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Abstract

In the present study, we aim to capture rhythmid arelodic patterning in

speech and singing directed to infants. We addit@ssssue by exploring the
acoustic features that best predict different dfecsstion problems. We built a
database composed by infant-directed speech framPmrtuguese variants
(European vs Brazilian Portuguese) and infant-diegcsinging from the two
cultures, comprising 977 tokens. Machine learningpegiments were

conducted in order to automatically discriminateieen language variants
for speech, vocal songs and between interactiotests® Descriptors related
with rhythm exhibited strong predictive ability footh speech and singing
language variants’ discrimination tasks, presentirdifferent rhythmic

patterning for each variant. Moreover, common feasucould be used by a
classifier to discriminate speech and singing taskslicating that the

processing of speech and singing might share thalyasis of the same
properties of the stimuli. With respect to discnation between different
interaction contexts, pitch-related descriptors wld better performance.
Therefore, we conclude that prosodic cues preserhé surrounding sonic
environment of an infant are sources of rich infation not only to make
distinction between different communicative comstaktough melodic cues,
but also to provide specific cues about the rhythidentity of their mother
tongue. These prosodic differences may lead tddurtesearch on their
influence in infant’s development of musical repreations.

1. Introduction



1.1. Aims

Early experience has a fundamental role in braimeldpment. During
infancy, brain is developing rapidly, experiencipgak synaptic activity and
forming neural networks. In this critical periocgwtlopmental processes are
especially sensitive to environmental input, ang dlequisition of adult level
abilities in specific areas is thus dependent @nstirrounding stimuli or the
lack of it (Patel, 2008). Therefore, exposure te thformation to which
infants are subjected, along with genetic influenise determinant to the
strengthening of neural communication paths, syoapdrmation and
organization. From the auditory information to whiofants are exposed, the
most salient are speech and singing sounds. Pamedtcaregivers, across
cultures, languages and musical systems, useinatiig® register for singing
and speaking to their infants (Papousek & Papouked]; Trehub, Unyk, &
Trainor, 1993). Regarding singing, caregivers Uguate a special selection
of music, consisting of lullabies and play songsede are sung to infants in a
particular style of singing that is different frothe typically adult style.
(Trainor, Clark, Huntley, & Adams, 1997). These w&tic modifications in
infant-directed singing attract infants’ attentiand may be used by adults to
regulate infants’ states and communicate emotianédrmation (Rock,
Trainor, & Addison, 1999). In infant-directed sphealso callednotheresge
there are acoustic adjustments in speech elemaoksas hyper-articulation,
with more extreme vowel formant structure, highezam pitch, wide pitch
range, longer pauses and shorter phrases (Papdeapkusek, & Haekel,
1987). In addition to engaging and maintaining mt$4 attention, these
distinctive modifications play an important roler fandicating different
communicative intentions to preverbal infants, swh arouse or soothe
infants and convey approval and prohibition (FetpnaP93). Furthermore, the
meaning of the melodies present in maternal spbastbeen studied and the
form of the melodic contours has even been categdraccording to contour
shape (Fernald, 1989). Performing an acoustic aislo the utterances,
prototypical contours were found for specific iatetion classes (Papousek,
Bornstein, Nuzzo, Papousek, & Symmes, 1990). Timestotypical shapes
have been considered cross-linguistic universalpgBsek & Papousek,
1991). From the perspective of a pre-verbal infanisic and speech may not
be as differentiated as for older children and tsddlhey may be perceived as
sound sequences that unfold in time, following gratt of rhythm, stress and
melodic contours. Therefore, before the availapidit verbal communication,
the prosodic information present in speech and engkimains such as
melodic and rhythmic cues are a primarily commutiica system, a pre-
linguistic system or a “prosodic protolanguage” fdtaka, 2009).
Culture-specific perceptual biases (such as seitgito language-specific
rhythms) emerge during infancy and may be acqubgdbeing passively
exposed to the speech and music of a particulaureul Moreover, it is
possible that the statistical information presentsonic environment of an



infant shapes their preferences for certain costgsequences of pitches and
durational contrasts), and thus, the exposure ®edp and music with
different prosodic characteristics could resulthia development of different
melodic representations. Therefore, comparing tmghmic and melodic
patterning in speech and music should shed sontdg kg this issue.
Additionally, a cross-varietal examination of prdeondifferences may help to
distinguish between generic features (that areeshand exploited in different
cultures) and specific features of a given speadture. We have selected
Brazilian and European Portuguese for pragmaticsoes These two
Portuguese variants share the same lexicon (vertmatent) and thus the
prosodic differences between them would be theabito focus on. The
conduct of this study will lead to further investigpn in the sense of these
different prosodic patterning from each Portugugagant may influence
infant’s development of different melodic represgioins or predispositions
for each culture. Furthermore, the processing @esp and singing may
require the use of the same perceptual processetharuse of similar cues
such as durational (or rhythmic) and pitch patiegniTherefore, we also aim
to explore if the same features are used to perfgreech discrimination and
singing discrimination tasks, looking for to veriffythe cognition of music
and language share perceptual cues and computatioaacteristics during
the preverbal period. Additionally, we aim to intigate if the features used to
discriminate Portuguese variants (speech and sihgire specific to this task
or if they are also discriminative in a differenbndition such as in an
interaction context discrimination task.

Consequently, after a brief background review, wplan in section 2
how we gathered relevant samples of infant-direcdpdech and infant-
directed singing, and how rhythmic and melodic dess were extracted from
them in order to devise and test different clasaiion models based on task-
related prosodic properties. In section 3, differelassification experiments
conducted will be reported. Section 4 presentsdikeussion of the results
obtained and finally, the last section presentsconclusions.

1.2. Background

The term prosody has its origins in ancient Greakuce, where it was
originally related to musical prosody (Nooteboor8917). Musical prosody
can be seen as the musicians’ manipulations of sticogignals to create
expression, communicate emotion and clarify stmectrhus, in order to
shape music, the performer adds variations to db@d properties, including
pitch, time, amplitude and timbre (Palmer & Hutc)i@006). The manners in
which performers’ model musical pieces in orderatl expression is very
similar to the ways in which talkers manipulateesgfesounds and sequences.
Both musical and speech prosody manipulate acotistitires to convey
emotional expression and provide segmentation aathipence cues to the
listener. Speech prosody refers to speech propdha go beyond sequences
of phonemes, syllables or words, that is, the sspmaental properties of



speech. These characteristics comprise controlledufation of the voice
pitch, stretching and shortening of segment, anlialdg durations and
intentional loudness fluctuations (Nooteboom, 1997)

Speech intonation or melody is related with speakertrolled aspects of
voice pitch variations in the course of an utteearkhese pitch variations can
have similar patterns and thus languages can banimed as intonation
languages such as the Germanic, Romance and Japangsages, and on the
other hand, tone languages such as Chinese in whicts take different
lexical meaning depending on pitch patterns (pitedights and pitch
contours). Although speech melody is perceivedistgrers as a continuous
streaming of pitches, in fact, it is interrupted tmg production of voiceless
consonants such as /c/, /p/, It/, that introdudenstiintervals or pauses.
Therefore, pitch is perceived in voiced pitch (qyeesiodic complex sounds)
such as vowels.

Prosodic rhythmic properties are related to tempaspects of speech and
involve the patterning of strong beats or promingmits alternating with less
prominent ones. Therefore, the study of rhythm péesh focuses on the
organization of sound durations and its contrdsé$ tompose the temporal
patterning of speech. Different factors contribtdethe perception of these
durational variations (Santen & Olive, 1989). Hoeeuthe definition of these
durational units, and thus, which duration unite anore salient from a
perceptual point of view, remains controversialrtkRermore, speech rhythm
may be a consequence of the perception of timeHapeuents like beats, and
not durational units.

In the study of prosody and language, differentatianal units have been
considered. Vocalic intervals are defined by thetisa of speech between
vowel onset and vowel offset. Consonantal interealintervocalic intervals
are defined by the section between consonant asgtconsonant offset
(Ramus, Nespor, & Mehler, 1999). Other durationaitsu have been also
considered such as Inter-stress Intervals (ISljher duration between two
successive stresses, the duration of syllables, taedV-to-V durations
(Barbosa, 2007), intervals between successive vowasets, which
perceptually are considered to be equivalent tialsid-sized durations.

Languages have been categorized into rhythm tyyobbasses based on
the notion of isochrony (Pike, 1945). These classesild typically be
syllable-timed, stressed-timed and mora-timed laggs. Another contrasting
approach is that languages would be organized ythmh along a uniform
continuum space rather than in cluster classesb@r& Low, 2002).
European Portuguese and Brazilian Portuguese teem found to be clearly
distinct in which regards rhythm patterning (Fr&t&igario, 2001). European
Portuguese is considered to have a mix of bottsstend syllable-timing
rhythm patterning while Brazilian Portuguese is sidared to have a mix of
syllable and mora-timing rhythm patterning. Thase variants from the same
language share the same words (lexical content) differ in prosodic
properties.



Infants are very sensitive to prosodic informati®hey can retain in their
long-term memory surface or performance characteristics of familiar
melodies. These are said to contribute to the péore of the expressed
emotional meaning. In particular, infants can rerfemspecific details of
tempo and timbre of familiar melodies (Trainor, W&, Tsang, 2004).
Prosodic cues are also fundamental for infantsp@esh domain. Infants
primarily focus on acoustic features of speech saglprosodic information
rather than phonetic or lexical information. Moregvnewborn infants are
able to categorize different speech rhythm, as ttey discriminate their
mother tongue from other languages belonging tiemiht standard rhythmic
classes. Furthermore, infants can discriminate dpeleythm classes with a
signal filtered at 400Hz, which suggests that theybably rely on distinctions
between vowels and consonants to accomplish theridisation task
(Mehler, Dupoux, Nazzi, & Dehaene-Lambertz, 199%herefore, these
findings point to a rhythm based discrimination bgwborns (Nazzi &
Ramus, 2003). Thus, prosodic features play an itapbrole in acquisition,
either in music or speech, as they provide infoimmato segment continuous
streams into meaningful units and learn about tteirctures.

Music and language cognition and its interactioasehbeen addressed
with diverse scientific approaches. Some studies @iented to explain
cognitive phenomena, as it is the case of Patell.e(2006), who studied
language and music relations by quantitatively canmg rhythms and
melodies of speech and of instrumental music. Bhigly has shown that
music (rhythms and melodies) reflects the prosofiy @omposer’s native
language. Also supporting the suggestion that muskyythm of a particular
culture may be related with the speech rhythm at tulture’s language,
Hannon (2009) demonstrated that subjects can flagstrumental songs
composed in two languages that have different rhighprosody basing their
decisions on rhythmic features only.

In a different approach, language and its rhythamd melodic properties
has been explored by looking forward to design matic recognition systems
such as automatic language identification, autamatnotion recognition in
speech, and speech synthesis. In these artificatems, speech is
automatically segmented into rhythmic units (sybalvowel, and consonantal
intervals). The temporal properties of these umaits then computed and
statistically modelled for the identification offi@irent languages (Rouas,
Farinas, Pellegrino, & André-Obrecht, 2005). Fag #egmentation, spectral
information is extracted, and consonants are ifledtias abrupt changes in
the wave spectrum and vowels are detected by fapatounds matching
vocalic structure by means of spectral analysishef signal (Pellegrino &
Andre-Obrecht, 2000). Galves et. al. (2002) propmskfferent approach to
segmentation which is based on the measure of isp@fined directly from
the spectrogram of the signal. This means thattipes of portions of the
signal 6onorantandobstruency are identifiedsonorantparts exhibit regular
patterns, anabstruencyportions exhibit the opposite pattern, as similéh
vowels and consonants. In automatic identificatidremotional content in



speech, research explores features of the sigichl as pitch (pitch range),
intensity, voice quality and low-level propertiasch as spectral and cepstral
features. Slaney & McRoberts (2003) used pitchatbrepectral shapes and
energy variations to automatically classify infalitected speech into
different communicative categories. To charactetfieebroad spectral shapes,
they used mel-frequency cepstral coefficients (MRLC Automatic
identification of emotional content in speech hdsoabeen applied to
categorize different communicative intentions ifami-directed speech. For
this task, supra-segmental features are examingll & statistical measures
of fundamental frequency and properties of the &mental frequency
contour shape (Mahdhaoui, et al., 2009; Katz, C&hMloore, 2008)

In the present study, we will make use of comparati techniques,
linguistic and psychology knowledge with the pumo$ understanding music
and speech categorization by infants. Methods tesedrry out this study will
be described in the next section.

2. Methods
2.1. Corpus

For the construction of the audio database thatseas a basis to our study
we considered infant-directed speech and infametiid singing from
Brazilian Portuguese and European Portuguese. EarmofPortuguese was
taken from recordings captured for the purpose hi$ study. Brazilian
Portuguese infant-directed speech and singing vesspited taking audio
from CHILDES audio databag®acWhinney, 2000) from an audio database
compiled to study rhythm acquisition (Santos, 20863 from on-purpose
captured audio. All audio signals considered wergital, stereo, 16 bit at
44100 Hz. The recordings contain caregivers intargowith their healthy
babies aged up to 18 months. During the recordirngsegivers were
interacting with the babies at their home and iffedént contexts such as
playing, feeding, bathing and putting them to b&te materials contain
spontaneous interactive speech and singing. Ttabdse is comprised by 23
adult caregivers, 9 Brazilian Portuguese subjettadle and 7 female) and 14
European Portuguese subjects (3 male and 11 femite) the singing
materials, a subset of subjects is representedtieoEuropean Portuguese,
there are six singing subjects and for the BraziRartuguese, there are five
singing subjects. Each singing class contains @@spings and 8 lullabies.
Subsequently, the audio from the recordings was tha into utterances
that we refer to as interaction units. Four intéoacclasses were considered:
(i) affection, considering positive affect to prdei comfort to the infant, such
as “Ohhh my sweet baby”; (ii) disapproval, a negataffect such as “No!!
Don't do that!”; (iii) question, a more complex sl sequence such as
“Would you like to have a cookie?”; and (iv) singi considering play songs
and lullabies sung while interacting with the bablese sounds were used as



the instances for all the experiments reportediis paper, but organized and
grouped into different manners, as will be desdibastances gathered are
summarized in Table I.

Table | — Organization of the instances gathered.

Brazilian Portuguese European Portuguese
Affection - 151 Affection - 162
Disapproval - 150 Disapproval - 150
Question - 156 Question - 152
Singing - 28 Singing - 28

Utterances that were used to build the databases wecorded in a
spontaneous interaction context. Therefore, thtenmads do not contain the
exactly equivalent text (sentences) for each varidowever, subjects, when
recorded, spoke the same language (Portuguese}lhanefore, they were
making use of the same word dictionary (lexicon).alidition, the database
contains a number of instances (977) that assuresiaty of elements that
can be considered comprehensive and therefore setbia which concerns
words. Consequently, because of the amount of rineta collected, and
because of the use of the same interaction confi@xtsoth language variants,
it is unlikely that a lexicon bias appears in th@peis. According to these
considerations we can trust the database as bejmgsentative of the classes
we try to model and compare, and thus, we can géperfrom these
particular examples.

As we considered infant-directed speech recorded spontaneous
interaction context, it was very difficult to selgartions of audio that, at the
same time, belonged to an interaction class coresidend wasn’'t mixed with
the background surrounding noise, such as, for plgrbaby’s babbling and
noise from the baby’s toys. For this reason, thewnhof data (instances) is
somehow limited. On the other hand, the data censilis spontaneous, not
considering equivalent sentences or utterancesdoln variant. In addition, it
was collected from recordings of several interactiontexts of the caregivers
with their babies, such as feeding, bathing, plgyand preparing them to go
to sleep. Therefore, for its variety in conteng dorpus could be considered
representative.

2.2. Discrimination system model

2.2.1. Automatic segmentation method

For the segmentation of the durational units in thterances, we used
Prosogram (Mertens, 2004). The main purpose ofdgrasn is to provide a
representation on intonation, considering that taugiperception of pitch
variations depends on many factors other than Fatien itself and

therefore, produces a representation that aimaptuce the perceived pitch
patterns of speech melody. Thus, it is proposedtylisaion based on



perceptual principles. Four perceptual transforomstito which speech is
subject are taken into account, specifically segatem into syllabic and
vocalic nuclei, a threshold for detection of pittiovement within a syllable
or the glissando threshold, the differential glisda threshold that is a
threshold for detection of a change in the slope qfitch movement in a
syllable and temporal integration of FO within dlayle. Figure 1 illustrates a
Prosogram pitch contour stylisation.
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Figure 1 —lllustration of the Prosogram of an affection im&ta (“hmmmm
nham nham nham nham nham nham”). Horizontal axsesents time in
seconds and the vertical axis shows semitonediyel® 1 Hz). Green line
represents the intensity, blue line the fundamednggluency, and cyan line the
intensity of band-pass filtered speech.

Therefore, Prosogram is a suitable tool for stugyimusic and language
(Patel, Iversen, & Rosenberg, 2006; Patel, 2006esithe representation
produced consists on level pitches and pitch glithsnce, we have applied
this method for speech and singing. We used Prasogo extract, from the
interaction units, vocalic intervals’ onset andseff intervocalic intervals’
onset and offset, and pitch value within vocaliteimals. The automatic
segmentation algorithm used does not require anrelry segmentation into
sounds or syllables and thus uses local peakserintensity of band-pass
filtered speech, adjusted based on the intengitysegment the signal.qF
detection range was set to 40 to 800 Hz, with méaate of 200Hz. The glide
threshold used was 0.32/3emitones/s, where T is the duration of a vocalic
nucleus in seconds.

An evaluation has been performed in order to asd&®sogram’s
reliability for automatic segmentation. In this maion, we compared
Prosogram’s automatic detection of vowels againgtoaind-truth made with
manual annotations. The vowel error rate (VER) @nurarinas, Pellegrino,
& André-Obrecht, 2005; Ringeval & Chetouani, 2008as used to evaluate
prosogram, as well as vowel onset and offset detectVER is defined
follows:

VER = 100. ["“’-”*"’"S] % 1)

whereNge is the number of vowels deleted or not detedigd,is the number
of inserted vowels andll,,, is the reference number of vowels provided by



manual annotation. We have manually annotated seswl 96 instances from
the materials (15 from each speech class and 3 &ach singing class) that
represent approximately 10% of the whole corpusbladl shows total
number of vowels hand-labelled (Reference), detkeckyy Prosogram
(Detected), inserted and non-detected (Deleted)fimadly VER value. The
VER value is considerably low when comparing witBR/values obtained in
(Ringeval & Chetouani, 2008).

Table Il —Prosogram’s performance compared with hand lalgellin

ReferenceN,q, Detected Inserteds DeletedNge VER

558 15 32 )
592 (94.26%)  (2.53%) G5.74%)  O21%

In order to complete the evaluation, we assessesoBram’s detection of
onset and offset of vowels. We have used a toleranedow of 25ms, which
is approximately 10% of the annotated vowel averdgeation. For the
vowels’ onset detection, 80% precision (F-measur@. 796) was obtained.
For the vowels’ offset detection, 56.6% precisiéianfeasure = 0.569) was
obtained. Prosogram proved to be very helpful fee study, providing a
reliable automatic detection and saving us a custree hand-labelling task.

2.2.2. Durational units considered

The vowels’ onset and offset obtained using Praaogvere used to compute
three different durational units: vocalic intervdlé), consonantal intervals
(C), and V-to-V intervals.

Vocalic intervals where computed considering thetisa of speech
between a vowel onset and a vowel offset. A vodatierval may then contain
more than one vowel and can span a syllable or Wwotthdary. Consonantal
intervals or intervocalic intervals consist of pons of speech between vowel
offset and vowel onset. We are considering thesatidmal intervals with the
assumption that infants can distinguish between el®vand consonants.
Ramus et. al. (1999) argue that infants performmuale segmentation of the
speech stream, which only distinguishes vocalicrattvocalic portions, and
classify different languages based on their cotittasaddition, in languages
with rhythmic patterns close to stressed-timinghsas European Portuguese,
stress has a strong influence on vowel duratiorhe Tarking of certain
syllables within a word as more prominent than thikeads to vowels
consistently shorter or even absent, in contrash \Brazilian Portuguese
where there is small contrast between durationdgdcnt syllables. V-to-V
durations were computed as the interval betweenessive vowel's onsets
(Barbosa & Bailly, 1994; Barbosa, 2007). V-to-V tsniare considered
perceptually equivalent to syllable-sized duratjoasfundamental unit for
speech perception (van Ooyen, Bertoncini, Sansa&iMehler, 1997). These
durational units seemed relevant to be considegétn that infants are
responsive to syllable patterning and these umnétgarticularly salient during



the initial period of speech acquisition and pregeg regardless of the
language and rhythmical pattern of the stimuli (Becini, Floccia, Nazzi, &
Mehler, 1995).

2.2.3. Descriptors’ extraction

After computing temporal measures described prelpuve proceeded to
compute descriptors in order to capture melodigypral and accentual
prosodic patterns of the speech and singing matebDascriptors were
computed for each instance. We have divided thecrgdsrs into two
categories: pitch-related and rhythm-related dpsmis. A brief description of
the descriptors computed will be done next.

a) Rhythm-related descriptors: Normalised pairwiseialality index
(nPVI) was computed for the vocalic intervals ar tV-to-V
intervals in order to measure the contrast betwsancessive
durations, which may reveal changes in vowel lengtthin the
interaction units (Ling, Grabe, & Nolan, 2000). Gequently, we
should expect higher overall nPVI in the Europeasrti®uese
variant, in which vowel reduction and consonantaistering are
characteristic, leading to greater durational csttr

For the consonantal intervals, raw pairwise valitgbiindex
(rPVI) was computed. nPVI was not considered fds ttype of
durations because it would normalize for crossdmyg variants’
differences in syllable structure (Grabe & Low, 2R0In addition,
this descriptor could reflect consonantal clustgritue to potential
vowel suppression in the European Portuguese variamtrasting
with the Brazilian Portuguese variant.

Standard deviation was calculated for vocalic, coastal and V-
to-V durations. Coefficient of variability (std/me&a was also
computed for the three duration types to measwevtriability of
durations. These measures may not be directly aatevo the
perception of rhythm but may reflect, as globatistas, variability
in syllable structure (Patel, 2008). Finally, sge&éme, proportion of
vocalic intervals in an interaction unit (%V) oretlpercentage of
speech duration devoted to vowels, and speech (ratmber of
vocalic intervals per second) were computed.

b) Pitch-related descriptors: nPVI and coefficient wafriability were
computed for the median pitch of each vocalic wdaerwith the
purpose of measure contrast between pitch valuags pitch
variability, respectively. The lowest pitch valuéghest pitch value,
pitch range, mean and standard deviation pitch evdtur each
interaction unit were also calculated. Finally, thercentage of
vocalic intervals in which pitch is flat, rises, darfalls were
computed.

Additionally, descriptors related with the overaltch contour
were extracted aiming to capture pitch shape petén sound



stimuli. A polynomial regression was performed,ngsithe median
pitch values of each vocalic interval as pointsiider to fit the pitch
contour.

Next, kurtosis, skewness and variance were exttafttam the
pitch contour approximation previously calculatddividing this
approximation curve into three equal portions, #iepe of the
beginning, middle and end of the curve was theoutaled.

2.2.4. Attribute selection

In order to identify a group of relevant descrigtéor class discrimination, we

performed an attribute selection in which we uskd torrelation-based

feature subset selection (CFS). CFS algorithm @ANi& Frank, 2005) uses a
correlation-based heuristic for evaluating the gms$ of a descriptors’

subset. For the evaluation, this heuristic consideth the predictive power

of each descriptor individually and the level dkincorrelation between them.
Therefore, CFS searches for subsets that, on thdamd, contain descriptors
that are highly correlated with the class and endther hand are uncorrelated
with each other. We have used this method forhallexperiments reported in
this document.

2.2.5. Discrimination model

The discrimination model used, the Sequential Mali@ptimization (SMO),
is a training algorithm for support vector machin&@/M) (Platt, 1998).
SVMs’ basic training principle is the constructioha hyperplane or a set of
hyperplanes in a high dimensional space that stpdeda points into classes
with maximum margin(Vapkin, 1982). Thus, SVMs look for the largest
distance of the hyperplane to the nearest traidatg points of any class such
that the generalization error of the classifiermgimized. Training SVM
requires solving a large quadratic programmingrojataition problem. SMO
breaks the problem down into the possible smatiesgramming optimization
problems. These problems are solved analyticallyhickv improve
significantly its scaling and computation time. Tingplementation of SMO
algorithm is included iWEKA a data mining suite with open source machine
learning software written in Java (Witten & Fragk05).

A validation process was carried out in order to fgather than the
performance of the discrimination model on the ladé data and evaluate its
generalization capabilities i.e., its performancieew classifying previously
unseen instances. Therefore, to evaluate the pradiperformance of the
discrimination model based on the available d#a,10-fold cross-validation
method was performed. In this method, the datassetndomly divided into
10 subsets or folds. Then, 9 of the folds are usedtriining and one for
testing. This process is repeatedtib@es and the final result is averaged over
the 10runs. Moreover, the classification accuracy ofdiserimination model



is assessed by examining the F-medsuaraveighted average of the precision
and recall, which varies between 1 for its besti@alnd 0 for its worst.

3. Experiments

In this section, we describe the experiments danénvestigate if infant-
directed speech from Brazilian and European Podsgan be discriminated
and which are the best features to achieve thigeber, if infant-directed
singing from Brazilian and European Portuguese lardiscriminated, and
which are the type features that discriminate t@ variants. In addition, we
will verify if the type of features (rhythmic andefodic) that best perform
when discriminating infant-directed speech and isimaare shared by both
discrimination models. Finally, we will explorettiese features are useful for
another discrimination condition such as interactmontext classification
task, or if they are specific to the discriminatiohPortuguese variants. The
descriptors computed formerly will be used as tipui to the discrimination
model.

3.1. Discriminating between Brazilian and European Pguase infant-
directed speech

In the present classification experiment, we aimdiscriminate Brazilian
Portuguese from European Portuguese utterancekyriepwhich features
exhibit the best performance for the task. Previiudies show that European
Portuguese and Brazilian Portuguese differ in m@gao rhythm (Frota &
Vigario, 2001). Additionally, infants can distinghi between different speech
rhythm classes (Nazzi & Ramus, 2003). Howeversehstudies were
concerning adult-directed speech and not infardetird speech. Can these
two Portuguese variants still be discriminated whisaling with infant-
directed speech? What are the acoustic propéehié¢dest discriminate these
two Portuguese variants? Are the rhythmic distori between Portuguese
variants still noticeable in infant-directed speeehister? We will look for
acoustical correlations that can identify differemc between the two
Portuguese variants. Table llprovides statistical information of the
utterances’ dataset built for this experiment. iStias reveal that Brazilian
Portuguese speech rate higher than the EuropetugBese. This result might
reflect some level of vowel reduction or even vosgbpression present in the
European Portuguese, given that speech rate ismtbasure of vocalic
intervals per second.

1 2xrecall*precision
F —measure = ———
recall+precision



Table 1l — Basic statistical information about the utteemgrouped into
Portuguese variants speech classes.

Brazilian Portuguese  European Portuguese

Number of instances 457 464
Duration (s)
Mean (std) 1.58(0.62) 1.84 (0.74)
Speech rate (V/s)
Mean (std) 3.84 (1.08) 2.99 (0.98)
Mean F, (Hz)
Mean (std) 275.77 (74.88) 285.20 (76.13)

Attribute selection was performed with CFS, in artteidentify a group of
relevant descriptors for the discrimination taskeBelected group of features
is mainly composed by rhythm-related features:

rPVI of the consonantal intervals duration

Standard deviation of the vocalic intervals dunatio
Coefficient of variability of the consonantal intats duration
Speech rate

The percentage of vocalic intervals in which pitals

Table IV presents mean, standard deviation andyevar rhythm-related
descriptors that revealed to be relevant in previoesearch in language
discrimination tasks (see sub-section 2.R@rational units considergdas
well as pitch-related descriptors associated withdontour shape that shown
statistical relevance.p-values were obtained performing a t-test for
independent samples, with Portuguese variant astarfand the descriptors
computed as dependent variables.

The rhythm-related descriptors show higher stafistisignificance in
regards to Portuguese variants discrimination, wieempared with the
contour shape related descriptors such as iniligdesand variance of the
approximation of the pitch contour. European Paragg exhibits higher
durational contrast than the Brazilian variant hoe vocalic and consonantal
durational intervals. V-to-V durations did not shatatistical relevance in
which regards discriminating the Portuguese vasiant



Table IV — Mean, standard deviation and p-value for a grougeafures,
considering Brazilian and European Portuguese $pestants.

Brazilian European
Portuguese Portuguese p
Mean (std) Mean (std)
nPVI
(V durations) 59.60 (32.71) 67.46 (37.67) 0.003
nPVI (V-to-V 43.38 (28.79) 43.09 (29.66) 0.52
durations)
rPVI
(C durations) 11.62 (9.40) 18.86 (16.47) <0.001
cv 0.61 (0.256) 0.74(0.30)  <0.001

(C durations)
Initial slope of pitch
contour
Variance of the of
pitch contour

29.98 (418.34) -46.79 (424.30) 0.019

0.12 (0.16) 0.18 (0.28) 0.003

To conclude, we ran the classification method, gisaquential minimal
optimization algorithm for training a support vectdassifier with a 10-fold
cross-validation test mode. Results achieved vhighstratified 10-fold cross-
validation test gave 68.3% correctly classifiedanses (627 correct over 291
incorrect) with 0.68 of accuracy F-measure.

3.2. Discriminating between Brazilian and European Rgudese infant-
directed singing

In this experiment, the aim is to discriminate bsgw infant-directed singing
from Brazilian and European variants that have bpeviously gathered.
Prior knowledge has shown that infants, in a pmbak stage, focus on
prosodic cues present in music and speech and pragipe these stimuli as
sound sequences that follow patterns of rhythmesstrand melodic contours.
(Trainor, Wu, & Tsang, 2004; Mehler, Dupoux, Naz&iDehaene-Lambertz,
1996; Nazzi & Ramus, 2003). Therefore, infants nra@at both music and
speech using the same perceptual processes. Gaut-difected singing from
the two Portuguese variants be discriminated u#iiegsame cues as in the
infant-directed speech case? For the implementatfotiis experiment, we
have followed the same steps as in the previougrarpnt in order to be
comparable. We have computed the same duratioritd using the same
method described earlier and extracted the san@igiEss (see sub-section
2.2 Discrimination system modelStatistical information of the utterances of
dataset built for this experiment is provided irblEaV. Once again, speech
rate presents higher value for Brazilian Portugué@seconformity with the
speech rate values for the speech material.



Table V - Basic statistical information about the utterangesuped into
Portuguese variants singing classes.

Brazilian European
Portuguese Portuguese
Number of instances 28 28
Duration (s)
Mean (std) 7.22 (4.27) 11.99 (7.85)
Speech rate (V/s)
Mean (std) 3.10(0.63) 1.99 (0.37)
Mean F, (Hz)
Mean (std) 263.30 (33.96) 275.75 (48.97)

As before, we performed a CFS based attribute ts@hedn order to
identify a group of relevant descriptors for theadimination task. The group
of features shows, as in the previous experimetit speech material, main
presence of rhythm-related features:

rPVI of the consonantal intervals duration

Standard deviation of the vocalic intervals dunatio
Speech rate

The percentage of vocalic intervals in which pitistes
The percentage of vocalic intervals in which pitefiat
Intermediate slope of the pitch contour approxiorati

Furthermore, it can be observed that three feat(r®¥/1 of the
consonantal intervals duration, standard deviatiérthe vocalic intervals
duration, and speech rate) are common in the selestts of speech and
singing. Table VI presents mean, standard deviamhp-value for rhythmic
contrast descriptors reported in the previous eéxpant as well as rhythm and
pitch-related features that showed statistical iB@nce in which regards
Portuguese singing variants discrimination. Thessults were obtained
performing a t-test for independent samples, witttlgyuese variant as a
factor and the descriptors computed as dependeiables

As observed in the speech material, European Rertgyexhibits higher
durational contrast than the Brazilian Portuguese the vocalic and
consonantal intervals durations. V-to-V duratioosce again, did not show
statistical relevance in regards discriminatingRloetuguese variants.



Table VI - Mean, standard deviation and p-value for a grougeatures,
considering Brazilian and European Portuguese maiginging classes.

Brazilian European
Portuguese Portuguese p
Mean(std) Mean(std)
nPVI
(V durations) 52.40 (12.13) 60.87 (19.37) 0.065
nPVI
(V-to-V durations) 49.33 (17.88) 46.07 (14.59) 0.476
rPVI
(C durations) 16.35 (10.33) 26.21 (10.99) 0.002
Std
(V durations) 0.08 (0.03) 0.15 (0.05) <0.001
% V which pitch rises 0.02(0.03) 0.11 (0.09) <0.001
0 . o
HV Wr:,'l‘;? pitch is 0.91(0.11) 0.7193 (0.17)  <0.001

Intermediate slope of
the of pitch contour -4.72 (50.06) 20.87 (28.98) 0.03

Finally, we ran a 10-fold cross-validation expenmeising the SMO
classification algorithm. Results yielded 83.9%reotly classified instances
(47 correct over 9 incorrect) with 0.83 of accur&eyneasure.

An additional analysis was carried out in ordeassess the performance
of the classification model structure built to distinate the speech material,
presented in the previous experiment, but this tisiag the singing material.
Therefore, we ran the classification model builttive experiment 3.1. (see
3.1. Discriminating between Brazilian and European Pguese infant-
directed speeghto classify the singing material described in [€a¥. Results
for this analysis with the stratified 10-fold cresaslidation test gave 67.86 %
correctly classified instances (38 correct oveririddrrect) with an accuracy
F-measure of 0.64.

Performing the inverse analysis, thereby, applyirggsinging model to 10
different subsets of speech materials, each onminimg the double of total
singing instances (2x56=112), we obtained 76.4%ectly classified speech
instances (F-measure = 0.7601; std = 0.0393).

3.3. Discriminating interaction classes: Affection vsisapproval vs.
question

Previous research has shown that the shape ot-dfieatted speech melodic
contours can be categorized into contour prototymeording to their

communicative intent (Fernald, 1989). Automatic relsterization of

emotional content in speech regardmgtheresehas been implemented and
features concerning the melodic contour of speemnre lshown satisfactory
results for the task (Mahdhaoui, et al., 2009). melodic contour related
features show the best performance when discrimigpahteraction classes



such as affection, disapproval and question? Cesetlinteraction classes be
discriminated using descriptors related with thelodie contour shape of
speech, in contrast with speech variants discritiwina in which rhythm-
related features show best performance? In thisrgrent, we aim to detect
the best features for emotion discrimination, exang if the features used to
discriminate Portuguese variants (speech and gjhgere specific to
Portuguese variants discrimination or if they algoadiscriminative in a
different condition such as an interaction contistrimination task. For this
experiment we have considered three interactioriegts namely affection,
disapproval and question in a cross-Portugueseanaadpproach. In other
words, we have grouped all the interaction unittofiging to a specific
interaction context, regardless the Portugueseanaitp which they pertain.
Accordingly, we have organized the dataset for ¢éhiperiment as shown in
Table VII, as well as statistical information abdle utterances in each class.
The affection class gets the highest mean fundaahdrequency value,
whereas the disapproval class gets the lowRsgiarding the speech rate, the
question class holds the highest value and thetaffeclass the lowest.

Table VII - Basic statistical information about the utterangesuped into
interaction speech classes.

Affection Disapproval Question
Number of instances 313 300 308

Duration (s)

Mean (std) 2.07 (0.77) 1.56 (0.61) 1.49 (0.50)

Speech rate (V/s)

Mean (std) 291(0.91)  347(1.13)  3.85(1.08)
Mean F, (Hz)

Mean (std) 300.37 (79.29) 256.41 (74.02) 283.84 (66.55)

The attribute selection was once more performedrder to identify a
group of relevant descriptors for the discriminatiask. Only two features are
not related with pitch and contour shape. The grofipselected features
includes:

Initial slope of the pitch contour approximation
Intermediate slope of the pitch contour approxiorati
Final slope of the pitch contour approximation
Skewness of the pitch contour approximation
Variance of the pitch contour approximation

Mean pitch for each utterance

The percentage of vocalic intervals in which pitals
Standard deviation of the duration of vocalic ingds
Speech rate



A one-way ANOVA test was performed with interacticlass as a factor
and the descriptors computed as dependent varidbleest a possible
dependency of the observed descriptor values odiffezent communication
contexts. Table VIII presents mean, standard dewiaand p-value for
rhythmic contrast descriptors reported in the presiexperiments as well as
rhythm and pitch-related features that showed s$izdi significance which
regard Portuguese singing variants discrimination.

Table VIII - Mean, standard deviation and p-value for a groufeafures,
considering affection, disapproval and questioarauttion speech contexts.

Affection  Disapproval Question
Mean(std) Mean(std) Mean(std) P

nPVI 70.66 63.37 56.60 <0.001
(V durations) (35.44) (36.99) (32.57) :
nPVI 47.53 40.06 41.99 0.004
(V-to-V durations) (28.42) (31.44) (28.04) '
rPVI 17.62 16.20 11.96 <0.001
(C durations) (14.82) (15.25) (10.60) :
Std 0.117 0.068 0.060 0.001
(V durations) (0.073) (0.044) (0.041) '
Skewness of pitch 0.058 -0.054 0.112 <0.001
contour (0.328) (0.322) (0.288) ’
Initial slope of pitch  -17.29 79.54 -114.56 <0.001
contour (296.98) (354.28) (468.22) '
Final slope of pitch  -79.49 -45.62 172.75 <0.001
contour (227.31) (443.04) (451.65) '

Finally, we have run a 10-fold cross-validation esiment as the above
reported ones. Results for this analysis yieldedBa correctly classified
instances (584 correct over 334 incorrect) wittaecuracy F-measure of 0.64.
As it was mentioned before, previous research hasegorized
communicative intents into prototypical melodic tmms in infant-directed
speech (Fernald, 1989). These prototypical shaga® Hbeen considered
cross-linguistic universals (Papousek & Papous®@1). However, despite
these cross-linguistic universal, can the differdntthmic patterns between
Portuguese variants be noticeable? In other waas the interaction classes
be discriminated considering the Portuguese va&ignen though sharing the
same lexicon (Portuguese words) and same protety@capes for each
interaction class, could these language variantse hany prosodic
distinctiveness? Can the mixture of rhythmic diéferes between Portuguese
variants and contour shape differences betweenaitiien classes solve this
discrimination problem? Therefore, we look to thst predictive performance
of the computed descriptors in a more complex t#sis expected that the



discrimination model is able to detect differentenaction classes and
simultaneously the Portuguese variants. Consequémthis analysis, we aim
to assess the performance of the discriminatiowds interaction classes,
but this time considering simultaneously the Parasg variant each instance
belongs to. Thus, for this set-up we consideredigferent classes: European
Portuguese (EP) Affection, EP Disapproval, EP Qompst Brazilian
Portuguese (BP) Affection, BP Disapproval, and BRiefion. The
distribution of instances per classes as well asssital information on them
is illustrated in Table IX. Considering both Braail and European variant,
Question class shows the highest value for spesteh following the pattern
of speech rate per class observed in the preceskipgriment. In addition,
overall results for speech rate are higher forBhezilian Portuguese variant,
when comparing equivalent interaction classes.

Table IX - Basic statistical information about the speechrattees grouped
into classes considering interaction contexts asntiiguese variants.

A-BP D-BP O-BP A-EP D-EP Q-EP
Numberof o0 150 156 162 150 152
Instances

Duration (s) 2.01 1.36 1.39 2.13 1.76 1.59
Mean (std) (0.63) (0.52) (0.46) (0.89) (0.63) (0.52)

Speechrale 334 388 427 251 307 341

(V/s)
Mean (std) (©89) (114 (1.02) (078 (0.98) (096)

Mean ky (Hz) 284.64 258.60 283.69 315.03 254.21 283.99
Mean (std)  (77.22) (81.44) (62.65) (78.62) (65.98) (70.53)

In the additional analysis, we also performed arbaite selection in order
to identify a group of relevant descriptors for tHiscrimination task. The
presence of rhythm-related features is stronger tfis discrimination
problem, compared to the set of features seleotéuki previous analysis:

Initial slope of the pitch contour approximation
Intermediate slope of the pitch contour approxiorati
Final slope of the pitch contour approximation
Variance of the pitch contour approximation

The percentage of vocalic intervals in which pitals
Mean pitch for each utterance

rPVI of the consonantal intervals duration
Standard deviation of the vocalic intervals dunatio
Speech time

Speech rate

We ran several ANOVA to test the effect of the laage variant and the
interaction context (and their possible interadgtion each descriptor listed



above and found that in most of the cases onlyeffect of the interaction
context was statistically significant (p < 0.00This was observed for 7
descriptors (5 pitch-related and 2 rhythm-relatedmely initial slope of the
pitch contour approximation (F= 20.42; d.f.=2) eimhediate slope of the pitch
contour approximation (F=4.80; d.f.=2), final slopé the pitch contour

approximation (F= 38.42; d.f.=2), variance of tliielp contour approximation
(F= 42.64; d.f.=2), mean pitch for each utteran€e28.48; d.f.=2), std of
vocalic intervals duration (F=97.36; d.f.=2) andesgh time (F=92.23;
d.f.=2). For 3 descriptors (1 pitch-related andhgthm-related) only the
variant was significant, namely of vocalic intewvaih which pitch falls

(F=47.18; d.f.=1), rPVI of the consonantal intesvaluration (F= 66.96;
d.f.=1) and speech rate (F=166.74; d.f.=1).

Finally, we ran a 10-fold cross-validation expenrtheas previously
presented. Results for this analysis yielded 46.788trectly classified
instances (429 correct over 489 incorrect) wittaecuracy F-measure of 0.46.
An observation is worth noting in the confusion rapresented in Table X,
that the communicative contexts are confused as@sants.

Table X - Confusion matrix for the classification considerintgraction
speech contexts and Portuguese variants.

A-EP D-EP Q-EP A-BP D-BP Q-BP Classifas

104 17 10 23 2 6 A—-EP
24 55 10 21 26 13 D-EP
21 18 54 12 17 30 |Q-FEP
27 26 13 69 7 9 A-BP
4 30 13 10 58 33 D-BP
2 9 17 11 28 89 Q-BP

4, Discussion

The present study was intended to explore rhyttamit melodic patterning in
speech and singing directed to infants from Braaziliand European
Portuguese variants. Accordingly, different clasatfon configurations were
conducted in order to provide insight into the pitis characterization of the
infant-directed register of speech and singing fréme two Portuguese
variants. In the first experiment, Brazilian andrépean Portuguese infant-
directed speech were discriminated with a 68.3%esg rate. The attribute
selection performed identified a group of the fivest features in which four
were rhythm-related, demonstrating strong predictpower. The results
indicate that there are relevant rhythm differenbesween infant-directed
speech from the two Portuguese variants and nobditeldifferences.

Moreover, durational contrasts are higher in Euapp®ortuguese than in
Brazilian Portuguese (see nPVI and rPVI values ablé V). As referred

before, the two Portuguese variants are considrdutave distinct rhythm



patterning (Frota & Vigario, 2001), where Europ&®rtuguese is considered
more stress-timed, characterized by vowel reductod, therefore, with
higher durational contrast values and, contrastinBrazilian Portuguese is
considered more syllable-timed. Therefore, despit@atural tendency in
infant-directed speech to clearly articulate phoegmnd in particular vowels
in order to facilitate the language acquisitionkt§Bapousek, Papousek, &
Haekel, 1987), a different rhythm patterning idl stbservable between the
Portuguese variants. These results demonstratdadttatvariants keep rhythm
patterning differences in the infant-directed sjeesgister. It would be of
interest to test the same discriminative featuoemd in this experiment for
discrimination between adult-directed speech frbom s¢ame two Portuguese
variants. Should the same features not reveal dhee discriminative power
for adult directed speech, it would be important&termine if these features
are "infant-adapted" and explore adaptive explanatifor this fact. In the
second experiment, Brazilian and European Porteginéant-directed singing
were discriminated with 83.9% success rate. Thefkétatures identified by
an attribute selection includes six features, inctinalf were rhythm-related
and half were pitch-related. The three rhythm-ealdeatures, namely rPVI of
the consonantal intervals duration, standard dewviaif the vocalic intervals
duration and speech rate were also part of thepgadufeatures with high
predictive performance built for the speech maleridoreover, the model
trained with speech is capable of correctly clggsif 67.86 % of the singing
material and the inverse analysis, thereby, apglyime singing model to
speech materials, vyields 76.4% correctly classifisgeech instances.
Therefore, these results, for the specific casedistrimination between
language variants, indicate that the speech amgingjirprocessing share the
analysis of the same properties of the stimuli. iiddally, values for
durational contrasts are higher for the EuropeartuBoese materials (see
nPVI and rPVI values in Table VI), as observedhia previous experiment
dealing with infant-directed speech. Therefore, thhyc patterning
differences are also kept in the singing mateiidlese results demonstrate
coherence with previous findings relating musicaythm of a particular
culture with the speech rhythm of that culture’sagaage (Hannon, 2009;
Patel, Iversen, & Rosenberg, 2006). Our last erpemt aimed at the
discrimination between pragmatic classes such fastafn, disapproval and
question, presented 63.6% of correctly classifietiances. In this experiment,
pitch-related features revealed to be very efficiavhich regards to
discrimination in contrast to experiments regardihg Portuguese variants
discrimination. When we look at the simultaneoutediion of interaction and
variant, the presence of rhythm-related featurethe@dest descriptors for the
task is noticeable. This contrasts with the seffeattures required for the
discrimination between variants only or betweeerattions only, where few
rhythm descriptors were needed. Moreover, a clasalysis of the confusion
matrix produced by this classification problem &@gehat the communicative
contexts were similar across variants and therefbey yielded many
classification confusions. This confirms the preserof cross-linguistic



properties of different interaction contexts (Pagedu & Papousek, 1991).
Summing the correct classified cases with the dhaswere misclassified in
the same interaction class but the opposite Poesegywariant (for example,
the 104 correct cases from European Portuguesetiaffeplus the 23 cases
from Brazilian Portuguese affection, and so on)ulMamake a total of 582
cases. Therefore, disregarding the language vagamirs would make a
successful discrimination of 63.4%, a closer valiee the results of
discrimination for the classification problem whgrest interaction classes
were considered. Another fact worth being obserigethat the speech rate
values, for all the experimental set-ups, are fowmdbe higher for the
Brazilian Portuguese variant. Speech rate is thasore of vocalic intervals
per second. Therefore, this result might reflechadevel of vowel reduction
or even vowel suppression for the European Porgegughich could in turn,
imply that certain vocalic intervals are missed.diidnally, vocalic and
consonantal intervals revealed to be more relewacbmparison to the V-to-
V durations for discriminating the Portuguese wuaisa These results are
consistent with previous findings suggesting alhybased discrimination by
newborns relying on distinctions between vowels andsonants (Mehler,
Dupoux, Nazzi, & Dehaene-Lambertz, 1996; Nazzi &Ra, 2003; Ramus,
Nespor, & Mehler, 1999).

Although the main goal was not focused on the rotass of the
discrimination models, but rather on a means tauwaphythmic and melodic
patterns in speech and singing directed to infahesclassification results for
all experimental configurations were below our estpons. Consequently, it
is possible that for an automatic discriminatiopra@ach such as the one that
is followed in the present study, more instanceeeweeded or even the fact
that the materials do not contain the equivalemt {sentences) for each
variant. It could also be the case that the featused were not sufficiently
efficient and therefore, an effort should be mad¢he future in the sense of
exploring more descriptors for the discriminatiasks followed in this study.

Finally, concern has been put in collecting repméestéve stimuli of what is
most salient to an infant, that is, infant-directgmbech and singing and also
descriptors have been computed with the concerapturing the perception
and processing of prosodic patterns from the pets@e of an infant.
Therefore, the results achieved may reveal thasquly of the surrounding
stimuli of an infant, such as speech and singimg, source of rich information
not only to make a distinction between differentmeoounicative contexts but
also to provide specific cues about the prosodantity of their mother
tongue.

5. Conclusions

The main goal of the present study was to explbsghmic and melodic
patterning in speech and singing directed to irsfaftom Brazilian and
European Portuguese variants. Accordingly, differexperiments were



conducted in order to provide insight into the pitis characterization of
infant-directed register of speech and singing fréme two Portuguese
variants. Descriptors related with rhythm, namehvf of the consonantal
intervals duration, standard deviation of the vcahtervals duration and
speech rate showed strong predictive ability forrtiRpuese variants
discrimination, both in speech and singing. Morepwdifferent rhythmic
patterns were observed in Portuguese variants, \itther durational
contrasts for European Portuguese speech and girtgam for Brazilian
Portuguese (see nPVI and rPVI values in Table Rrther investigation
should be carried out to determine if these prasddferences are related to
infant development of musical predispositions amdv lthey bias melodic
representations differently for each culture. Rhyttelated descriptors did not
show relevant for the interaction context discriation task. However, when
increasing the complexity of the interaction clfisation problem, and
considering Portuguese variants as well, rhythrateel features registered
higher relevance than before. Therefore, we proeidditional evidence that
prosody of the surrounding stimuli of an infantclswuas speech and singing,
are sources of rich information either to make diniction between different
communicative contexts through melodic informatiand also in providing
specific cues about the rhythmic identity of theiother tongue. Moreover,
common features were used by the classificatiorhatefor discriminating
speech and singing tasks. This indicates that pagd singing processing
share the analysis of the same properties of fhaulst Hence, the results
strengthen previous findings, providing furtherdmrnce that the cognition of
music and language may share computational resouhaeng the preverbal
period.

We consider that, rather than recognizing or disitrating, such as the
approach taken in this study, the infant has tenlgzatterns and discover
structures. Consequently, future work, will aim laild a developmental
model exploring the fact that prosodic featuressen¢ in infant-directed
speech and singing may affect infant's developmesft melodic
representations.
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