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Abstract: Problem statement: Phonological awareness is a major contributor &alireg development.
While the literature has primarily focused on tregreental aspect of phonology, suprasegmental
information, namely prosody, has been largely uexjdored in comparisorApproach: This review
focuses on recent behavioral and neuroimagingestuati the development of prosody sensitivity during
early childhood and the influence of prosody ondieg processesResults. Overall, the literature
highlights the importance of prosodic informatiot only during reading acquisition in childrent bu
also during silent reading in skilled readers. Tustribution is independent of segmental phonglbgy
may influence the development of phonological awess.Conclusion: The current findings open the
door to the development of new reading assessmelstthat can allow determining whether pre-litgrac
students are at risk for reading development diftfies.
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INTRODUCTION acoustic signal. Prosody not only conveys emotional
information regarding the mood of the speaker (Bess
In a recent article in American Journal of et al., 2002), but also linguistic information that gesd
Neuroscience, offers an overview of the phonoldgicalanguage comprehension at the word, sentence and
deficit theory in individuals with developmental discourse levels (Alter, 2009).
dyslexia. In particular, the review highlights thek Many studies have highlighted the importance of
between reading abilities and performances on taskgrosodic sensitivity (i.e., the awareness of the
requiring phonological awareness, phonological shor suprasegmental features of phonology), not only for
term memory or rapid automatized naming. In addjtio speech perception in adults (Cutler and Norris,8)98
as pointed out by the author, it remains to beby also for language acquisition in children (Jykcz
determined whether or not the difficulty that indiwals  1999). In addition, recent findings highlight a guatial
with dyslexia encounter with phonological procegse relationship between prosodic sensitivity and the
the result of a more basic auditory and/or visedicit. development of reading skills (Wood and Connelly,
While the phonological deficit theory has been2009). The aim of the current paper is to give @eu
widely recognized (Ramus, 2003), it is worth notingstate of the literature on the role of prosody wgri
that most studies deal primarily with the segmentaleading acquisition and comprehension. We willtfirs
aspect of phonology (i.e., the speech sounds, theneview the development of sensitivity to prosodies
internal composition and their combination). In from birth to early childhood, prior to discussitige
contrast, the suprasegmental aspects of phonologwain findings highlighting a link between prosody
namely prosody, have not been explored to the samgerception and reading. We will conclude by offgrin
extent, perhaps because deficits of speech peasoepti some potential future directions of research.
are not always found in individuals with phonoladic
impairment (Joanisset al., 2000). Prosody plays an DEVELOPMENT OF PROSODY SENSITIVITY
important role in speech perception as it conveytems
of stress, accentuation and intonation, throughatrans In infants, many behavioral studies have been
of intensity, duration and fundamental frequencyhea  conducted using the head turning technique (Kuhl,
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2004). This procedure involves first familiarizinge  (Steinhauegt al., 1999), hence suggesting that the neural
infant with a repeated stimulus. Then, the lendttinoe  substrate for the perception of prosodic phrase
the infant looks in the direction of the familidimsulus ~ boundaries is already in place in 8 month-old it€an
(or the speaker through which it is presented) is Homaeet al. (2006) used near-infrared Optical
compared to how long the infant looks in the dimtt Topography (OT) to study prosodic processing in 3-
of a novel stimulus, the assumption being thatirfent  month-old infants while they were listening to natm
will look longer in the direction of the familiar and flattened Japanese sentences. Results indicated
stimulus. Using this procedure, several studiesveldo bilateral activation of the temporo-parietal cortix
that young infants, including newborns, canresponse to both normal and flattened utterances.
discriminate between utterances from their motheHowever, the right temporo-parietal region showed
tongue and those from a language from a differlstsc ~ significantly higher activation in response to the
of speech rhythm (Mehleet al., 1988; Moonet al., normal, as compared to the flattened. This not only
1993; Nazziet al., 1998). Moreover, 9-month-old suggests that this region is more sensitive topiteh
American infants showed a preference for listerimg contours of normal prosodic speech than the evieh pi
words starting with a strong syllable, the most own  of flattened speech, but that a functional difféiaion
stress pattern in English, compared to a weakldglla between the two hemispheres is present even intsifa
(Jusczyk et al., 1993). In contrast, the ability to as young as 3 months old. In a follow-up experiment
discriminate words starting with an unstressedagy#i  with 10-month-old infants (Homaet al., 2007), the
appears to develop later, around the age of 108hBp  authors found the opposite pattern of responsénén t
as this may require the use of additional sourdes Oright temporoparietal region (i.e., greater actiwatin
information and/or different strategies (Juscgikal.,  response to flattened speech compared to normal
1999). Other recent studies showed that prosods cu speech), as well as the recruitment of additional
may also be important at an early age to detect newjlateral prefrontal regions in both conditionsttixgere
information in the context of a conversation not observed in 3-month-old infants. Thus, a fuorei
(Grassmann and Tomasello, 2007; 2010). ~ reorganization of the mechanisms involved in
It should be noted that such studies require @rocessing information related to intonation sedms
certain amount of attention and motor control oa th gceyr between the ages of 3 months and 10 months.
part of the young participants (Sambettal., 2008). In Wartenburgeet al. (2007) explored the differential
recent years, several studies have —employed. iy ions of the left and right hemispheresimtyr
neuroimaging methods, which are not as reliant o h . . .
%‘e prosodic processing of German 4-year-olds using

attention and motor responses, to investigate th
perception of prosodic cues during the first yesrife. ear-Infrared Spectroscopy (NIRS). They used normal

Sambethet al. (2008) used Magnetoencephalography@d flattened speech stimuli as well as a hummed
(MEG) to compare the brain responses of S|eepin§0nd|t|on in which the ph0n0|0glca|, semantic and
newborns to natural and manipulated speech stimulgyntactic information was filtered out but the imadion
The natural stimuli consisted of Finnish Christmascontour preserved. The authors found greater aidiva
carols that were sung or spoken, while manipulatedn the left frontal and temporal regions during maf
versions were created by either flattening theriatmn  speech and greater activation in the right fronto-
(thus rendering the speech monotonic yet stilkemporal regions during the hummed and flattened
intelligible) or filtering out the formants (thuendering  conditions. Thus, this study revealed that a right

semantic information unintelligible while preserygin pemispheric specialization for prosodic processing,
prosodic information). Results indicated that thesimilar to that which has been observed in adults

amplitude of a particular brain response, the Pdies (Friederici and Alter, 2004; Baum and Pell, 1999;

larger for natural than manipulated speech, whigh t ) ] ) ;
authors interpreted as demonstrating that newborn'gleye”at al., 2002; 2003; Plantet al., 2002; Heslingt

respond to some prosodic cues. al., 2005), is also present.in 4—year—o|ds._ .

In another study, Pannekampt al. (2006) Togetherj the_ studies aforem_entloned. prqw_de
monitored 8-month-old infants’ processing of prdsod Valuable insight into the processing of linguistic
boundaries using the Event-Related Potential (ERPyrosody during the first years of life and suggéstt
method. Infants were presented with sentences iohwh very early in life, the neural foundations of prdi&o
an intonational phrase boundary (IPh) was eithesgmt  processing begin to resemble the neural correlates
or absent after the first verb. Results revealed tBhs observed in adulthood. In addition, they suggest th
elicited a positive ERP component similar to theste  prosody sensitivity develops and may be in place,
Positive Shift (CPS) previously observed in adultsbefore emergence of literacy.
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THE RELATIONSHIP BETWEEN PROSODY children listened to a target word that had been
SENSITIVITY AND READING SKILLS mispronounced with a reversed stress pattern and
identified the corresponding picture. Thus, to
Over the past 10 years, the relationship betweeaccomplish the task, children had to mentally afpéy
prosody and reading has been investigated by stgdyi correct stress pattern to the words. The resultsaled
the characteristics of reading prosody (i.e., regqavith ~ that performance on the stress mispronunciatiok tas
expression) in young readers, the relationship éetw was related to spelling scores, even after coimplor
prosody sensitivity and word reading, rhythm phonological awareness and vocabulary. Using simila
sensitivity in individuals with dyslexia and thelime  mispronunciation tasks in 5-7 year-old children,
influence of implicit prosody during silent reading sensitivity to speech rhythm was found to accownt f
Schwanenflugel et al. (2004) studied the Some amount of unique variance in word readingtgbil
relationship between second and third graders’ingad after controlling for age, vocabulary and phonobagi
prosody and their decoding and reading comprehensioawareness (Hollimagt al., 2008) as well as short-term
skills. They recorded the children’s oral readirigao memory and non-speech rhythm (Hollimat al.,
passage and analyzed the duration of the paused010a). In  addition, performance on the
sentence-final pitch declination and the overadispdic ~ mispronunciation task was predictive of reading
contour. Decoding and reading comprehension skillperformance one year later in 5-8 year-old children
were measured using standardized tests. They four{ifiolliman et al., 2010b). Interestingly, in a recent
that good readers had more adult-like intonatiod anstudy, Hollimanet al. (2012) found that 10 year-old
shorter intra- and inter-sentential pauses. Miend  children identified as poor readers (2 years beltieit
Schwanenflugel (2006) replicated these resultsguain chronological age) performed significantly lower the
passage containing more syntactically complexmispronunciation task than their chronological age-
sentences. In addition, the data suggested tHeretit matched peers. Based on these findings, the authors
prosodic features affect distinct aspects of tradirgg ~ argued that insensitivity to speech rhythm couldised
process. In particular, they found that intonationas an early indicator of potential reading disosder
accounted for unique variance in reading Goswamiet al. (2002) developed a beat detection
comprehension, but pause duration did not. In dask to investigate rhythm sensitivity in individsiavith
longitudinal study, the same author found that thedyslexia. Stimuli consisted of non-speech sound
acquisition of adult-like intonation during gradedd 2 ~ sequences made of square waves with varying rise
was a predictor of later reading comprehensionnguri times (i.e., the time required for the amplitudettove
grade 3 (Miller and Schwanenflugel, 2008). from minimum to maximum). After being trained on
The relationship between prosody sensitivity andthe shortest and longest rise-time stimuli, chitdre
reading skill has also been investigated using raéve performed a categorization task on subsequent sound
custom prosody perception tasks. Whalley and Hansegequences with rise-time varying between the two
(2006) developed two prosodic measures. Theextremes. Results showed differences in rise-time
“DEEdee task” assessed children’s ability to rely o perception between individuals with dyslexia and
stress, rhythm and intonation at the phrase leyel bcontrol children who were matched either by age or
requiring them to match a spoken phrase to its EEd reading level. In addition, performance on the tisge
version in which the prosody of the original phrages  discrimination task accounted for 25% of the var&@n
preserved but each syllable was replaced with thé reading and spelling measures. Sensitivity & ri
reiterative syllable “dee”. “The compound noun task time was also found to predict phonological awassne
measured prosodic sensitivity at the word level andind reading acquisition in Spanish and Chinese
required students to use intonation, phrasing aus$gs children, suggesting that it may be a “language-
to distinguish between compound nouns and noumniversal sensory deficit” (Goswardt al., 2011). This
phrases (e.g., ‘highchair’ or ‘high chair’). Perftance  deficit may subsist past childhood, as difficultyrise-
on the DEEdee task predicted unique variance iime perception has also been found in adults with
reading comprehension while performance on thelyslexia using similar stimuli (Thomscet al., 2006)
compound noun task predicted unique variance irdworand speech stimuli (Leoregal., 2011).
identification accuracy. Goswami (2002) proposed that rise time is a key
Wood (2006) developed the “stress parameter for detecting vowel onset in speech. The
mispronunciation task” to investigate the relatlips findings thus suggest that dyslexia results fromoa-
between prosody sensitivity, phonological awarenesspeech rise time processing deficit, which leads to
and reading at the word level. In this task, 5-@ry@ld  difficulty in acquiring appropriate phonological
12
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representations. In line with this theory, a recemtly  pattern of a word is part of its representation and
demonstrated that sensitivity to musical meter wasiwtomatically activated during silent reading.
related to rise time perception as well as phoricdg

awareness and literacy development (Hasd., 2011). CONCLUSION
This basic sensory deficit may be caused by an
increased difficulty of neural oscillations withithe Past research on prosody has highlighted its

auditory cortex to efficiently phase-lock with the important role for many aspects of speech perceptio
amplitude envelop (i.e., the form of the variatioh  and language comprehension. It is thus not sumgyisi
amplitude) of the speech signal that carriesthat a better understanding of the role of differen
suprasegmental  information  (Goswami,  2011;prosodic features may have many important
Hamalaineret al., 2012). implications. Overemphasizing the prosodic componen
While the aforementioned studies strongly suggestfor instance, singing and listening to songs) ratsp
that prosody sensitivity plays an important role inenhance the learning of a foreign language (Pavilanch
reading development, another line of research sippo et al., 2010). In addition, a better understanding of
the Implicit Prosody HypothesisF¢dor and Ferreita prosody is relevant for speech processing techiesog
1998; Fodor, 1998). This theory proposes thatsuch as automatic speech recognition or text-tedpe
suprasegmental phonological information affects thesynthesis. Accurate modeling of the pitch contour
online processing of sentences during silent readin (conveying information regarding stress and intmmgt
For instance, using the EEG method, Steinhauer anig particularly important to preserve an accurate
Friederici (2001) and Steinhauer (2003) found that ~representation of the prosody of the speech sifgral
CPS component (elicited by intonational phraseSPeech recognition (Chomphan, 2010; 2011; Fagtcal
boundaries during spoken sentences) was also @aserv@:» 2010) and speech processing by cochlear implant

during silent reading when implicit intonationalrpse ~ (Rouihaetal., 2008). _ _
boundaries were indicated by commas. In the present review, we argue that an increasing

In addition to intonation, speech rhythm may alsonumber of recent studies demonstrate that prosady m

be implicitly recalled during reading. Ashby andfioh ~ 2!S0 be a key player in the processing of the Vifauen
(2005) measured eye movements while participant§' !anguage (i.e., reading). Prosodic informatioaym
read sentences containing critical words with one o€SPecially be important for the acquisition of aete
two stressed syllables. Words with two stressesewerP0nological representations of one’s native laggua
associated with longer reading times and more ey@1d may still be used implicitly by skilled readers
fixations. In another series of eyetracking experits  during the reading process. It should be noted evew
by Breen and Clifton (2011), participants took lentp that a majority of the studies reviewed here uss#ts

read words with a stress pattern that did not méteh measuring prosodic sensitivity at the word levethus
expectation set by the sentence context. remains to be determined whether prosody sengittit

Magneet al. (2010) also studied the influence of the sentence level plays a role in reading. St
implicit speech rhythm on written word recognition believe that the existing results already have nitte
using EEG. Participants were visually presentech wit implications for classroom practice and suggest tha
lists of five bisyllabic words. The last word ofakelist ~ developing oral language skills and word pronumeiat
had either the same stress pattern or the oppsisétes  (for instance through the use of creative drama
pattern as the previous four words. Final words thé  activities, as found by Ulas (2008) should perhaps
not match the stress pattern of the previous wordgnain focus in the primary school years. In addition
elicited an increased N400 component. Since theON40,..ause prosodic sensitivity is well developed/pidal

Ins’lelrjr;s(;Jr?/II%Kﬁ?gsldaﬂngé%errﬂ:gr aggii? E{%eszrﬂt?]gtr'ghildren by the time literacy instruction startsistnew
proposed that the stress pattern of a word i iterature opens the door to the development of new

automatically processed during silent reading igliEh ~ 2SSessment tools for early detection of childrensit
and influences its semantic processing. Interdgting for reading difficulties.
speech rhythm sensitivity has also been foundfiaeince

reading processes in Chinese (Luo and Zhou, 2010), ACKNOWLEDGEMENT
though this language is not usually consideredirasss
timed (i.e., with regular duration between suceessi The researchers would like to thank Reyna Gordon

stressed syllables) as English or German. Takesthteg  for helpful comments on an earlier version of the
these results show that information regarding thess manuscript.
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