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One of the fundamental searches in cognitive neuro-
science is for the role of the perceptual and cognitive sys-
tems. Much evidence suggests that a critical function is
to allow actions. The idea of a link between sensorimo-
tor development and cognition has a long history. Piaget,
in 1955 [1], proposed that basic sensorimotor functions are
the foundation for the development of higher-level cogni-
tive functions. According to this perspective, knowledge
of the environment is built through active exploration. Ac-
tions are planned and organized in light of the collected sen-
sory information and cognitive inputs (e.g., expectations).
These, in turn, yield modifications to the environment that
provide new information to the sensory systems, which are
again combined with cognitive processes to create mem-
ories, strategies, and, eventually, new actions, in a never-
ending loop.

Since Piaget, much has been done to investigate the
relationship between perception, action, and cognition, but
there is much still to be done. Notably, the lack of com-
prehension of the interplay between sensorimotor and cog-
nitive functions is one of the most salient limitations to a
holistic comprehension of human brain function and de-
velopment. This special issue aims to tackle this prob-
lem, directly, by reporting innovative studies investigat-
ing the relationship between perceptual, motor, and cogni-
tive functions, from low-level to high-order domains, via a
wide range of multidisciplinary approaches, across the en-
tire lifespan.

1. Perception, Action, and Cognition: A
Complex Interaction

Perception has been classically considered to arise
from an active combination of sensory signals, but numer-
ous reports support the idea of an intimate combination of
both sensory and motor inputs. For example, Arrighi and
co-workers [2] showed that patients with a complete loco-
motor impairment, due to spinal injury, show a reduction in
visual sensitivity for biological motion patterns of the rou-
tines they were no longer able to perform. If motor depri-
vation impairs sensory processing, the opposite also holds
true; a brief period of motor stimulation yields robust per-
ceptual distortions. Performance in several visual and audi-
tory tasks has been measured psychophysically after a pe-
riod of “motor adaptation” consisting of a short phase (few

seconds) of motor activity (fast or slow finger tapping). Per-
ception of space [3] (separation between two points), time
[4] (duration of a visual stimulus), and numerosity [5,6]
(number of visual objects scattered in a given space or of
flashes/sounds in a sequence) were all strongly distorted
soon after the motor phase, compared to performance af-
ter no motor activity, suggesting a sensorimotor system for
magnitude encoding. Similar motor-induced visual distor-
tions of space, time, and numerosity have also been reported
during saccadic eye movement [7]. Finally, time perception
is even altered during walking [8] or running [9], general-
izing the sensorimotor interactions to many different motor
effectors as well as to different motor routines. In brief, the
internal representation of the external world can be consid-
ered an active combination of perceptual and motor infor-
mation.

As for low-level perception, there is also much evi-
dence indicating that actions can shape high-level cogni-
tive functions. For example, a paradigmatic high-level hu-
man cognitive ability is language-based mathematical rea-
soning. Individuals with developmental dyscalculia (a spe-
cific deficit limiting mathematical learning) are also more
likely to show motor impairments than are age-matched
neurotypical peers [10]. Similarly, individuals with mo-
tor coordination disorder [11] and individuals with hemi-
plegia [12] and diplegia show, along with motor difficul-
ties, impaired mathematical skills. Even within the neu-
rotypical population, a covariation between mathematical
achievements and sensorimotor abilities (e.g., hitting mov-
ing targets) has been reported in children and adolescents
[13]. Mental-calculation accuracy in adults shows system-
atic biases during saccadic eye movement [14]. Moreover,
individuals suffering from motor impairments (coordina-
tion disorder and hemiplegia or diplegia) also show com-
bined impairment of visual numerosity perception and cog-
nitive mathematical abilities [11,12]. Widening the horizon
beyond numerical cognition, the involvement of motor cir-
cuits in cognitive functions has also been well demonstrated
by the mirror-neuron system [15] (encoding abstract repre-
sentations) and by the involvement of motor cortex in lan-
guage processing [16] and comprehension [17], as well as
in speech perception [18].
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2. An Action-Oriented Perspective for
Cognitive Neuroscience

These and many other studies clearly indicate that in-
puts conveyed to our sense organs are actively combined
with self-produced motor signals, and that cognitive abil-
ities are also inextricably intertwined with actions. This
complex interaction has been well summarized by the con-
cept of “embodied mind” [19]. As sketched above, the
development of human numerical cognition is just one of
the many potential paradigmatic examples of how signifi-
cant and pervasive the relationship is between sensorimo-
tor skills (e.g., grasping a moving ball), perception (visual
numerical quantities), and cognition (e.g., mental calcula-
tion abilities). Broadening the perspective, Engel and co-
workers have nicely illustrated the current need for what
they termed a “pragmatic turn in cognitive science”, where
cognition should be considered a form of practice [20].

A deep comprehension of how action, perception, and
cognition interact has the potential to increase knowledge
about how the human brain evolves and operates in cir-
cumstances in which action, perception, and cognition sel-
dom, if ever, operate in isolation. Moreover, as we are con-
stantly interfacing with devices requiring the integration of
action, perception, and cognition, this collection of articles
has high potential to subserve a significant technological
development. Finally, understanding the interplay between
sensorimotor systems and cognitive capacities might also
provide invaluable information to clinicians and school op-
erators about the development of effective training proto-
cols.
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