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Abstract 
 

This study is part of a still running research project named ‘Clarifying the speech 

perception deficit in dyslexic children’ of Hazan, Rosen and Messaoud-Galusi (2007-

2008) at University College London. The main aim of this study is to investigate 

categorical perception in dyslexic adults. More specifically, 10 dyslexic adults and 14 

non-dyslexic adults (the control group) were submitted to an identification task and 

three discrimination tasks to assess within- and between-category perception on a 

/bi/-/pi/ continuum. There turned out to be no differences in categorical perception 

between groups, indicating that the underlying cause of problems associated with 

dyslexia in adults is  not due to a deficit in categorical perception. Both had a higher 

sensitivity to between-category discrimination than within-category discrimination.  

Noise conditions were added to the tasks to measure the effect of noise on Categorical 

Perception. Results showed that noise affected the identification task. The effect of 

noise on the discrimination tasks is still unclear.  The extent of the effect of noise was 

equal for the two groups.  
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1. Introduction  

 

Developmental dyslexia is a specific learning disability that is characterized by 

difficulties in reading and writing despite adequate intelligence, cognitive abilities 

(Shaywitz, 1998), and learning environments. Previous studies have provided an 

extensive amount of evidence indicating that a large proportion of children affected 

by developmental reading disabilities, such as dyslexia, have difficulties in skills 

related to phonological processing (Bradley & Bryant, 1978; Fischer, Liberman, & 

Schankweiler, 1977; Goswami & Bryant, 1990; Snowling, 2000; Wagner & Torgesen, 

1987).  

 

The nature and origin of the phonological processing deficit has been a matter 

of debate for over a couple of decades. One view, also referred to as the ‘General 

Auditory Hypothesis’ (Tallal 1980), attributes the dificulties in phonological 

processing to a deficit in ‘temporal processing’. According to this theory, dyslexics 

have difficulties in processing brief and/or rapidly changing auditory stimuli. This 

becomes apparent when dyslexics are asked to process stop consonant-vowel syllables 

which are marked by short and rapidly changing acoustic patterns. The General 

Auditory Hypothesis has been severely criticized. For instance, Masterson, Hazan and 

Wijayatilake (1995) found evidence that adult dyslexics have difficulties 

discriminating fricative contrasts that differ in a single feature, which means that the 

deficit is not limited to stop consonants and thus, not limited to short and rapidly 

changing acoustic patterns. Mody’s (1993) results with dyslexic children showed that 

decreasing the interstimulus interval (ISI) worsened their performance in the 

discrimination of / ba/ -/ da/ but that the level of performance remained the same for 

the contrasts / ba/ -/ sa/ and / da/ -/ ∫a/. Furthermore, the duration of ISI was shown to 

have no effect at all on discrimination of non-speech stimuli. Based on these findings 

Mody (1993) concluded that the origin of the phonological deficit does not lie in a 

temporal processing deficit and, furthermore, that the deficit is speech-specific. 

According to Mody, Studdert-Kennedy & Brady (1997), Tallal (1980) fails to make a 

difference between “perceiving temporal properties of events (duration, sequence, 

relative timing, rhythm) on the one hand, and rapidly identifying and discriminating 

between very brief events, on the other” and that “difficulties in perceiving very brief 
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events and/or events with very brief intervals between them indicate a deficit not in 

temporal perception, but in the perception of rapidly presented information” (page 

203, Mody et al., 1997). These findings, and the failure to replicate Tallal’s (1980) 

results on non-speech perception (e.g. Tobey & Cullen, 1984) have made the General 

Auditory Hypothesis less popular over the years.   

The ‘Speech Specific Hypothesis’ postulates that the problems arising in 

children with dyslexia are limited to the processing of specific aspects of language 

and are caused by underlying deficits concerning phonological coding, verbal 

working (short-term) memory and long-term memory (Bradley and Bryant, 1991; 

Shankweiler, Liberman, Mark, Fowler, & Fisher, 1979), and phonological awareness. 

Phonological awareness is being conscious that words can be analysed into sequences 

of phonemes (Liberman, 1973). According to Stanovich (1986) phonological 

awareness refers to the “conscious access to the phonemic level of the speech stream 

and the ability to cognitively manipulate representations at this level” (p.362). Words 

are perceived as a whole and not as separate sounds. Perceiving speech goes 

automatically; children will not consciously learn phonemes and these will not be 

stored in conscious memory (Liberman, 1989) until the child starts to learn how to 

read and write. Developing phonological awareness is an important process in 

learning how to develop these skills. Children need to learn to translate graphemes 

into phonemes and develop the ability to manipulate these phonemes (Liberman, 

Shankweiler, Liberman, Fowler, & Fisher, 1977). According to the Phonological 

Processing Hypothesis proposed by Liberman (1973), children with dyslexia have a 

delay in the development of phonological awareness. This delay is reflected in poor 

performance at several tasks such as reading nonwords (which requires knowledge of 

letter-to-sound mappings), repeating nonsense words, judging whether words rhyme, 

and breaking words into their component sounds or syllables. Shankweiler and Crain 

(1986) claim that dyslexic children’s capacity to transform linguistic input into 

phonological codes necessary for working (short-term) memory and long-term verbal 

memory, is less well developed than in normally reading children. As a result, 

dyslexic children have less well defined phonological representations in their long-

term verbal memory. Children with dyslexia seem to have relatively weak 

representations of speech sounds compared to normal readers of the same age, as 

shown in discrimination experiments done by Adlard & Hazan (1998), Masterson et 
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al., (1995), Mody et al., (1997) and Reed (1989). If phonological representations are 

better defined in children without dyslexia than in children with dyslexia, it seems 

logical that the latter have more problems in identifying and discriminating stimuli 

that have similar phonological features. Previous studies have shown that pairs of 

stimuli that differ by only one phonemic feature (e.g., voicing status, place of 

articulation), also referred to as minimal pairs, seem to be much harder to identify and 

discriminate than contrasts that are less similar (Mody, 1993; Masterson et al., 1995).  

 

One form of evidence that supports the Speech-Specific Hypothesis is that 

dyslexic children seem to have a categorical perception deficit. Categorical perception 

corresponds to the ability to perceive acoustic differences between speech sounds that 

belong to different phoneme categories, and to ignore differences of the same acoustic 

magnitude between speech sounds that belong to the same phonemic category 

(Liberman, Harris, Hoffman, & Griffith, 1957). In other words, differences between 

variants of the same phonemes are less well observable than differences of the same 

size between two different phonemes (at either side of a ‘phoneme-boundary’). The 

underlying theory is that during the acquisition of language, children unconsciously 

learn to solely concentrate on acoustic differences which can affect the meanings of 

words and to disregard the variants of phonemes that do not affect the meanings of 

words. Once children have formed these language-specific phoneme categories they 

will have difficulties differentiating between these variants of phonemes that do not 

affect word meanings (Werker & Tees, 1984). Results from several studies indicate 

that children with dyslexia have a deficit in categorical perception (Bogliotti, 2003; 

Godfrey, Syrdal-Lasky, Millay & Knox, 1981; Serniclaes, Sprenger-Charolles, Carré, 

& Démonet, 2001; Werker &Tees, 1987).  

Besides performing less consistently and differently on between-category 

perception tasks, Serniclaes et al. (2001) suggest that dyslexic children also show a 

higher sensitivity to variants of the same phoneme than normally reading children, 

which leads to an enhanced within-category perception. Serniclaes, Van Heghe, 

Mousty, Carré, & Sprenger-Charolles (2004) claim that ‘newborns can discriminate 

among a range of phonetic categories, even those that are not phonemic in their 

ambient language” (page 338). After having been exposed to sounds of their native 

language, children become more sensitive to their native phoneme boundaries and 
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will lose their sensitivity to irrelevant linguistic boundaries. According to Serniclaes 

et al. (2004) there is a delay in this development in children with dyslexia. This would 

explain their difficulties in between-category discrimination. Furthermore, since 

dyslexic children have a higher sensitivity, this will result in higher within-categorical 

perception. Serniclaes et al.’s (2004) results seem to support their theory; the 

experimental group of dyslexic children showed an overall higher sensitivity to 

within-category discrimination than the control group of age-matched normally 

reading children. However, Serniclaes et al.’s (2004) methods and statistical analysis 

are questionable. First of all, they obtained scores by averaging over 4 continua that 

all differed in their end phonemes and differed in type of stimuli (natural and 

synthetic speech). Using continua with the same (type of) stimuli could have created 

less variation in the average phoneme boundaries and given a clearer image of the 

differences between dyslexics and controls. Furthermore, it is striking that Serniclaes 

et al. (2004) did not use an identification task for determining categorical perception 

for both groups. All in all, this makes the Serniclaes et al.’s (2004) conclusions 

questionable. Furthermore, there are several studies that contradict Serniclaes et al.’s 

(2004) findings: The dyslexic group in Maassen, Groenen, Crul, Assman-Hulsmans & 

Gabreël’s (2001) study showed a lower overall level of within-category 

discrimination than the reading-age and chronological-age matched control group 

children. Godfrey et al. (1981) and Reed (1989) showed similar results. 

 

Hazan, Rosen, and Messaoud-Galusi (2007-2008), of University College 

London (UCL), are in the middle of their research project ‘Clarifying the speech 

perception deficit in dyslexic children’. One of the aims of this study is to test 

dyslexic and chronological-age-matched control children on phoneme categorisation 

on a voiced/voiceless plosive continuum. In addition to testing children on between-

category identification and discrimination, Hazan et al. (2007-2008)  are trying to 

evaluate the hypothesis put forward by Serniclaes et al. (2004), that dyslexics show 

better within-category discrimination than controls. Developmental dyslexia is hard to 

define and can have great variation between individuals, not only in the severity of the 

deficit, but also in the underlying causes. Although it seems that most children with 

dyslexia have a deficit in categorical perception (Bogliotti, 2003; Godfrey et al., 1981; 

Serniclaes, et al., 2001; Werker et al., 1987) studies by Adlard & Hazan (1998), 
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Joanisse, Manis, Keating, & Seidenberg (2000), Manis, McBride-Chang, Seidenberg, 

Keating, Doi, Munson, & Petersen (1997),  and Maassen et al.(2001) indicate 

otherwise; their results suggest that there is no systematic deficit in categorical 

perception in dyslexic children. Adlard et al.’s (1998) study shows that only a 

subgroup of the dyslexic group differed from the control group in the identification 

task. Maassen et al.’s (2001) results also show a subgroup among the dyslexics. Based 

on these previous results, Hazan et al. (2007-2008) tried to determine if categorical 

labelling deficits are present in the whole dyslexic group or are restricted to a 

subgroup of dyslexic children only. Furthermore, they investigated the effect of noise 

on categorical perception in children with and without dyslexia. Little investigation 

has been done on speech perception abilities of dyslexics in noise, but this may be 

interesting since this is what everyone, including dyslexics, has to deal with in 

conversations. The hypothesis was that dyslexic children would be more affected by 

noise than average readers, since the former have less well defined phonemic 

categories to start with. Categorical labelling and identification of words were 

assessed in a condition with and without noise in the background.  

 

The study presented in this paper is an extension of Hazan et al.’s (2007-2008) 

experiment. The aims of this study were similar to their study, but unlike Hazan et 

al.’s (2007-2008) experiment, this study focusses on adults, and not on children. The 

experimental paradigm developed by Hazan, et al. (2007-2008) was applied to the 

sample of dyslexic and average reading adults. Little is known about categorical 

perception in dyslexic adults, therefore more research is advisable to gain more 

insight. 

 

The research questions were: 

 

1. Do dyslexic adults perform differently from non-dyslexic adults (controls) 

on identification and discrimination tasks, and/or is there evidence of sub-

groups of dyslexic adults? 
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2. Is there evidence in adult dyslexics (or a specific subgroup of ‘poor 

receivers’) of higher within-category discrimination than in normally reading 

adults? 

 

3. Are adult dyslexics more affected by noise in phoneme categorisation than 

controls? 

 

The results of the present study will be compared to those obtained by Hazan 

et al. (2007-2008). The method and procedure of both experiments therefore have to 

overlap as much as possible. Comparing dyslexic children with adults could be of 

great interest, since it could provide insight into the effect of experience (which partly 

comes with age) on categorical perception. Previous studies suggest that categorical 

perception is weaker in average reading children than in adults (Hazan & Barrett, 

2000; Messaoud-Galusi, 2003). Messaoud-Galusi (2003) showed that performance on 

an identification task with stimuli along reduced cue continua was less consistent for 

children than for adults. Studies that compare young dyslexics with reading age 

matched controls instead of chronically age-matched controls, often find no 

differences in categorical perception between the two groups, or only for the most 

severely affected subgroups of dyslexics. (Adlard et al., 1998; Joanisse et al., 2000; 

Manis et al., 1997). These results suggest that dyslexia might be a developmental 

delay.  

Based on these findings, the expectations for this study were that there would 

be no differences in categorical perception between the two groups. Besides, several 

other studies have failed to find differences in categorical perception between non-

dyslexic and dyslexic adults (Beinum, Schwippert, Been, van Leeuwen, & Kuijpers, 

2005; Ramus, Rosen, Dakin, Day, Castellote, White, & Frith, 2003). If differences did 

occur, it was expected that only a subgroup of the dyslexics (the most severely 

affected ones) would perform worse than the control group, as in Hazan et al. (2007-

2008)’s results. No differences were expected on the identification task nor on the 

discrimination tasks (or only for subgroups). Normally reading adults would not show 

evidence of better between-category perception than dyslexic adults (or only for a 

subgroup). As said before, several studies show no higher overall level of within-

category discrimination for dyslexic children, which leads to the expectation that this 
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is no different for dyslexic adults. Beinum et al. (2005) and Steffens, Eilers, Gross-

Glenn, & Jallad, (1992) did not find a higher overall level of within category 

discrimination for dyslexic adults. What little evidence there is seems to contradict 

Serniclaes et al. (2004)’s hypothesis. Therefore, the expectation for this study was that 

there would be no difference in within-category discrimination between the two 

groups, not even for a subgroup of the dyslexics. More specifically, the expectation 

was that both groups would not display any evidence of within-category perception at 

all. 

The expectations for the effect of noise on phoneme categorisation in this 

study were based on the results of previous studies. Brady, Shankweiler, and Mann 

(1983) instructed children to repeat naturally spoken monosyllabic words presented in 

noise. Poor readers performed significantly worse than average readers. When 

presented in a condition without noise, both groups performed better and there was no 

difference between the two groups of children. Snowling, Goulandris, Bowly, and 

Howell (1986) found similar results. Surprisingly, Hazan et al. (2007-2008) found that 

the added noise affected the performance of average readers to a greater extent than 

that of dyslexic children. Despite Hazan et al.’s (2007) findings, the expectations for 

this study were that for both groups identification and discrimination would be more 

difficult in the noise condition, but that there would be no interaction between 

condition and group. In other words, noise would affect both groups to the same 

extent. The expectations were based on other studies that showed that adding noise to 

speech perception tasks affects dyslexic adults to the same extent as average readers 

(Ahissar, Lubin, Putter-Katz & Banai, 2006). Furthermore, the hypothesis was that 

dyslexic children would be more affected by noise than average children since the 

former have less well-defined phonemic categories to start with, but for adults, the 

expectation was that this would no longer be the case. So, since the expectation was 

that adults with dyslexia would not have (significantly) less defined phonemic 

categories, the hypothesis was that noise would not affect them more than normal 

readers. 

  

Categorical perception was assessed by submitting the participants to several 

discrimination and identification tasks. The identification task gave insight into where 

the phoneme boundaries for this sample of native English speakers lay and whether 
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there was a difference between the two groups in identifying consistency. The 

discrimination tasks were designed to get more insight into between and within 

category perception. Categorical perception is often defined as an equivalence 

between identification and discrimination. One criterion of categorical perception is 

that any ‘peak’ (a peak is a place at the continuum where subjects significantly hear 

more differences between two stimuli than at the places directly next to it) found in a 

discrimination task (in this case the Fixed discrimination task) should correspond with 

the phoneme boundary in the identification task (they should be located at the same 

place on the continuum).  
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2. Method 

 

2.1. Participants 

 

Participants were recruited by sending e-mails to every student of University 

College London, by placing advertisements on the internet and by contacting several 

dyslexia centres in London. Participants were rewarded with 14 pounds (7 pounds per 

hour) and a report on the outcome of the study will be sent to them.  

 

The dyslexic group consisted of ten adults: 6 males, 4 females, with a mean 

age of 23.0 (SD = 2.4). All had been officially diagnosed by a qualified educational 

psychologist at some point in their lives. The control group was composed of twelve 

participants: 4 males and 8 females with a mean age of 25.9 years (SD = 7.2). None of 

the controls had ever experienced reading difficulties according to their own account.  

  Three of the dyslexic participants did not meet the criteria (as described in the 

section below) and two non-dyslexics did not show up for the second session of the 

experiment. All these subjects were eliminated from the study. The remaining 22 

participants were monolingual, native speakers of English. None of the participants 

had a history of psychological or neurological disorders and none of them had been 

diagnosed with attention-deficit/hyperactivity disorder, dyspraxia (the partial loss of 

the ability to coordinate and perform certain purposeful movements and gestures even 

though muscles or nerves are not damaged), or hearing impairments.  

In order to be included in the study, participants were required to score within 

a standard deviation (S.D.) of the standardized mean for receptive grammar, assessed 

by using the Test for the Reception of Grammar – Version 2 (TROG-2) of Bishop 

(2003), receptive vocabulary assessed by using The British Picture Vocabulary Scale 

II (BPVS) of Dunn, Dunn, Whetton, & Burley, (1998), and non-verbal IQ in the Block 

Design of the Wechsler Adult Intelligence Scale III (WAIS-III) of Wechsler (1997). 

Table 1 presents the mean scores (and standard deviations) for the adult dyslexic and 

non-dyslexic groups for these tests. Independent-Samples T-tests (with ‘group’ as 

between-subjects factor) were used to calculate differences between groups. 

Furthermore, participants were not allowed to have a hearing loss of over 20 dB HL 
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on either ear. Thresholds were obtained by presenting pure tones, using a diagnostic 

audiometer (Kamplex, KD29) at .5, 1, 2, and 4 kHZ to each ear, first to the right and 

then to the left ear (diotic). Participants that could not hear the stimulus at any of the 

given frequencies (500, 1000, 2000 and 4000 HZ) at a level over 20 dB HL in either 

ear were eliminated from the test group. Though quite high, Hazan et al. (2007-2008) 

opted for this threshold because a lower limit would make it harder to find suitable 

participants, especially for adult ones.     

Table 1: Mean scores (and standard deviations) for the dyslexic and average reading groups for: age, 

grammar, vocabulary, non-verbal IQ, reading and reading advance/delay (transformed WAIS – 

transformed nonverbal IQ scores). The last two columns present the results of Independent-Samples T-

tests (with ‘group’ as a between-subject factor). 

 

No differences were found between the two groups in age and non-verbal IQ, 

which means that those factors are eliminated as contributors to possible differences 

between groups on the categorical perception tasks. Grammar was tested to eliminate 

those subjects that might have had another (reading) disability than dyslexia or 

another reading disability combined with dyslexia. The groups in this study did not 

show differences in performance on the grammar task. Vocabulary was also assessed 

to eliminate those with another (reading) disability than dyslexia. The two groups did 

differ in vocabulary, but after rearrangement of the data (based on reading level 

controlled for IQ), this difference was no longer present (see section 3.9.). The two 

groups differed on the word and nonword task (F(1,22) = 12.239, p = .002 and 

F(1,22) = 18.803, p < .000 respectively) of the  

_____________________________________________________________________________ 
      Dyslexics        Average Readers                           .               

Mean    SD        Mean SD            t   P 
 
Age in months              280.30    27.50        310.00      83.93      1.073 .295 
 
Grammar (TROG)   96.30     11.64        100.71        7.50      1.131 .270 
 
Vocabulary (BPVS)             127.60     19.62        145.64      13.61      2.667 .014 
 
Non-verbal intelligence (WAIS-III) 11.20       2.04          11.07 2.02       -.153 .880 
 
Reading (TOWRE)   75.80     15.80        100.00 9.82       4.633 .000 
 
Reading advance/delay  -1.70        .70          -0.20          .86  3.761 .000 
_____________________________________________________________________________ 
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Test of Word Reading (TOWRE) of Torgesen, Wagner, & Rashotte (1999), 

indicating that the dyslexic group had a significantly lower reading level. In figure 1, 

TOWRE scores are plotted against the scores on the non-verbal IQ test. This graph 

clearly shows that, even though average non-verbal IQ level was equal for both 

groups, they did differ in their reading level. Only two dyslexics scored in the range 

of the reading level of the average readers. 

 

Reading test compared to non-verbal IQ 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 1: The values on the y-axis represent the scores of the subjects on the pseudo word (PW) 

subtask of the TOWRE. The values on the x-axis represent the non-verbal IQ scores (WAIS). The 

graph shows that the dyslexic sample scores lower on the TOWRE PW test even though the average 

non-verbal IQ-level does not differ from the control group. 

 

For the children participating in Hazan et al.’s (2007-2008) study, reading 

delay/advance was assessed, since these children did not always have an official 

diagnosis. This way, children could be divided into groups (dyslexic or non-

dyslexic). Assessing reading delay/advance for that reason would have been 

unnecessary for the sample in this study, since all dyslexics had an official diagnosis. 
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It could be useful, however, to check the presence of subgroups and/or to check if 

there were subjects whose scores on the reading test deviated from their official 

diagnosis. Note that in adults, one can not speak of a reading delay/advance, since 

adults already have gone through the process of learning how to read, unlike children. 

Therefore, in this paper, the term ‘reading delay/advance’ will be used to address the 

calculations themselves, but not to an actual reading delay/advance.  

  Dyslexia is often defined as a discrepancy between IQ and reading level: 

dyslexics would score higher on IQ tests (which include verbal elements) if they were 

not hindered by their reading problems. A reading level that is controlled for this 

discrepancy can be assessed by calculating the difference between the score on a 

pseudo-word reading test and non-verbal IQ scores. Z-scores of the obtained values 

on both tests were calculated and subtracted. Average readers should have a 

difference score between 0 and 1, since the IQ score should not be higher than their 

converted score on the reading test. For the dyslexics the opposite is true: IQ scores 

are higher than the reading scores. Scores lower than -1 (lower than 1 Standard 

Deviation (SD) below the mean) indicate a subject is dyslexic; every subject that 

scored between 0 and -1 was regarded as a ‘poor reader’. The results were quite 

surprising: according to the calculations, 5 subjects of the control group would fall 

under ‘poor readers’ and 2 subjects of the control group would even be classified as 

‘dyslexic’. Only one dyslexic fell into another category than expected (‘poor 

readers’). An Independent-Samples T-test (with ‘group’ as between-subjects factor) 

showed that despite this, there is a significant difference between the two groups, 

with the dyslexics having a lower score (p < .000), indicating that they were poorer 

readers than the control group, see table 1. Figure 2 shows the individual scores and 

the mean score of the subtracted z-scores of both groups. 

2.2. Procedure 

 

Ethics approval was granted by the UCL Research Ethics Committee. 

Participants were tested in a sound-proof recording room at the Phonetics and 

Linguistics Department of UCL. Instructions and testing material were recorded by 

female native speakers of British English. Instructions and stimuli were presented to 

the participants through Sennheiser headphones (HD25-1). The laptop, used for 

running the experiments, was calibrated in such a way that the sound level was the 
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same as the sound level on the laptop used in the study of Hazan et al. (2007-2008). 

The experiment took place in two sessions, each of one hour, with, for the majority of 

the subjects, at least a few days in between sessions. Due to the time limitation, two or 

three participants had to do the whole test battery in one session. 

 

Scatterplot of ‘reading delay/advance’ per group 

 
Figure 2: Scatterplot of the scores assessed by subtracting the z-scores of the IQ test from the z-scores 

of the pseudo-word reading test. The graph shows the individual scores, represented by the open 

circles, and the mean for both groups, represented by the horizontal lines. The mean of the dyslexic 

group is significantly lower than the mean of the non-dyslexics (p < .000).  

   

2.3. Material 
 
 
2.3.1. Phonological awareness 
 

  Phonological awareness was measured by using the Rhyme and Spoonerism 

tasks of the Phonological Assessment Battery (PhAB) of Fredrickson, Frith & Reason 

(1997). In the rhyme subtest, adults were instructed to repeat the two words, out of 

three presented words, that sounded the same at the end (e.g.: sail, boot, nail) (21 
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items). In the spoonerism subtest adults were instructed to replace the first sound of a 

word with a new sound (e.g.: cat with a ‘f’ gives fat) (10 items) and to swap the initial 

sounds of two words (e.g: “daisy log” gives lazy dog) (10 items).  

2.3.2. Phonological short-term memory 

 Participants were administered The Nonword Repetition task of Gathercole, 

Willis, Baddeley, & Emslie, (1994) to assess phonological short-term memory. They 

were required to repeat forty nonwords consisting of two to five syllables (“rubid”, 

“underbrantuand”) that were presented to them.  

2.3.3. Speech perception in noise   

To assess general speech perception in noise, the participants were subjected 

to the ‘Words in Noise’ and ‘Speech in Noise’ tasks (also named ‘Doggy’) created by 

Hazan et al. (2007-2008). For the Words in Noise task, adults had to repeat 

monosyllabic words (e.g: “girl”, “blade”) presented in multi-talker babble of 65 dB 

SPL (measured over a frequency range of 100 Hz-10 kHz). For every presented word, 

a new random portion of the multi-talker babble noise wave (with a total length of 15 

seconds) was selected. A level of 50% correct responses was tracked by adaptively 

varying the signal to noise ratio (SNR) on a trial-by-trial basis. The SNR was varied  

by varying the level of the presented words, starting at a SNR of +12 dB. A lower 

SNR indicates better performance. The stimuli consisted of 25 high-frequency words 

and were presented in random order. The test ended after 10 reversals (with step-size 

gradually decreasing for 4 initial reversals and 6 final reversals, with the latter having 

a fixed step-size), or after 25 trials. For the ‘Doggy’ task participants were presented 

the same sentence a number of times: “show the dog where the…is”. The gap was 

filled with two words; a colour and a number (e.g. “show the dog where the pink five 

is”, “show the dog where the black eight is”). The participants were instructed to click 

on the symbol that corresponded to the number and colour they heard. In a trial the 6 

symbols on the screen were all the same numbers and differed only in colour. The 

colours the participants could choose from were: black, white, pink, blue, green, and 

red (representing the sounds /æ/, /aI/, /I/, /u/, /i/, and /e/ respectively). The level of 

background noise and the woman’s voice were adaptively varied on a trial-by-trial 

basis in order to determine the level needed for 50% correct responses. The target 
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sentence and masker were added together with the appropriate scaling for a given 

SNR. Then the level of the total wave was scaled to give a fixed level of 65 dB SPL 

(measured over the frequency range 100 Hz-10 kHz). The first presented sentence 

started at a SNR of +20 dB.  Just like in the Words in Noise task, lower SNR indicates 

better performance. The test ended after 8 reversals (with step-size gradually 

decreasing for 2 initial reversals and 6 final reversals, with the latter having a fixed 

step-size), or after 30 trials. 

2.3.4. Identification tasks 

For this study the same stimuli were used as in Hazan et al.’s (2007-2008) 

research project: A synthetic /bi/-/pi/ voiced-voiceless plosive continuum, ranging 

from 0 ms for the /bi/ end to 60 ms VOT at the /pi/ end, was used for the assessment 

of identification in quiet and noise. A copy synthesis derived from a natural /bi/ token, 

recorded from a female native British speaker, was produced by using the cascade 

branch of a Klatt synthesizer (Klatt, 1980). By delaying the onset of voicing while at 

the same time increasing the aspiration duration, differences in VOT were obtained 

for the stimuli of the continuum. “For the first 4 ms, aspiration and friction amplitude 

were respectively set at 74 and 70 dB to produce a burst. F1, F2, F3 and F4 were 

respectively set at 365, 2000, 2600 and 4252 Hz and reached respectively 167, 2745, 

3283 and 4119 Hz at the end of the syllable, which lasted 460 ms. In the noise 

condition, multi-talker babble, representing a ‘typical’ listening environment, was 

played simultaneously with the synthetic syllables at an SNR of +6 dB. The duration 

of the stimuli was 1000 ms with the noise starting about 315 ms before the beginning 

of the syllable.” Messaoud-Galusi (preliminary paper of Hazan et al. 2007-2008).  

The participants were submitted to a 2 alternative forced choice (2AFC) task 

to asses category identification. They were instructed to identify the stimulus by 

clicking on a picture of a “pea” (/pi/) or on a picture of a “bee” (/bi/). Using existing 

words makes the 2AFC more interesting to children. Since the aim was to keep the 

tests as similar as possible for the adults, the procedure was not altered. Stimuli were 

presented using an interleaved adaptive procedure as described in Ramus, Rosen, 

Dakin, Day, Castellote, White, and Frith, (2003), page 847: “Two independent 

adaptive tracks were used to estimate the points on the continuum at which the stimuli 

were labelled as one word of the pair (‘bee’ or ‘pea’) 29% and 71% of the time.” 
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Slopes were measured between these 29% and 71% points.  The phoneme boundary is 

the point at which the response rate of [pi] (or [bi]) is 50%; the point on the 

continuum where subjects switch their perception from mainly /bi/ to mainly /pi/. 

Endpoints of the continuum were randomly presented throughout the test on 20% of 

the trials to help to maintain the stability of the phoneme categories. Tracks started at 

the end points of the continuum, and step size decreased from a large step (10 ms 

VOT) to a smaller step over the trials, ending with steps of 3 ms VOT.  The test ended 

after 7 reversals (3 initial and 4 final reversals, with step-size fixed for the final 4 at 3 

ms), but with a maximum of 50 trials. An example of a single run (one individual) is 

given in figure 3.  

Adaptive tracks 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: An example of a single, complete run (done by one individual) on the identification task. 

Stimulus (ms VOT) is plotted on the y-axis as a function of trial number (x-axis). The figure shows the  

two independent adaptive tracks that were used to estimate the points on the continuum at which the  

stimuli were labeled as one word of the pair (‘bee’ or ‘pea’) 29 % and 71% of the time. The 50% point 

on the continuum where subjects switch their perception from mainly /bi/ to mainly /pi/ lies between 

the endpoints of the two adaptive tracks. 

 

2.3.5. Discrimination tasks 

Participants were submitted to three different 3 alternative forced choice 

(3AFC) discrimination tasks: two adaptive roving discrimination tasks and a fixed 
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discrimination task. The stimuli that were used were the same as in the identification 

tasks, but differed in the way of presentation. Participants were instructed to 

discriminate between three presented stimuli by clicking on the one that sounded  

different from the other two. The ISI was set at 300 ms. All three tests were presented 

in conditions with and without noise. In the noise condition, multi-talker babble was 

played simultaneously with the synthetic syllables at an SNR of +6 dB. The duration 

of the stimuli was 1000 ms, with the noise starting about 315 ms before the beginning 

of the syllable. All other aspects of the procedure and stimuli were the same in quiet 

and in noise. 

2.3.5.1. Roving Discrimination Task 1  
 

In this task the +60 ms VOT (corresponding with / pi/) endpoint of the 

continuum was taken as the reference stimulus. Starting from the other endpoint of the 

continuum at + 0 ms (corresponding with /bi/) VOT, the roving stimulus moved 

closer to the reference stimulus (from endpoint /bi/ to endpoint /pi/). The 0 ms VOT 

stimulus was presented 4 times before the actual roving started. After every incorrect 

answer the test reversed; the roving stimulus moved further away from the reference 

stimulus. A ‘3 down 1 up’ rule was inserted after the first reversal, meaning that after 

3 correct answers the roving stimulus moved closer (up) to the reference stimulus, but 

moved away after every mistake. Step size varied throughout the test; from 12 ms 

VOT near the endpoint /pi/ at 0 ms VOT to a stepsize of 3 ms VOT for the final, 4 

reversals. The test ended after 7 reversals (3 initial and 4 final reversals, with step-size 

fixed for the final 4), or after 50 trials. An example of a single run (of one individual) 

is given in figure 4. 

2.3.5.2. Roving Discrimination Task 2  

 

  Hazan et al. (2007-2008) set up another adaptive roving discrimination task. In 

this task two roving stimuli moved closer to one another in a complementary 

movement. One roving stimulus started at the endpoint 0 ms VOT and the other one at 

+45 ms VOT. This way, all discriminations would be across boundary (assuming that 

there is a phoneme boundary approximately in the middle; 45/2 = +22.5 ms VOT, 

based on earlier studies of Hazan et al., 2007- 2008). The end stimuli were presented 
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Discrimination Task 1 

                 
Figure 4: An example of a single, complete run (done by one individual) on discrimination task 1. 

Stimulus is plotted on the y-axis as a function of trial number (x-axis). The graph shows the ‘3 down 1 

up rule’: after 3 correct answers the roving stimulus moves closer to the reference stimulus (up), after 

every false answer the roving stimulus moves away from the reference stimulus.  

 

4 times before the actual roving started. Like in discrimination task 1, the test reversed 

after every incorrect answer; the roving stimuli moved further away from each other.  

A ‘3 down 1 up’ rule was inserted after the first reversal, meaning that after 3 correct 

answers the roving stimulus moved closer (up) to the other stimulus, but moved away 

after every mistake. Step size varied throughout the test; from 6 ms VOT to a stepsize 

of 2 ms VOT for the final 4 reversals. The test ended after 7 reversals (3 initial and 4 

final reversals, with step-size fixed for the final 4) or after 50 trials. Two examples of 

a single run (of two seperate individuals) are given in figure 5a and 5b.  
 

Figure 5a and 5b: Examples of a single run on discrimination task 2. The numbers on the y-axis  

represent the presented stimulus (ms VOT). The numbers on the x-axis represent the trial numbers. The  

graph shows the tracks of the two roving stimuli. Figure 5a shows the single run of a subject that has a 

threshold of 20 ms and gives a good representation of the average behaviour of the two groups. Figure 

5b shows the single run of a subject that has a threshold of 3 ms, which is considerably lower than most 

of the subjects. This subject performed well on the discrimination task; the subject reached a threshold 

of 3 ms within 8 trials and managed to stay close to that threshold throughout the test. 
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Discrimination Task 2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5a 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5b 
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2.3.5.3. Fixed Discrimination Task 

 

Hazan et al.’s (2007-2008 introduced a fixed discrimination task to measure  

within- and across-boundary discrimination on a continuum from 5 to 65 ms VOT. 

Hazan et al. (2007-2008) opted for step-sizes of 15 and 20 ms VOT. Hence, in the  

Fixed discrimination task stimuli were presented in the following 6 pairs: 5/20, 15/35, 

20/35, 35/50, 40/60 and 50/65 ms VOT. For every stimulus pair there were 6 different 

presented orders, namely: ABB, BAB, BBA, BAA, ABA, AAB. The stimulus pairs 

themselves were presented in order: starting with stimulus pair 50/65 ms VOT, then 

stimulus pair 40/60 ms VOT and so on up till stimulus pair 5/20 ms VOT was 

reached. This whole sequence was repeated 3 times, which led to a total stimulus 

number of 6x6x3 (= number of pairs x number of orders x 3) = 108  

 

 

 

 

.   

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    21                                 

3. Data-analysis  
 

3.1. Phonological awareness and phonological short-term memory 

 

Results of three Independent-Sample T-tests (with ‘group’ as a between-

subject factor) showed that the two groups did not differ in phonological awareness 

(Rhyme, p = .259; Spoonerism, p = .148) and phonological short-term memory 

(Repetition, p = .342), see table 2.  

Table 2: The table presents the mean scores (and standard deviations) on phonological awareness and 

phonological short-term memory tasks, t-values and  p-values (calculated by performing Independent-

Sample T-tests with ‘group’ as a between-subjects factor) for the dyslexic and average reading groups. 

 

3.2. Speech Perception in Noise  

 

  One non-dyslexic subject was eliminated from the data, since his deviating 

behaviour made it impossible to make calculations with his scores. This subject’ 

scores were not eliminated from the data-analysis of the other tasks.  

  Two Independent-Sample T-tests (with ‘group’ as between-subjects factor) 

showed no significant differences on the mean SNR’s: Words in Noise task, p = .973 

and Doggy task, p = .613. Table 3 gives an overview of the results. 

3.3. Identification Task  

 

Two subjects of the control group were eliminated from the analysis of the 

identification in noise. These subjects’ scores were not eliminated from the data- 

analysis of the other tasks. The phoneme boundary in quiet lay at +22.5 ms VOT for 

Phonological awareness and phonological short-term memory 
_________________________________________________________________________ 
    Dyslexics  Average Readers                                         .   

Mean      SD  Mean      SD                 t       P 
 

Rhyme task  19.90         .99  19.36      1.22          -1.160     .259 
 
Spoonerism task 15.60       2.59  17.14         2.41           1.498     .148 
 
Repetition task             37.20       3.55  38.21      1.42             .971     .342 
__________________________________________________________________________ 
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Table 3: Mean scores (and standard deviations) for the dyslexic and average reading groups on ‘speech 

perception in noise’ tasks. Mean Signal to Noise ratio represent average thresholds for the 

identification of the Words in Noise and Doggy tasks for the dyslexic and average reader groups. The t-

values  and p-values (calculated by performing Independent-Sample T-tests with ‘group’ as a between-

subjects factor) for the dyslexic and averagely reading groups are given as well. 

 

the dyslexic group and at +22.6 ms VOT for the non-dyslexic group. In the noise 

condition, the phoneme boundary lay at approximately +28.5 ms VOT for both 

groups. The slope values of the dyslexics were .46 (percentage of response /pi/) / (ms 

VOT), in the quiet condition and .19 in the noise condition. For the non-dyslexics, 

these values lay at .56 and .16 for the quiet and noise conditions respectively (see 

table 4). 

Repeated-measures analyses (with ‘condition’ as within-subjects factor and 

group as between-subjects factor) showed no effect of group (F(1,20) = .006 , p = 

.938) but did reveal a significant effect of condition (quiet versus noise) for both 

groups on the slopes (F(1,20) = 15.177, p = .001) and phoneme boundaries (F(1,20) = 

240.371, p < .000); slopes were less steep in quiet than in noise and boundaries were 

perceived at another part of the continuum in the quiet condition than in the noise 

condition. The slope is an indication of response consistency; the steeper the slope, 

the more consistent a subject’s answers are. Hence, subjects perfomed less 

consistently in noise than in quiet. There was no interaction effect between group and 

condition: for the slopes, F(1,20) = .057 p = .814, for the boundary, F(1,20) = .003, p 

= .955, meaning that noise affected the performance of both groups to the same 

extent. Results of the repeated measures analysis are shown in  table 5. Figures 6a and 

6b show scatterplots of the individual scores obtained by the two groups.  

Speech Perception in Noise  
_______________________________________________________________________________ 
     Dyslexics  Average Readers                                        .    

Mean      SD  Mean     SD                 t     P 
Words in Noise 
Mean Signal to Noise Ratio  -4.96     1.18   -4.99     2.43           -.034     .973 
 
Doggy task 
Mean Signal to Noise Ratio     -7.83       2.09   -8.22         1.60           -.513     .613 
 _______________________________________________________________________________
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Figure 6a: Boundaries 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 6a: Scatterplot of the individual boundary scores (represented by the open circles) and mean 

boundary (horizontal lines) of the identification task for non-dyslexic adults dyslexic adults in quiet 

and noise. 

Figure 6b: Slopes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6b: Scatterplot of the individual slope scores (represented by the open circles) and mean slope 

(represented by the horizontal lines) of the identification task for non-dyslexic adults dyslexic adults in 

quiet and in noise.  
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Table 4: Mean (and standard deviation) of boundary (stimulus ms VOT) and slope (percentage of 

response ‘/pi/’) / (ms VOT) of the identification of the [pi-bi] continuum in quiet and in noise. 
 

Effects Identification task 
__________________________________________________________________________________ 

Effect       Hypothesis df        Error df          F     p  .     

 

Group     1  20        .006            .938                                   

Condition: for Boundary  1  20   240.371          .000 

Condition: for Slope   1  20    15.177            .001 

Group*Condition: Boundary  1  20        .003            .955 

Group*Condition: Slope  1  20        .057           .814 

___________________________________________________________________________ 
Table 5: Results of Repeated-measures analyses (with ‘condition’ as within-subjects factor and group 

as between-subjects factor) on the data of the identification task.  The table shows the degrees of  

 

3.4. Discrimination Task 1   

 

Repeated measures (with ‘condition’ as within-subjects factor and group as 

between-subjects factor) showed that the effect of condition and the effect of group 

were not significant; condition (F(1,22) = 3.885 , p = .061) and group ( F(1,22) = .012 

, p = 913). There was no interaction effect between condition and group (F(1,22) = 

1.819 , p = .191). The results are presented in table 7. 

In Discrimination task 1, the roving stimulus moved from 0 ms VOT to 60 ms 

VOT. The roving stimulus reached  33.8 and 32.1 ms VOT for the dyslexics for the 

 
Identification task 

___________________________________________________________________________ 
      Dyslexics   Average Readers     .              

Mean      SD   Mean      SD        
Condition in quiet  
Boundary    22.45     3.20   22.58      9.41            
Slope         .46       .17           .56        .31          
 
Condition in noise 
Boundary    28.54     8.27   28.50      9.04           
Slope         .19       .08           .16        .09             
___________________________________________________________________________ 
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quiet and noise condition respectively. The threshold is the distance between the 

endpoint of the roving stimulus and the reference stimulus at 60 ms VOT. Since the  

roving stimulus reached 33.8 and 32.1 ms VOT, the dyslexics had a threshold of 26.2 

and 27.9 (quiet and noise condition respectively).   

For the non-dyslexics, the roving stimulus reached 37.1 and 28.0 ms VOT in 

quiet and noise respectively. Thus, they had a threshold of 22.9 and 32.0. Results are 

shown in table 6 and figure 7. One has to keep in mind that the results of 

Discrimination task 1 are only applicable for discriminations between one roving 

stimulus on the one hand and another reference stimulus of 60 ms VOT at the end 

point; these results can not be generalized to other places at the continuum.   

 

Discrimination Task 1 
 

 
Figure 7: Scatterplot of the individual threshold scores (represented by the open circles) and mean 

threshold (horizontal lines) of Discrimination task 1 for non-dyslexic adults dyslexic adults in quiet and 

in noise.  
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Discrimination task 1 

___________________________________________________________________ 

      Dyslexics          Average Readers       .                     

     Mean            SD           Mean    SD  

Quiet condition    

Threshold    26.20   11.43           22.93    7.28 

 

Noise condition              

Threshold    27.90   11.69             32.00    13.70 

__________________________________________________________________________ 
Table 6: Mean thresholds (and SD’s) for the dyslexics and average readers. 

 

Effects Discrimination task 1 

__________________________________________________________________________________ 

Effect       Hypothesis df        Error df          F   p   .        

.                                                     

Group     1  22      0.012           .913 

Condition    1  22      3.855           .061 

Group*condition   1  22      1.819           .191 

___________________________________________________________________________ 
Table 7: Results of  Repeated measures analysis (with ‘condition’ as within-subjects factor and group 

as between-subjects factor) measured for the threshold values. None of the effects were significant. 
 

3.5. Discrimination Task 2   

 

In this task, the dyslexics were not able to discriminate between stimuli that 

lay closer to one another than approximately 10.05 ms and 34.95 ms VOT  in the 

quiet condition, and not between stimuli that lay closer to one another than 

approximately 8.65 and 36.35 ms VOT in the noise condition. Hence, they had 

threshold of 24.9 and 27.7 (for the quiet and noise conditions respectively). For the 

non-dyslexics, the endpoints of the roving stimuli lay approximately at 15.05 and 

29.95 ms VOT in the quiet condition and 10.95 and 34.05 ms VOT in the noise 

condition, meaning that they had a threshold of 14.9 and 23.1 (for the quiet and noise 

condition respectively). Results are shown in table 8 and figure 8. 
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One subject of the control group was eliminated from the analysis because it 

was not possible to calculate the threshold for this subject. The data from this subject 

was not eliminated from the analysis of other tests. Repeated measures (with 

‘condition’ as within-subjects factor and group as between-subjects factor) revealed 

that the effect of condition was not significant (F(1,21) = 3.294 , p = .084). There was 

no interaction effect between condition and group (F(1,21) = .777, p = .388). There 

was however a significant effect of group (F(1,21) = 7.231, p = .014 (see table 9).  

 

The threshold for the non-dyslexic group is smaller than for the dyslexic group 

when it is measured with two roving stimuli moving complementarily towards 22.5 

ms VOT. One has to keep in mind that the values found here are influenced by the 

choice of step-size and that these thresholds are only applicable to measuring 

thresholds with two roving stimuli moving complementarily towards 22.5 ms VOT. 

The thresholds are therefore not comparable with the thresholds found in 

discrimination task 1.  

This task was designed with the underlying thought that measurements were 

always across boundary. This was based on the found phoneme boundary in the 

identification task of the experiment with the children. For the quiet condition in the 

identification task, the same phoneme boundary was found for the adults. In the noise 

condition however, the adults had an identification boundary of 28.5 ms VOT. 

Though in Discrimination task 2, the endpoints in for both groups do not come close 

to 28.5 ms VOT anyway, it is something that could be considered for possible new 

tests.  

3.6. Fixed Discrimination Task 

 

Results of a Univariate ANOVA (‘proportion correct’ as dependent and 

stimulus pair as between-subjects factors) on the data demonstrated no difference 

between groups (F(1,2590) = 1.033 , p = .309)  and no interaction effect for stimulus 

pair and group (F(1,5) = 1.504 , p = .185). There was a significant effect of stimulus 

pair (F(1,5) = 58.985 , p = .000) within the groups (see table 9). Tukey post hoc 

analysis (with stimulus pair as within-subjects factor) was performed for both groups 

separately to determine for which stimulus pair(s) performance differed significantly  
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Discrimination Task 2  

Figure 8: Scatterplot of the individual threshold scores (represented by the open circles) and mean 

threshold (horizontal lines) of Discrimination task 2 for non-dyslexic adults dyslexic adults in quiet and 

in noise. 
 

Discrimination task 2 

_____________________________________________________________________ 

      Dyslexics  Average Readers                 . 

     Mean                SD            Mean        SD  

Quiet condition    

 Threshold    24.90     12.69            14.92       6.63 

 

Noise condition              

Threshold    27.73     10.20            23.9.       9.24 

___________________________________________________________________________ 
Table 8: Mean thresholds (with reference stimulus 60 ms VOT) and SD’s for the dyslexics and 

average readers. 
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Effects Discrimination task 2 

___________________________________________________________________________________ 

Effect       Hypothesis df        Error df            F     p .        

 

Group     1  22      7.231         .014 

Condition    1  21      3.294         .084 

Group*condition   1  22      0.777         .388 

_____________________________________________________________________ 
Table 9: Results of  Repeated measures analysis (with ‘condition’ as within-subjects factor and group 

as between-subjects factor) measured for the threshold values of Discrimination task 2. A significant 

effect was found for the factor group. 

 

from the other stimulus pairs within a group. For the dyslexics, stimulus pair 20/35 

differed significantly from stimulus pairs 5/20 (p. = .001) and 35/50 (p. = .000). 

Stimulus pair 15/35 also differed significantly from stimulus pairs 5/20 (p. = .000) 

and 35/50 (p. = .000), see figure 9a. In figure 9a it seems that there isa peak present at 

stimulus pair 40/60, however, the mean proportion correct for that stimulus pair is not 

significantly higher than for stimulus pairs 35/5 and 50/65. Figure 9b shows the 

discrimination results for the non-dyslexic group. Stimulus pair 20/35 differed 

significantly from stimulus pairs 35/50 (p. = .000) and 5/20 (p. = .000), and stimulus 

pair 15/35 also differed significantly from stimulus pairs 35/50 (p. = .000) and 5/20 

(p. = .000). All results of the post hoc analysis on the data of the dyslexic and non-

dyslexic group are shown in table 1 in appendix A.  

 

The Fixed Discrimination task supports the findings of Discrimination task 1; 

subjects are not able to discriminate between stimuli that lie closer to one another than 

20 ms when one of those two stimuli lies at 60 ms VOT (and is the endpoint). A 

comparison with these results and the results of the identification task shows that the 

discrimination scores are the highest when measured across-category. This is one 

criterion for ‘categorical perception’ (Liberman et al., 1957).  

For possible following studies it might be interesting to perform a similar 

discrimination test that also includes a stimulus pair consisting of stimulus 15.0 and 

stimulus 30 ms VOT. This stimulus pair is a between-category measurement (which is 

less clear for stimuluspair 20/35) and has a threshold of 15 ms. 
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Fixed Discrimination Task: Dyslexics 

 
Figure 9a: Graph for the fixed discrimination task for the dyslexic group. Values on the y-axis 

represent mean ‘proportion correct’ and stimulus pairs are plotted on the x-axis.  

 

Fixed Discrimination Task: Non-Dyslexics 

 
Figure 9b: Graph for the fixed discrimination task for the non-dyslexic group. Mean ‘proportion 

correct’ is plotted on the y-axis, and stimulus pairs are plotted on the x-axis. 
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Effects of the Fixed Discrimination task 
____________________________________________________________________________ 

Effect       Hypothesis df        Error df            F                    p    .     .                                      

 

Group     1  2590      1.033 .309 

Type     1  5    58.985 .000 

Group*type    1  5      1.504 .185 

_____________________________________________________________________ 
Table 10: Results of a Univariate ANOVA (‘percentage correct’ as within-subjects factor and ‘group’ 

and ‘type’ as between-subjects factor) on the scores of the Fixed Discrimination task. There was a 

significant effect for Type.  

3.7. Subgroups 

  

Results of previous studies indicate that there is no systematic deficit in 

categorical labelling in dyslexic children (Adlard et al., 1998; Joanisse et al., 2000; 

Manis et al., 1997) and that this deficit may only be present in a subgroup of dyslexic 

children (Adlar et al., 1998).  Since this may also be the case for dyslexic adults, the 

data of this study was checked for subgroups. To get more insight in the data, the 

control group was checked for subgroups as well. 

The data show (see appendix B) deviating scores (scores that are higher or 

lower than 1 S.D. above or below the mean) for different subjects for the different 

tasks for both groups; there are no subjects who consistently score lower/higher on 

every categorical perception task than other subjects of the same group. Since there is 

no consistency over the tasks, the overall conclusion is that  are no subgroups within 

the two groups.  Looking at the scores over the groups again showed that subjects’ 

performance was not affected by group; for several categorical perception tasks, some 

dyslexics even had a score that lay more than 1 S.D. higher than some non-dyslexics.  

3.8. Correlations  

 

Correlations were calculated within each group and over the two groups. The 

significant correlations are presented in the appendix C.  

No correlations were found between ‘reading delay/advance’ and any of the 

other tasks. Correlations were expected between the two phonological awareness 
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tasks and possibly with the phonological memory tasks. However, no such 

correlations were found. No correlations were found between the Words in Noise task 

and Doggy task either. 

The boundary of the Identification task in the quiet condition has a significant 

correlation with the  boundary of the Identification task in the noise condition 

measured over the two groups (r. = .681, p = .01) and measured for the non-dyslexic 

group separately (r.= .842, p = .01. The discrimination tasks did not show any 

correlations between the quiet and noise conditions 

 There were a few correlations between the vocabulary test (BPVS) and some 

categorical perception tasks (Measured for the non-dyslexics: BPVS - threshold of 

Discrimination task 1, r. = -.868, p = .01; measured for the dyslexics: BPVS - 

boundary of the Identification task, r. = .647, p = .05; BPVS – threshold of 

Discrimination task 2, r. = .646, p = .05). Although the two groups initially differed 

from each other on vocabulary, after rearrangement (based on the calculations of 

‘reading delay/advance’) (see section 3.9.) this difference was no longer present. 

Results on the categorical perception tasks after rearrangement were similar to the 

results before rearrangement, except for the effect of noise on the discrimination tasks 

and the results of Discrimination task 2. The latter has a significant correlation with 

the scores on the vocabulary task; however, this correlation does not necessarily 

represent a causality. Repeated measures on the data before rearrangement (with 

‘group’ as between-subjects factor and ‘Vocabulary’ as covariate) showed no 

interaction between vocabulary and thresholds (F(1,20) = 3.063 , p = .095). Hence, 

vocabulary does not explain the differences in threshold between the two groups for 

Discrimination task 2. There is no clear explanation for the other correlations that 

were found.  

3.9. Data-analysis after rearrangement 
 

A data-analysis was run after rearrangement of the subjects into the dyslexic 

and non-dyslexic group, on the basis of ‘reading delay/advance’. Again, there were no 

differences in performance between the two groups on the grammar test, the 

phonological awareness tasks, and the speech perception in noise tasks. The results on 

the identification task were similar as well. There were some differences for the 

discrimination tasks: the effect of condition in the two discrimination tasks became 
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significant and the differences in threshold between the two groups at Discrimination 

task 2 were no longer present (see table 5 and 6, Appendix D). As before, the two 

groups did differ on the word and non-word reading test. Contrary to the previous 

findings, the two groups did not differ in performance on the vocabulary task this time 

(see table 1, Appendix D). An overview of the results can be seen in Appendix D.  
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4. Discussion  
 

The main aim of this study was to investigate categorical perception in 

dyslexic and non-dyslexic adults. More specifically, identification and discrimination 

tasks were designed to measure within- and between-category perception in both 

groups. Noise conditions were added to the tasks to measure the effect of noise on 

categorical perception. Furthermore, since results from previous studies showed that 

groups of dyslexic children do not seem to be homogenous (Adlard & Hazan, 1998; 

Joanisse, Manis, Keating, & Seidenberg, 2000; Manis, McBride-Chang, Seidenberg, 

Keating, Doi, Munson, & Petersen, 1997;  and Maassen et al., 2001), data of the two 

groups were checked for evidence of sub-groups.  

 

Adults with dyslexia did not differ from normally reading adults in their 

performance on the Identification task, Discrimination task 1 and the Fixed 

Discrimination task. The results of the Fixed Discrimination task provided no 

evidence of higher within-category discrimination for the dyslexic group than for the 

non-dyslexic group, validating previous results of Beinum et al. (2005) and Steffens, 

et al. (1992) and contradicting Serniclaes et al. (2004).  Furthermore, between-

category discrimination and identification corresponded for the Fixed discrimination 

and Identification tasks, showing a strong relation between these tasks, which is one 

of the criteria of Categorical Perception (Liberman et al., 1957)  

However, the dyslexic group did differ from the non-dyslexic group on their 

performance on Discrimination task 2; the dyslexic group had a larger threshold than 

the non-dyslexic group. This could indicate that dyslexics have different defined 

categories. However, the results from the Fixed Discrimination task indicate that there 

are no differences between the two groups for between-category discrimination. 

Moreover, after rearrangement of the subjects into groups (based on reading 

‘delay/advance’), this difference is no longer present (see table 6, Appendix D). It 

seems plausible that the results found in Discrimination task 2 may be due to another 

cause (for instance, the small number of participants; one relatively extreme score has 

more effect on the mean of a small group than on a large group). For further studies it 

may be important to check the adults on ‘reading delay/advance’ even though they 

have an official diagnosis or never experienced any reading problems in their life, 
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since rearrangement clearly can lead to different results. Nowadays there is more 

knowledge about reading problems and deficits than a few decades back; it could be 

that adults may have had problems when they were younger, but that these simply 

were not recognised.  

 

There were significant effects of condition in the identification task; in the 

noise condition the boundary lay at another place on the continuum and response 

consistency was lower than in the quiet condition. This effect is perhaps attributable 

to masking aspiration before voicing onset. However, this would not explain why, 

originally, noise affected identification but not discrimination. An explanation could 

be that subjects make decisions based on information in the stimuli that is not masked. 

A few subjects mentioned that they thought they heard a difference in pitch. 

Surprisingly, after rearrangement of the subjects into groups (based on reading delay) 

condition did have a significant effect on performance on discrimination tasks. 

Further investigation is advisable. It might have been interesting to have compared the 

results with the performance on the Speech Perception in Noise tasks, where 

identification also plays a part. Unfortunately, the Speech Perception tasks were only 

assessed in a noise condition and the extent of the effect of noise on these tasks, 

compared to a quiet condition, is not clear.   

 

Unlike in the study with children of Hazan et al. (2007-2008), there was no 

evidence of subgroups. While analyzing the data for subgroups, it again became clear 

that the scores are quite random and or not influenced by group, ‘reading 

advance/delay’, or other factors. Even after rearrangement (according to the 

calculations of ‘reading delay/advance’) of the data this did not change. These 

findings are supported by several other studies that also failed to find differences in 

categorical perception between non-dyslexic and dyslexic adults (Beinum et al., 2005; 

Ramus et al., 2003). One has to keep in mind though that the number of participants 

was very small in this study and that a larger sample may lead to different results. 

  While other studies have found differences in performance on phonological 

tasks between non-dyslexic and dyslexic adults (e.g. Brunswick, McCrory, Price, 

Frith, & Frith, 1999; Elbro, Nielsen, & Petersen, 1994), no such results were found in 

the present study. This finding indicates that there are no differences between the two 
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groups on phonological memory and phonological awareness, making the chance of 

differences between the categorical perception tests less likely. Why adult dyslexics 

show a ‘reading delay’ although they do not differ from normal readers in 

phonological awareness, phonological memory and categorical perception, is unclear. 

It could be that this is caused by another underlying deficit, or simply by the fact that 

although they might have ‘outgrown’ a categorical perception deficit, they ‘missed 

out’ on practice and experience and still have some ‘catching up’ to do. More 

investigation is advisable.   

 There were no differences between the adult dyslexic and non-dyslexic group 

on the Speech Perception in Noise tasks. This finding supports previous results from 

Ahissar et al. (2006).  

The two groups differed in their performance on the vocabulary task (BPVS). 

After the rearrangement of the subjects (based on ‘reading delay/advance’) there was 

no longer a difference between the groups on vocabulary, nor on threshold in 

Discrimination task 2. Furthermore, after rearrangement, condition (quiet versus 

noise) did have an effect on the Discrimination tasks. Since the vocabulary task was 

correlated with Discrimination task 2, analyses were performed to check if the initial 

difference in vocabulary caused the differences between the two groups for 

Discrimination task 2. This turned out not to be the case, therefore a poorer 

vocabulary could not have been the underlying cause of these differences.  

 

From what is known from a preliminary report by Hazan et al. (2007-2008), it 

seems at first sight that, for the phonological tasks, non-dyslexic children do not differ 

from adults, but dyslexic children do. Furthermore, their performance is less 

consistent than that of adults, especially for the dyslexic children, but surprisingly not 

in the noise condition, but in the quiet condition. This seems to indicate that children 

with dyslexia have a deficit in phonological awareness, phonological memory, and in 

categorical perception, and that they ‘outgrow’ these delays when they get older. A 

data-analysis on the data of both experiments can show if the differences are 

significant and possibly provide support for these theories. 

Further investigation is advisable, since not a lot of research has been done 

with adults in this field. It would be interesting to compare these results with the 
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findings of Hazan et al. (2007-2008), to get insight into the development of children 

with dyslexia.  
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5. Conclusion 
 

In this study, adult dyslexics and non-dyslexic adults showed no difference in 

their performance on Categorical Perception tasks, except for Discrimination task 2. 

The rest of the findings indicate that the two groups did not differ in identification and 

between- and within-category discrimination on the / bi/ -/ pi/ continuum. 

Furthermore, after rearrangement of the subjects into groups (based on ‘reading 

advance/delay’), this difference is no longer present. The corresponding results of the 

Identification and Fixed Discrimination task provide evidence for categorical 

perception for both dyslexic and non-dyslexic adults. The results did not display any 

evidence of a difference between the two groups in sensitivity to within-category 

discrimination, which contradicts Serniclaes et al. (2004)’s conclusions. Based on 

Fixed Discrimination, it could be concluded that there is a higher sensitivity to 

between-category discrimination than for within-category discrimiation. Noise 

affected the performance of both groups on the categorical perception tasks to the 

same extent. This effect was only significant for the performance in the identification 

task before the rearrangement of subjects into groups (based on ‘reading 

delay/advance’). After rearrangement, performance on the discrimination tasks was 

affected by noise as well. Furthermore, according to this study, a delay in Categorical 

Perception is not the underlying cause of problems associated with dyslexia in adults, 

not even for a subgroup.  

  

 

 

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    39                                 

Acknowledgements 
 

I would like to thank Dr. Valerie Hazan, Dr. Stuart Rosen, and Dr. Souhila 

Messaoud-Galusi, my direct supervisor with whom I worked most, for giving me the 

opportunity to do an internship at University College London (UCL). It was an 

honour to be allowed to carry out this study as part of your project ‘Clarifying the 

speech perception deficit in dyslexic children”. Thank you all for the effort and the 

guidance, to help me with this project and to teach me all about the work that comes 

with it, even after my internship was over. Without you I would not have been able to 

get this great experience. In view of everything I have learned this is one of the best 

decisions I ever made. I would also like to thank you and the rest of the staff of UCL 

for helping me with the little things and making me feel welcome. 

 Also, a really big thank you to Dr. Bloothooft of Utrecht University, who 

made this internship possible in the first place. I was surprised at how quickly you 

were able to make the arrangements and it made everything a whole lot easier for me.  

A special thank you to Dr. Bert Schouten, my supervisor at Utrecht University, for 

helping me through the writing process, for asking me critical questions and asking 

for clear explanations. You have taught me a lot. I enjoyed our weekly/monthly 

meetings and I will definitely miss them. At last, thank you to Dr. Frank Wijnen, who 

took the time to review my thesis and to grade it together with Dr. Schouten.  

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    40                                 

References 
 

Adlard, A., & Hazan, V. (1998). ‘Speech perception in children with specific reading 

difficulties (dyslexia)’.In: Quarterly Journal of Experimental Psychology A, 51, 153–

177 

 

Ahissar, M., Lubin, Y., Putter-Katz, H., & Banai, K., (2006). Dyslexia and the failure 

to form a perceptual anchor. Nature Neuroscience, 9(12), 1558-1564. 

 

Beinum, F.J., Schwippert, C.E., Been, P.H., van Leeuwen, T.H., & Kuijpers, C.T.L., 

(2005). Development and application of a /bAk/-/dAk/ continuum for testing auditory 

perception within the Dutch longitudinal dyslexia study. Speech Communication, 47, 

124-142.  

 

Bishop, D.V.M., (2005). Test for the reception of grammar – Electronic (TROG-E). 

Harcourt Assessment.  

 

Bogliotti, C. (2003). ‘Relation between categorical perception of speech and reading 

acquisition’. In: Proceedings of the 15th International Congress of Phonetic Sciences 

(pp. 885-888). Barcelona, Spain: International Congress of Phonetic Sciences. 

 

Bradley, L., & Bryant, P.E., (1978). Difficulties in auditory organization as possible 

cause of reading backwardness. Nature, 271, 746-747. 

 

Brady, S.A., Shankweiler, D.P., & Mann, V., (1983). Speech perception and memory 

coding in relation to reading ability. Journal of Experimental Child Psychology, 35, 

345-367.  

 

Brunswick, N., McCrory, E., Price, C.J., Frith, C.D., & Frith, U., (1999). Explicit and 

implicit processing of words and pseudowords by adult developmental dyslexics: A 

search for Wernicke's Wortschatz? Brain, 122 (10), 1901-1917. 

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    41                                 

Dunn, L., Dunn, L., Whetton, C., & Burley, J., (1998). British Picture Vocabulary 

Scale II. Windsor: NFER-Nelson. 

 

Elbro, C., Nielsen, I., & Petersen, D.K., (1994). Dyslexia in adults: Evidence for 

deficits in non-word reading and in the phonological representation of lexical items. 

Annals of Dyslexia, 44(1),  203-226. 

 

Fischer, F.W., Liberman, I.Y., & Schankweiler, D., (1977).Reading reversals and 

developmental dyslexia: a further study. Haskins Laboratories: Status Report on 

Speech Research SE- 51/52, 1977, 75-89. 

 

Frederickson, N., Frith, U., Reason, R., (1997). Phonological Assessment Battery. 

Windsor: NFER-Nelson. 

 

Gathercole, S. E., Willis, C. S., Baddeley, A. D., & Emslie, H., (1994). The children’s 

test of nonword repetition. A test of phonological working memory. Memory, 2, 103-

127. 

 

Godfrey, J. J., Syrdal-Lasky, A. K., Millay, K. K., & Knox, C. M. (1981). 

‘Performance of dyslexic children on speech perception tests’. In: Journal of 

Experimental Child Psychology, 32, 401-424. 

 

Goswami, U.C., & Bryant, P. (1990) . ‘Phonological Skills and Learning to Read’. 

Department of Experimental Psychology, University of Cambridge, England. 

 

Hazan, V., & Barrett, S. (2000). The development of phoneme categorisation in 

children aged 6-12. Journal of Phonetics, 28, 377-396. 

 

Hazan, V. Rosen, S. & Messaoud-Galusi, S. (2007-2008) Clarifying the speech 

perception deficit in dyslexic children ~ not published yet. 

Preliminary paper at: http://www.icphs2007.de/conference/Papers/1457/1457.pdf 

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    42                                 

Joanisse, M. F., Manis, F. R., Keating, P., & Seidenberg, M. S. (2002). Language 

deficits in dyslexic children: Speech perception, phonology, and morphology. Journal 

of Experimental Child Psychology, 77, 30-60.  

 

Klatt, D. H., (1980). Software for a cascade/parallel formant synthesizer. Journal of 

Acoustical Society of America, 67, 737-793. 

 

Liberman, I. Y. (1973). ‘Segmentation of the spoken word’. In: Bulletin of the Orton 

Society, 23, 65-77.  

 

Liberman, A. M., Harris, K. S., Hoffman, H. S., & Griffith, B. C. (1957). ‘The 

discrimination of speech sounds within and across phoneme boundaries’. In: Journal 

of Experimental Psychology, 54, 358–68. 

 

Liberman, I. Y, Shankweiler, D., Liberman, A.M., Fowler, C.A., & Fischer, F.W. 

(1977). ‘Phonetic segmentation and recoding in the beginning reader’. In: A.S. Reber, 

& D.L. Scarborough (Eds.), Toward a psychology of reading: The proceedings of the 

CUNY conferences (pp. 207-225). Hillsdale, NJ: Erlbaum 

 

Lisker, L., & Abramson, A. S., (1970). The voicing dimension: Some experiments in 

comparative phonetics. Proceedings of the 6th International Congress of Phonetics 

Sciences (Prague) Academia. 

 

Maassen, B., Groenen, P., Crul, T., Assman-Hulsmans, C., & Gabreël, F., (2001). 

Identification and discrimination if voicing and place-of-articulation in developmental 

dyslexia. Clinical Linguistics and Phonetics, 15(4), 319-339.  

 

Manis, F. R., McBride-Chang, C., Seidenberg, M. S., Keating, P., Doi, L. M., 

Munson, B., & Petersen, A. (1997). Are speech perception deficits associated with 

developmental dyslexia? Journal of Experimental Child Psychology, 66, 211-235. 

 

Masterson, J., Hazan, V., & Wijayatilake, L. (1995). ‘Auditory discrimination 

problems in developmental dyslexia’. In: CognitiveNeuropsychology, 12, 233± 259 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    43                                 

 

Messaoud-Galusi, S. (2003). The effect of age and reading level on perceptual 

weighting strategy. In Proceedings of the 15th International Congress of Phonetic 

Sciences (pp. 1971-1974). Barcelona, Spain: International Congress of Phonetic 

Sciences 

 

Messaoud-Galusi, S. (2007). Clarifying the speech perception deficit in dyslexic 

children. ICPhS paper. Not published. 

 

Mody (1993) Bases of reading impairment in speech perception: A deficit in rate of 

auditory processing or in phonological coding? Unpublished doctoral dissertation, 

Speech and Hearing Sciences, City University of New York. 

 

Mody, M., Studdert-Kennedy, M and Brady, S. (1997). ‘Speech perception deficits in 

poor readers: auditory processing or phonological coding?’ In: J. Exp. Child Psycho., 

64, 1-33. 

 

Ramus, F., Rosen, S., Dakin, S., Day, B.L., Castellote, J.M., White, S., & Frith, U., 

(2003). Theories of developmental dyslexia: Insights from a multiple case study of 

dyslexic adults. Brain 126, 841-865 

 

Reed, M.A., (1989). ‘Speech perception and the discrimination of brief auditory cues 

in reading-disabled children’. In: Journal of Experimental Child Psychology, 48, 270 

– 292. 

Shankweiler, D., & Crain S., (1986). Language mechanisms and reading disorder: A 

modular approach. Cognition, 24, 139-168. 

Serniclaes, W., Sprenger-Charolles, C., Carré, R., & Démonet, J.-F., (2001). 

Perceptual discrimination of speech sounds in dyslexics. Journal of Speech Language 

and Hearing Research, 44, 384-399.  

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    44                                 

Serniclaes, W., Van Heghe, S., Mousty, P., Carré, R. & Sprenger-Charolles, L., 

(2004), ‘Allophonic mode of speech perception in dyslexia’. Journal of Experimental 

Child Psychology, 87, 336-361.  

 

Shaywitz, S.E., (1998). Dyslexia. New England Journal of Medicine, 338, 307-331. 

 

Snowling, M.J., (2000). Dyslexia (2nd ed). Oxford, U.K.: Blackwell 

 

Snowling, M., Goulandris, N., Bowly, M., & Howell, P., (1986). Segmentation and 

speech perception in relation to reading skill: A developmental analysis. Journal of 

Experimental Child Psychology, 41, 489-507. 

 

Stanovich, K E., (1986). Matthew Effects in Reading: Some Consequences of 

Individual Differences in the Acquisition of Literacy. Reading Research Quarterly, 

21(4) , 360-407 

 

Steffens, C.L., Eilers, R.E.,  Gross-Glenn, K., & Jallad, B., (1992). Speech perception 

in adult subjects with familial dyslexia. Journal of Speech and Hearing Research, 35, 

192-200. 

 

Tallal, P., (1980). Auditory temporal perception, phonics, and reading disabilities in 

children. Brain and Language, 9, 182-198 

 

Tobey, E.A., & Cullen, J.K., (1984). Temporal integration of tone-glides by children 

with auditory-memory and reading problems. Journal of Speech and Hearing 

Research, 27, 527-533. 

 

Torgesen, J ., Wagner, R., & Rashotte, C. (1999). The Test of Word Reading 

Efficiency (TOWRE). Austin, TX: Pro-Ed.  
 

Wagner, R. K., & Torgesen, J. K. (1987). The nature of phonological processing and 

its causal role in the acquisition of reading skills. Psychological Bulletin, 101, 192–

212. 

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    45                                 

Wechsler, D. (1997). Wechsler Adult Intelligence Scale—3rd Edition (WAIS-3®) San 

Antonio, TX:  Harcourt Assessment. 

 

Werker J. F., & Tees, R. C., (1984). Cross-language speech perception: Evidence for 

perceptual reorganization during the first year of life. Infant Behavior and 

Development, 7, 49-63. 

 

Werker J. F., & Tees, R. C. (1987). Speech perception in several disabled and average 

reading children. Canadian Journal of Experimental Psychology, 41, 48-61. 
 

 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    46                                 

Appendices 
 
 
Appendix A: The results of a post hoc analysis (with type of stimulus  
             pair as within-subjects factor) on the Fixed Discrimination task…......52 
 
Appendix B: Subgroups………………………………………………………...…...53 
 
Appendix C: Overview of significant correlations ……………………………...….57 
 
Appendix D: Results after reassignment of subjects into groups based on  
                       reading advance/delay………………………………………………...59 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    47                                 

Appendix A: Post hoc analysis on the data of the Fixed 
Discrimination task 
 

Table 1 shows the results of the post-hoc analysis (with type of stimulus pair 
as within-subjects factor) on the data of the fixed discrimination task. The table 
presents differences in means between stimulus pairs. 

 
 

____________________________Dyslexics       Average Readers_________      
Type (i) Type (j)     Mean difference (i-j)     Mean difference (i-j) 
ms VOT ms VOT     ‘percentage correct’      ‘percentage correct’ 
 
5/20  15/35   -.2111*    -.3532* 
   20/35   -.1944*    -.2857*  
  35/50    .1611*     .0238 
  40/60    .0944     .0556 

50/65    .1444*     .0873  
 
15/35   5/20    .2111*     .3532* 

20/35    .0167     .0675  
35/50    .3722*     .3770* 
40/60    .3056*     .4087* 

  50/65    .3556*     .4405*  
 
20/35   5/20    .1944*      .2857*   

15/35   -.0167    -.0675 
35/50    .3556*     .3095* 
40/60    .2889*     .3413* 
50/65    .3389*     .3730*   

 
 
35/50  5/20   -.1661*    -.0238 

15/35   -.3722*    -.3770* 
  20/35   -.3556*    -.3095* 

40/60   -.0667     .0317 
50/65   -.0167     .0635 

  
40/60   5/20   -.0944    -.0556 
  15/35   -.3056*    -.4087*  
  20/35   -.2889*    -3.413* 
  35/50    .0667    -.0317 

50/65    .0500     .0317   
 
50/65    5/20   -.1444*    -.0873 
  15/35   -.3556*    -.4405* 
  20/35   -.3389*    -.3730* 
  35/50    .0167    -.0635 
  40/60   -.0500    -.0317 
 
__________________________________________________________________________ 
Table 1: *  The mean difference is significant at the .05 level. 
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Appendix B: Subgroups 
 

The data in these tables show subjects whose scores deviate more than 1 S.D. 
from the mean of their group (indicated by *). Some of these scores even deviate 
more than 1 S.D. from the mean of the other group (indicated by the red (lower score) 
or green colour (higher score)).  Furthermore, it shows that while certain subjects’ 
performance deviate on one test, other subjects’ performance deviate on other tests, 
(the order of the subjects is the same for each table) which indicates that performance 
over the tasks is quite random. Moreover, there are no subjects who consistently score 
lower on every categorical perception task than other subjects of the same group (or 
higher on every categorical perception task) . Since there is no consistency over the 
tasks, the overall conclusion is that  are no subgroups within the two groups. 
 
Table 1: Identification task: boundary 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

13.17583 16.35 19.25523 20.76 
31.99131 21.87 25.65277 22.26 

 16.31  20.00 
 16.58  22.46 
 19.56  22.79 
  12.90*  18.90* 
 25.09  23.96 
 22.77  30.17 
 20.44  19.72 
 24.73  23.52 
 19.95   
 22.35   
 24.58   
  52.69*   

 
Table 2: Identification task: slope 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

0.281321 0.54 0.286537 0.39 
0.851536 0.59 0.631463 0.43 

 0.68  0.34 
  0.92*  0.60 
 0.52  0.37 
  0.95*   0.90* 
  0.91*  0.37 
 0.45  0.34 
  0.94*  0.40 
  0.27*  0.45 
  0.16*   
 0.36   
 0.52   
  0.12*   
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Table 3: Identification task Noise: boundary 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

19.45895 26.05 20.27633  40,61* 
37.53707 24.00 36.80967 26,35 

  18.61*  30,22 
 33.37  20,80 
 20.45  25,66 
 27.46  25,93 
 21.54  28,72 
 33.46   42,84* 
 33.92  29,24 
 20.62   15,06* 
 31.36   
  51.14*   

 
Table 4: Identification task Noise: slope 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

0.064236 0.13 0.111242 0.10 
0.247431 0.10 0.276758 0.25 

 0.12  0.26 
  0.05*   0.34* 
 0.12  0.13 
 0.16  0.12 
 0.14  0.24 
 0.11   0.09* 
  0.39*  0.23 
  0.28*  0.18 
 0.16   
 0.11   

 
Table 5: Discrimination task 1: quiet 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

29.7917  26* 22.37099 39 
44.35116 37 45.22901 47 

  45*    7* 
 28  41 
 39  27 
 30  35 
  49*  44 
 44  35 
 40  36 
 44  27 
 31   
 42   
 34   
 30   
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Table 6: Discrimination task 1: noise 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

14.22153 29 20.41478  11* 
41.77847 23 43.78522  48* 

 27  27 
  14*  30 
 21  26 
  42*  41 
  51*  41 
 21  29 
 20   46* 
  51*  22 
   44*   
 26   
  8*   
 15   

 
 
Table 7: Discrimination task 2: quiet 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

10.27892 11.5 3.70593 16.0 
18.43536 17.0 16.39407   17.5* 

 12.5    3.5 
 21.0    6.0 
 15.5    4.0 
 18.0   18.5* 
 18.0    6.5 
 12.5    7.5 
 16.5  17.0 
    9.5*    4.0 
 11.5   
 17.0   
    5.5*   
 15.0   
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Table 8 Discrimination task 2: noise 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

7.682809 29 3.534782  11* 
15.98334 23 13.73322  48* 

 27  27 
  14*  30 
 21  26 
  42*  41 
  51*  41 
 21  29 
 20   46* 
  51*  22 
   44*   
 26   
  8*   
 15   

 
 
Table 9: Fixed discrimination 
 
Non-Dyslexics: 
Lower and Upper boundary 

Non-Dyslexics
Score 

Dyslexics:  
Lower and Upper boundary 

Dyslexics
Score 

0.677615 0.89 0.58708 0.72 
0.956671 0.83 0.95692 0.83 

 0.89  0.89 
  0.50*  0.67 
 0.72   0.50* 
 0.89  0.94 
 0.89   1.00* 
 0.94  0.61 
 0.72   1.00* 
 0.56  0.56 
  0.89   
 0.89   
 0.94   
 0.89   

 Measured for the stimulus pair 20/35 ms VOT  
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Appendix C: Correlations 

Bivariate correlations were calculated between ‘reading delay/advance’, 
vocabulary, the phonological awareness and memory tests, speech perception in noise 
tasks and the categorical perception tasks. Table 1, 2 and 3 give an overview of the 
significant correlation for the dyslexic group the non-dyslexic group and over the two 
groups.  
 
 

 
 
 

 
 

 
  
 

Within group: Dyslexics 
___________________________________________________________________________________ 
 
Correlation between:          r.                 p   .         
 
Reading delay/advance  - Doggy mean SNR   .898  < .01 
Spoonerism    -  Fixed discrimination task (15/35)        -.646  < .05 
Repetition task    - Vocabulary    .731  < .05 
Identification task boundary Quiet - Vocabulary    .647  < .05         
Discrimination task 2 Quiet  - Vocabulary    .646  < .05 
Discrimination task 1 Quiet  - Doggy mean SNR              -.712  < .05 
Discrimination task 1 Quiet  - Rhyme                -.643  < .05 
Discrimination task 1 Noise  - Spoonerism               -.758  < .05 
Discrimination task 1 in Noise  - Fixed discrimination task (15/35)        -.744  < .05 
____________________________________________________________________________________ 
Table 1: significant correlations between the tasks calculated for the dyslexic group. 

Within group: Non- Dyslexics 
_________________________________________________________________________________________ 
 
Correlation between:           r.                 p  .   
 
Identification task boundary Quiet - Identification task boundary Noise  .842  < .01   
Identification task slope Quiet  - Identification task boundary Quiet                  -.551  < .05 
Identification task slope Noise  - Discrimination task 1 Noise              -.691  < .05 
Identification task slope Noise  - Discrimination task 1 Quiet   .617  < .05 
Identification task slope Quiet  -  Discrimination task 2 Noise              -.481  < .05 
Identification task slope Noise  - Words in Noise mean SNR   .696  < .05 
Discrimination task 2 Quiet  - Words in Noise mean SNR                                -.572  < .05 
Discrimination task 1 Quiet  - Vocabulary     .868  < .01 
Fixed Discrimination Task (20/35) - Word and Nonword Reading (TOWRE) .562  < .05 
Fixed Discrimination Task (40/60) - Discrimination task 2 Noise              -.409  < .05 
__________________________________________________________________________________________ 
Table 2: Significant correlations between tasks calculated for the non-dyslexic group 
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Over two groups 
_________________________________________________________________________________________ 
 
Correlation between:           r.                 p  .   
 
Repetition task    - Vocabulary     .602  < .01 
Identification task boundary Quiet - Identification task boundary Noise  .681  < .01   
Identification task slope Quiet  - Identification task boundary Quiet                 -.509  < .05 
Identification task slope Noise  - Discrimination task 1 Noise             -.575  < .01 
Identification task boundary Noise - Doggy SNR                                 -.436  < .05 
Discrimination task 1 Noise  - Fixed discrimination task             -.445  < .05 
__________________________________________________________________________________________ 
Table 3: Significant correlations between tasks calculated over the two groups 
 



An Investigation into Categorical Perception in adult Dyslexics 
 

 
 
S. Nouwens (3084671)                                                                                                  
                                                                                                                                    54                                 

Appendix D: Results after rearrangement 

 
  These results show that after rearrangement of the subjects into groups based 
on reading delay/advance results are similar to those before rearrangement. Only the 
difference on vocabulary between the two groups is no longer present and contrary to 
the previous findings, noise does have an effect on the performance on the 
Discrimination tasks after rearrangement. 
 

Standardized test, age and reading advance/delay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: No differences between groups on age, performance on the standardised tests, including 
vocabulary, reading and reading advance/delay. 
 
 

Table 2: No differences between groups on phonological awareness and phonological short-term 
memory tasks. 
 
 
 
 

______________________________________________ 

      t               p      .       
 
Age in months                .689 .498 
 
Grammar (TROG)   .659 .517 
 
Vocabulary (BPVS)             1.544 .137 
 
Non-verbal intelligence (WAIS-III) -.506 .618 
 
Reading (TOWRE)   3.598 .002 
 
Reading advance/delay  3.627 .001 
_______________________________________________

 
Phonological awareness and phonological short-term memory 
___________________________________ 

                                                      t                   p          .                             
 
Rhyme task   -.709     .486 
 
Spoonerism task           1.125     .273 
 
Repetition task             .887     .385 
____________________________________ 
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Table 3: No differences between the two groups on the Speech perception in Noise tasks 
 
 

Effects Identification task 
_____________________________________________________________________________ 

Effect       Hypothesis df        Error df         F     p      .                                         

 

Condition Boundary   1  20   17.309           .000 

Condition Slope   1  20   28.493           .001 

Boundary * Group   1  20       .242           .628 

Slope * Group    1  20       .305           .587 

Group     1  20       .052           .822 

_________________________________________________________________ 
Table 4: Significant effect for condition on boundary and slope. 
 
 

Effects Discrimination task 1 

_____________________________________________________________________ 

Effect    Hypothesis df        Error df    F   p       .                                                     

 

Group    1  22   .792           .383 

Condition   1  22 4.803           .039 

Group*condition  1  22 1.071           .312 

____________________________________________________________ 
Table 5: Unlike the results found before the rearrangement, there is a significant effect of condition. 
 

Speech Perception in Noise  
_________________________________________ 
      t                 p        .                             

     
Words in Noise 
Mean Signal to Noise Ratio      .325     .748 
SD’s               .641     .582 
 
Doggy task 
Mean Signal to Noise Ratio    -.955     .350 
SD’s                -.255     .801 
 _________________________________________ 
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Effects Discrimination task 2 
__________________________________________________________________________________ 

Effect       Hypothesis df        Error df            F     p .      

 
Group     1  22      3.277         .084 
Condition    1  21      4.289         .050 
Group*condition   1  22      0.107         .747 
_____________________________________________________________________ 
Table 6: Unlike the results found before the rearrangement, there is a significant effect of condition 
and the effect of group is no longer present. 
 
 

Effects of the Fixed Discrimination task 
______________________________________________________________________________ 
Effect       Hypothesis df Error df F  p        .                                    
   
Group     1  2590        .000        1.000 
Type     1  5    62.112 .000 
Group*type    1  5      1.360 .236 
__________________________________________________________________ 
Table 6: There is an effect of type. 
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