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Abstract: Problem statement: Phonological awareness is a major contributor to reading development. 
While the literature has primarily focused on the segmental aspect of phonology, suprasegmental 
information, namely prosody, has been largely underexplored in comparison. Approach: This review 
focuses on recent behavioral and neuroimaging studies on the development of prosody sensitivity during 
early childhood and the influence of prosody on reading processes. Results: Overall, the literature 
highlights the importance of prosodic information, not only during reading acquisition in children, but 
also during silent reading in skilled readers. This contribution is independent of segmental phonology, but 
may influence the development of phonological awareness. Conclusion: The current findings open the 
door to the development of new reading assessment tools that can allow determining whether pre-literacy 
students are at risk for reading development difficulties. 
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INTRODUCTION 

 
 In a recent article in American Journal of 
Neuroscience, offers an overview of the phonological 
deficit theory in individuals with developmental 
dyslexia. In particular, the review highlights the link 
between reading abilities and performances on tasks 
requiring phonological awareness, phonological short-
term memory or rapid automatized naming. In addition, 
as pointed out by the author, it remains to be 
determined whether or not the difficulty that individuals 
with dyslexia encounter with phonological processing is 
the result of a more basic auditory and/or visual deficit. 
 While the phonological deficit theory has been 
widely recognized (Ramus, 2003), it is worth noting 
that most studies deal primarily with the segmental 
aspect of phonology (i.e., the speech sounds, their 
internal composition and their combination). In 
contrast, the suprasegmental aspects of phonology, 
namely prosody, have not been explored to the same 
extent, perhaps because deficits of speech perception 
are not always found in individuals with phonological 
impairment (Joanisse et al., 2000). Prosody plays an 
important role in speech perception as it conveys patterns 
of stress, accentuation and intonation, through variations 
of intensity, duration and fundamental frequency in the 

acoustic signal. Prosody not only conveys emotional 
information regarding the mood of the speaker (Besson 
et al., 2002), but also linguistic information that guides 
language comprehension at the word, sentence and 
discourse levels (Alter, 2009).  
 Many studies have highlighted the importance of 
prosodic sensitivity (i.e., the awareness of the 
suprasegmental features of phonology), not only for 
speech perception in adults (Cutler and Norris, 1988) 
by also for language acquisition in children (Jusczyk, 
1999). In addition, recent findings highlight a potential 
relationship between prosodic sensitivity and the 
development of reading skills (Wood and Connelly, 
2009). The aim of the current paper is to give a current 
state of the literature on the role of prosody during 
reading acquisition and comprehension. We will first 
review the development of sensitivity to prosodic cues 
from birth to early childhood, prior to discussing the 
main findings highlighting a link between prosody 
perception and reading. We will conclude by offering 
some potential future directions of research.  
 

DEVELOPMENT OF PROSODY SENSITIVITY 
 
 In infants, many behavioral studies have been 
conducted using the head turning technique (Kuhl, 
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2004). This procedure involves first familiarizing the 
infant with a repeated stimulus. Then, the length of time 
the infant looks in the direction of the familiar stimulus 
(or the speaker through which it is presented) is 
compared to how long the infant looks in the direction 
of a novel stimulus, the assumption being that the infant 
will look longer in the direction of the familiar 
stimulus. Using this procedure, several studies showed 
that young infants, including newborns, can 
discriminate between utterances from their mother 
tongue and those from a language from a different class 
of speech rhythm (Mehler et al., 1988; Moon et al., 
1993; Nazzi et al., 1998). Moreover, 9-month-old 
American infants showed a preference for listening to 
words starting with a strong syllable, the most common 
stress pattern in English, compared to a weak syllable 
(Jusczyk et al., 1993). In contrast, the ability to 
discriminate words starting with an unstressed syllable 
appears to develop later, around the age of 10.5 months, 
as this may require the use of additional sources of 
information and/or different strategies (Jusczyk et al., 
1999). Other recent studies showed that prosodic cues 
may also be important at an early age to detect new 
information in the context of a conversation 
(Grassmann and Tomasello, 2007; 2010). 
 It should be noted that such studies require a 
certain amount of attention and motor control on the 
part of the young participants (Sambeth et al., 2008). In 
recent years, several studies have employed 
neuroimaging methods, which are not as reliant on 
attention and motor responses, to investigate the 
perception of prosodic cues during the first years of life. 
Sambeth et al. (2008) used Magnetoencephalography 
(MEG) to compare the brain responses of sleeping 
newborns to natural and manipulated speech stimuli. 
The natural stimuli consisted of Finnish Christmas 
carols that were sung or spoken, while manipulated 
versions were created by either flattening the intonation 
(thus rendering the speech monotonic yet still 
intelligible) or filtering out the formants (thus rendering 
semantic information unintelligible while preserving 
prosodic information). Results indicated that the 
amplitude of a particular brain response, the P1m, was 
larger for natural than manipulated speech, which the 
authors interpreted as demonstrating that newborns 
respond to some prosodic cues.  
 In another study, Pannekamp et al. (2006) 
monitored 8-month-old infants’ processing of prosodic 
boundaries using the Event-Related Potential (ERP) 
method. Infants were presented with sentences in which 
an intonational phrase boundary (IPh) was either present 
or absent after the first verb. Results revealed that IPhs 
elicited a positive ERP component similar to the Closure 
Positive Shift (CPS) previously observed in adults 

(Steinhauer et al., 1999), hence suggesting that the neural 
substrate for the perception of prosodic phrase 
boundaries is already in place in 8 month-old infants. 
 Homae et al. (2006) used near-infrared Optical 
Topography (OT) to study prosodic processing in 3-
month-old infants while they were listening to normal 
and flattened Japanese sentences. Results indicated 
bilateral activation of the temporo-parietal cortex in 
response to both normal and flattened utterances. 
However, the right temporo-parietal region showed 
significantly higher activation in response to the 
normal, as compared to the flattened. This not only 
suggests that this region is more sensitive to the pitch 
contours of normal prosodic speech than the even pitch 
of flattened speech, but that a functional differentiation 
between the two hemispheres is present even in infants 
as young as 3 months old. In a follow-up experiment 
with 10-month-old infants (Homae et al., 2007), the 
authors found the opposite pattern of response in the 
right temporoparietal region (i.e., greater activation in 
response to flattened speech compared to normal 
speech), as well as the recruitment of additional 
bilateral prefrontal regions in both conditions that were 
not observed in 3-month-old infants. Thus, a functional 
reorganization of the mechanisms involved in 
processing information related to intonation seems to 
occur between the ages of 3 months and 10 months.  
 Wartenburger et al. (2007) explored the differential 
contributions of the left and right hemispheres during 
the prosodic processing of German 4-year-olds using 
Near-Infrared Spectroscopy (NIRS). They used normal 
and flattened speech stimuli as well as a hummed 
condition in which the phonological, semantic and 
syntactic information was filtered out but the intonation 
contour preserved. The authors found greater activation 
in the left frontal and temporal regions during normal 
speech and greater activation in the right fronto-
temporal regions during the hummed and flattened 
conditions. Thus, this study revealed that a right 
hemispheric specialization for prosodic processing, 
similar to that which has been observed in adults 
(Friederici and Alter, 2004; Baum and Pell, 1999; 
Meyer et al., 2002; 2003; Plante et al., 2002; Hesling et 
al., 2005), is also present in 4-year-olds.  
 Together, the studies aforementioned provide 
valuable insight into the processing of linguistic 
prosody during the first years of life and suggest that 
very early in life, the neural foundations of prosodic 
processing begin to resemble the neural correlates 
observed in adulthood. In addition, they suggest that 
prosody sensitivity develops and may be in place, 
before emergence of literacy.  
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THE RELATIONSHIP BETWEEN PROSODY 
SENSITIVITY AND READING SKILLS 

 
 Over the past 10 years, the relationship between 
prosody and reading has been investigated by studying: 
the characteristics of reading prosody (i.e., reading with 
expression) in young readers, the relationship between 
prosody sensitivity and word reading, rhythm 
sensitivity in individuals with dyslexia and the online 
influence of implicit prosody during silent reading. 
 Schwanenflugel et al. (2004) studied the 
relationship between second and third graders’ reading 
prosody and their decoding and reading comprehension 
skills. They recorded the children’s oral reading of a 
passage and analyzed the duration of the pauses, 
sentence-final pitch declination and the overall prosodic 
contour. Decoding and reading comprehension skills 
were measured using standardized tests. They found 
that good readers had more adult-like intonation and 
shorter intra- and inter-sentential pauses. Miller and 
Schwanenflugel (2006) replicated these results using a 
passage containing more syntactically complex 
sentences. In addition, the data suggested that different 
prosodic features affect distinct aspects of the reading 
process. In particular, they found that intonation 
accounted for unique variance in reading 
comprehension, but pause duration did not. In a 
longitudinal study, the same author found that the 
acquisition of adult-like intonation during grade 1 and 2 
was a predictor of later reading comprehension during 
grade 3 (Miller and Schwanenflugel, 2008). 
 The relationship between prosody sensitivity and 
reading skill has also been investigated using several 
custom prosody perception tasks. Whalley and Hansen 
(2006) developed two prosodic measures. The 
“DEEdee task” assessed children’s ability to rely on 
stress, rhythm and intonation at the phrase level by 
requiring them to match a spoken phrase to its DEEdee 
version in which the prosody of the original phrase was 
preserved but each syllable was replaced with the 
reiterative syllable “dee”. “The compound noun task” 
measured prosodic sensitivity at the word level and 
required students to use intonation, phrasing and pauses 
to distinguish between compound nouns and noun 
phrases (e.g., ‘highchair’ or ‘high chair’). Performance 
on the DEEdee task predicted unique variance in 
reading comprehension while performance on the 
compound noun task predicted unique variance in word 
identification accuracy.  
 Wood (2006) developed the “stress 
mispronunciation task” to investigate the relationship 
between prosody sensitivity, phonological awareness 
and reading at the word level. In this task, 5-7 year-old 

children listened to a target word that had been 
mispronounced with a reversed stress pattern and 
identified the corresponding picture. Thus, to 
accomplish the task, children had to mentally apply the 
correct stress pattern to the words. The results revealed 
that performance on the stress mispronunciation task 
was related to spelling scores, even after controlling for 
phonological awareness and vocabulary. Using similar 
mispronunciation tasks in 5-7 year-old children, 
sensitivity to speech rhythm was found to account for 
some amount of unique variance in word reading ability 
after controlling for age, vocabulary and phonological 
awareness (Holliman et al., 2008) as well as short-term 
memory and non-speech rhythm (Holliman et al., 
2010a). In addition, performance on the 
mispronunciation task was predictive of reading 
performance one year later in 5-8 year-old children 
(Holliman et al., 2010b). Interestingly, in a recent 
study, Holliman et al. (2012) found that 10 year-old 
children identified as poor readers (2 years behind their 
chronological age) performed significantly lower on the 
mispronunciation task than their chronological age-
matched peers. Based on these findings, the authors 
argued that insensitivity to speech rhythm could be used 
as an early indicator of potential reading disorders. 
 Goswami et al. (2002) developed a beat detection 
task to investigate rhythm sensitivity in individuals with 
dyslexia. Stimuli consisted of non-speech sound 
sequences made of square waves with varying rise 
times (i.e., the time required for the amplitude to move 
from minimum to maximum). After being trained on 
the shortest and longest rise-time stimuli, children 
performed a categorization task on subsequent sound 
sequences with rise-time varying between the two 
extremes. Results showed differences in rise-time 
perception between individuals with dyslexia and 
control children who were matched either by age or 
reading level. In addition, performance on the rise time 
discrimination task accounted for 25% of the variance 
in reading and spelling measures. Sensitivity to rise 
time was also found to predict phonological awareness 
and reading acquisition in Spanish and Chinese 
children, suggesting that it may be a “language-
universal sensory deficit” (Goswami et al., 2011). This 
deficit may subsist past childhood, as difficulty in rise-
time perception has also been found in adults with 
dyslexia using similar stimuli (Thomson et al., 2006) 
and speech stimuli (Leong et al., 2011). 
 Goswami (2002) proposed that rise time is a key 
parameter for detecting vowel onset in speech. The 
findings thus suggest that dyslexia results from a non-
speech rise time processing deficit, which leads to 
difficulty in acquiring appropriate phonological 
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representations. In line with this theory, a recent study 
demonstrated that sensitivity to musical meter was 
related to rise time perception as well as phonological 
awareness and literacy development (Huss et al., 2011). 
This basic sensory deficit may be caused by an 
increased difficulty of neural oscillations within the 
auditory cortex to efficiently phase-lock with the 
amplitude envelop (i.e., the form of the variation of 
amplitude) of the speech signal that carries 
suprasegmental information (Goswami, 2011; 
Hamalainen et al., 2012).  
 While the aforementioned studies strongly suggest 
that prosody sensitivity plays an important role in 
reading development, another line of research supports 
the Implicit Prosody Hypothesis (Fodor and Ferreira, 
1998; Fodor, 1998). This theory proposes that 
suprasegmental phonological information affects the 
online processing of sentences during silent reading. 
For instance, using the EEG method, Steinhauer and 
Friederici (2001) and Steinhauer (2003) found that the 
CPS component (elicited by intonational phrase 
boundaries during spoken sentences) was also observed 
during silent reading when implicit intonational phrase 
boundaries were indicated by commas.  
 In addition to intonation, speech rhythm may also 
be implicitly recalled during reading. Ashby and Clifton 
(2005) measured eye movements while participants 
read sentences containing critical words with one or 
two stressed syllables. Words with two stresses were 
associated with longer reading times and more eye 
fixations. In another series of eyetracking experiments 
by Breen and Clifton (2011), participants took longer to 
read words with a stress pattern that did not match the 
expectation set by the sentence context. 
 Magne et al. (2010) also studied the influence of 
implicit speech rhythm on written word recognition 
using EEG. Participants were visually presented with 
lists of five bisyllabic words. The last word of each list 
had either the same stress pattern or the opposite stress 
pattern as the previous four words. Final words that did 
not match the stress pattern of the previous words 
elicited an increased N400 component. Since the N400 
is usually considered to reflect access to semantic 
memory (Kutas and Federmeier, 2011), the authors 
proposed that the stress pattern of a word is 
automatically processed during silent reading in English 
and influences its semantic processing. Interestingly, 
speech rhythm sensitivity has also been found to influence 
reading processes in Chinese (Luo and Zhou, 2010), 
though this language is not usually considered as stress-
timed (i.e., with regular duration between successive 
stressed syllables) as English or German. Taken together, 
these results show that information regarding the stress 

pattern of a word is part of its representation and 
automatically activated during silent reading. 
 

CONCLUSION 
 
 Past research on prosody has highlighted its 
important role for many aspects of speech perception 
and language comprehension. It is thus not surprising 
that a better understanding of the role of different 
prosodic features may have many important 
implications. Overemphasizing the prosodic component 
(for instance, singing and listening to songs) may also 
enhance the learning of a foreign language (Pawanchik 
et al., 2010). In addition, a better understanding of 
prosody is relevant for speech processing technologies 
such as automatic speech recognition or text-to-speech 
synthesis. Accurate modeling of the pitch contour 
(conveying information regarding stress and intonation) 
is particularly important to preserve an accurate 
representation of the prosody of the speech signal for 
speech recognition (Chomphan, 2010; 2011; Faycal et 
al., 2010) and speech processing by cochlear implant 
(Rouiha et al., 2008). 
 In the present review, we argue that an increasing 
number of recent studies demonstrate that prosody may 
also be a key player in the processing of the visual form 
of language (i.e., reading). Prosodic information may 
especially be important for the acquisition of accurate 
phonological representations of one’s native language 
and may still be used implicitly by skilled readers 
during the reading process. It should be noted, however, 
that a majority of the studies reviewed here used tasks 
measuring prosodic sensitivity at the word level. It thus 
remains to be determined whether prosody sensitivity at 
the sentence level plays a role in reading. Still, we 
believe that the existing results already have potential 
implications for classroom practice and suggest that 
developing oral language skills and word pronunciation 
(for instance through the use of creative drama 
activities, as found by Ulas (2008) should perhaps be a 
main focus in the primary school years. In addition, 
because prosodic sensitivity is well developed in typical 
children by the time literacy instruction starts, this new 
literature opens the door to the development of new 
assessment tools for early detection of children at risk 
for reading difficulties.  
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