categorical 
perception tasks from non-dyslexic adults? 

 

The hypotheses for this study are: 

 

1 Dyslexic children will show a significantly shallower slope in the identification 

curve than non-dyslexic children 

2 Dyslexic children will show significantly lower between-category discrimination 

and higher within-category discrimination than non-dyslexic children. 

3 Dyslexic adults will show a significantly shallower slope in the identification 

curve than non-dyslexic adults 

4 Dyslexic adults will show no significantly less sensitivity for the phoneme 

boundary and will not show an overall higher within-category discrimination than 

non-dyslexic adults 

5 Dyslexic children and adults are significantly slower than non-dyslexic children 

and adults 

 

 

 

 

1.3 Clinical relevance 

The results of this study will contribute to our understanding of the speech perception 

skills of children and adults with dyslexia. If there turns out to be a categorical 

perception deficit, i.e. that dyslexics perceive speech sounds differently from non-

dyslexics, therapy could be adjusted to anticipate the problems that occur when the 

child learns to read and write. On the other hand, if the outcome is positive and 

dyslexics have no problems perceiving speech sounds, then therapy should not be 

focused on how speech sounds are perceived. 
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2. Method 
 

 

2.1 Participants 

In this study 9 dyslexic children participated, 4 boys and 5 girls aged between 8;1 and 

11;0 years (M= 119;2 months, SD= 9.24; group 1) and 10 non-dyslexic children, 3 

boys and 7 girls aged between 9 and 10 years (M= 120;2 months, SD= 4.9; group 2). 

In addition 6 dyslexic adults were tested, 1 male and 5 females, aged between 20 and 

28 years (M= 287;29 in months, SD=  35.6; group 3) and 7 non-dyslexic adults, 4 

males and 3 females, aged between 20 and 28 (M= 284;29 in months, SD = 33.9; 

group 4) . 

 

General inclusion criteria were: 

� Monolingual native Dutch speaker 
� No psychological, language or cognitive problems 
� No ADHD or ADD 
� Normal hearing according to their own opinion or the opinion of the parent 
� No problems keeping up with the rest of the class according to the parent 

(criteria for the children) 

� All dyslexic participants were diagnosed with dyslexia by a qualified 
psychologist 

� Students in Higher Education (criteria for the adults) 
 

In addition to these general inclusion criteria, specific reading criteria were used, 

which were assessed with standardized tests: the EMT test (reading abilities of words; 

Brus & Voeten, 1999) and the Klepel-test (reading ability of nonwords; Van den Bos, 

Spelberg, Scheepstra and De Vries, 1994). 

 

The children 

The dyslexic children needed to score a ‘-/-’ profile on the EMT and Klepel tests, 

meaning that both standard scores had to be 6 or lower (standard score of 7 is 1 SD 

below the mean, which is 10). The non-dyslexic children needed to score a ‘+/+’ 

profile (standard score of 7 or above). The scores were average or above average. 

Dyslexic and non-dyslexic children were recruited via schools. Letters were 

sent to 39 primary schools; only 6 cooperated. The number of children that were 

recruited via this letter campaign was ‘19’ (dyslexic N= 8, non-dyslexic N= 11). Since 

applications for participation did not come in in large numbers, 30 letters were sent to 

the parents of children that had been tested in the past. This group of children had 

participated in a study about children who are at risk of dyslexia (because one or two 

of the parents had been diagnosed with dyslexia). The result of this recruitment was 

the addition of 2 children; both were actually tested (one dyslexic child and one non-

dyslexic child).  Besides the recruitment via school and letter, dyslexic children were 

also recruited via an advertisement in the magazine ‘Woortblind’ and an 

advertisement on its website; 4 children signed up for participation via this route.  

 

The adults 

For adults, a different norm was used: percentile scores (50 is average). The percentile 

scores of the dyslexic adults on the EMT-test and the Klepel-test needed both to be ≤ 

ps 20 (N= 4) or one of the scores ≤ 10 (N= 2). One dyslexic participant, who appeared 

to have hearing problems and scored a percentile score of 50 on the EMT/Klepel tests, 
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was not included in the experiment. 

The (percentile) scores of the non-dyslexic adults on EMT/Klepel needed to be both ≥ 

80 (N= 3) or one of the test scores needed to be ≥ 90 (N=4). The scores of the non-

dyslexic adults were all average or above average.  

Dyslexic adults were recruited via the same advertisements as the children. In 

sum, 3 participants signed up for participation via this advertisement. Another 

advertisement was placed on a Dutch website (Hyves), with no positive result. 

Furthermore, dyslexic adults were also recruited via the HR&O (Hogeschool 

Rotterdam) and the blackboard of the Technical University Delft (TU), the result of 

this recruitment was N= 0 (HR&O) and N=  4 (TU). 

 

The EMT and Klepel tests were used to indicate the degree of dyslexia and to find out 

whether the groups of dyslexics and non-dyslexics were significantly different from 

each other. Two more tests were carried out to find out whether the groups of children 

(dyslexic and non-dyslexic) were comparable. The same applied to the groups of 

adults. These additional tests were the Tempo Test Rekenen (De Vos, 1998) and the 

Digit Span Backwards (WISC-III, Dutch version). In the paragraphs below each test 

is explained and the results of the groups are statistically analyzed; results can be 

found in table 1.   

 

 

EMT-test and Klepel-test 

The EMT-test is a list of 116 Dutch words. Participants were asked to read out loud as 

many words as possible in one minute. They were asked to read as fast and as 

accurately as possible. The Klepel-test was taken after the EMT-test; it contains 116 

Dutch nonwords. Dyslexic children are known to perform poorly on a phonological 

awareness task that uses nonword repetition stimuli (Wagner & Torgesen, 1987). 

Because these nonwords do not have a phonological representation in long-term 

memory, one cannot rely on memory and word-recognition. Dyslexic children were 

assumed to produce under- or over-specified (leaving out or adding phonemes) 

repetitions. The same principle applied to reading out loud the nonwords of the 

Klepel-test. Lower performance on the Klepel-test was assumed to reflect 

inaccuracies in the phonological representations of the phonemes of the words that the 

child was asked to analyze (read out loud). Both tests together gave an insight in the 

reading abilities of the subjects.  

A one-way ANOVA, with standard scores as the dependent variable, was 

carried out on the data of the EMT test and showed a significant difference between 

the two groups of children (D children, M= 3.67, SD=2.6; ND children, M= 9.3, 

SD=2.2, F= 26.050, p< .001). The same analysis was carried out on the data of the 

two groups of adults and showed again a significant difference (D adults, M= 10.0, 

SD=10; ND adults, M= 65.71, SD=28.8; F= 20.162 with a p< .001). Both differences 

were significant at the .01 level.  

 The same one-way ANOVA, with standard scores as the dependent variable, 

was carried out on the data of the Klepel-test. Differences between dyslexics and non-

dyslexics were seen in both children and adults. For dyslexic children (M= 4.22, SD= 

1.9) and non-dyslexic children (M= 10.4, SD= 1.7) the difference was significant (F-

value= 56.960, p-value <.001). The analysis on the two groups of adults (dyslexic 

adults, M= 12.5, SD=13.7; non-dyslexic adults, M= 91.43, SD=6.9) showed a 

significant difference too (F-value= 180.994, p <.001) at the .01 level.  

The Digit Span Backwards 
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The Digit Span Backwards was used in order to find out if the groups could be judged 

as similar or different concerning the span of concentration. During this test, 

participants had to repeat backwards series of digits. So, if the experimenter said 9-7-

2, the participant had to respond 2-7-9. The series of digits started with two series of 

two digits, then two series of three digits, and so on up to seven digits. In sum, 

subjects had to repeat twelve series, so the maximum score was 12. 

 A one-way ANOVA, with correct answers as the dependent variable and 

groups as the between-subject factor, showed that there was no significant difference 

between the two groups of children (D children, M= 4.36, ND children, M= 4.55: F= 

.109, p= .744). A one-way analysis on the data of the two groups of adults showed 

that these groups did not differ significantly either (D adults, M= 5.29, ND adults, M= 

7.00; F= 3.298, p= .094). 

 

 

Tempo Test Rekenen  

The Tempo Test Rekenen (TTR) is a test designed to measure mathematical skills. 

Participants were asked to make as many calculations as possible within 5 minutes. 

Although the adults were all students of Higher education, the mean scores of the 

TTR were used to find out whether the groups were comparable. In the case of the 

children, there was no indication of their intelligence besides the subjective opinion of 

the parent. So, the TTR was especially administered in order to find out if the groups 

of children were comparable.  

A one-way ANOVA, with correct answers as the dependent variable and 

groups as the between-subject factor, showed that the difference in mean correct 

answers between the dyslexic and non-dyslexic children was marginally significant 

(dyslexic children, M= 77.33, non-dyslexic children, M= 93.20; F= 3.898 and p= 

.068); this could be explained by the fact that the dyslexic children had difficulties 

with the restrained time span; they did not make more mistakes, but they did not! 

make as many equations as the non-dyslexic children. A one-way analysis on the data 

of the two groups of adults showed that these groups did not differ significantly either 

(dyslexic adults, M= 134.20, non-dyslexic adults, M= 150.83; F= 1.396 and p= .268).  

In table 1(children) and table 2 (adults) an overview of the mean results of all 

the tests is given.  

 

 
Table 1. Mean (M) and standard deviation (SD) for dyslexic & non-dyslexic children on each of the 

selection criteria (EMT/Klepel) and the group comparative tests (DSB/TTR) 

         Dyslexic          Non-Dyslexic  

    M      SD       M  SD   p 

Age (months)   118.33      9.24          119.64 4.9  .682 

EMT (standard scores)  3.67      2.6       9.3  2.2  .000 

Klepel (standard scores)  4.22      1.9       10.4  1.7  .000 

DSB (nr. correct)  4.36      1.5       4.55  1.0  .744 

TTR (nr. correct)  77.33      15.4       87.3  17.0  .068 
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Table 2. Mean (M) and standard deviation (SD) for dyslexic &non-dyslexic adults on each of the 

selection criteria (EMT/Klepel) and group comparative tests (DSB/TTR) 

         Dyslexic          Non-Dyslexic 

    M      SD       M  SD  p 

Age (months)   287.29      35.6       284.29 33.9  .876 

EMT (p. scores)   10.0      10.0       65.71 28.8  .001 

Klepel (p. scores)  12.5      13.7       91.43 6.9  .000 

DBS (nr. correct)  5.29      2.1       7.00  1.4  .094 

TTR (nr. correct)  134.20      12.9         150.83 23.7  .268 

 

 

 

2.2 Stimuli 

An 8-step /bak-pak/ continuum was used, which varied along a VOT continuum from 

-50ms voice lead to +23ms voice lag. The /bak-pak/ continuum was manipulated from 

a natural /bak/, spoken by a highly intelligible native Dutch female. The manipulation 

was done in PRAAT (version 5.0.05 for Macintosh, Boersma & Weenink, 2003). The 

voice lead was cut off at regular intervals of two periods at a zero crossing. The steps 

could not have exactly the same magnitude because not every two periods were 

exactly the same. This resulted in steps of approximately 10ms (-56ms, -45ms, -32ms, 

-21ms, -11ms, 0, +10, +21). The voice lag was manipulated by inserting silence after 

the burst. To do so, a Hanning window was used. To create approximately 10ms of 

silence, 20ms of the speech sound was selected and extracted (preserved time). A 

Hanning window was applied and (the first) half of this slection was placed back into 

the original speech sound. It must be noted that in the last step a minor click-sound 

was detectable for the phonetician’s ear, but it was not expected to be noticed by the 

participants.     
 

 

Figure 4. Sinewave of stimulus 1, end point- /bak/.  

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Sinewave of stimulus 8, end point-/pak/. 
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2.3 Tasks 

Categorical perception is defined as: the discrimination results must be predictable 

from the identification results. 

 The experiment contained two tasks; an identification task (2AFC-task) and a 

discrimination task (AX-task). Gerrits (2001) investigated the effect of discrimination 

tasks on categorical perception performance. In an AX or ABX task, performance 

may be based on an auditory-trace strategy or on phoneme labelling. Because (part of) 

the aim of this study was to find out whether dyslexic subjects show higher within-

category discrimination (and thus rely more on auditory traces) the choice had to be 

either AX or ABX. The best results (strongest relation between the two tasks) were 

seen in the AX task. However, a negative side effect of the AX discrimination task 

was that subjects tend to respond “same” more often if differences between stimulus 

pairs are quite small. A solution was to give feedback during the experiment. By 

doing so, subjects’ uncertainty would be reduced, which would improve their 

discrimination performance (Gerrits, 2001). The stimulus pairs were presented 

randomly, a so-called “roving” discrimination experiment instead of a “fixed” 

discrimination experiment in which subjects would have to respond to the same 

stimulus pair in each block. A roving experiment is known to have high uncertainty 

about the stimuli that are presented; subjects cannot rely on temporary labels (as in 

fixed discrimination) and must therefore rely on category labels stored in long-term 

memory (Schouten & van Hessen, 1991; Gerrits, 2001). If phonemic representations 

in dyslexics are indeed different, the most appropriate test to reveal this is “roving” 

discrimination.  

  

Identification task 

The identification task was a two-alternative forced choice (2AFC) response 

procedure; subjects were forced to choose between two stimuli of the continuum. The 

subjects had to identify the stimulus by clicking either on a picture of a ‘bak’ (box), 

representing the stimulus /bak/, or by clicking on a picture of a ‘pak’ (package), 

representing the stimulus /pak/. Each stimulus (8) was presented 30 times and all the 

(8 x 30 = 240) stimuli were presented randomly. Again the next stimulus began 

whenever the subject had given a response on the response box. RT was measured 

from the onset of the target (beginning of stimulus). Like in the AX task, first a short 

introduction was given to the task before the actual test began. 

 

Discrimination task 

The AX-task was a same-different task: subjects had to decide whether the two 

stimuli presented to them were the same or different. Each stimulus was paired with 

itself or in minimal (1-step) pairs: AA-AB-BA-BB in a random order. All stimulus 

pairs were presented 15 times. The /b/-/p/ continuum contained 8 stimuli and 

therefore 7 ‘different’ pairings. Since AB and BA were both different pairs, this 

resulted in a total of 140 different pairs (7x2x15 = 210) for each participant. Except 

for stimulus pair S1-1 and S8-8, all the other AA and BB pairs appeared twice in one 

continuum (1-1, 1-2, 2-1, 2-2, 2-2, 2-3, 3-2, 3-3, 3-3, 3-4…8-8, 1-1, 1-2, 2-1, 1-2, etc). 

Since the continuum was presented 15 times, this led to a total of 210 same pairs ( 

[(5x2) + (2x2)]x15 = 210). The interstimulus interval (ISI) was set at 500 ms and 

there was no fixed intertrial interval (ITI). RT was measured from the onset of the 

second stimulus of a pair. Feedback was given during the whole experiment. Before 
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the actual test began, an introduction to the task was inserted. This was done to 

familiarize the subjects with the task. 

 

Both tests were made and run in FEP (Flexible Experimental Programme, Theo 

Veenker 2005). 

 

 

2.4 Procedure 

After a short introduction, in which the whole procedure was explained, the child or 

adult received the instructions of the first listening experiment. In the AX task, 

subjects were told that differences were small and that they had to listen very 

carefully but not to think too long before making a decision. It was explained to all 

subjects that during the experiment they would receive feedback and that the purpose 

of this feedback was to learn from their mistakes and not to get frustrated if they had 

given the wrong answer too many times. This experiment took about 20 minutes 

(children were often a bit slower than adults)  

After subjects had finished the AX task, a short break followed and then the 

EMT, Klepel, Digit Span Backwards and Tempo Test Rekenenen were administered. 

This took about 15 to 20 minutes.  

In the 2AFC task subjects were told that there was no feedback, because there 

were no right or wrong answers and that the test was set up to find out how they 

would classify the stimuli they heard. The 2AFC task took about 6 to 8 minutes.  

The stimuli were presented to the subjects over headphones (Beyerdynamic, 

DT 250) via two mono amplifiers MA500 in a sound-treated booth, except for the 

four tests (EMT/Klepel, DSB and TTR). The listening experiments were run on a pc. 

 

The protocol of the experiment was slightly different for the children from what it was 

for the adults. The main difference was that a little more time was taken to make the 

children feel at ease. 
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3. Results 
 

The results are presented in three sections. First, the results of the identification task 

are shown. Second, the results of the discrimination task are presented and third, the 

correlation between the two tasks and the categorical perception index are given.  

 

3.1 The 2AFC (identification) task 

In the first part of this section the classification results of the children are presented, 

followed by the classification results of the adults in the second part and the reaction 

times in the third part.  

The proportions of /pak/ responses were transformed into z-scores. After the z-

scores had been obtained, a Linear Regression analysis provided the turning point 

(stimulus) and the regression coefficient per subject. The turning point (TP) is the 

stimulus with 50% identification of /bak/ or /pak/: the boundary in the /bak-pak/ 

continuum for each subject. The coefficient (C) gives information about the slope 

(steep or shallow) for each subject.  

 

Classification results of the dyslexic and non-dyslexic children 

A one-way ANOVA was carried out on the transformed dataset, with GROUP as 

between-subjects variable and TURNING_POINT (D children M= 5.1, SD= .65; ND 

children M= 5.0, SD = .33) and COEFFICIENT (D children M=1.9, SD= .62; ND 

children M= 1.9, SD= .71) as dependent variables. Levene’s test of homogeneity 

showed that variances in both the dependent variables were homogeneous, with 

(respectively) p-values of .430 and .758. A significant main effect of GROUP on 

TURNING_POINT, was not found (F= .122 and p= .741). Neither was a significant 

effect found for GROUP on COEFFICIENT (F= .000 and p= .984). In figure 6, the 

mean z-scores are illustrated. This figure does not show the individual z-scores and 

coefficients of the slopes, but these can be found in appendix B, table 1.  

  
Figure 6.  Mean z-scores as a function of Stimulus for the dyslexic and non-dyslexic children. 
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Appendix B shows that in the dyslexic group subject 33 and subject 36 are outliers 

and in the non-dyslexic group, subjects 32 en 38. There are relatively large 

differences between subjects’ performance. In order to find out if the outliers differ 

significantly from the means of their own group, a one-sample T-test was carried out 

for each of the subjects. Results are shown in table 3. 

 
Table 3. Results of the one-sample t-test with mean TP and mean C for each group and TP and C value 

per ID; each subject is compared to the ‘mean group values’ (2-tailed). 

 

                     analysis  

subject-group 
TP:  

t-value  

TP:  

p-value 

C:    

t-value 

C:   

p-value 

33-1 7.375 .086 6.429 .098 

36-1  13.571 .047* 10.500 .060 

32-2  13.500 .047* 8.600 .074 

38-2  32.333 .020* 3.111 .198 
* = significant at .05 level 

 

Although the mean TP for subjects 36, 32 and 38 differs significantly from the mean 

of their group (dyslexics M = 5.1; non-dyslexics M = 5.0) with, respectively, p-values 

of .047, .047, .020, the coefficients of the slopes did not (dyslexics M = 1.9; non-

dyslexics M = 1.9). The difference between turning points is interesting only if it has 

an influence on the coefficients of the slope. Analysis showed that the coefficients of 

the slope do not differ significantly. 
 

 

On the EMT and Klepel tests, subject 33 had scores of, respectively, 1 and 1 and 

subject 36 of 1 and 3. These scores are more than 2 SD below the average. Looking at 

the data, one more subject can be added to this subgroup of severe dyslexics: subject 

10. In order to find out whether the subgroup performed significantly differently from 

the non-dyslexic group, a one-sample T-test was conducted: mean scores for TP (M= 

5.5) and C (M= 2.5) for the subgroup were first computed. The mean 

TURNING_POINT for the non-dyslexic group was 5.0 and the mean COEFICIENT 

was 1.9. Analysis showed a significant difference for TURNING_POINT ( t= 21.000, 

p= .030) but not for the coefficient of the slope (t= 7.333, p= .086). However, the 

significant difference that was found is small and has no influence on the coefficient: 

the subgroup of severe dyslexics does not differ significantly in the steepness of the 

slope.   

 

  

Classification results of the dyslexic and non-dyslexic adults 

Here too, the proportion of /pak/ responses were transformed into z-scores and a 

Linear Regression analysis was carried out. The coefficients and turning points for 

each participant can be found in appendix B, table 2.   

 A one-way ANOVA was carried out, with GROUP as between-subjects 

variable and TURNING_POINT (M= 4.9, SD= .33) and COEFFICIENT (M=1.2, 

SD= .27) as dependent variables. Levene’s test for homogeneity showed that the 

variances in both the dependent variables were homogeneous, with (respectively) p-

values of .430 and .758. A significant main effect of GROUP on TURNING_POINT 

(group 3, M= 5.2, group 4, M= 4.8), was found: F= 5.863 and p= .034. No significant 

effect was found for GROUP on COEFFICIENT (F= .317 and p= .585). 
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 The average values of TURNING_POINT of both groups differed 

significantly, but the actual difference was small: both turning points were 

approximately around stimulus number 5. In figure 7 the average z-scores as a 

function of stimulus number are illustrated for each group. 
 

 

Figure 7. Mean classification z-scores as a function of Stimulus for the dyslexic and non-dyslexic 

adults. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outliers where not found in the subgroups of adults.  

 

 

Reaction time  

Before a two-way ANOVA was conducted, the RT values were adjusted. Some of the 

RT values were extremely high; this might have been due to the fact that subjects 

suffered from concentration loss for a short period of time or to the fact that in some 

cases the screen turned black. Although subjects were told in advance that this could 

happen and that they just had to ignore this and to go on (if the screen turned black, 

stimuli would still be presented and subjects could still respond), it might still be the 

reason why some reaction times were such outliers (> 5000ms). All values above 

5000ms were set to exactly 5000ms. In table 4, the old and new means for each group 

are given. The large variation that is seen in the data of the non-dyslexic adults is due 

to the fact that half of the participants (N=3) needed more time during the whole task; 

this is different from the performance of dyslexic children, where extreme outliers 

were responsible for the variation.  
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Table 4. Statistics for RT, before and after 5000ms boundary-correction, 2AFC task 

 

A two-way ANOVA was carried out, with (adjusted) RT as the dependent variable 

and with GROUP and STIMULUS as the independent variables. The possible 

interaction was GROUP with STIMULUS. This interaction was significant (F= 2.343, 

p< .001), which means that the groups differ in variance between stimulus pairs. The 

analyses revealed a significant main effect for GROUP (F=107.313, p = .001), and for 

STIMULUS (F= 13.480, p < .001). A Tukey post hoc analysis on GROUP showed 

that the mean difference (RT) between the D and ND children was significant (p < 

.001); the dyslexic children were significantly slower. The post-hoc test also revealed 

a significant mean difference in reaction time (p < .001) for the D and ND adults; the 

dyslexic adults were significantly faster. The Tukey post hoc analysis on 

STIMULUS revealed a significant difference between stimulus 5 and 6, but not 

between other adjacent stimuli. Figure 8 shows that this significant difference is 

mainly/only found is in the non-dyslexic group.  

What was expected was that all the groups would show higher RT for stimulus 5 

compared to stimuli 4 and 6.Stimulus 5 is the 50% point for all the subjects; this 

means that this is the stimulus where they responded /bak/ and % /pak/ equally. 

Figure 8 shows a peak (although not significant) for the non-dyslexic adults at stimuli 

4-6; the difference between stimuli 5 and 6 is significant but the difference between 4 

and 5 is not. The non-dyslexic adults are therefore the only other group who 

marginally approach the expectation.  
 

 

Figure 8. Mean reaction time as a function of stimulus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

group M 

(before) 

SD 

(before) 

M 

(after) 

SD 

(after) 
D children 1323.82 13892.97 1018.44 640.82 
ND children 846.80 892.83 826.90 478.19 
D adults 726.99 381.55 726.99 381.55 
ND adults 954.50 589.68 953.11 577.25 
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3.2 The AX (discrimination) task 

To analyse the data of the discrimination performance, the proportions of hits and 

false alarms were transformed into z-scores. In order to do so, the values of p(H) and 

p(F) were limited to the range of .01 and .99. The d’ scores were calculated by 

subtracting z(F) from z(H). This resulted in a minimum and maximum d’-value of (-) 

2.326.      

 

A General Linear Model (Repeated Measures) analysis was conducted, with d’ as the 

dependent variable for each stimulus pair. The possible interaction was GROUP with 

STIMPAIR. This interaction was not significant (F= .634, p= .869). Levene’s test of 

Equality of Error Variances was significant for stimulus pair 5 (p= .021). The test of 

between-subject effects showed a significant main effect for GROUP (F= 4.907 p= 

.007). A post-hoc test on the variable GROUP revealed no significant differences in 

mean d’ between the D and ND children (p = .709) and no significant differences in 

mean d’ between the D and ND adults (p = .945).  Both groups of children differed 

significantly from the groups of adults (D children & D adults, p= .008 and D children 

& ND adults, p= .007; ND children & D adults p= .020 and ND children & ND adults 

p= .018). Allthough the children (both groups) showed a steep classification curve, 

their discrimination scores show a smaller peak than adults. This result could be 

explained by the span of concentration; i.e. children or more easily distracted of 

bored. The test of within-subjects effects revealed a significant main effect for 

STIMPAIR (F= 9.525, p< .001, Sphericity assumed), which was significant at the .01 

level. A post-hoc test on the variable STIMPAIR revealed only significant differences 

in mean d’ for stimulus pair 5.  
 

Figure 9. Mean d’ as a function of stimulus pair.  
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interaction GROUP*STIMPAIR was not significant (F= .561, p= .760). The test of 

between-subject effects showed no significant main effect for GROUP (F= 487 p= 

.501). The subgroup of severe dyslexics did not perform significantly differently from 

the non-dyslexic children, as was expected.  

 

Reaction time 

Reaction times were adjusted in the same manner and for the same reasons as were 

explained in the previous section. Table 5 shows the non-adjusted and adjusted 

statistics for each group.  

 
Table 5. Statistics for RT correction before and after 5000ms boundary-correction, AX task 

 

group M 

(before) 

SD 

(before) 

M 

(after) 

SD 

(after) 
D children 1127.47 859.64 1117.89 786.98 
ND children 1030.42 1466.56 987.44 648.93 
D adults 1273.95 1641.76 1221.01 823.96 
ND adults 1281.79 1646.54 1235.95 797.02 
 

A two-way ANOVA was conducted, with RT as independent variable. The possible 

interaction was GROUP with STIMPAIR, which was not significant (F= 1.428, p= 

.107).  Analyses revealed significant main effects for both the independent variables 

GROUP (F= 76.613, p < .001) and STIMPAIR (F= 4.651, p < .001). A Tukey post-

hoc test on GROUP showed that the D children and the ND children differ 

significantly in mean reaction time (p < .001), which means that the dyslexic children 

were slower.  The D adults and the ND adults did not differ significantly in mean 

reaction time (p = .894), see table 6 for the mean RT and SD.  The reaction times 

showed a significant difference (p < .001) between the children and the adults. This 

means that the dyslexic and non-dyslexic children were faster than both adult groups.  

 A post hoc test on STIMPAIR did not reveal significant differences between 

adjacent stimuli; this implies that at was not more difficult or easier to discriminate 

between stimuli at any point of the continuum. 

 
Figure 10. Mean RT as a function of stimulus pair. 
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The identification and discrimination tasks lead to different expectations concerning 

RT. Whereas for the identification responses a slower RT is expected at stimulus 5, a 

faster RT is expected in the discrimination tasks at the boundary between stimuli 5 

and 6 (stimulus pair 5). The expectation was that RT would be lower at stimulus pair 

5, since all participants have placed the phoneme boundary at that particular stimulus, 

so the difference between stimuli 5 and 6 should be easier to detect; stimulus 6 was 

classified for almost 100% of the time as /pak/, whereas at stimulus 5 the response 

was 50%. The non-dyslexic adults show a peak (fig.10) at stimulus pair 5, this is the 

exact opposite of what one would expect. The RT of the non-dyslexic adults 

approaches the expectation in the identification task but in the discrimination task 

they show exactly the opposite of the expectation.  

 The hypothesis that dyslexics would be slower than non-dyslexics on both 

tasks can be accepted in the case of the children: dyslexic children were significantly 

slower on both tasks, but the opposite was seen in the case of the adults: dyslexic 

adults were significantly faster than non-dyslexic adults on the 2AFC-task and they 

were slightly faster on the AX-task, although this difference was not significant.  
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3.3 Correlation and CP Index 
In the first section (3.3.1) the correlation between the two tasks is analysed and in the 

second section (3.3.2) the degree of Categorical Perception (CP). These two analyses 

together give a clear presentation of the two tasks: whether true categorical perception 

is present and to what degree. The mean values of the predicted and obtained scores 

can be found in figure 11a-d (p.18). 

 

3.3.1 Correlation between the two tasks 

In the introduction a definition of categorical perception was given, which is 

recapitulated here: there is true categorical perception if the results of the 

identification task are the predictor of the results of the discrimination task. In order to 

find out if this was the case, the following formula was used P(c) = .5[1 + (p1 –p2)
2
] 

from Cutting (1982), where p1 stands for the chance that stimulus 1 is classified as A 

and p2 stands for the chance that stimulus 2 is classified as A. P(c) is the proportion 

correct responses. The transformed identification scores are called ‘predicted 

discrimination scores’. The formula does not allow percentages below 50%.  

 A Bivariate Correlation analysis was carried out between the predicted and the 

actual discrimination scores and the results showed that the two tasks were highly 

correlated. The dyslexic children showed an r-value of .939 (p< .002). The non-

dyslexic children showed an r-value of .738 (p= .037). For both the adult groups a 

significant correlation was found at the .01 level. The results of the dyslexic adults 

were an r-value of .954 (p= .001) and for the non-dyslexic adults an r-value of .733 

(p= .061), see also table 6.  

  

 

3.3.2 The degree of CP 

Van Hessen & Schouten (1999) introduced the Categorical Perception Index, a way to 

quantify the degree of categorical perception. This index is calculated as follows (if 

percentages correct responses are used): 

 

CP= r / (1 + 2* [p(obt) – p(pred)]) * 100 

 

CP is the degree of categorical perception, ranging from 1 to 100, r is the correlation 

coefficient between the identification task and the discrimination task (obtained in the 

previous section). The terms p(obt) and p(pred) are the averaged data points of the 

identification and discrimination task. Van Hessen and Schouten (1999) used the 

index to compare the degree of categorical perception between different types of 

continua, to give more insight into which type of continuum is perceived more 

categorically. In this thesis it is used to compare the groups. 

 In table 6 the correlation coefficient and the categorical perception index are 

given for each of the four groups.  
 

Table 6. Correlation coefficient and categorical Perception Index for each of the four groups  

 

 

 

 

 

 

 

Group r CP Index 

D children .939 97 

ND children .738 74 

D adults .954 93 

ND adults .733 71 
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The dyslexic children show a higher CP Index than the non-dyslexic children. The 

dyslexic adults show a higher index than the non-dyslexic adults. In both cases, the 

dyslexics show a higher CP Index. In figure 11  this phenomenon is displayed: figs. a 

and c show the sharpest peaks in both tasks (and have the strongest Categorical 

Perception Index), fig. d shows peaks which are less steep and not of the same shape, 

which corresponds with the “low” CP Index.  

 
Figure 11a-d. Mean predicted (p) and obtained (o) values as a function of stimulus pair  
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4. Discussion 
 

The aim of this study was to investigate the categorical speech perception deficit in 

dyslexic children and adults. The expectations were that dyslexic children would 

perform differently on both tasks (2AFC and AX) and that dyslexic adults would 

perform differently on the AX-task. It was also expected that both groups of dyslexics 

would be slower (reaction time) on both tasks.  

 

In the introduction it was stated that dyslexics have poorly specified phonological 

representations and that this might be due to the fact that they have a categorical 

speech perception deficit. If this is true, categorical perception tasks should be 

suitable for revealing this deficit. If it is true that in dyslexics (phonemic) 

representations have too much detail (Maassen et al., 2001; Serniclaes et al., 2004; 

Adlard & Hazan 1998; Masterson et al., 1995; Mody et al., 1997; Reed, 1989), then 

phoneme boundaries are not as solid as the phoneme boundaries in non-dyslexics. So 

if this is true a logical assumption would be, because of poorly specified phonological 

representations, that dyslexics would rely more on auditory cues than on phoneme 

labelling and that, on the contrary, non-dyslexics would rely more on phoneme 

labelling than on auditory cues. This phenomenon would be revealed in the 

correlation between the two tasks and the CP Index; neither of which would be very 

high.  

The results of this study showed completely the opposite of that expectation: it 

seems that dyslexics (children and adults) rely more on phoneme labelling and non-

dyslexics more on auditory cues. When we look at the results of the correlation of the 

two tasks and the CP Index, we see that both groups of dyslexics score an unusually 

high CP Index. This is due to the fact that the predicted and obtained discrimination 

scores are very similar (high correlation). The interpretation of these results could be 

that they relied completely on phoneme labelling and that they had a very strong bias 

for “same” responses; i.e. they only decided stimulus pairs were different if they were 

absolutely sure.  When we look at the predicted and obtained results of the non-

dyslexic groups (especially the non-dyslexic adults), we see that the obtained 

discrimination scores were better than the predicted scores; i.e. they were better at 

discriminating between the stimulus pairs than one would expect according to their 

performance on the classification task. This means that the non-dyslexic group did not 

rely completely on phoneme labelling during the discrimination task, but relied on 

auditory cues too.  

So, dyslexics seem to have relied more on phoneme labelling than on auditory 

cues. Now the question arises: do dyslexics have poorly specified phonemic 

representations?  

 

The classification results of this study are not in accordance with the results of some 

former studies. If we look at the studies of Godfrey et al. (1981); Manis et al. (1997); 

Adlard & Hazan (1998) and Maassen et al. (2001), we see that the performance of the 

dyslexic children is significantly different; the identification curve is shallower than 

the slope of the non-dyslexic children. This is in contradiction with the results of this 

study, where no such differences were found. But the results of Boets et al. (2007) and 

Joanisse et al. (2002) are similar to the results of this study: both studies did not find a 

difference in the steepness of the identification slopes between dyslexic and non-

dyslexic children. The corresponding findings can be explained by continuum and 

type of stimuli that were used. Boets et al. and Joanisse et al. used a voice-onset-time 
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continuum and the stimuli where natural speech stimuli, similar to the continuum and 

type of stimuli that are used in this study. The contradictory results can be explained 

in almost the same manner:  Godfrey et al. (1981); Adlard & Hazan, (1998) and 

Maassen et al. (2001) used synthesized speech stimuli. According to Blomert & 

Mitterer (2004; who did not find any significant difference in an identification task, 

with a place-of-articulation continuum, using natural speech, either!) dyslexics have 

more problems with synthetic speech than with natural speech, because they cannot 

apply their phonological categories built on natural speech consistently to the (novel) 

synthetic speech. This explanation is suitable for all contradictory findings except for 

the results of Manis et al.: they used natural speech stimuli in a voice-onset-time 

continuum. The group differences that Manis et al. found were small. Dyslexics with 

low phonemic awareness (7 of 25 dyslexic subjects) had significantly shallower 

identification functions than both CA and RL groups. Dyslexics with higher phonemic 

awareness did not differ in bath–path identification from either comparison group. 

The differences in the identification slope appeared to be attributable to a small 

subgroup of dyslexics.  

The discrimination results of this research are not in accordance with most of 

the findings of former studies, either. Godfrey et al. (1981); Maassen et al (2001); 

Serniclaes et al. (2001 & 2004); Breier et al. (2004) and Boets et al. (2007) found that 

dyslexic children are less sensitive to between-category contrasts, whereas in this 

study dyslexic and non dyslexic children showed a similar sensitivity. Furthermore, 

according to the findings of this research, dyslexic children do not show  higher 

within-category discrimination, or  lower within-category discrimination for that 

matter. Higher within-category discrimination by the dyslexic group was found in the 

studies of Godfrey et al. (1981) and Serniclaes et al. (2001 & 2004) and lower within-

category discrimination was found in the studies of Boets et al. (2007) and Maassen et 

al. (2001). However, Breier et al (2004), who did find less sensitivity to between-

category contrasts, did not find higher or lower within-category discrimination. There 

could be several explanations for these differences   Godfrey et al., Maassen et al., 

Serniclaes et al. and Breier et al. all used synthetic speech, as stated earlier, it is more 

difficult for dyslexics to apply their phonological representations to the novel 

synthetic speech. Now two things are remarkable. The first is that the study of Boets 

et al. found less sensitivity for between-category contrasts and found lower within-

category discriminability, while they used natural speech in a voice-onset-time 

continuum as well. A possible explanation is that, in the study of Boets et al., 

participants had 600 ms to decide if the stimuli were the same or different. In the 

present study, participants could think as long as they needed; the next stimulus pair 

was presented after they had made a decision. The second thing that is remarkable is 

that Breier et al. found similar results as are found in this study; no higher or lower 

within-category discrimination, but they used synthetic speech. A possible 

explanation is that here, too, participants were given little time to decide (500ms); 

another explanation could be that they used a completely different task (children had 

to press a button as soon as they detected a change in the stimuli that where presented 

to them in a constant rhythm). Although dyslexic children were slower on both tasks 

than non-dyslexic children, another explanation for the results of this study could be 

that the dyslexic children performed well because the inter stimulus interval (ITI) was 

set to indefinite; subjects could take their time because the next stimulus began 

whenever they had decided what they had heard. The fact that they were slower than 

non-dyslexic children does confirm the hypothesis, though, that dyslexics need more 

time (Beinum et al, 2005).  
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In summary, the main explanation for the differences in the findings of the 

studies mentioned is that, if natural speech is used, dyslexic children show no 

differences in classification performance. The studies that did use natural speech 

(Boets et al. 2007; Joanisse et al., 2002) did not find significant differences in the 

steepness of the identification slope, similar to the results of this study. The 

discrimination results are less well explained; although most of the studies used 

synthesized continua, two of them did not. One of these two studies used a different 

kind of task, but both of the studies gave the participants little time to decide, so the 

latter seems a plausible possibility.  

The CP Index results of this study seem to support the theory of synthetic vs. 

natural speech. Dyslexic children seem to have relied more on phoneme labelling than 

on auditory cues. This was not what we expected according to the theory of weak 

phonemic representations. If it is true that dyslexic children have relied more on 

phoneme labelling, then the proposal of Blomert & Mitterer (2004), that dyslexics 

have more problems with synthetic speech than with natural speech, seems plausible. 

However, the theory of categorical speech perception deficit does not.  

 

The identification performance of dyslexic adults in this study does not correspond 

with former findings, except the findings of Nouwens & De Klerk (2007). Steffens et 

al. (1992); Schwippert & Koopmans-van Beinum (1998) and Van Beinum et al. 

(2005) found a shallower identification curve for dyslexic adults compared to non-

dyslexic adults. These three studies used a voice-onset-time continuum and only 

Steffens et al. used synthetic speech. Nouwens & De Klerk used natural speech in a 

voice-onset-time continuum too. These contradictory results imply that the type of 

stimuli is not a plausible explanation for the different findings in adults’ performance. 

ITI could not be the explanatory factor either. Nouwens & De Klerk (2007) used an 

ITI of 1000ms, but the ITI for the study Beinum et al. was set to 3000ms; the latter is 

much larger, but still they found differences in the performance of dyslexic adults 

(shallower slope). Schwippert & Koopmans-van Beinum do not mention to what limit 

they set the ITI and Steffens et al. used an ITI of 500ms. So only the results of 

Steffens et al. (and perhaps the results of Schwippert & Koopmans-van Beinum) can 

be explained by ITI and type of stimuli. However, it must be noted that Schwippert & 

Koopmans-van Beinum and Beinum et al. manipulated the natural speech by 

changing formant transitions, whereas Nouwens & De Klerk used a different kind of 

manipulation (same as in this study: cut off voice lead and insert silence). Perhaps the 

stimuli of the latter sounded more natural than the stimuli of the former two studies, 

but this remains speculative.   

The results of the adult performance on the discrimination task show more 

similarity with the results of earlier research. Less sensitivity to between-category 

contrasts was found in the studies of Schwippert & Koopmans-van Beinum and 

Beinum et al., whereas in Steffens et al., Nouwens & De Klerk and this study no such 

result was found. Except for the results of Steffens et al., differences in discrimination 

results can be explained in terms of feedback. In this study and in the study of 

Nouwens & De Klerk, feedback was given during the whole experiment, while none 

of the other studies gave feedback and ITI was set to indefinite. The results of 

Steffens et al remain a mystery: feedback was not given, ITI was set to 500ms and 

they used synthetic speech; according to the theory proposed here, these are the 

ingredients for less sensitivity for between-category contrasts.  

None of the studies mentioned found higher or lower within-discrimination; 

this is in accordance with the finding in the present study. Feedback is not an 
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explanatory factor, since dyslexic adults performed similarly to non-dyslexic adults, 

nor is type of stimuli.  

A remarkable result is that non-dyslexics were slower on the identification 

task. An argument could be that they tried harder because all of the non-dyslexic 

participants were old colleagues of the experimenter. However, in the discrimination 

task no differences were found between the adults, which does not confirm the 

hypothesis of Beinum et al (2005). Van Beinum et al 2005 found that reaction time 

measurements showed that dyslexic subjects needed more time to make their 

judgements, and they state that this corroborates findings that dyslexics are slower in 

processing phonological information as part of a general deficit in slower stimulus 

processing speed. According to the findings in this study, this hypothesis can be 

accepted in the case of the children, but not in case of the adults.  

In summary, identification results might be explained by type of stimuli, but 

this cannot be stated firmly unless judgements are made about the naturalness of the 

stimuli. The contradictory and corresponding findings of the discrimination results 

cannot be explained in terms of feedback or type of stimuli, but might be explained in 

terms of ITI.  

 

One of the questions of this study was if there is an effect of age. The purpose was to 

see if a categorical speech perception (CSP) deficit could be found for the dyslexic 

children but not for the dyslexic adults, so whether this deficit could be a 

developmental delay. Since a CSP deficit was not found at all, the question about an 

effect of age can be answered negatively; the results do not support the theory of a 

developmental delay,  

The CP Indices of both the dyslexic groups indicated that they relied more on 

phoneme labelling than on auditory cues. An interesting note is that after each task 

subjects were asked what they had heard (the first task was the discrimination task). 

Six out of nine dyslexic children mentioned that they heard /bak/, /pak/ and /wak/, vs. 

three out of ten of the non-dyslexic children. In the case of the adults, this answer was 

only given by the dyslexics (5 out of 6) and not by the non-dyslexic adults. The CP 

index of the non-dyslexic adults was lowest and the answer they gave to the question 

seems to support the result of the Index; they did not completely rely on phoneme 

labelling.  

 

It is a possibility that children are influenced by synthetic vs. natural speech and 

adults are not. Both groups seem to take advantage from longer ITI: they did not 

suffer from time pressure, although this resulted in a faster performance by dyslexic 

adults compared to non-dyslexic adults. It might be interesting, in future research, to 

insert an extra factor: the time subjects are given to decide (ITI): do dyslexics perform 

better when ITI is increased from 500ms to 1000ms to indefinitely?  

 

 

5. Conclusion 

 

This study tested categorical perception, speech sound discrimination and effect of 

age of dyslexic children and adults. None of the dyslexic groups showed a shallower 

slope or higher within-category discrimination. The discrimination peaks did not 

differ between the subgroups. Reaction times of the children showed that, in both 

tasks, dyslexic children needed more time. Reaction times showed that the non-

dyslexic adults were slower on the identification task. Two hypotheses can be 
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accepted: dyslexic children are slower than non-dyslexic children and dyslexic adults 

do not show higher within-category discrimination. The results of this study do not 

support the hypothesis that dyslexics suffer from a categorical speech perception 

deficit and therefore do not support the idea of a deficit in representation. But they 

may have problems processing them as fast as non-dyslexics. Therapy could be 

focused on this particular issue, but more research has to be done to confirm this 

hypothesis.  
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Appendix A 
 

 

Stimuli 

For all the stimuli F0, duration and size of the steps are given (table 1). It must be 

noticed that duration of the stimuli given by PRAAT, do not match the step sizes 

measured with PRAAT. Both measures seem accurate; an explanation can not be 

given.  

 

Stimulus F0 (Hz) Duration (ms) step size (ms) 

1 174 251 -56 

2 174 240 -45 

3 174 230 -32 

4 174 216 -21 

5 174 207 -11 

6 174 196   0 

7 173 194 +10 

8 172 202 +20 

  

 

Fig. 1a-h. Sinewave of stimulus 1-8 
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Appendix B  
 

The transformed proportion /pak/ responses in z-scores. Linear Regression analysis 

gave the turning point and the coefficient of the slope for each participant.  

 

PP GROUP TURNING 

POINT 

COEFFICIENT 

3 1 5,043          1,519           

5 1 4,862          1,647           

6 1 5,050          1,345           

10 1 5,280          2,720           

27 1 5,009          2,574           

33 1 6,694          2,586           

35 1 5,052          1,298           

36 1 4,389          2,316           

40 1 4,591          1,236           

20 2 4,521          1,550           

21 2 5,272          2,210           

24 2 5,093          1,442           

26 2 5,151          1,516           

29 2 4,767          1,399           

30 2 4,923          1,347           

31 2 4,915          1,887           

32 2 5,757          2,407           

38 2 4,770          3,668           

39 2 5,121          1,667           

 

 
   

ID GROUP TURNING 

POINT 

COEFFICIENT 

4 3 5,433          1,182           

7 3 5,017          1,053           

8 3 4,772          1,025           

11 3 5,152          1,014           

14 3 5,186          1,001           

16 3 5,486          1,972           

12 4 4,649          1,051           

15 4 4,430          1,113           

17 4 4,803          ,969            

18 4 5,264          1,145           

22 4 4,776          1,023           

23 4 4,531          1,162           

25 4 5,093          1,388           

 

   

 


