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Visual neuroscience: A specialised neural pathway
for social perception

David Pitcher

Department of Psychology, University of York, Heslington, York YO10 5DD, UK

Correspondence: david.pitcher@york.ac.uk
https://doi.org/10.1016/j.cub.2023.10.020

Humans are an intensely social species. Our daily lives depend on understanding the behaviour and
intentions of the people around us. A new study identifies a neural pathway specialised for interpreting the
physical actions that we use to understand others.

Explaining the neural processes that
enable us to see and interact with the
people, places and objects we encounter
in the world is a fundamental aim of visual
neuroscience. A rich theoretical approach
in pursuit of this goal has been to show
that dissociable cognitive functions are
performed in anatomically segregated
neural pathways'+>. These models
propose that the cognitive functions
performed in a particular brain area can
be deduced (at least partially) from the
anatomical connectivity of that area. In
this issue of Current Biology, McMahon
et al.® report their use of a condition-rich
neuroimaging experimental design to
investigate how humans recognise
and process socially relevant visual
information. Their results demonstrate the
existence of a hierarchical neural pathway
specialised for understanding the socially
relevant actions of other people.
Foundational models of the primate
brain proposed two functionally distinct
hierarchical pathways projecting from
primary visual cortex to higher brain
areas'?: a ventral pathway specialised for
visual object recognition, and a dorsal
pathway specialised for performing
visually guided physical actions (Figure 1).
As neuroimaging techniques have
improved, however, it has become
increasingly clear that these models need
to be updated. Specifically, neither
pathway can account for the neural
mechanisms that underpin human
social interaction. Social interactions
are predicated on visually analysing
the actions of others and responding
appropriately. One brain area in
particular, the superior temporal sulcus
(STS), computes the sensory information
that facilitates these processes®®. A

recent model proposed that the STS is
part of a third visual pathway on the lateral
brain surface’. This pathway is
specialised for processing the dynamic
visual input that underpins social
interactions (Figure 1). Crucial to this
model is the anatomical and functional
connectivity between the STS and brain
areas that respond to fundamental visual
properties, most notably motion.

Motion is fundamental to social
interaction. The diverse range of
movements generated by faces
and bodies — for example, facial
expressions, body language, the audio-
visual integration of speech — are how
primates understand each other®®.
Quantifying this diversity in realistic
stimuli using tractable experimental
designs has been a significant challenge
in visual neuroscience for decades.
McMahon et al.® have designed an
innovative solution to this issue. They
curated a data-rich set of 250 3-second
videos depicting a range of social
interactions between two people (for
example, two people doing Karate or two
people reading a map). These videos
have been annotated to identify visual
features that should be selectively
processed in brain areas at different
levels of the visual hierarchy. These
include low-level features (for example,
contrast and motion energy), mid-level
features (for example, physical distance
between the actors and their direction of
attention) and high-level features that
support social understanding (for
example, the nature and valence of the
interaction). Participants viewed these
videos while being scanned with
functional magnetic resonance imaging
(fMRI). This enabled the authors to
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precisely map which brain areas
responded to which visual features.

The results demonstrated a hierarchical
organisation for understanding social
actions along the lateral visual pathway.
Low-level visual features, such as motion,
were processed in early visual cortex and
motion-selective brain areas'®. Mid-level
features, such as features that convey the
geometry of the scene, were processed in
brain areas that selectively respond to
bodies and objects’ 2. High-level
features describing the nature of the
social interaction and the intensity of the
interaction were processed in higher brain
areas along the STS®®. This mapping of
simple to complex visual information (as
depicted in the videos) onto brain areas
that preferentially respond to this
information empirically defines a neural
hierarchy for social understanding.
Importantly, these results functionally
dissociate the lateral visual pathway
(along the STS) from the established
ventral pathway for object recognition
and dorsal pathway for performing
visually guided physical actions (Figure 1).

McMahon et al.® have demonstrated an
exciting new approach that bridges the
fields of sensory neuroscience and social
neuroscience. This opens up new ways to
study the neural basis of social cognition
and how it operates in both non-clinical
and clinical populations. For example,
individuals with autism show an impaired
neural response in motion-selective
visual areas, and impaired performance
when performing behavioural motion
discrimination tasks'®. This has led
to theories proposing that the social
impairments observed in autistic
individuals may result from an impairment
in prediction'”. Predicting the responses
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our behaviour will elicit in others is part of
social interaction. Social interaction is
informed, at least partially, by the non-
verbal cues generated by the faces and
bodies of the people around us. In autism,
it is theorised that impaired motion
perception leads to impaired prediction of
these non-verbal cues, and this impairs
the capacity to understand the intentions
and feelings of others. Using more socially
realistic and data-rich videos depicting
social interactions will hopefully be able to
identify the differences in processing
dynamic social information in people with
autism.

Social interactions are not only about
understanding the intentions of other
people; they also involve a decision about
how to respond (even if that decision is to
do nothing). Decision-making suggests
the involvement of brain areas higher in
the cortical hierarchy than the STS,
notably in the prefrontal cortex.
Non-human primate studies report
anatomical connectivity between the
STS and the prefrontal cortex'®. More
recent human neuroimaging studies
have also demonstrated that the STS
and the prefrontal cortex are functionally
connected when processing moving
faces'®'’. Consistent with this
hypothesis, McMahon et al.® report
activity in the prefrontal cortex; however,
this activity was not reliably correlated
with any of the visual features they
identified in the video stimuli. Further
characterising the role of the frontal
cortex in visual action understanding is an
important question for future studies.

The detailed mapping of visual
information also reveals intriguing
hemispheric differences at higher levels of
the visual hierarchy. For example, the
videos that depicted greater levels of
communication (for example, more
social interaction and higher valence)
were preferentially processed in the
right hemisphere. Why should the
visual information that supports social
understanding be preferentially processed
in the right hemisphere? One suggestion
comes from arecent model of visual action
perception that describes the neural basis
of how humans interact with objects (for
example, grasping a tool)'®. This model
proposes that action observation involving
objects is primarily a left hemisphere
function. A hemispheric dissociation
between visual actions that support object
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Figure 1. The three visual pathways.
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A schematic representation of the three visual pathways that project from early visual cortex. Prior models
of primate visual cortex proposed two pathways'?. A ventral pathway (shown in green) for visual object
recognition, and a dorsal pathway (shown in blue) for performing visually guided physical actions.
These pathways were predicated on the hypothesis that the function of a particular brain can be
deduced (at least partially) by the anatomical connectivity of that area. A recent update has proposed a
third visual pathway on the lateral brain surface’. This third pathway (shown in red) is specialised for
processing the dynamic visual information that supports social perception. The study by McMahon
et al.® reported in this issue of Current Biology provides empirical support for the hierarchical structure
of this third pathway from motion-selective visual cortex into the higher brain areas that support social

cognition.

use and visual actions that support social
understanding is consistent with the
findings of McMahon et al.®. While the
reasons for this asymmetry are unclear,
evolutionary theories have been
proposed '®. One suggests that the higher-
order cognitive functions that support
behaviour unique to humans, such as
spoken language, are preferentially
processed in the left hemisphere.
Anatomical studies show the planum
temporale, a brain area adjacent to the
STS that processes speech, is largerin the
left hemisphere®®. This division of function
then allows the STS in the right hemisphere
to preferentially process the nonverbal
characteristics of faces and bodies that
support social understanding. Future
experiments that compare how non-verbal
social information is differentially
processed in human and non-human
primates'? can further address this
question.

Charles Darwin famously identified two
types of scientists: ‘lumpers’ and
‘splitters’.

Lumpers look for the fundamental
similarities that underpin the functionality

of a system; splitters look to identify
finer and finer differences between the
components in a system. Defining
cognitive functions that are selectively
processed in anatomically defined
neural pathways offers a conceptual
approach that can bridge this division.
Neuroimaging studies can be used

to study the functions of specific brain
areas (such as the motion-selective
area or the STS) while simultaneously
mapping the connectivity and broader
functionality between these brain areas.
Visual pathway models create the
broader framework in which these
results can be understood and
interpreted. The results reported by
McMahon et al.® are an exciting new
demonstration of this approach. Their
study provides empirical support for
the functional role of the lateral visual
pathway while opening up many
exciting and important questions for
future study.
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Plant gravitropism has fascinated scientists for centuries. A new study provides a major mechanistic
update of the so-called starch/statolith hypothesis, revealing how gravity perception is converted into a

physiological response.

The gravitational force serves as a stable
reference for plant growth. This
information allows plants to orient their
shoots and roots vertically, even in the
absence of other environmental cues like
light. To achieve this, plants must sense
gravity and translate this physical
stimulus into a physiological response.

In a new study, Chen and colleagues’
have now molecularly described the

conversion mechanism, allowing plants to
relate their growth to gravity.

Statocytes are cells that can perceive
gravity — they do this using statoliths,
which are heavy, starch-filled plastids
(amyloplasts). A change in plant
orientation relative to the direction of
gravitational force induces amyloplast
sedimentation to the new bottom side of
the cell. Consequently, amyloplast
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sedimentation triggers a cellular
polarization event, ultimately generating
an asymmetric growth signal. It is

well established that gravity-sensing
cells polarize the PIN-FORMED3
(PIN3)-dependent transport of the
phytohormone auxin into the direction

of amyloplast sedimentation®.
Consequently, the asymmetric
distribution of auxin along the plant organ
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