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Lorenzi et al. (2025) convincingly support the idea of an innate number sense. However, in their paper, and in most of the commentaries
it triggered, authors assume that the number sense is visually grounded. We challenge this view based on two key arguments: the
number sense is supramodal and can develop in congenitally blind people. Together, these points suggest that the number sense is a
modality-independent faculty, accessible through any sensory and cognitive channels, with vision being just one convenient gateway

among others.
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Introduction

Lorenzi et al. (2025) offer compelling evidence that the number
sense is innate. They support this claim with converging behav-
ioral and neural findings from newborn animals suggesting a
sensitivity for numerical information since birth, in the absence
of specific training or experience. They for instance demonstrate
that newly hatched chicks display a number sense immediately
after birth when tested on visual display. However, the paper and
most of the ensuing commentaries it triggered implicitly assume
that the number sense is primarily visual in nature. This view
is most explicitly expressed in Harvey’'s comment, in which it is
suggested that the innate number sense is “an innate property of
vision, derived from the spatial frequency-based representation
of images in the visual systems” (Harvey 2025). According to this
view, numerical representations emerge from the visual system’s
extraction of spatial frequency information in the environment.
The early visual system is hard-wired to encode image con-
trast in the spatial frequency domain, and because the total fre-
quency energy of an image correlates very closely with numeros-
ity, numerosity can be straightforwardly derived by subsequent
stages of processing (Paul et al. 2022; Harvey 2025).

While this visual-centric perspective offers a compelling low-
level explanation of how the brain might extract numerical infor-
mation from visual input, it raises an important question: Is vision
truly a mandatory building block for the emergence of the number
sense?

Vision indeed provides clear advantages in processing numeri-
cal information. It can simultaneously handle a large amount of

information, while audition and touch are more limited to how
much information they can process simultaneously (Anobile et al.
2016b). Perhaps one of the most striking (but debated; see Yousif
et al. 2024) demonstrations of a visual number sense (as explicitly
mentioned in the title of the original paper) relies on the observa-
tion that perceived numerosity is susceptible to adaptation, like
any primary visual properties (Burr and Ross 2008). Visuospatial
coding of numerosityis also supported by the SNARC effect, where
participants respond faster when smaller numbers are associated
with the left hand and larger numbers with the right (Dehaene
et al. 1993; Gevers et al. 2006). Additionally, subitizing, the rapid
and accurate enumeration of small sets, is commonly believed to
rely on the visual system’s capacity to index multiple objects in
parallel (Kaufman et al. 1949; Dehaene and Cohen 1994).
However, we challenge the notion that the number sense is
inherently based on vision relying on two key arguments: first,
the supramodal nature of the number sense; and second, its
developmentin individuals who have never had visual experience.
First, extensive evidence supports that the number sense relies
on mechanisms that are not exclusive to the visual system.
Numerical abilities have been well documented across auditory
and tactile modalities (Tokita and Ishiguchi 2011; Arrighi et al.
2014; Yang et al. 2025). Individuals can estimate and compare
numerical quantities as sequences of sounds or tactile stim-
uli. One might wonder whether numerical representations aris-
ing across different senses derive from similar mechanisms or
instead arise independently—such that the representational for-
mat of the visual numerosity might be different from the one
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in audition and touch. Several lines of evidence suggest that
this is unlikely. First, numerical estimation and discrimination in
touch and audition follow the same governing principles observed
in vision, such as the distance effect (where numbers that are
numerically closer are harder to discriminate) and the size effect
(where larger numbers are harder to process) (Szlics and Csépe
2005; Piazza et al. 2006; Krause et al. 2013). Second, the mag-
nitude of the SNARC effect does not significantly differ across
modalities, suggesting a shared underlying representational for-
mat (Crollen et al. 2013). Third, and maybe more convincingly,
cross-modal adaptation studies show that adapting to numerical
information in one sense has a repulsive perceptual effect on
numerical estimation in another sense (Anobile et al. 2016a;
Togoli and Arrighi 2021).

These observations immediately complicate explanations of
numerosity that posit a direct link between visual experience and
numerosity. The fact that numerosity arises in—and generalize
across—audition, touch, as well as vision points to more funda-
mental origins than learned mapping from visual input.

One may however still argue that numerical estimation based
on nonvisual information might depend on projecting nonvisual
information onto a visual scaffold; vision would represent the
developmental foundation on which other senses build on to
develop a mature sense of number. However, the strongest argu-
ment against this idea comes from the studies of individuals
who never had visual experience. If vision were essential for
developing a number sense, congenitally blind individuals would
show severely impaired numerical abilities (Crollen and Collignon
2020). Yet, numerous studies have shown that blind individuals
perform similarly to, or even sometimes better than, sighted
individuals in numerical tasks, including numerical estimation
and arithmetic operations (Castronovo and Seron 2007; Dormal
et al. 2016; Kanjlia et al. 2018). Blind individuals also exhibit
the typical distance and size effects when perceiving numerosity
through nonvisual modalities, suggesting that an analog number
line can develop without visual calibration (Szlics and Csépe
2005; Castronovo and Seron 2007). Similarly, they display a SNARC
effect, indicating that spatial coding of number can emerge inde-
pendently of vision (Crollen et al. 2013). Remarkably, subitizing—
long thought to rely on the visual system’s capacity for parallel
item processing—has also been observed in blind individuals,
suggesting that subitizing is a general mechanism rather than a
vision-specific computation (Ferrand et al. 2010). Neuroimaging
studies further support these behavioral observations by reveal-
ing that similar brain regions, particularly the intraparietal sulcus,
are involved in numerical thinking in both congenitally blind and
sighted individuals (Kanjlia et al. 2016; Crollen et al. 2019), with
the additional engagement of dorsal occipital regions in blind
people.

Actually, Lorenzi et al. mention that newly hatched chicks are
exposed to proprioceptive sounds or tactile simulation before
hatching, raising the intriguing possibility that nonvisual sensory
input may support the early development of the number sense
(“Innate” is considered as “existing from birth”, which does not
mean independent from experience - see Kevin Mitchell’s book
Innate for further development on the topic (Princeton University
Press, 2018))). This idea converges with our proposition that vision
might not be a prerequisite for the emergence of the number
sense. Taken together, these arguments undermine the notion
that the number sense develops based on visual experience.
Instead, the number sense appears to be a modality-independent
faculty that the brain can access through whichever sensory and

cognitive channels are available, with vision merely one conve-
nient gateway among many. By moving beyond a vision-centric
perspective, the field of numerical cognition can gain deeper
insights into the fundamental principles governing the (innate)
emergence of the number sense.
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