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Chapter 5 
 

 

The role of  categorical speech perception and phonological 
processing in familial risk children with and without 

dyslexia 
 
 

This study assessed whether a speech perception deficit is associated with dyslexia or 

familial risk for dyslexia, by exploring a possible cascading relation from speech perception 

to phonology to reading, and by identifying whether speech perception distinguishes 

familial risk (FR) children with dyslexia (FRD) from those without dyslexia (FRND). Data 

were collected from 9-year-old FRD (n = 37) and FRND (n = 41) children and age-matched 

controls (n = 49) on CP identification and discrimination, and on phonological processing 

measures including rapid automatized naming, phoneme awareness and nonword repetition.  

The FRD group performed poorer on CP than the FRND and control groups. Findings on 

phonological processing align with the literature in that 1) phonological processing related 

to reading and 2) the FRD group showed lowest phonological processing outcomes. 

Furthermore, CP correlated weakly with reading, but this relationship was fully mediated 

by rapid automatized naming. Although CP and phonological skills are related to dyslexia, 

there was no strong evidence for a cascade from CP to phonology to reading. Deficits in CP 

at the behavioral level are not directly associated with dyslexia.    

 
 

Adapted from 

Hakvoort, B., de Bree, E., Van der Leij, A., Maassen, B., van Setten, E., Maurits, N., & Van 

Zuijen, T. (revised and resubmitted). The role of categorical speech perception and 

phonological processing in familial risk children with and without dyslexia. 
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Introduction 

 

Dyslexia is characterized by severe and persistent difficulties in reading fluency and 

accuracy and/or spelling skills that are not caused by sensory deficits, low intelligence or 

environmental factors such as poor educational opportunities (e.g. Vellutino, Fletcher, 

Snowling, & Scanlon, 2004). One of the main factors that is commonly thought to 

contribute to reading problems is a phonological core deficit (Protopapas, 2014; Vellutino et 

al., 2004): poor phonological skills may ultimately impede the phoneme-to-grapheme 

mapping process, which is at the core of reading ability. Phonological deficits can roughly 

be divided in three dimensions (Ramus & Szenkovits, 2008; Wagner & Torgesen, 1987). 

Deficits are found in 1) phonological awareness (PA; e.g., Boets, De Smedt, Cleuren, 

Vandewalle, Wouters & Ghesquière, 2010; De Jong & Van der Leij, 2003), 2) verbal short-

term memory (VSTM; often measured by nonword repetition [NWR]; Snowling, 

Goulandris, Bowlby, & Howell, 1986; De Bree, Rispens, & Gerrits, 2007), and 3) rapid 

automatized naming (RAN), which mainly indicates slower (timed) lexical retrieval (e.g. 

Boets et al., 2010; Wolf, Bowers & Biddle, 2000). Speech perception has been suggested to 

underlie phonological processing skill (Fitch, Miller, & Tallal, 1997; Tallal, 1980; Ziegler, 

Pech-Georgel, George, & Lorenzi, 2009): It has been suggested that deficits in speech 

perception may be at the basis of a cascade of problems ranging from speech perception, 

through phonology, to reading (Goswami et al., 2002; Goswami, 2015; Studdert-Kennedy & 

Mody, 1995). 

 

The relation between speech perception and reading has been investigated extensively, 

targeting, for example, speech in noise perception (e.g. Manis et al., 1997; Boets, 

Vandermosten, Poelmans, Luts, Wouters, & Ghesquière, 2011) and categorical speech 

perception (CP; see Noordenbos & Serniclaes, 2015). CP targets listeners’ capacity to 

categorize or discriminate stimuli on an acoustic continuum, for example from /ba/ to /da/. 

Although the stimuli lie on an acoustic continuum, they are perceptually dichotomous. In 

categorization tasks, listeners indicate whether they hear /ba/ or /da/, from which the 

perceptual category boundary can be identified. In discrimination tasks, the perceptual 

boundary is identified by presenting listeners with pairs of stimuli. The acoustic distance 

between each pair of stimuli is kept constant. This results in pairs that do not cross the 

perceptual category boundary (within-category contrasts, which are difficult to 

discriminate) and pairs that cross the perceptual category boundary (between-category 

contrasts, which are easy to discriminate). Listeners have to indicate whether a pair consists 
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of the same or different stimuli. Both in identification and discrimination tasks, accuracy as 

well as reaction times (RT) are recorded. Often, an increase in reaction times (RT) and a 

decrease in accuracy are found when the presented stimuli include tokens that straddle the 

phoneme boundary, since uncertainty is highest in that area (Noordenbos & Serniclaes, 

2015; Pisoni & Tash, 1974; Poeppel, Guillemin, Thompson, Fritz, Bavelier, & Braun, 2004).  

 

CP has been previously linked to dyslexia: if categorization of a speech sound is inaccurate, 

this may impede the formation of accurate representations of phonemes, which may have a 

detrimental effect on reading ability (Serniclaes, Sprenger-Charolles, Carré, & Demonet, 

2001). Yet, the way in which a CP deficit manifests itself in dyslexia is debated in the 

literature (Bogliotti, Serniclaes, Messaoud-Galusi, and Sprenger-Charolles, 2008; Hazan, 

Messaoud-Galusi, Rosen, Nouwens, & Shakespeare, 2009; Maassen, Groenen, Crul, 

Assman-Hulsmans, & Gabreëls, 2001; Manis et al., 1997; Messaoud-Galusi, Hazan, & 

Rosen; 2011; Noordenbos, Segers, Serniclaes, Mitterer, & Verhoeven, 2012a; Serniclaes, van 

Heghe, Mousty, Carré, & Sprenger-Charolles, 2004; Serniclaes et al., 2001; Serniclaes & 

Sprenger-Charolles, 2003; Serniclaes & Noordenbos, 2015; Vandermosten et al., 2010). On 

the one hand, studies show that (subgroups of) people with dyslexia perform more poorly 

than controls on tasks measuring CP (e.g. Vandermosten et al., 2010; Manis et al., 1997; 

Hazan et al., 2009; Messaoud-Galusi et al., 2011; Maassen et al., 2001). These outcomes 

indicate poor readers to have a diminished ability to categorize and discriminate between 

phonemes, indicating poorer speech perception. This is reflected in lower discrimination- 

and identification scores. On the other hand, some studies demonstrate people with dyslexia 

to have better discrimination of within-category phonemes. They perceive within-category 

tokens as isolated phonemes instead of generalizing them to one phonemic category  – 

which is not useful to the listener, since within-category differences are not phonemic in 

nature. This phenomenon, allophonic perception, is shown through good discrimination and 

shallow identification functions (e.g. Bogliotti et al., 2008; Noordenbos et al., 2012a; 

Serniclaes et al., 2001; Serniclaes et al., 2004; Serniclaes & Sprenger-Charolles, 2003).  

 

The evidence regarding the role of a CP deficit in the cascade of problems from speech 

perception to phonology to reading has been inconclusive. Importantly, in order for a 

cascade to be present, a relation between CP and reading is a prerequisite. Though 

correlations between CP and reading (Maassen et al., 2001) have been found, the observed 

deficits in CP in participants with dyslexia differ across studies (e.g. Hazan et al., 2009; 

Messaoud-Galusi et al., 2011; Noordenbos & Serniclaes, 2015). Defining the relation 
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between CP and reading is therefore challenging. Furthermore, a cascade from CP to 

phonological processing needs to be attested. Although correlations between CP and PA 

have been found (Noordenbos et al., 2012a; Boets, Wouters, Van Wieringen, & Ghesquière, 

2007; Boets et al., 2011; Hazan et al., 2009; Messaoud-Galusi et al., 2011), results are 

inconsistent, as in some studies, correlations were absent (Blomert & Mitterer, 2004; Ramus 

et al., 2003; Serniclaes et al., 2004). Relations between CP and NWR have, to our 

knowledge, not been addressed. Neither have relations between CP and RAN. These are 

perhaps less expected given RAN’s reliance on fast retrieval, which is not necessarily an 

aspect targeted by CP. In the current study, the possible cascade from CP to phonology to 

reading was investigated on the three dimensions of phonological processing previously 

specified: PA, NWR, and RAN. All three of these contribute toward the phonological deficit, 

and, because of the great variability in underlying deficits in speech- and phonological 

processing displayed by children with dyslexia, it is of interest to investigate their 

individual contribution to reading outcomes (e.g. Ramus et al., 2003). In exploring whether 

deficits in CP are associated with reading problems, it is also of interest to address the role 

of CP and phonological processing in the context of familial risk (FR). Dyslexia is a highly 

heritable disorder (for a review see Carrion-Castillo, Franke, & Fisher, 2013); children of 

dyslexic parents have a higher risk of developing (severe) literacy difficulties than children 

of parents without reading problems (Snowling & Melby-Lervåg, 2016; Lyytinen et al., 

2004; Snowling et al., 2003; Van Bergen, de Jong, Plakas, Maassen, & Van der Leij, 2012). 

Whether children at FR of dyslexia indeed succumb to literacy difficulties depends on the 

presence of and interaction between multiple genetic and cognitive risk and protective 

factors (Pennington, 2006). FR-dyslexic (FRD) children often possess multiple risk factors 

of which poor speech perception might be one. In case CP deficits are related to reading 

problems it is expected that a CP deficit shows specifically in FR children with dyslexia but 

not in non-dyslexic FR children (FRND). However, FRND children may still show 

subclinical deficits. This point has been exemplified by studies assessing phonological 

processing in the context of FR. It has been found that FRND children outperform FRD 

children on tasks that measure PA, but perform worse than control children (de Bree, 

Wijnen, & Gerrits, 2010; Boets et al., 2007; Moll et al., 2013; Van Bergen et al., 2012; 

Snowling, Gallagher, & Frith, 2003; Van Bergen, de Jong, Maassen, & Van der Leij, 2014). 

Such stepwise patterns are also observed on NWR (De Bree et al., 2010; Melby-Lervåg & 

Lervåg, 2012; Moll, Loff, & Snowling, 2013). RAN seems to play a different role. Studies 

investigating RAN have shown that it is not impaired in FRND children (e.g. Moll et al., 

2013; Torppa, Eklund, Van Bergen, & Lyytinen, 2015; Van Bergen et al., 2012) and is one of 

http://www.tandfonline.com/doi/full/10.1080/10888438.2012.736439#CIT0054
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the main predictors for literacy outcomes past age 6 (Thompson, Hulme, Nash, Gooch, 

Hayiou-Thomas, & Snowling, 2015). The observed differences between FRND and FRD 

children may stem from the fact that RAN taps mechanisms similar to the ones needed for 

fluent reading. Hence, being good at rapid naming might protect against reading difficulty. 

However, the difference may also stem from the fact that RAN could be considered a 

microcosm of reading, since it is reliant on speed as well as accuracy (Norton & Wolff, 

2012), and therefore may even reflect actual reading ability. Based on these studies, it can be 

stated that deficits in PA and NWR are factors that are associated with familial risk status, 

whereas RAN is a factor associated with reading status. It must be noted, however, that the 

presence of stepwise patterns may depend on age and native tongue, as a stepwise pattern 

for PA was not found in 11-year old Dutch children (Hakvoort, Van der Leij, Maurits, 

Maassen, & Van Zuijen; 2015). In the latter study, only FRD children showed deficits in PA, 

i.e., it was associated with reading status.  

 

Previous studies have addressed the role of CP as a possible risk factor for dyslexia, by 

examining FR populations in a pre-reading stage (e.g. Boets et al., 2011; Gerrits & de Bree, 

2009; Noordenbos et al., 2012a). Gerrits and De Bree (2009) showed that 3-year-old FR 

children as a group were less consistent in labelling presented phonemes on a continuum 

from /p/ to /k/, but not all FR children displayed a deficit in CP. Boets et al. (2011) found a 

marginally significant difference on a CP task in favor of the control group at pre-reading 

age. Analyses on individual participants showed a subgroup of FR children to have 

diminished CP. Noordenbos et al. (2012a) suggest allophonic perception to be present in FR 

children in kindergarten, but to disappear after a year of formal reading instruction. 

Findings from Noordenbos, Segers, Serniclaes, Mitterer, and Verhoeven (2012b), however, 

suggest that allophonic perception in dyslexia is still visible on a neural level after reading 

onset. Similar patterns were found in a study investigating the sensitivity to grammatical 

violations in dyslexia, where participants with dyslexia performed at ceiling in a behavioral 

task, but still showed diminished neural responses compared to the control group (Rispens, 

Been, & Zwarts, 2006). This implies that, while differences between groups might not be 

observable on a behavioral level, different neural responses might still be present.    

 

Taken together, results of these studies suggest that not all FR children have a (long-

lasting) deficit in CP that is measurable on a behavioral level. However, these studies did 

not investigate which FR children ultimately became poor readers. It is possible that CP 

problems, like problems in RAN, ultimately only surface in FRD children, in which case 
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deficits in speech perception are associated with reading status. Alternatively, FRND 

children may show subclinical CP deficits similar to the ones observed in phonological 

processing measures NWR, and sometimes PA, in which case a CP deficit is associated with 

familial risk status.  

 

Previous research has indicated the presence of attention deficits (e.g. Moll, Göbel, Gooch, 

Landerl, & Snowling, 2014; Breier et al., 2001) and poorer executive functions in dyslexia 

(e.g. Helland & Asbjørnsen, 2000). For example, Moll et al. (2014) have shown verbal 

memory skills and processing speed in poor readers to vary as a function of varying 

attentional skills. Given the complex nature of psychophysical tasks such as CP 

identification and discrimination tasks, it is not unlikely that behavioral CP outcomes might 

be the result of underlying deficits in attention. It might even (partly) explain the large 

variety of findings. Yet, no studies to date have, to our knowledge, assessed the influence of 

attention on CP performance. Investigating the role of attention in this context is therefore 

of interest to the current study.   

 

Current study 

 

The goal of the current study is to investigate the cognitive underpinnings of dyslexia by 

examining whether there is a relation between speech perception and reading fluency in a 

sample of Dutch 9-year old control, FRND and FRD children who took part in the 

longitudinal Dutch Dyslexia Programme (Van der Leij et al., 2013). If CP is associated with 

reading it is hypothesized that 1) CP is related to reading status and not to FR status and 2) 

that there is a cascading relation from speech through phonological processing to reading. 

Moreover, it is expected that both steps in the cascade behave the same, i.e., if CP relates to 

reading status, phonological processing will also relate to reading status. If these 

expectations hold it would provide substantial evidence for CP to be at the basis of reading 

fluency.  

 

CP performance is measured through accuracy as well as RT. The cascading relation 

between CP and the three dimensions of phonological processing and reading are here 

addressed through correlation- and regression analyses. In order to determine whether CP 

and phonological processing are factors associated with reading or FR-status, a comparison 

is made between FRND, FRD, and control children. Furthermore, to rule out an alternative 

explanation, an additional measure was taken into account: sustained attention (SA). In 
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order to avoid confounding effects of SA on CP outcomes, SA was included as a covariate in 

our analyses. 

 

Methods 

Participants  

 

A sample of 136 children was included, comprising a sub-sample of children who 

participated in the Dutch Dyslexia Programme (DDP; Van der Leij et al., 2013) from birth 

onwards. All children that had taken part in the measurements in Grade 2, Grade 3, and 

Grade 6, and completed all tasks reported in this study were included in our sample. A child 

was assigned to the FR group if (one of the) parents were dyslexic (Hakvoort et al., 2015). 

Parents were presented with Dutch norm-referenced tests for word- and pseudoword 

reading in order to assess their reading fluency (see Materials). A parent was a poor reader 

if he or she scored below the 15th percentile on either test and below the 50th on the other, 

or below the 20th percentile on both tests.  

 

In order to be assigned to the FRD group, FR children had to 1) perform poorly on a word- 

and pseudoword reading test in Grade 6 (i.e., approximately age 12) and 2) have performed 

poorly on these tasks at least on one out of the two times these tasks were administered 

earlier (i.e., end of Grade 2 and Grade 3). Poor performance was defined as a score below the 

10th percentile on either the word or pseudoword reading test and below the 40th 

percentile on the other, or below the 25th percentile on both tests. These criteria were 

considered strict enough to ensure a severe and persistent deficit in word reading fluency. 

 

Background characteristics on reading fluency, verbal and nonverbal IQ and SA results are 

displayed per group in Table 1.  

 

Control and FRND children (fluent readers) differed significantly from the FRD group on 

all reading fluency tasks. Groups did not differ on nonverbal and verbal IQ. A significant 

main effect of group was found for SA. However, Bonferroni-post hoc tests yielded only 

marginally significant differences between C and FRD children (p = .061) and between 

FRND and FRD children (p = .072).  

  



 

 

 

 Table 1  

Background Variables per Group and Statistical Group Comparisons 

 Controls  

(n = 49) 

 FRND  

(n = 41) 

 FRD 

(n = 37) 

   Cohen’s d 

Variable M (SD)  M (SD)  M (SD)  F(2,124)  C-FRND  C-FRD  FRND-FRD 

Age (months) 96.65 (5.08)a  97.73 (4.27)a  97.38 (5.02)a  .59  -0.23  -0.14  0.08 

WRF Grade 2 69.78 (16.74)a  68.59 (18.82)a  31.43 (12.57)b  69.81***  0.07  2.59  2.32 

PWF Grade 2 38.94 (11.57)a  38.76 (12.50)a  16.62 (6.53)b  56.54***  0.01  2.38  2.22 

WRF Grade 3 60.98 (11.02)a  58.83 (13.62)a  34.24 (10.60)b  62.80***  0.17  2.47  2.01 

PWF Grade 3 46.10 (14.04)a  43.56 (13.96)a  20.78 (7.09)b  50.24***  0.18  2.27  2.06 

WRF Grade 6 80.27 (12.12)a  80.29 (11.68)a  56.29 (10.99)b  55.57***  -0.001  2.07  2.12 

PWF Grade 6 71.12 (13.38)a  69.51 (14.42)a  40.76 (9.81)b  70.26***  0.12  2.59  2.33 

Nonverbal IQ 40.25 (10.69)a  44.41 (11.13)a  41.05 (9.03)a  1.94  -0.38   -0.08  0.33 

Verbal IQ 31.90 (5.26)a  32.66 (5.94)a  29.89 (4.66)a  2.78  -0.14  0.40  0.52 

SA 4.00 (.57)a  4.01 (.67)a  3.69 (.62)a  3.48*  -0.02  0.52  0.50 

Note.  C = controls FRND = familial risk non-dyslexic children, FRD = familial risk dyslexic children, WRF = word reading fluency PWF = pseudoword reading fluency, SA = 
sustained attention. Group differences were attested using ANOVAs with Bonferroni post hoc comparisons. Shared subscripts indicate no significant difference. *** = p < 
.001. * = p < .05.  
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 Materials 

Word-reading fluency. Word reading fluency (WRF) was measured by the “Een-minuut-

test” (one minute test; Brus & Voeten, 1973) in parents and in children in Grade 3 and in 

Grade 6. In Grade 2, it was measured by the second list of the “Drie Minuten Toets” (three 

minutes test; Verhoeven, 1995). The one minute test consists of a list of 116 mono- and 

polysyllabic words, increasing in difficulty. The administered list of the three minutes test 

consists of 150 monosyllabic words. The score was the number of words read correctly in 

one minute for both tests. Standardized scores were used for the categorization of 

participants (see Participants section). 

 

Pseudoword-reading fluency. The Dutch norm-referenced task De Klepel (Van den Bos, 

Lutje Spelberg, Scheepstra, & De Vries, 1994) measured pseudoword-reading fluency 

(PWF) in parents and children. It was administered in Grade 2, 3 and 6. It consists of a list 

of 116 mono- and polysyllabic pseudowords. The score was the number of words read 

correctly within two minutes. Standardized scores were used for the categorization of 

participants. 

 

Phonological awareness. PA was assessed in Grade 3 and Grade 6 using a phoneme 

deletion task (De Jong & Van der Leij, 2003). In Grade 3, the task consisted of three parts 

and answers were given orally. The first part consisted of 9 monosyllabic pseudowords (e.g. 

deleting /t/ from tral), and the second part consisted of 9 bisyllabic pseudowords (e.g. 

deleting /l/ from memslos). Children were asked to delete one consonant phoneme. During 

the third part, children were presented with 9 bisyllabic pseudowords. The consonant they 

were asked to delete occurred twice (e.g. deleting /g/ from gepgral). When six consecutive 

items were answered incorrectly in the first, or three in the second part, the test ended. The 

score on this task was the total number of items correct. The maximum score was 27. 

 

In Grade 6, the test was computerized and shortened. Each of the three parts now consisted 

of four items. Two practice items preceded the first and third parts of the test. The score on 

this task was the total number of items correct. The maximum score was 12. For the 

purpose of comparing scores on both PA tasks, scores were transformed to percentage 

correct.  
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Rapid automatized naming. RAN in Grade 3 was assessed using a digit-naming task. 

Children were asked to name a total of 50 digits as quickly and as accurately as possible. 

The digits included on the list were 2, 4, 5, 8, and 9. They were presented in five columns of 

ten digits each. Time in seconds and errors were recorded. These were used to calculate the 

total number of digits read correctly within one minute. 

 

Nonword repetition. NWR is used as a measure of VSTM, and was measured in Grade 3. 

Children were asked to listen to 36 nonwords. They had to repeat each item as accurately as 

possible. The nonwords consisted of at least 3 (e.g. kummigar) and at most 5 syllables (e.g. 

nammonnniffumnem) and were presented in a fixed order. The score was the total number of 

words repeated correctly (Scheltinga, Van der Leij, & Struiksma, 2010). 

 

Categorical perception. CP in Grade 3 was measured using a 10-step continuum of stimuli 

ranging from /bAk/ ‘bak’ [container] to / dAk/ ‘dak’ [roof]. The stimuli were recorded by 

a female native speaker of Dutch. In order to create the steps within the continuum, the 

second formant was manipulated using Praat (Boersma & Weenink, 1996). For a more 

detailed description of the phoneme manipulation and intermittent steps, see Van Beinum, 

Schwippert, Been, Van Leeuwen, and Kuijpers (2005). Two tasks were administered using 

these stimuli; a discrimination task and an identification task.  

 

The identification task required children to identify one stimulus from the continuum that 

was presented to them as /bAk/ or /dAk/, by pressing a button that corresponded to an 

image of a box and one of a roof. In total, participants completed 20 trials. Each step of the 

continuum was presented twice. Both accuracy and RT were recorded.   

 

In the discrimination task, children were presented with two words from the continuum 

(either always 3 steps apart [called different trials, e.g., from step 7 to step 10], or identical 

[called same trials, e.g., two times step 1]) via a computer. They had to indicate whether 

these two stimuli were the same or different, by pressing the corresponding button. Both 

accuracy and RT were recorded. Pairs were presented randomly in a non-adaptive design. 

In total, participants completed 48 trials, 20 of which were same trials, and 28 were different 

trials. Each pair of different trials was presented 4 times (7 contrasts, stimuli from steps 1-4, 

2-5, 3-6, 4-7, 5-8, 6-9, and 7-10 of the continuum). The proportion of accurate responses on 

different trials (i.e. the percentage of times participants answered “different” on trials like 1-

4, 4-1) and times that participants answered “same” on trials that consisted of identical 
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stimuli (e.g. 1-1, 4-4) per stimulus pair was calculated, in this manner accounting for 

response bias, which is the tendency to favor one response over the other (e.g. Bogliotti et 

al., 2008; Wood, 1976). For RT, categories were created following the same procedure, but 

additionally split into RTs for items that were correct versus items that were not.   

 

On the endpoint trials (1 and 7), a lower percentage of accurate responses is reflective of a 

better performance, since these trials are within-category. Control children are ideally 

expected to identify them as being the same, resulting in a lower percentage of “different” 

answers. Thus, for the purpose of comparing performance on within-category and between-

category items, the percentages obtained on contrasts 1 and 7 were averaged to form a 

Within Phoneme Category score, and items on contrasts 2, 3, 4, 5 and 6 were averaged to 

form a Between Phoneme Category score (Messaoud-Galusi et al., 2011). The choice for 

these categories was supported by carrying out a mixed design repeated measures 

ANCOVA on the identification data of the control group, with within subject factor 

percentage bak answers per Stimulus type (1,2,3,4,5,6,7,8,9 and 10) and SA as a covariate. A 

significant main effect for Stimulus type was found, F(5.92, 278.61) = 3.07, p = .006. Post 

hoc comparisons revealed stimuli 1 and 4 to not differ from each other significantly. Both 

yielded a similar amount of bak classifications. The same held true for stimuli 7 and 10.  

 

Sustained attention. In order to address the possible influence of sustained attention (SA) 

on CP, a continuous performance task was administered in Grade 3. Children completed 4 

blocks each containing 100 trials, comprising a total of 400 trials. Each trial was presented 

for 150 ms, at a slow pace with an ISI of 1650 ms. The task took approximately 15 minutes. 

The assignment throughout the task was to press the spacebar when an X was preceded by 

an O (Go condition). Individual O’s and X’s were also presented to measure response 

inhibition (No go condition). Other letters in the task served as distractors. Accuracy and 

reaction times were recorded on both target trials and trials that could elicit false alarms 

(isolated O’s, targets immediately following isolated O’s, and isolated X’s). Scores on the 

continuous performance task were determined as follows. First, the total number of hits (Go 

trials) and false alarms (NoGo trials) were calculated. These were transformed into 

proportional values and standardized using a z-transform. The standardized proportion of 

false alarms on NoGo trials was subtracted from the standardized proportion of hits on Go 

Trials in order to calculate d-prime.   
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Nonverbal IQ. To measure nonverbal IQ in Grade 3, the Block Design subtest of the 

WISC III (Wechsler, 2005) was used and administered following the manual. The reliability 

of this test in Grade 3 is α .79. 

 

Verbal IQ. To measure vocabulary in Grade 3, the Vocabulary subtest of the WISC III was 

used (Wechsler, 2005). It was administered following the manual. The reliability of this test 

in Grade 3 is α .80. 

 

Procedure  

 

All children were tested by a trained research assistant in a quiet room at the university lab. 

The tests described above were part of a larger battery that was administered in Grade 3. 

Tests were administered in a fixed order. The session took approximately two hours, with 

breaks in between. Children were given a small present once the session was finished.  

 

Analyses 

 

In order to assess whether CP and phonology relate to reading- or familial risk status, 

group differences on CP and phonological tasks were addressed by means of ANOVAs. On 

the background measures, effect sizes were addressed using Cohen’s d, where effects around 

.20 are regarded as small, between .30 and .50 as moderate, and above .50 as large (Cohen, 

1988). Regression analyses were carried out to investigate whether familial risk- or reading 

status significantly predict outcomes on CP and phonology tasks.   

 

To explore a possible cascading relation between CP and phonology and reading, 

correlations between CP, phonological tasks and reading were run, where correlations 

below .30 are regarded as weak, around .50 as moderate, and around .70 as strong. 

Additionally, regression and mediation analyses were run to address the role of CP and 

phonology as predictors of reading outcome.  
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Results 

Data screening  

 

Prior to analysis, data were screened. For CP, children’s reaction times and corresponding 

responses on individual trials were coded as missing if latencies were more than three 

standard deviations from a participant’s mean. Data were screened for multivariate and 

univariate outliers on the dependent variables NWR, PA, and RAN, general outcome 

measures of the CP task (mean reaction time in the Identification task, total number of items 

correct in the Identification task, mean reaction time in the Discrimination task and total 

number of items correct in the Discrimination task), and SA. Three multivariate outliers 

were found and removed. These children belonged to the FRD group. Additionally, six 

univariate outliers (four FRD and two FRND) were identified based on z-transformed 

scores of the dependent variables and CPT (i.e., scores exceeding -3.29 or +3.29) and 

excluded from the analysis. The final sample consisted of data of 127 children, of which 49 C 

children, 41 FRND children and 37 FRD children. 

 

Categorical perception 

 

Discrimination task. The mean proportion of different responses on within-phoneme- 

category contrast (1 and 7) and the mean proportion of different responses on between- 

phoneme-category contrasts (2, 3, 4, 5, and 6) were entered into a mixed design repeated 

measures ANCOVA with within-subjects factor Category (within, between), between 

subject factor Group (C, FRND and FRD) and SA as a covariate. Greenhouse-Geisser 

corrections were applied when necessary.  

 

Results are displayed in Figure 1. A main effect was found for Category F(1,123) = 6.76, p = 

.01. Overall, while controlling for response bias, between category items yielded a larger 

mean percentage of different responses (61.57%) compared to within category items 

(50.64%). Within-category tokens were thus less often regarded as being different from each 

other. No effects of the covariate were found, and no main effect for Group. Yet, an 

interaction between Category and Group was present F(2,123) = 8.41, p < .001. Control and 

FRND children showed a lower percentage of different responses on within-category trials 

(47.74% and 49.85%, respectively) compared to FRD children (55.24%, p < .001 and p = 
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.015, respectively). No differences were found between control and FRND children. No 

differences were found on the between-category trials. 

 

 
 
Figure 1. Percentage of different responses for within- and between category items 

 

For the analysis of the reaction times, a mixed design repeated measures ANCOVA was run 

on the mean RT in milliseconds of all different- and same responses on the within-phoneme 

and between-phoneme-category different trials, with within-subjects factor Category 

(within, between), Different (Yes, No), between subject factor Group (Control children, 

FRND and FRD), and SA as a covariate. An overview of RT outcomes per stimulus 

category is available in Table 2. The analysis yielded a main effect of Different, F(1,123) = 

28.74, p < .001: items that were answered to with same were responded to more slowly, 

compared to items that were answered to with different. No further main- or interaction 

effects were found.  

 

Identification task. To address correct identification of bak on each step of the continuum, 

all answers were first transformed into percentage bak answers per stimulus type (trial 1 to 

10), allowing identification curves to be plotted. They are displayed in Figure 2 and reflect 

the percentage of trials that participants identified as bak for each Stimulus type on the 

continuum. To assess differences in identification slope values, participants’ data were fitted 

to a sigmoid curve using a logistic function (cf. Medina, Hooghorst, Bogliotti, & Serniclaes,  
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 Table 2  

Descriptive Statistics (Mean,SD) for the RT data on the CP Discrimination Task 

  Within-Phoneme Category  Between-Phoneme Category 

  Different 

 

 Same 

 

 Different 

 

 Same 

 

Group  M (SD)  M (SD)  M (SD)  M (SD) 

C (n = 49)  853.45 (124.86)  1125.51 (132.93)  865.28 (70.96)  1207.03(105.89) 

FRND (n = 41)  862.74 (121.03)  1168.34 (147.74)  896.61 (89.72)  1234.46 (121.97) 

FRD  (n = 37) 

 

 909.43 (227.35)  1152.34 (122.65)  907.35 (143.57)  1194.61 (78.36) 

Note., C = controls, FRND = familial risk nondyslexic, FRD = familial risk dyslexic, Different = trials answered with different,  Same = trials answered with same. 
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 2010). A univariate ANOVA with dependent variable slope, independent variable Group 

(Control, FRND, FRD) and SA as a covariate yielded no significant effects, indicating that 

the identification curves of each group were equally steep (total M(SD) = -.78(.19)) and that 

attention did not influence the outcomes. To assess differences in classification on endpoint 

trials, a mixed design repeated measures ANCOVA with within subject factor percentage 

bak answers per Stimulus type (1,2,3,4,5,6,7,8,9 and 10), between subjects factor Group 

(Control vs FRND vs FRD), and SA as a covariate was carried out. As expected, based on 

the absence of a difference in slope, this analysis revealed no significant main effect for 

Group or Group*Stimulus type interaction, indicating stimuli were not identified differently 

between groups. Post hoc comparisons revealed Stimulus types 1 through 3 to yield 

significantly higher percentages of bak classifications than Stimulus types 4 to 10 (all p < 

.001), and Stimulus types 7 through 10 to yield a significantly lower percentage of bak 

classifications compared to Stimulus types 1 through 6 (all p < .001).  

 
Figure 2. Percentage of times that participants have identified a stimulus as /bak/ 

Next, a mixed design repeated measures ANCOVA was run on the RTs with within 

subjects factor Stimulus type (1,2,3,4,5,6,7,8,9,10), between subjects factor Group (Control 

vs FRND and FRD) and SA as a covariate. No main effects or interactions were found, 

indicating that the participants did not differ in how fast they answered in response to each 

stimulus in the identification task F(2,123) = 1.67, p = .19. 

 

In sum, whereas all groups are equally apt at identification of stimuli in the identification 

task, the control and FRND children perform more poorly at distinguishing within-

category items than the FRD group. 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10

P
e

rc
e

n
ta

ge
 /

b
ak

/ 
an

sw
e

rs
 

Stimulus 

Controls

FRND

FRD



CH5 | Categorical Speech Perception 

99 

 

Phonology  

Group means and standard deviations on the percentage of items answered correctly on the 

PA tasks in Grade 3 and 6, the accuracy scores on NWR, and scores on RAN in Grade 3 

were assessed using ANOVAs with post-hoc Bonferroni tests. Fluently reading children 

with and without FR outperformed FRD children on all phonological processing tasks, both 

in Grade 3 and in Grade 6. Results are displayed in Table 3. 

Categorical perception, phonology, and familial risk versus reading 

To investigate the relation between CP and phonological processing to familial risk versus 

reading, reading status and FR status were used as predictors for performance on CP- and 

phonological tasks in complimentary regression analyses. Regression analyses were run 

with the mean percentage of “different” responses per category (within-phoneme-category, 

and between-phoneme-category) on the discrimination task and phonological processing 

measures (PA, NWR, and RAN) as dependent variables and familial risk status and dyslexia 

status as predictors. To this end, dummy variables were created, indicative of the reading 

status (0 for average readers, 1 for dyslexia) and the FR status of the child (0 for controls, 1 

for FR children). For all dependent variables, FR status was entered in step 1 (Model 1) and 

dyslexia status was added in step 2 (Model 2) (e.g. Moll et al., 2013). The results (Table 4) 

suggest that performance on within category items on the discrimination task is 

significantly predicted by dyslexia status, as well as performance on PA, NWR, and RAN. 

Performance on between-category items is not related to reading or FR status.  

 

Investigating the relation between CP, phonology and reading 

Correlations. Correlations were calculated between all reading-, phonological-, CP 

measures and SA. Additionally, partial correlations were calculated between all reading-, 

phonological- and CP measures in order to control for sustained attention (see Table 5). 

Differences between these two types of correlational analyses were small.  

 

With respect to the relation between CP and phonological processing, significant weak 

negative correlations were obtained between the accuracy on CP Discrimination within-

category items rapid naming. This indicates that lower scores on within-category accuracy 

relate to a higher number of correctly named digits per minute. At first sight, no significant  



 

 

 

Table 3  

Descriptive Statistics for all Phonological Processing Measures and Statistical Group Comparison Outcomes 

 

 

 
C  

(n = 49) 

 
FRND 

(n = 41) 

 
FRD  

(n = 37) 

 
F(2,124) 

 
Cohen’s d 

Task  M (SD)  M (SD)  M (SD)    C-FRND  C-FRD  FRND-FRD 

PA grade 3  74.15 (14.88)a  70.73 (18.64)a  48.05 (17.42)b  28.07***  .20  1.61  1.26 

PA grade 6  88.95 (11.71)a  84.96 (11.82)a  71.85 (18.04)b  16.82***  .34  1.12  .86 

NWR grade 3  17.24 (4.74)a  15.68 (5.54)a  12.38 (4.57)b  10.29***  .30  1.04  .65 

RAN grade 3  112.18 (20.41)a  115.76 (24.13) a  96.14 (19.35)b  9.26***  -.16  .80  .90 

Note. C = control children, FRND = familial risk non-dyslexic children, FRD = familial risk dyslexic children. PA = phonological awareness [percentage correct], NWR = 
nonword repetition, RAN = rapid automatized naming [items/minute]. All values are given as Mean (standard deviation). Group differences were attested using ANOVAs. 
Shared subscripts are indicative of no significant difference. Significant main effects are all p < .01. 

  



 

 

 

Table 4  

Outcomes of Linear Regression Analyses with Dependent Variables PA, NWR, RAN, and CP 

  PA  NWR  RAN  CP Within  CP Between 

Predictor  ΔR
2
 β   ΔR

2
 β   ΔR

2
 β   ΔR

2
 β  ΔR

2
 β  

Step 1   .12***   .08***   .02   .05*   .03  

 FR   -.34***   -.28***   .14  . . 22*   -.16 

Step 2   .19***   .06**   .09***   .04*   .004  

 FR   -.08   -.14   -.04   .10   -.20 

 Dys   -.51***   -.28**   .36***   .20*   .07 

Note. PA = phonological awareness, NWR = nonword repetition, RAN = rapid automatized naming, CP Within = categorical perception, discrimination task within-category, 
CP Between = categorical perception discrimination task between-category. * p < .05, ** p < .01, *** p < .001



 

 

 

Table 5  

 

Correlations between WRF, PWF, CP- and Phonological Processing Measures while Controlling for SA (below diagonal) and without 

Controlling for SA (above diagonal).  

 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 

1.WRF grade 3  .84*** .43*** .60*** .37*** -.24** -.07 -.13 -.25** -.13 -.26** .23* 

2.PWF grade 3 .83***  .35*** .63*** .30*** -.18* -.07 -.17 -.16 -.07 -.18* .20* 

3.RAN grade 3 .42*** .34***  .19* .01 -.28*** -.16 -.13 -.20* -.15 -.20* .09 

4.PA grade 3 .57*** .61*** .17*  .46*** -.16 .005 -.08 -.05 -.07 -.07 .26** 

5.NWR grade 3 .37*** .29*** .01 .46***  -.07 .13 -.05 -.17 -.17 -.17 .07 

6.CP Within -.28** -.21* -.30*** -.20* -.08  -.30** -.07 .02 .24** .21* .13 

7.CP Between -.09 -.09 -.17 -.02 .13 -.29***  -.04 .13 .21* .20* .07 

8.CP Within RT -.16 -.19* -.14 -.11 -.06 -.06 -.05  .36*** -.11 .39*** .07 

9.CP Between RT -.27** -.18* -.20* -.07 -.18* .009 .13 .36***  -.12 .39*** .08 

10.CP Ident Slopes -.12 -.06 -.15 -.05 -.16 .23** -.21* -.11 -.12  -.23** .09 

11. CP Ident RT -.28** -.19* -.20* -.09 -.17 .21* .19* .39*** .39*** -.23**  .03 

12. SA - - - - - - - - - - - - 

Note. * p < .05, ** p < .01, *** p < .001
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correlations were found between CP within-category items and PA or NWR. However, 

when controlling for SA, a weak negative correlation was found between within-category 

items and PA. A weak negative correlation was present between within-category and word 

reading fluency, indicating lower scores on within-category accuracy relate to higher scores 

on word reading fluency. With regard to the relation between reading and phonological 

processing, significant moderate to strong positive correlations were observed between all 

phonological processing measures and reading. 

 

Regression analyses. Based on the correlation analyses, the relation between CP 

Discrimination within-category scores, phonology, and word reading fluency was further 

explored using a mediation analysis. We did not include SA in this model as this did not 

relate to CP.  

 

Conforming to step one of the mediation model (Baron & Kenny, 1986), three separate 

regression analyses were conducted in order to assess whether CP individually predicted 

PA, NWR, and RAN. As expected, based on the absence of correlations, CP did not 

significantly predict scores on NWR, hence no mediation was possible. Despite the presence 

of a weak correlation between CP and PA when controlling for SA, CP did not predict PA. 

Hence, no mediation was possible here, either. However, CP significantly predicted RAN (β 

= -.28, t(125) = -3.26, p < .001). In the second step, we found that CP also significantly 

predicted word reading (β = -.24, t(125) = -2.72, p  = .008). The third step of the mediation 

model, where both CP and RAN are entered as predictors for reading skill, revealed that 

only RAN significantly predicted Grade 3 reading skill (β = .39, t(125) = 4.68, p < .001). 

Direct effects of CP on reading thus disappeared when RAN was entered into the model, 

suggesting that effects of CP on reading are fully mediated by RAN. This was attested by a 

significant Sobel test (Baron & Kenny, 1986; z = -2.67, p = .007, see Figure 3).  

 

To be able to compare the role of CP within- versus between-category items, we also 

assessed whether the scores on between-category items could predict phonological skills 

and reading, using a mediation analysis. However, as expected, based on the correlations, 

this was not the case. Between-category scores predicted neither phonological nor reading 

skill, hence no mediation was possible.  
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Figure 3. Standardized regression coefficients for the relationship between CP within-category scores and 
reading skill as mediated by RAN. The outcome in parentheses refers to the standardized regression coefficient 
for CP and reading when both CP and RAN were predictors in the model. 

 

Correlations were present between CP Discrimination within-category items accuracy and 

reading, and between all individual phonological processing measures and reading. In order 

to assess the individual contribution of each dimension of phonological processing (PA, 

RAN, and NWR) and CP to the variance in reading fluency separately, a hierarchical 

regression analysis was run. The dependent variable was WRF in Grade 3. SA was entered 

into the model as a control variable in Step 1. CP was added to the model in step 2, and 

RAN, NWR and PA were added in step 3. Results (Table 6) show that once PA, RAN, and 

NWR are entered into the model, CP ceases to predict WRF outcomes and that PA, RAN, 

and NWR are all individual predictors for reading skill.  

 

CP 

 

 

 

-.24** 

(-.13, n.s.) 

-.28*** .39*** 

RAN 

Reading 
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Table 6  

Hierarchical Regression Analyses with Dependent Variable WRF Grade 3 

Word reading Grade 3 

Predictor  ΔR
2
  β 

Step 1    .05*   

 SA    .23* 

Step 2   .07**   

 SA    .26** 

 CP    -.27** 

Step 3   .37***   

 SA    .09 

 CP    -.08 

 PA    .43*** 

 RAN    .31*** 

 NWR    .16* 

Total R
2
   .49***   

 
Note. SA = sustained attention, CP = Categorical Perception Discrimination task within-category scores, PA = 
phonological awareness, RAN = rapid automatized naming, NWR = nonword repetition. * p < .05, ** p < .01, 
*** p < .001 
 
 

Discussion 

This study aimed to gain more insight in the way in which categorical speech perception 

and phonological processing relate to dyslexia and familial risk. This was done by 

comparing FR children with and without dyslexia on categorical perception and 

phonological processing measures and by exploring whether a cascading relation between 

CP, phonology and reading could be found. Findings show that CP and phonological 

processing (PA, RAN and NWR) related to reading status. However, findings do not point 

towards a clear cascade from CP to phonological processing to reading: although there was 

a relation between all three dimensions of phonological processing and reading, we only 

found a predictive relation between CP and RAN. A predictive relationship between CP and 

PA and CP and NWR was absent.  

  

The role of CP as a factor that relates to reading status or to FR status was investigated by 

comparing the performance of 9 year-old Dutch FRD, FRND and control children on CP, 

PA, RAN, and NWR. CP results were not clear-cut. As opposed to previous findings 
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regarding reaction times on CP tasks (Pisoni & Tash, 1974; Poeppel et al., 2004; Van 

Beinum et al., 2005), no group differences were found on RT on the identification task. No 

differences in RT were found between within- and between-category performance on the 

discrimination task, either. On accuracy, no group differences on the identification task were 

found. On the accuracy measure of the discrimination task, however, significant differences 

were found between good readers (controls and FRND children) and FRD children. The 

group of FRD children was more sensitive to within-category contrasts, which is reflective 

of poorer CP. Groups performed equally well at discerning between-category contrasts. 

Poor CP performance on the discrimination task thus seems related to dyslexia, rather than 

to FR status.  

 

The CP results extend those of Boets et al. (2011) and Gerrits & De Bree (2009), whose 

studies showed poor CP performance for the FR group in a pre-reading stage. Our results 

suggests that poor CP performance extends into 3rd Grade, when children have already 

started to read, and becomes specific to poor readers. Our results are also in line with 

studies observing CP deficits in adults (see Noordenbos & Serniclaes, 2015). This contrasts 

with findings by Noordenbos et al. (2012a), who found that difficulties in CP at the 

behavioral level disappeared after a year of formal reading instruction (but see Noordenbos 

et al., 2012b). The outcome that within-category contrasts are better discerned by children 

with dyslexia are in line with e.g. Serniclaes et al. (2001), suggesting that within-category 

items are perceived as allophones of the same phoneme. Yet, because no differences between 

controls, FRD, and FRND children are found on the identification task, and because there 

were no differences between these groups on between-category items and on reaction times 

of within and between-category performance, our results do not fully support the allophonic 

perception theory.  

 

Moll and colleagues (2014) have previously shown children’s attention to relate to tasks 

tapping processing speed and verbal working memory. These findings were based on a 

parental questionnaire. In our study, we used an experimental task to measure sustained 

attention. SA was anticipated to relate to CP, as CP taps into processing speed. The 

relationship was, however, not attested, neither for RT nor on accuracy (cf. Breier et al., 

2001). This could be due to the design of our study (Protopapas, 2014): other studies have 

used adaptive CP designs, increasing task demands (e.g. Messaoud-Galusi et al., 2011) or 

have used more trials to determine CP performance, increasing task length (e.g. Van 
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Beinum et al., 2005). The fact that our task was non-adaptive, and contained few trials, 

might account for these different findings. 

 

Regarding the relation between reading and phonological processing, the results show that 

deficits in phonological processing relate to reading status. As expected, FRD children 

performed poorly on tasks tapping phonology. They were outperformed by both FRND and 

control children on all three dimensions: on PA, RAN, and NWR. FRND children did not 

perform more poorly than control children on tasks tapping phonology, in line with 

previous findings by Snowling, Gallagher and Frith (2003) and Snowling, Muter, and Caroll 

(2007). Often, however, a stepwise pattern in performance is found on phonological tasks, in 

which FRND children outperform FRD children, but perform more poorly compared to 

controls (e.g. Moll et al., 2013; Pennington & Lefly, 2001). This was also true for Dutch 

children in Grade 2 (Van Bergen et al., 2012). Similarly, De Bree et al. (2010) show that 

both poorly and averagely reading FR children perform more poorly on NWR than 

controls. Possibly, the absence of a difference between FRND and control children in our 

study is due to the declining predictive value of phonology for reading in Dutch as a 

function of age (De Jong & Van der Leij, 2003). This interpretation is further supported by 

our finding that differences in PA are not visible between controls and FRND children in 

Grade 6 either. Though a stepwise pattern is present in another DDP study at Grade 2 (van 

Bergen et al., 2012), it does not surface in later grades. However, differences in diagnostic 

criteria might explain the difference, since participants in the study by Van Bergen and 

colleagues were categorized on Grade 2 and 3 reading scores, only. In all, our results 

suggest that deficits in PA, RAN, and NWR at this point in development all relate directly 

to reading fluency, and thus, that they are factors related to reading status rather than to 

familial risk.  

 

To explore whether a cascading relation between CP, phonology and reading was present, 

correlation- and regression analyses were conducted. In line with the literature on 

phonology and dyslexia (e.g. Moll et al., 2013; Vellutino et al., 2004) and the group 

comparisons reported in this study, we found a clear association between phonology and 

reading, confirming the results from the group comparisons. Phonological skills 

significantly predicted reading skills. However, unexpectedly, given the previously reported 

relation between CP within-category discrimination scores and dyslexia, the relation 

between CP and phonological processing was not clear-cut. Relations between CP and 

NWR were absent, which does not align with the expectations of a cascade. We found a 
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weak correlation between CP and PA, in line with other studies that have reported relations 

between CP and PA (Noordenbos et al., 2012a; Boets et al., 2007; Hazan et al., 2009; 

Messaoud-Galusi et al., 2011). However, although a correlation was present, no clear 

evidence for a cascading relation from CP to PA to reading was found in a follow-up 

mediation analysis, since CP was not a significant predictor for PA.  

 

Surprisingly, correlations were found between CP within-category accuracy and RAN, 

where lower scores on within-category accuracy implicate a higher number of digits named 

per minute on RAN. To investigate the presence of a cascading relation between CP, RAN, 

and reading, a mediation analysis was carried out. The findings of the mediation analysis 

indicate that reading skill is significantly predicted by CP, but RAN fully mediates the 

effects of CP on reading (where the positive regression coefficient between RAN and 

reading shows that a higher number of digits named per minute is indicative of higher 

scores on word reading fluency). This mediation effect was surprising, as RAN does not 

specifically target phoneme representations but more so the automatic fast recall of these 

representations (Wolf et al., 2000). This could mean that reading performance is only 

affected by an impeded CP performance when a CP impediment co-occurs with an 

impediment in RAN. This suggests an additive dimension. Yet, our regression results 

suggest that poorer performances on RAN and CP are not additive, since CP does not 

predict reading skill any more as soon as RAN is entered into the model. Possibly, CP 

ceases to predict reading fluency when RAN is taken into account, due to the fact that RAN 

is reflective of reading in itself (Norton & Wolf, 2012). This might mean that good CP is not 

a prerequisite for reading fluency, despite the presence of a relation between the two. 

Alternatively, our mediation results may suggest that the underlying processes that 

determine performance on CP are most similar to those required for RAN. RAN tasks are 

timed, and in CP, stimuli are fleeting and require a fast reaction. Both tasks require fast 

access to representations stored in memory. Hence, both RAN and CP demand processing 

speed, which, in turn, has previously been shown to be a risk factor for poor reading skill 

(McGrath et al., 2011). The relation between RAN and CP within-category scores is 

difficult to interpret, nevertheless, and suggests that RAN and/or CP tap more processes 

that influence the task outcome than intended, which may signal a task impurity issue 

(Protopapas, 2014; Van der Sluis, De Jong, & Van der Leij, 2007).  

 

Our findings do not provide conclusive evidence for a cascade from speech perception to 

phonological processing to reading. It appears that CP, RAN, and reading skill are related, 
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but the relation between CP, PA, and reading, and CP, NWR and reading is less evident. In 

all, our findings fit with the multiple deficit model of dyslexia (Pennington, 2006), but not 

with the idea of a cascading relation between speech processing, phonology and reading. 

Risk factors assessed in the current study relate to one another and to reading, but they are 

not cascading per se. If anything, the different patterns of findings regarding the relation 

between CP and phonology stress the importance of addressing multiple dimensions of 

phonological skill in order to disentangle the relationship between CP and phonological 

processing and reading. It must be noted that we addressed concurrent, and not 

developmental, relationships. Had we explored cascading relations longitudinally, the 

possible influence of emerging literacy skill on the relation between CP and phonology 

could have been addressed. However, in a previous study that addressed the relation 

between CP and PA longitudinally, Boets et al. (2011) did not find strong evidence for 

either a persistent deficit in CP, or a cascading relation between CP, phonology and reading. 

Taking these results into consideration, it might just be possible that in Dutch speakers, the 

relation between CP, phonology and reading skill is not strong enough to surface 

persistently.  

 

To conclude, categorical speech perception seems to relate to reading fluency, since deficits 

in CP are found in FRD children only. Attenuated phonological skills also surface only in 

FRD children. PA, NWR, and RAN are thus factors that relate directly to reading status at 

age 9, and thus are important markers for dyslexia. Furthermore, no conclusive evidence 

was found for a cascade from speech perception, to phonology, to reading as CP did not 

relate to PA and NWR. CP related only to RAN, possibly because of speed demands in both 

tasks. Overall, our results suggest that a deficit in speech processing as measured by a 

categorical perception task is a factor that contributes to the manifestation of dyslexia. The 

evidence for a cascading relation between CP, phonology and reading, however, is limited. 

 


