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When during development do our brains get tuned to the
human voice?

Tobias Grossmann and Angela D. Friederici

Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany

In the previous issue of Social Neuroscience, Lloyd-Fox and colleagues (2012) provide evidence that voice-sen-
sitivity in temporal cortex emerges between 4 and 7 months of age. We discuss the implications of these findings
and the overall progress that has been made in understanding the development of voice processing in infancy.
In this commentary, we also examine important methodological and theoretical issues raised by this new work in
the emerging field of developmental social neuroscience.
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The human voice is one of the most important stimuli
in our auditory environment: It carries the acoustical
signature of our species and is a rich source of infor-
mation that is critical for survival and social communi-
cation. In adults, human voices are processed in highly
specialized auditory brain regions located in the upper
bank of the superior temporal sulcus (STS) bilaterally
(Belin, Zatorre, Lafaille, Ahad, & Pike, 2000). Other
primates for whom vocal communication also plays an
important role, such as macaque monkeys, have been
shown to possess a voice region in the superior tem-
poral plane that preferentially responds to conspecific
vocalizations, suggesting that recognizing the sound
that is the vocalization of a species member is an evo-
lutionarily conserved brain function in primates that is
independent of language (Petkov et al., 2008; Petkov,
Logothetis, & Obleser, 2009). These voice-selective
areas in auditory cortex, similar to face-selective areas
in visual cortex identified in both humans and mon-
keys (Kanwisher, McDermott, & Chun, 1997; Tsao,
Freiwald, Tootell, & Livingstone, 2006), are thought
to serve important functions by binding the process-
ing of crucial, socially relevant information to sensory
systems. However, only recently has research begun
to examine the ontogenetic origins of this fundamental
brain process.

Correspondence should be addressed to: Tobias Grossmann, Max Planck Institute for Human Cognitive and Brain Sciences, Stephanstrasse
1a, 04103 Leipzig, Germany. E-mail: grossman@cbs.mpg.de

In a first study, by using functional near-infrared
spectroscopy (fNIRS) to measure localized brain
responses in two groups of infants, Grossmann,
Oberecker, Koch, and Friederici (2010) showed that
7-month-olds, but not 4-month-olds, demonstrate
increased responses in left and right superior tempo-
ral cortex to the human voice compared to non-vocal
sounds, suggesting that voice-sensitive brain systems
emerge between 4 and 7 months of age. However,
this developmental conclusion was challenged by Blasi
and colleagues’ (2011) recent study of a group of
infants ranging from 3 to 7 months of age, using func-
tional magnetic resonance imaging (fMRI), in which
increased activation in a right anterior temporal region
in response to vocal sounds compared to environmen-
tal sounds was reported. Since no effect of age on
this voice-sensitive region was observed, the data were
taken to indicate that infants’ brains are specialized in
processing voices earlier than previously thought.

However, in this issue of Social Neuroscience,
Lloyd-Fox and colleagues (2012), using fNIRS, show
that voice sensitivity in the right and left temporal
cortex increases from 4 to 7 months of age. These
findings are consistent with the earlier findings from
Grossmann et al.’s study (2010) and thus support
the notion that the brain specialization for processing
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voices emerges over the first 6 months of age. It is
important to note that the similarity in the developmen-
tal effect observed in the two fNIRS studies is indepen-
dent of the particular stimuli used. While Grossmann
et al. (2010) used speech and non-speech stimuli in the
voice condition of their study, Lloyd-Fox et al. (2012)
presented the infants only with non-speech vocaliza-
tions such as coughing, yawning, and throat clearing.
Thus, there are now two studies (Grossmann et al.,
2010; Lloyd-Fox et al., 2012) that report the emer-
gence of voice sensitivity during infant development
but one fMRI study that did not find such a develop-
mental effect (Blasi et al., 2011). Let us now consider
the factors that might explain these differences.

NEUROIMAGING METHODS

One difference that stands out is the different
neuroimaging methods that were used across these
infant studies, fNIRS in Grossmann et al. (2010) and
Lloyd-Fox et al. (2012) versus fMRI in Blasi et al.
(2011). Both methods rely on drawing inferences
about cortical activation by measuring a hemodynamic
response; however, fNIRS has an inferior spatial reso-
lution when compared to fMRI. Thus, fMRI, due to
its better spatial resolution, may have been able to
detect voice-sensitive responding in a region that was
not measured in the fNIRS study by Grossmann et al.
(2010). Nonetheless, these differences in spatial reso-
lution alone are unlikely to explain the differences in
terms of the development of voice-sensitive respond-
ing described above, because, if anything, they should
have produced the opposite pattern of results––that is,
the absence of a developmental effect in the fNIRS
studies could have been attributed to its inferior spatial
resolution, but the findings demonstrate the opposite
pattern with the absence of a developmental effect in
voice sensitivity in the fMRI study.

STIMULUS MATERIAL

Another important factor to consider is the poten-
tial difference in the stimulus material presented to
the infants. However, Lloyd-Fox et al. (2012) and
Blasi et al. (2011) actually used very similar stim-
uli, making stimulus selection an unlikely candidate in
explaining the presence or absence of developmental
effects across studies. Stimulus selection may, how-
ever, have affected the location of the voice-sensitive
regions identified in the different studies. Specifically,
both Lloyd-Fox et al. (2012) and Blasi et al. (2011)
used stimuli consisting exclusively of non-speech

vocalizations and found a voice-sensitive region in a
more anterior portion of the temporal cortex, whereas
Grossmann et al. (2010), who included speech stim-
uli in their voice condition, found voice-sensitive
responses in slightly more posterior regions of the tem-
poral cortex. This raises the interesting hypothesis that
in early development, speech (linguistic information)
versus non-speech human sounds (non-linguistic infor-
mation) might at least partly be processed in different
regions of temporal cortex. Indeed, it has been argued
that, in the adult brain, different aspects of voices,
in particular non-linguistic aspects such as speaker
identity versus linguistic information derived from
speech, may be processed in different but adjacent and
functionally associated regions in the temporal cortex
(Belin & Zatorre, 2003; Kriegstein & Giraud, 2004;
von Kriegstein, Eger, Kleinschmidt, & Giraud, 2003).
Future studies should test this hypothesis more directly
by contrasting different aspects of vocal information
processing in infants.

SAMPLE SIZE

Another methodological factor that might provide
an explanation for the differences observed between
these studies is sample size. Looking at sample size
reveals that both studies that showed a developmental
effect had substantially larger samples––16 at each age
group, making a total of 32 in Grossmann et al. (2010)
and 33 in Lloyd-Fox et al. (2012)––than the study that
failed to find such a developmental effect: 21 infants
in Blasi et al. (2011). This suggests that a more rep-
resentative sampling across the ages provides a better
way of conducting developmental neuroimaging stud-
ies during infancy. Moreover, from a methodological
point of view, it has been recommended that measure-
ments should not be combined over more than 1-month
intervals when examining development in infant stud-
ies (DeBoer, Scott, & Nelson, 2005), precisely because
such grouping of the infant data might conceal devel-
opmental effects. Therefore, assessing only a fairly
small sample of infants grouped across 3 to 7 months
of age, as was done in Blasi et al. (2011), is perhaps not
the most effective way of assessing infant development
and might in fact preclude developmental effects.

STATE OF THE INFANT

Another critical difference between the two fNIRS
studies and the fMRI study was that infants were
asleep during the fMRI data collection, but not in
the fNIRS studies. Sleep has been shown not only to
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reduce effects in auditory studies with adults (Czisch
et al., 2002) but also to critically alter infant brain
responses in auditory experiments measured with
fMRI (Dehaene-Lambertz, Dehaene, & Hertz-Pannier,
2002) and event-related brain potentials (Friederici,
Friedrich, & Weber, 2002). Indeed, Blasi et al. (2011)
acknowledged that the fact that they did not find a
modulation of the responses in the voice-sensitive
region depending on emotional content of the vocal
stimuli, which is in contrast to prior fMRI work with
adults (Grandjean et al., 2005) and prior NIRS work
with infants (Grossmann et al., 2010), might be due to
the infants being asleep during their study. In a sim-
ilar vein, it is not unlikely that an awake and alert
infant might process the contrast between vocal and
non-vocal sounds very differently from an infant that
is asleep. This overall argument concerning sleep as
a potential problem becomes particularly important
when one considers the brain specialization for voices
as a crucial neural manifestation of infants’ develop-
ing social communicative and interactive skills. Taken
together, the last two factors, namely the state of the
infant during the measurement and sample size and
the resulting age distribution of the sample are criti-
cal methodological factors to consider when assessing
current studies and planning future studies on voice
specialization in the infant brain.

Let us now return to the crucial research ques-
tion: When in human development does the brain
specialization for processing voices emerge? There is
now corroborating evidence from two fNIRS stud-
ies with awake infants that the infant brain becomes
sensitive to voices during the first 6 months of life
(Grossmann et al., 2010; Lloyd-Fox et al., 2012).
Given this developmental pattern, another important
issue to be addressed is, how specific is this emerg-
ing voice sensitivity in infants? Grossmann and col-
leagues (2010) contrasted human vocal sounds to a
variety of control sounds (including animal vocaliza-
tions) and observed increased temporal responses to
human vocal sounds at 7 but not at 4 months of age.
This suggests that the infant brain becomes tuned to
processing species-specific vocal information between
4 and 7 months of age. This conclusion is in line with
a recent fNIRS study which found that 4-month-old
infants showed similarly strong responses in temporal
cortex to monkey calls as to human speech, indicat-
ing that at this young age infants are still sensitive
to vocalizations from both species (Minagawa-Kawai
et al., 2011). These findings together with the other
work on voice processing in infancy support the view
that voice processing may be gradually narrowed to
human vocal sounds during the first year of life.
Such narrowing effects have also been reported for

infants’ development of face processing with a nar-
rowing toward human faces (de Haan, Pascalis, &
Johnson, 2002; Pascalis, de Haan, & Nelson, 2002).
This perceptual narrowing consistently observed in
numerous studies during infancy has been argued to
be an important sensory phenomenon (Lewkowicz &
Ghazanfar, 2009; Scott, Pascalis, & Nelson, 2007)
that is a critical prerequisite for later developmen-
tal achievements (Jansson-Verkasalo et al., 2010). The
reviewed evidence from current infant neuroimaging
studies provides the first insights into the neural pro-
cesses that may underlie perceptual narrowing to the
human voice during early development.
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