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Speech perception and production are linked in adults. Since infants show sophisticated speech perception
abilities before they produce language, the link has been assumed to emerge with development. However, crying
is a communication signal that infants produce from birth and their cry melodies are modulated by prenatally
heard speech. Cries and speech may thus be developmentally continuous, and the production-perception link
may be most evident early in life for cries. We therefore examined whether newborns perceive cries similarly to

speech. French neonates exposed to French cries and French speech showed greater neural responses to cries than
to speech in the right temporal region. By contrast, Italian adults unfamiliar with French responded more
strongly to speech than to cries. Newborns’ heightened response to a communicative signal that is less familiar
and acoustically less complex, but one they can produce suggests that vocal production and auditory perception

may be linked from birth.

1. Introduction

Infants learn language with amazing ease and efficiency. Around
their first birthday, they utter their first words and by the time they turn
3 years, they are proficient conversational partners. But for the first few
months of life, their main communication tool is crying. Infants cry
immediately upon being born, and often get their needs met through
crying even before they can smile or babble. Cries, as speech, are thus
interpreted by caregivers as communicating information.

With development, distinct crying patterns emerge (Wermke et al.,
2002) alongside other vocalizations such as cooing (Kent, 2021), tran-
sitioning from largely reflexive productions to intentionally communi-
cative ones (Fogel and Thelen, 1987). These changes are scaffolded by
increasing exchange opportunities with caregivers as infants grow (Yoo
et al., 2018). Not only do adults promptly respond to cries to meet the
needs of their babies, but newborns themselves, upon hearing other
newborns cry, respond by crying and showing facial expressions of
distress (Dondi et al., 1999; Martin and Clark, 1982; Sagi and Hoffman,
1976). This phenomenon is known as “emotional contagion”, and while

it is debated whether this stems from true empathy or a simpler reaction
to stimuli with a negative valence, e.g. increased arousal (Ruffman et al.,
2017), it is undeniable that newborns treat cries as highly salient and
relevant auditory stimuli.

Interestingly, the melodies of cries may already be modulated by the
speech newborns hear prenatally in the womb (Mampe et al., 2009;
Manfredi et al., 2019), even if currently available evidence is not
conclusive (Van Niekerk et al., 2025). If the contours of newborns’ cries
already reflect the intonational contours of the prenatally heard lan-
guage, then speech and cries may share some underlying mechanisms
and may be developmentally continuous such that sound patterns and
production mechanisms may be shared between the two.

Speech has been argued to be special because it is our species-specific
communicative signal the human vocal tract has evolved to produce
(Liberman, 1984; Liberman and Mattingly, 1985; Vouloumanos et al.,
2010; Werker, 2018). Behavioral and neuroimaging evidence show that
infants are born with a bias to attend to and process speech more readily
than other auditory signals including low-pass filtered, whistled, back-
ward, or sinewave speech, and with a distinct neural response to speech
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(May et al., 2018; Spence and DeCasper, 1987; Vouloumanos and
Werker, 2007). Importantly, this preference is initially broad, extending
to other primate vocalizations, specifically monkey calls, before nar-
rowing down to human speech by 3 months of age (Vouloumanos et al.,
2010; Vouloumanos and Werker, 2007). Given that cries are vocal
communicative signals, and critically, they are the only ones that new-
borns themselves can produce, cries might initially fall within this
broadly tuned “speech” category. We put to test the exciting hypothesis
that cries, as a precursor to speech, might be perceived and processed by
newborns in a manner similar to speech.

Even though the causal links are debated (Liberman et al., 1967;
Liberman and Mattingly, 1985; Studdert-Kennedy et al., 1970),
considerable empirical evidence suggests that speech perception and
speech production may be linked in adults, since during production, the
speaker experiences the position of their articulators as well as the
sounds they generate, which can, therefore, all be combined in a single
representation (Guenther, 2016; Ito et al., 2009; Yeung and Scott, 2021).
According to the Motor Theory of Speech Perception (Liberman and
Mattingly, 1985), speech sounds are represented in the brain as motor
commands. Although a strictly motor-based account of speech percep-
tion is not supported empirically (Galantucci et al., 2006; Lotto et al.,
2009), neuroimaging evidence suggests that the neural systems sup-
porting speech perception and speech production are indeed tightly
coupled in adults (Cheung et al., 2016; Liebenthal and Mottonen, 2018;
Poeppel and Assaneo, 2020; Skipper et al., 2017).

In early development young infants do not yet produce speech, but
their speech perception abilities are very sophisticated. This develop-
mental lag has led to the often implicit assumption that the perception-
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production link emerges later in development, and thus cannot be a
driving force behind early language acquisition. Consequently, the
perception-production link has traditionally received little attention in
language acquisition research. Recently, however, studies have started
addressing this question experimentally in older infants (3 months being
the youngest age tested to date; Bruderer et al., 2015; Choi et al., 2021,
2023; Frota et al., 2026; Masapollo et al., 2016; Polka et al., 2014, 2025;
Szmytke, 2026; Vilain et al., 2019; Werker, 2018). These studies find
that infants’ speech perception is deeply intertwined with their
emerging sensorimotor and vocal abilities, and that this link strengthens
with age and with infants’ growing speech production abilities (DePaolis
et al.,, 2011, 2013; Frota et al., 2026; Lorenzini and Nazzi, 2022;
Majorano et al., 2014). Even before they can produce linguistic sounds,
infants’ tongue and mouth movements appear to shape how they
perceive and process phonemes (Bruderer et al., 2015; Vilain et al.,
2019). As they gain vocal production skills, they start to show prefer-
ences for speech with infant-like acoustic properties (Polka et al., 2014,
2025). Finding evidence that newborn infants process speech and cries
similarly, namely that cries recruit the cortical regions typically engaged
in speech processing, would constitute the strongest and earliest evi-
dence that a production-perception link may exist from the beginning of
human development.

To test this, we have presented prenatally French-exposed newborn
infants with sentences in French as well as with cries produced by other,
prenatally French-exposed newborns, and measured their neural re-
sponses using near-infrared spectroscopy (NIRS) in a standard block
design (Fig. 1A). NIRS targeted the language areas, covering the frontal,
parietal and temporal cortices (Fig. 1B-C) (Benavides-Varela and
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Fig. 1. The experimental paradigm. (A) The experimental design. (B) A newborn infant participating in the study. (C) An adult participating in the study. (D)
Waveform and spectrogram of a French newborn’s cry and a French sentence. The blue line represents the pitch contour. (E) The newborn (left) and adult (right)

channel layout used in the study.
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Gervain, 2017; Gervain et al., 2008; Martinez-Alvarez et al., 2023; May
et al., 2018). We seek to establish whether processing prenatally heard
speech and newborn cries recruits overlapping or distinct neural
mechanisms, and whether motor areas are involved in their processing.

Speech and cries differ in several theoretically relevant dimensions.
Both are familiar to newborns, but differ in the degree and nature of this
familiarity. Exposure to speech starts between the 20th—24th week of
gestation, while experience with cries begins only at birth. Perceptually,
newborns have thus substantially more familiarity with speech than
cries. Newborns’ experience with these signals is also qualitatively
different: exclusively perceptual for speech, while their experience with
crying combines sensorimotor and auditory perceptual feedback. In
turn, speech is acoustically more complex than cries, but newborns
themselves can only produce cries. Thus we can tease apart the differ-
ential roles of these factors, as familiarity (Abboub et al., 2016; May
et al.,, 2011, 2018; Sato et al., 2012) and complexity (Bouchon et al.,
2015; Vouloumanos and Werker, 2007) predict stronger responses to
speech in both newborns and adults, while production experience pre-
dicts stronger responses to cries in newborns, but stronger response to
speech in adults (Liberman and Mattingly, 1985). If cries and speech
recruit overlapping cortical regions, this would suggest that the neural
mechanisms supporting speech perception extend to other human vo-
calizations. Stronger neural activation in response to speech would be
consistent with a newborn bias for speech over other acoustic signals
(Vouloumanos and Werker, 2007). However, if cries, despite their lesser
familiarity and complexity, trigger stronger neural responses than
speech, it would constitute strong evidence that production experience
outweighs potential biases for speech despite its greater familiarity and
complexity,  strongly  supporting the existence of a
production-perception link from birth. Finally, similar levels of activa-
tion in both vocal signals in overlapping language areas would also
suggest that infants’ production abilities modulate auditory perception
from birth. The localization of the responses is also relevant. We expect
activation in temporal regions in response to speech (Gervain et al.,
2008; Pena et al., 2003; Skeide and Friederici, 2016), and potentially
also to cries, as temporal regions engage in auditory processing.
Importantly, the most compelling evidence for a production-perception
link would be the selective recruitment of the frontal regions covering
the motor cortex. If production experience shapes humans’ auditory
processing from birth, we predict that newborns will show frontal
activation only in response to cries (i.e. the signal they can produce),
while adults will exhibit activation in the same region in response to
both speech and cries.

As a comparison, we also tested adults’ responses to the same stimuli
and experimental setup. Adults can produce speech, and while they can
also produce cries, adult cries are acoustically different from newborn
cries, and adults only very rarely use cries to communicate, especially as
the sole means of communication. We tested Italian adults who do not
speak or understand French so that they process the stimuli at the
acoustic/phonological level just like newborns do, lacking the knowl-
edge to process syntax and semantics. The phonetic overlap between
Italian and French ensured, however, that the speech stimuli were
comparable at the phonetic level, keeping adults’ and newborns’ pro-
cessing demands equivalent. In adults, who are potential caregivers and
thus the primary addressees of newborn cries, these may elicit a stronger
response than speech due to their heightened emotional valence. How-
ever, we expect greater responses to speech than to cries, as speech is
more familiar to adults than cries, adults more frequently produce and
use speech for communication than cries, and speech has greater
acoustic complexity. Specifically, we expect activation to speech in an
unfamiliar language to be greater than to cries in the bilateral temporal
areas. Since the language used is unfamiliar to our adult participants, we
expect no or reduced left lateralization and little involvement of the left
inferior frontal regions such as Broca’s area, since the speech stimuli are
only processed acoustically and phonologically, but not morpho-
syntactically or lexically (Friederici, 2011, 2012; Poeppel, 2014).
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2. Methods
2.1. Participants

Twenty-five healthy full-term newborn infants, who had been
exposed to French prenatally, were included in the final analysis (15
females; mean age: 2.05 days; age range: 1-4 days, mean gestational
age: 39 weeks 6 days, gestational age range: 38 weeks — 41 weeks 5 days,
mean weight: 3320 g, weight range: 2860-4100 g, Apgar score five
minutes after birth: minimum 8). No preterm infants were included.
Data collection was carried out between January 2020 and April 2023.
Forty-five additional infants were tested but excluded from analysis due
to poor data quality/an insufficient number of valid trials (< 40%) (11),
fussiness, crying (22), less than 80% exposure to French during the pre-
and postnatal period (5) and technical error (7). We note that the higher
than usual rejection rate is due to emotional contagion, i.e. newborns’
tendency to start crying and produce facial expressions of distress when
they hear other newborns cry (Dondi et al., 1999; Martin and Clark,
1982; Sagi and Hoffman, 1976), causing strong movement artifacts in
the NIRS data. Nevertheless, the final achieved sample size has proven to
yield robust and replicable results in a recent meta-analysis of a large
body of infant NIRS studies on speech perception (Gemignani et al.,
2023).

All parents gave written informed consent before the study, which
was approved by the CPP Sud Est V ethics committee (N° ID RCB: 2018-
A01136-49, 20/12/2018). The protocol followed all institutional,
French national and international regulations, such as the Declaration of
Helsinki, and respected European data protection and privacy laws
(GDPR). In addition, 27 Italian-speaking non-parent adults with no
knowledge of French took part in the study and entered the final anal-
ysis. Another 11 adult participants were tested but excluded from
analysis due to poor data quality (< 50%) (11). Rejection due to poor
data quality was performed in batch prior to statistical analysis,
following the same criteria for all adults and infants (see Data Analysis).
Participants gave written informed consent before the study, which was
approved by the Ethical Committee of the University of Padova (N°
4403, 26/10/2021). The protocol followed all institutional, Italian na-
tional and international regulations, such as the Declaration of Helsinki,
and respected European data protection and privacy laws (GDPR).

2.2. Stimuli and design

Stimuli consisted of cries recorded from 10 French newborns (none
of which participated in the study) and spoken French sentences pro-
duced by 10 adult female French natives. To test newborns’ cry
perception in its broadest definition, we deliberately included a wide
variety of cries rather than restricting them to a single category (e.g.
tiredness) (34). Likewise, the spoken sentences varied in both structure
and length. Each newborn was paired with one adult talker. Each cry
was then matched in length with a sentence (Fig. 1D; mean cry length:
1095 ms, SD = 0.49, mean sentence length: 1094 ms, SD = 0.49, com-
parisons between the newborn and adult members of a pair used inde-
pendent samples t-tests or Man-Whitney tests depending on the
normality of distribution of the samples: all newborn-adult pairs,
p > .635). Intensity was normalized across all stimuli. Cries were care-
fully selected so that they did not contain pauses, ensuring a continuous
acoustic signal comparable to that of the sentences. Cries had signifi-
cantly higher mean pitch than speech, as is to be expected due to the fact
that infants have higher fO than adult females (mean pitch of cries:
430 Hz, SD = 65.5, and of sentences: 233 Hz, SD = 31.1; pair compar-
isons used independent-sample t-tests or Man-Whitney tests depending
on the normality of distribution of the samples: all pairs p < .001).

The experiment, identical for newborn and adult participants, con-
sisted of a total of 20 blocks (Fig. 1A), 10 per condition. Every block of
cries comprised 10 cries, each produced by a different newborn. Simi-
larly, every block of speech comprised 10 sentences, each produced by a
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different French speaker. No sentence or cry was repeated during the
study. The order of presentation of the blocks was intermixed and
counterbalanced, such that no more than two blocks of the same con-
dition occurred consecutively, and block order varied across partici-
pants. Stimulus presentation within blocks was also randomized across
participants. Blocks were separated by silent intervals jittered between
25 and 30 s. Within blocks, cries/sentences were also separated by si-
lences jittered between 500 and 1500 ms, yielding blocks of approxi-
mately 20 s (range 19.43-20.41 s). The whole experiment lasted about
16 min.

2.3. Procedure

Newborns were tested in a quiet room of the maternity ward of the
Hopital Necker-Enfants Malades (Paris, France), in the presence of at
least one of their parents. During the study, infants lied in their cribs
asleep or in quiet rest, while their brain responses were measured with a
NIRx NIRScout 16-16 machine (source-detector separation: 3 cm; pul-
sated LED lights at two wavelengths of 760 nm and 850 nm; sampling
rate: 15.625 Hz). The optical probes were inserted into a stretchy cap
(EasyCap, Brain-Products GmbH, Germany) placed on the infants’ head
using surface landmarks (nasion, and the preauricular points), covering
the language areas in the bilateral temporal, frontal, and parietal
cortices (12 channels/hemisphere, Fig. 1B,E).

As determined by the localization analysis conducted in Abboub
et al. (2016) using age-appropriate structural magnetic resonance im-
aging and stereotaxic atlases, channels 1, 2, 4, 5 on the LH and 13, 14,
15, 16 on the RH were on average positioned over the frontal area,
channels 3, 6, 8, 11 on the LH and 17, 19, 22, 24 on the RH over the
temporal area, channel 9 on the LH and 21 on the RH were positioned in
the frontier between the temporal and parietal areas, and channels 7, 10,
12 on the LH and 18, 20, 23 on the RH were on average positioned over
the parietal area. Stimuli were presented using E-Prime, and delivered
through two speakers placed at an angle of 30° and approximately 1 m
from the newborn’s head, and elevated to the height of the crib. The
computer running E-Prime sent time stamps to the NIRS machine.

Adult participants were tested in a laboratory at the University of
Padua, Italy. Their brain responses were measured with a NIRx NIRSport
2 8-16 machine (same characteristics as the NIRScout 16-16 used to
record the newborns’ brain activity, sampling rate: 10.173 Hz). The
optical probes (8 sources, 7 detectors, and 8 short-distance detectors)
were inserted into a stretchy cap (EasyCap, Brain-Products GmbH,
Germany) placed on the adults’ head using surface landmarks (nasion,
and the preauricular points), covering the language areas in the bilateral
temporal, frontal, and parietal cortices (10 channels on the LH, 8
channels on the RH, Fig. 1C,E). To be able to correct for the contami-
nation of the hemodynamic response by surface blood flow, short-
separation detectors were placed around each source, at a fixed dis-
tance of 8 mm as is standard in adult NIRS setups (Brigadoi and Cooper,
2015). The NIRx setup requires one detector to be used exclusively for
the short-separation channels, reducing the number of regular,
long-separation channels (channels 20 and 23 in the RH are not present
in adults). Due to newborns’ thin tissues, short-separation channels are
not recommended in infants (Emberson et al., 2016). The infant and
adult montages are depicted in Fig. 1.

2.4. Data processing and statistical analyses

Changes in the concentration of oxygenated hemoglobin (oxyHb)
and deoxygenated hemoglobin (deoxyHb) were calculated from the
absorption of near-infrared light as metabolic indicators of neural ac-
tivity following a validated pipeline (Gemignani and Gervain, 2021).
Data were band-pass filtered between 0.01 and 0.7 Hz. Movement ar-
tifacts, defined as concentration changes larger than 0.1 mmol x mm
over 0.2 s, were removed by rejection block-channel pairs where arti-
facts occurred. For the non-rejected blocks, a baseline was linearly fitted
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between the means of the 5 s preceding the onset of the block and the 5 s
starting 40 s after the onset of the block (25 s of stimulation plus 15 s of
resting period), and then subtracted from the time series of the block.
This baseline detrending step is performed prior to block averaging and
serves to remove slow drifts and inter-trial offsets unrelated to
task-evoked hemodynamic responses. Similar linear detrending ap-
proaches are commonly used in fNIRS preprocessing pipelines (Yiicel
et al., 2025).

In addition, for adult data, short-separation channel correction was
carried out over optical densities, following Saager and Berger (2005),
before the above preprocessing routine was run. The data quality of
short-separation channels was first assessed by computing their coeffi-
cient of variation (CV) subject by subject for each wavelength. The CV is
defined as the standard deviation of the timeseries divided by its
average. Then, short-separation channels displaying a CV smaller than
10% were selected and averaged within each hemisphere. This CV
threshold lies between commonly used cutoffs: 7.5% as a strict criterion
(e.g. Hocke et al., 2018; Zimeo Morais et al., 2017) and 15% as a more
lenient one (e.g. Piper et al., 2014), and corresponds to a signal-to-noise
ratio of 10, which is consistent with conservative quality-control values
reported in widely employed preprocessing routines (Nguyen et al.,
2021). Afterwards, the resulting hemisphere-wise short-separation
time series was employed to remove the physiological confound from
the respective long-separation channels using the method proposed by
Saager and Berger (2005): data from the short-separation channel is first
fit to the long-separation channel by least-squares regression, then the
result of the fit is removed from the long-separation channel by sub-
traction. This method has been shown to be effective in removing
physiological confounds due to extracerebral tissues from adult NIRS
data, thus reducing the detection of false positives and false negatives
(Tachtsidis and Scholkmann, 2016).

Newborns were included in the analysis if at least 40% of their data
was found valid after pre-processing (on average 59.38% of data was
retained, 57.90% for speech, 60.87% for cries). Adults were included in
the analysis if at least 50% of their data was found valid after pre-
processing (on average 90.55% of data was retained, 91.38% for
speech, 89.71% for cries).

After pre-processing, statistical analyses were carried out over the
concentration changes of oxyHb and deoxyHb. We conducted a cluster-
based permutation analysis (Maris and Oostenveld, 2007) to identify
clusters of channels showing a significant difference in concentration
changes between the two conditions or between each condition and the
zero baseline. Specifically, in a first step paired-sample t-tests were
conducted at each time point and channel. Critical t-values were 2.064
(df = 24, newborns) and 2.056 (df = 26, adults), two-tailed. Temporally
and spatially adjacent samples, lasting at least 2 s and statistically sig-
nificant (Marino et al., 2026; Martinez-Alvarez et al., 2023), were
grouped into candidate clusters, and cluster-level statistics were
computed by summing their t-values. Statistical significance was
assessed via 1000 random permutations of condition labels to generate a
null distribution. For each candidate cluster, the p-value was determined
as the proportion of permutations yielding a more extreme cluster sta-
tistic than observed (minimum resolvable p value = 0.001). This non
parametric statistical analysis, described in detail for neural time series
dataset in Maris and Oostenveld (2007), overcomes the multiple com-
parisons problem, which typically challenges channel-by-channel sta-
tistical tests. It is now standardly used in NIRS studies (Abboub et al.,
2016; Cabrera and Gervain, 2020; Ferry et al., 2016; Gemignani and
Gervain, 2024; Giordano et al., 2021; Mahmoudzadeh et al., 2013).

The comparison against the baseline can identify clusters of channels
in which cries and speech respectively elicit a significant brain response
relative to the baseline. These effects may be hidden when directly
comparing the two conditions, if their processing triggers responses of
similar amplitudes in similar channels. The cluster-based permutation
analysis defines regions of interest (ROIs) and time windows of interest
in a non-arbitrary, data-driven manner, while preventing multiple
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comparisons (Benavides-Varela and Gervain, 2017; Mahmoudzadeh
et al., 2013).

Given the overall differences in brain maturation, neurovascular
coupling, the much greater attenuation of the hemodynamic response by
adults’ thicker tissues, and greater noise/variability in infants than in
adults, a direct comparison of the two age groups was not performed.

3. Results

Adults and newborns’ grand average hemodynamic responses to
Speech and Cries are shown in Fig. 2.

3.1. Newborns

A cluster-based permutation analysis (Abboub et al., 2016; Mah-
moudzadeh et al., 2013; Maris and Oostenveld, 2007) comparing new-
borns’ oxyHb responses in the two conditions showed greater activation
to Cries than to Speech in the right temporal region (channel 19,
p = .001). Importantly, this was not because they failed to perceive or
respond to the Speech stimuli. The cluster-based permutation test
comparing activations for Speech to a zero baseline revealed signifi-
cantly greater responses to Speech than to baseline in the left temporal
(channels 3 and 6, p < .001) and right temporo-parietal (channels 20
and 23, p < .001) areas. A similar analysis showed greater responses to
Cries than to baseline in the left fronto-temporo-parietal (channels 4 and
9, p < .001) and right temporal (channels 19 and 22, p < .001) areas.

Converging results were found in a similar analysis over deoxyHb.
The cluster-based permutation analysis revealed a right temporo-
parietal cluster (channels 18, 19 and 21; p < .001) where deoxygen-
ated hemoglobin concentration changes differed significantly between
Cries and Speech. In addition, the permutations showed that the deox-
yHb activation was significantly more negative than the zero baseline
both in response to Speech (in the form of a right temporal cluster
comprising channels 17 and 19; p < .001) and to Cries (in the right
temporal channel 17, p < .001).

3.2. Adults

As expected, but in contrast with the newborn results, adults showed
a greater response to Speech than to Cries in the left temporo-parietal
(channels 3, 6, 9 and 12; p < .001) and right temporal (17 and 19,
p < .001) areas in a cluster-based permutation test over oxyHb. A similar
analysis comparing Speech to a zero baseline revealed two left clusters,
one temporal (channels 3, 6, and 9, p < .001) and one temporo-parietal
(channels 2, 5, 7, and 9, p < .001), and two right clusters, one fronto-
temporal (channels 14, 16, 17, 19, and 21, p < .001) and one fronto-
parietal cluster (channels 13 and 15, p <.001) where the oxyHb
response to Speech was significantly greater than the baseline. The
oxyHb response to Cries was also significantly higher than the baseline,
as indicated by a left fronto-parietal cluster (channels 2, 5, 10 and 12,
p <.001) and two right clusters, a temporal (channels 17 and 19,
p < .001) and a fronto-parietal one (channels 13 and 15, p < .001).

The cluster-based permutation analysis over the concentration
changes of deoxyHb yielded converging results. Thus, brain activity
significantly differed between Cries and Speech in a left temporo-
parietal cluster (channels 4, 6, 7 and 9, p < .001). DeoxyHb responses
were also significantly more negative than baseline in both conditions.
The comparison of Speech to the baseline revealed a left fronto-parietal
cluster containing channels 2 and 5 (p < .001) and a temporo-parietal
cluster involving channel 9 ( p <.001) as well as a right fronto-
temporal cluster containing channels 14, 17, and 19 ( p < .001), while
the comparison of Cries to baseline revealed a right temporal cluster
(channels 17, 19, and 21, p < .001).
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4. Discussion

Our study investigating adults and newborn infants’ neural pro-
cessing of speech and newborn cries showed opposite patterns of results
in the two populations. As predicted, and despite the strong emotional
valence of the newborn cries, the adult brain responded more strongly to
speech than to cries in the bilateral temporal areas. This predominantly
auditory and phonological activation corresponds to processing speech
sounds in an unfamiliar language, the grammar and vocabulary of which
is unknown to the listener, making syntactic, lexical and semantic pro-
cessing unavailable (Friederici, 2011, 2012; Poeppel, 2014).

If speech had the same privileged role for newborns as it does for
adults, we would expect a similar pattern of results in the neonate brain.
But this is not what we observed: the neonate brain responded more to
newborn cries than to speech. Importantly, this was not because they
failed to perceive or process the speech stimuli. In line with a large body
of literature showing sensitivity to speech and language in the newborn
brain (Gervain et al., 2008; Homae et al., 2007; Mahmoudzadeh et al.,
2013; May et al., 2018; Minagawa-Kawai et al., 2011; Pena et al., 2003),
we also observed significant activation in response to speech in the left
temporal and right parietal areas. These findings dovetail with the left
lateralized or bilateral temporo-parietal activation typically observed in
newborns for the prenatally heard language (May et al., 2011; Pena
et al., 2003; Sato et al., 2012; Vannasing et al., 2016).

Importantly for our research question, newborns’ brain responses to
cries were greater than their responses to speech, in particular in the
right temporal cortex. What may be the reason for this heightened
response to cries in newborns, but not in adults? As hypothesized
initially, while speech in the prenatally heard language is a more com-
plex signal and more familiar to newborns than cries, cries are the only
vocal, communicative signals newborns produce themselves. The ability
to produce cries, even if reflexive at birth, may thus underlie newborns’
increased neural responses to them, suggesting that a link between
production and perception might already be present at birth. This
interpretation is supported by our findings, as speech triggered a strictly
temporal activation in the left hemisphere, while cries triggered parietal
and frontal activation, where the pre-motor and motor cortices are
found. Adults, by contrast, showed activation in the same region bilat-
erally in response to both cries and speech. Our results thus suggest
production-related effects, with activation of motor regions only in
response to those signal(s) with which each age group has production
experience. If newborns’ responses to cries were primarily driven by
novelty, we would expect enhanced responses to cries only in temporal
areas, typically involved in auditory processing, rather than selective
activation of motor regions in response only to those signal(s) with
which each age group has production experience. While we cannot rule
out that arousal might have enhanced newborns’ response to cries, as
reflected by a greater than usual attrition rate, the involvement of motor
regions and opposite activation patterns found in the two populations
support the role of production experience in newborns’ processing of
cries and speech, in line with theories positing the production-
perception link to be innate and biologically driven (Liberman and
Mattingly, 1985).

While our results provide the first evidence for a potential
production-perception link at birth, further studies are needed to pro-
vide converging evidence and confirmation. Future studies examining
other types of vocal productions that newborns and young infants can
produce will further disentangle the role of familiarity, acoustic
complexity, emotional valence and other related factors. For instance,
cries produced by newborns prenatally exposed to a different language
may be particularly relevant, since cry melody may already be modu-
lated by prenatal experience (Mampe et al., 2009; Manfredi et al., 2019).
Thus, cries produced by newborns with a different prenatal exposure
may sound “non-native” and less familiar. Coos and other reflexive vo-
calizations are also interesting cases in point. Additionally, future
studies could also investigate the production-perception link more
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Fig. 2. The grand average hemodynamic responses obtained in the study. (A-B) Channels are plotted following the probe placement displayed in Fig. 1D. The x-axis
represents time in seconds; the y-axis shows concentration changes in mmol x mm. The rectangle along the x-axis indicates the time of stimulation. OxyHb and
deoxyHb concentration changes in response to the Speech condition are shown in red and blue, respectively (continuous line). OxyHb and deoxyHb concentration
changes in response to the Cry condition are shown in magenta and cyan, respectively (dashed line). Boxes represent clusters of channels in which the OxyHb
concentration changes were significantly different between the two conditions. The boxes encircle the cluster of channels in which oxyHb concentration significantly
differed between cries and speech conditions, while the gray asterisks, placed below individual channels, depict channels with significantly different deoxyHb
concentrations in cries vs speech conditions. Other asterisks indicate significant differences between the condition indicated by the asterisk's color vs. baseline. (CD)
The location of significant channels indicated in magenta when Cry > Speech, and in red when Speech > Cry on the newborn and adult channel layouts.



G. Lucarini et al.

directly, testing newborn infants’ responses to their own cries.

Newborn cries also elicited significant activation in a right temporal
area in both newborns and adults. Right lateralized activation has been
linked to the processing of music and language prosody, or more
generally to the processing of slowly and/or spectrally modulated
sounds in adults (Hickok and Poeppel, 2007; Poeppel, 2014; Zatorre and
Belin, 2001), young infants (Homae et al, 2007) and newborns
(Martinez-Alvarez et al., 2023). As communicative signals, newborn
cries convey both emotional prosody, e.g. distress, physiological needs
etc., and, as some studies suggest (Mampe et al., 2009; Manfredi et al.,
2019), the linguistic prosody of the native language the newborns heard
in utero. The right-lateralized activation found in response to cries may,
therefore, be linked to the processing of the prosodic contours of cries. It
is important to note that the overall higher pitch of cries does not in itself
provide an alternative explanation for our findings, since we would
expect similar patterns of activation in adults and newborns. Since
prenatal language experience may already modulate the intonational
contours of cries at birth (Mampe et al., 2009; Manfredi et al., 2019),
future studies should investigate newborns’ processing of non-native
cries and speech.

By sharing neural and functional foundations with speech, cries may
provide a bridge from simple vocal output to the acquisition of struc-
tured language. Its relevance for language development is mirrored by
studies on laughter, another early-produced vocal signal. Like cries,
laughter is constrained in its production and conveys meaning, signaling
affective states and shaping social interactions (Ginzburg et al., 2020).
Such vocalizations may thus scaffold infants’ sensitivity to communi-
cative signals.

In sum, this study provides the first demonstration that unlike adults,
newborn infants show heightened brain responses to cries, a commu-
nicative signal that is less familiar and less complex than speech, but one
that the infants themselves can produce, suggesting that a link between
vocal production and auditory perception may be present early in life.
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