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• newborns show an increased response to repetition-based sequences (ABB) as compared to random ones (ABC)
• do 6-7-month-olds also discriminate repetition-based regularities from random ones?

• does this depend on the variability in the input stimuli, as suggested by the less-is-more hypothesis (Newport 1990)?
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• NIRS: 20 channels – NIRx NIRScout
• 6-7-month-old French infants (n = 21)
• stimuli:

• low complexity (9 ABBs & 9 ABCs, 2x)
• higher complexity (18 ABBs & 18 ABCs, 1x)
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Abstract

Research Question

Previous research suggested different cognitive mechanisms, such as perceptual identity detection (Endress et al. 2007) and abstract rule learning
(Marcus et al. 1999) to account for the encoding of repetition-based regularities. Here we tested whether and how 6-month-old infants, never tested
before in such tasks, are able to discriminate repetition-based linguistic regularities (ABB, e.g. “bu ra ra”) from random controls (ABC, e.g. “bu fa zo”)
and whether variability in the stimulus set impacts learning. In an fNIRS study, 6-7-month-old infants (n=21) were exposed to a low complexity
grammar (9 ABBs & 9 ABCs, 2x) and a higher complexity grammar (18 ABBs & 18 ABCs, 1x). There was no significant difference between low and
high complexity stimuli. We also found similarly high activation for the ABB and ABC grammars. This contrasts with findings that showed an advantage
for repetition in newborns (Gervain et al. 2008), and suggest a developmental change in rule learning between birth and 6 months, when the
encoding of difference comes online.

The experiment consisted of 8 blocks of each of the three con-
ditions (consistent, inconsistent, no contrast), each comprising
the presentation of 6 tone pairs, for a total of 24 blocks. Blocks
were spaced by silent time intervals of varying duration (26–
32 s) to avoid inducing phase-locked brain responses and lasted
8–12 s. Within blocks, tone pairs were also separated by pauses
(480 ms), yielding blocks of about 8–12 s. The 24 blocks were pre-
sented in an interleaved fashion in such a way as to disallow more
than two consecutive blocks of the same condition. The order of
the blocks was randomized and counterbalanced across subjects.

2.1.3. Procedure
Infants were tested with a NIRx NIRScout 816 machine (source-

detector separation: 3 cm; two wavelengths of 760 nm and
850 nm; sampling rate: approximately 10 Hz) at the maternity
ward of the Robert Debré Hospital, Paris, France. The testing ses-
sion lasted about 16–17 min. The optical probe cap was placed

on newborns’ heads targeting the fronto-temporo-parietal audi-
tory areas. The optical sensors were inserted into a stretchy EEG
cap and were placed bilaterally on the infants’ head using surface
anatomical landmarks (inion, nasion, vertex and the bilateral
preauricular points; see Fig. 2).

We approximated the location of the cortical regions underlying
our NIRS channels following the procedure described in Lloyd-Fox
et al. (2014), using of age-appropriate, i.e. newborn, structural
MRIs and stereotaxic atlases from Shi et al. (2011) (Fig. 2). This
localization analysis suggests that on average channels 1, 2, 4
and 5 in the LH and channels 13, 14, 15 and 16 in the RH are posi-
tioned over the inferior-middle frontal area, Channels 3, 6, 8 and 11
and 17, 19, 22 and 24 were mostly positioned over the temporal
lobe including the superior and middle temporal gyrus, while
channels 7, 9, 10 and 12, and channels 18, 20, 21 and 23 were most
often located over the central gyrus, supramarginal gyrus and the
angular gyrus (see Fig. 3). Given the high variability of newborns’

Fig. 2. (A) Picture of a neonate with the cap placed upon the head (right view), (B), A scalp surface from MRI neonate templates (Shi et al., 2011) with the probe set. The
channels in the probe set are projected down from the scalp surface to the cortical surface. Red circles indicate sources, while write circles indicate detectors.

Fig. 3. Configuration of probe sets overlaid on a schematic newborn brain. For each fNIRS channel located within this probe set, the identity of the underlying brain area
(using the LPBA40 atlas) is illustrated according to their localization. The blue channels indicate the position of the probe over the frontal area, the orange channels over the
parietal area and the purple over the temporal area on the infant head. Grey circles indicate sources, while black circles indicate detectors.

N. Abboub et al. / Brain & Language 162 (2016) 46–59 49

At 6 months of age, infants respond to random sequences equally than to repetition-based sequences, suggesting a
developmental shift between birth and 6 months, during which the encoding of difference emerges. This does not
seem to be influenced by stimulus variability.


