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Over the past 40 years, the central goal of
cognitive neuroscience has been to inter-
pret neural signals. To do so, it focuses on
depicting commonalities between individ-
uals at the population level (Raizada and
Connolly, 2012). However, everyone’s per-
ception of the world is shaped differently
by individual experiences and preferences
(Charest et al., 2014; Lee and Geng, 2017);
averaging across participants may hide
such peculiarities of specific individuals’
brains. Indeed, the human brain shows a
considerable degree of anatomic and func-
tional variability across individuals. This
observation has often frustrated research-
ers that were looking for homogeneity and
uniformity across individuals’ brains.

Recently, however, there has been a
shift in perspective: researchers are now
intrigued by the presence of such variabili-
ty. This interest has led to several attempts
to find links between individual differen-
ces in brain organization and variability in
behavior and cognition across healthy and
neuroatypical individuals (Laumann et al.,
2015). The transition from the group level
to the individual observation has not been

present equally across the methodological
approaches within cognitive neuroscience.
It has been most fruitful for structural
MRI studies that have clear clinical utility
because they report the physical structure
of individual brains. In contrast, fMRI
research has mostly overlooked the indi-
vidual representations (Gordon et al.,
2017).

An exception to this trend is repre-
sented by the recent paper by Sen et al.
(2022). The authors delve into the origins
of neural variability and investigate the
role of heritability versus (sensory) experi-
ence in driving and shaping interindivid-
ual cortical variability in a large group of
congenitally blind people. To understand
the effects of sensory experience on vari-
ability, they investigated the resting-state
functional connectivity (RSFC) of primary
visual cortex (V1) of people born com-
pletely blind and compared it with a
sighted control group.

RSFC assumes that the BOLD MRI
signal is correlated between functionally
related brain regions (Biswal, 2012), even
if those areas are spatially segregated.
RSFC has been extensively used as a tool
to increase our understanding of brain
function and organization at multiple scales
in groups of subjects. However, these group-
level analyses potentially shadow the
possible individual differences in cort-
ical organization.

Notably, Sen et al. (2022) took an origi-
nal perspective of looking at the degree of

variability rather than homogeneity within
groups, asking how the extreme experi-
ence of deprivation affects the degree of
variability of the V1 connectivity (i.e.,
RSFC) profile. They found that V1 RSFC
patterns were more variable across blind
individuals than across sighted controls.
Furthermore, individual variability was cor-
related with the degree of plasticity: regions
showing a difference between blind and
sighted individuals were also characterized
by increased variability among the blind
individuals (Fig. 1).

What could be the source of this vari-
ability? The hierarchical clustering of the
RSFC profiles of blind individuals showed
that spatial profiles of connectivity did not
cluster based on blindness etiology, sug-
gesting a central role for postnatal experi-
ences rather than genetic factors linked to
the causes of blindness. The authors sug-
gested two nonmutually exclusive sources
of the increased variability.

The first possible source of variability in
blind people is the absence of highly con-
sistent visual input, which is characterized
by specific and similar statistical properties.
A lack of the shared (visual) experience
to constrain connectivity may lead to
increased variability in the blind po-
pulation. Indeed, individual variability
in brain connectivity in newborns is
greater than in adults (Molloy and Saygin,
2021). Therefore, the lack of a common
visual experience could play a crucial role
in maintaining and even increasing the
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amount of variability in the connectivity
profile of V1 among blind individuals.

The second possible source of variabili-
ty is individual adaptations to blindness,
such as the compensatory use of nonvisual
senses and cognitive faculties. Indeed, clus-
tering analysis identified different clades of
connectivity profiles classified by whether
the resting-state activity in V1 was posi-
tively or negatively correlated with that in
the sensorimotor, auditory, and superior
frontal cortices (Sen et al., 2022). Moreover,
the left-lateralization of the connectiv-
ity with the infero-frontal cortex, often
reported in blindness, arose only in a
subclade of blind participants. These
different subprofiles might, indeed, be
driven by individual adaptations to blind-
ness, such as more or less extensive use
of touch versus auditory modalities (e.g.,
braille vs audiobooks) or by a different role
of language abilities and working memory
strategies. This evidence further shows that
going beyond the group-level analyses
could reveal how individual sensory expe-
riences shape the brain organization.

Future research incorporating both
resting-state and task-based fMRI would
be necessary to test the possible sources
of variability. This would also elucidate
whether the degree of variability in the
functional connectivity profiles of blind
individuals is related to the type of cogni-
tive task (e.g., tactile, auditory, linguistic
tasks). Consistent with this possibility,
recent comparison of task-dependent ver-
sus RSFC in early blind and in sighted

control individuals showed that cognitive
state influences the connectivity profile of
the two groups in different ways (Pelland
et al., 2017). Therefore, it would be valua-
ble to compare the RSFC results from Sen
et al. (2022) with a task-dependent func-
tional connectivity measure, to see whether
the differences between blind and sighted
people at the group level are also present
within groups.

Another important future direction is
to extend the investigation to more ante-
rior visual regions, such as the ventral and
the dorsal visual streams. Indeed, these
regions reach their full development later
than primary visual regions (Maurer, 2017),
providing a wider window for individual
experience to shape their neuronal profiles.
Indeed, in sighted people, an idiosyncratic
ventral occipitotemporal cortex representa-
tion of bodies, faces, places, and man-made
objects has been demonstrated, beyond the
well-known shared categorical structure of
ventral occipitotemporal cortex representa-
tion (Charest et al., 2014; Gao et al., 2022).
A possible interpretation of these results
is that the representational idiosyncrasies
might arise from the microstructural plas-
ticity of cortex, which is driven by individ-
ual experience (Charest et al., 2014; Weiner
et al., 2017). According to this interpreta-
tion, one might expect that this unique
component of categorical representation, al-
ready present in sighted healthy individuals,
is much more pronounced in those with
early visual deprivation where plasticity in
the ventral and dorsal visual stream is

significantly enhanced (Collignon et
al., 2013; Battal et al., 2022; Mattioni et
al., 2022).

In this regard, recent studies (Mattioni
et al., 2020; Rosenke et al., 2020) showed
that, during task engagement, the functional
profile of the ventral stream shows higher
variability between congenitally blind
people than between sighted individu-
als, suggesting a more idiosyncratic func-
tional organization in the blind population.
This suggests that the way in which these
portions of the visual system form neural
representations in blind individuals might
be partially achieved in a subject-specific
manner (Rosenke et al., 2020). This intrigu-
ing possibility is in line with the study of
Sen et al. (2022) and raises several impor-
tant, yet unresolved questions. For instance,
considering that the occipital cortex of blind
subjects is recruited during both auditory
and tactile tasks, is there a correlation in the
level of auditory and tactile recruitment
across blind individuals? Or are there sub-
ject-specific profiles related to the modality
of reorganization (e.g., some blind individu-
als may recruit the occipital cortex more for
tactile stimulation and others more for au-
ditory stimulation)?

This line of research has a critical
implication to tailor visual rehabilita-
tion for visual restoration and visual
substitution based on individual pro-
files. Moreover, similar subject-oriented
research could be applied in many other
clinical domains to identify personalized
targets for clinical intervention (Kohoutová

Figure 1. Left, Illustration of the main way used to explore the environment in sighted and in blind individuals. Sighted people mostly use vision to explore the world, while people born
blind use both audition and touch with some variability in selecting their preferred sense. Right, Illustration of a possible multidimensional scaling of the RSFC from V1 to the rest of the brain
in sighted (top) and blind (bottom) individuals. In the sighted, the variability across subjects is lower compared with the variability across blind individuals. (This figure is for illustrative pur-
poses, and it is not based on real data).
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et al, 2022). Therefore, we should look for-
ward to more studies of interindividual var-
iability in the future.
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