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ABSTRACT

The two cerebral hemispheres can often operate independently. But interactions between them are critical for cognition and have been implicated in a number of
neuropsychiatric disorders. Neurophysiological studies have long focused on a single hemisphere. Here, we review recent studies showing neurophysiological ev-
idence showing both independence and interactions between the hemispheres during complex behavior.

1. Introduction

Our brains remarkably divide the processing of information from the
world around us. This is particularly evident in how vision, touch, and
motor control are split between the right and left hemispheres. This split
offers advantages such as parallel processing for our bilateral bodies.
The separation between left and right visual hemifields is well-known in
lower-level visual cortex. For a while, this split was thought to be
“remedied” by large bilateral receptive fields at higher cortical areas.
But we now know that it persists to some degree even as information
ascends the visual cortical hierarchy. A bias toward contralateral space
remains evident at the highest levels of cortex and cognition. The left
and right sides of vision appear to draw from separate cognitive re-
sources and distinct attentional mechanisms. The division between
hemispheres raises a compelling question: How does the brain track and
retain visual information as it moves between the left and right side of
space? As objects move across our visual field or we shift our gaze, does
information simply disappear from one hemisphere and reappear in the
other?

These two themes, independence and interactions between the ce-
rebral hemispheres, form the basis of this review. A recent review
focused on rodent genetic and cellular imaging studies addressing
similar questions (Ocklenburg and Guo, 2024). Here, we focus on their
implication and role in cognition in human and non-human primates
(NHPs). John Duncan has been a key contributor to this body of work,
pioneering new methods, introducing novel ideas, and conducting
crucial studies in this field (Erez et al., 2022; Everling et al., 2002;
Kadohisa et al., 2013, 2015; Powell et al., 2006; Rajimehr et al., 2022;
Vandenberghe et al., 2000).

2. Independence between hemispheres

Sensory information coming in from one side of the body is processed
by the opposite, contralateral cortical hemisphere. As information as-
cends the cortical hierarchy, it becomes progressively more shared
across hemispheres. Some of this interhemispheric crosstalk is thought
to be due to subcortical routes or smaller cortical fiber tracts (Amaral
et al., 1984; Demeter et al., 1985; Di Virgilio et al., 1999; Szczupak et al.,
2024). But decades of anatomical and neuropsychological studies sug-
gest it is primarily mediated by the corpus callosum, a large bundle of
nerve fibers directly connecting the two hemispheres (Gazzaniga, 2000;
O’Reilly et al., 2013; Roland et al., 2017; Sperry, 1968). Callosal fibers
mainly connect corresponding cortical regions in the two hemispheres
(Innocenti, 1986; Jarbo et al., 2012). The few connections breaking this
rule target areas closely linked to the corresponding region (Barbas
et al., 2005). This wiring scheme has been substantiated by studies of
resting-state functional connectivity in humans (Gee et al., 2011; Sal-
vador et al., 2005; Stark et al., 2008).

The cumulative result of this interhemispheric signal mixing is a
gradual increase in position invariance as you ascend the cortical hier-
archy. Neuronal receptive fields become progressively larger and the
coverage of the visual field by neural populations in each hemisphere
extends further across the midline into the ipsilateral visual field.
Initially, it was believed this culminated in a fully bilateral representa-
tion in cortical regions critical for cognition. However, much of the early
work was conducted under anesthesia (Gross et al., 1972).

In the awake, attentive brain, receptive fields are often much smaller
(DiCarlo and Maunsell, 2003), and a bias toward the contralateral visual
hemifield remains even at the highest levels of cortex. In the lateral
prefrontal cortex, neuronal receptive fields can extend across the
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midline and even sometimes be centered in the ipsilateral visual field.
But the prefrontal population representation of space is clearly biased
toward the contralateral hemifield, both for NHPs (Brincat et al., 2021;
Bullock et al., 2017; Funahashi et al., 1990; Kornblith et al., 2015;
Rainer et al., 1998; Viswanathan and Nieder, 2017; Wimmer et al.,
2016) and humans (Hagler and Sereno, 2006; Kastner et al., 2007;
Medendorp et al., 2007). In fact, impairments from damage to the pre-
frontal cortex in one hemisphere are largely restricted to contralateral
space (Pasternak et al., 2015; Rossi et al., 2007; Voytek and Knight,
2010).

As a result, the two hemispheres appear to function surprisingly
independently even for high-level cognitive functions like attention and
working memory. Visual working memory seems to rely on severely
limited resources. Only a handful of items can be held in memory at the
same time before it reaches capacity (Luck and Vogel, 1997, 2013). This
is thought to be due to interference or overlap between the neural ac-
tivity patterns coding for distinct items held in memory (Duncan, 2006;
Franconeri et al., 2013). When multiple items must be held in memory,
performance is much better when the items are split between both visual
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hemifields, rather than presented in the same hemifield (Fig. 1A)
(Dimond and Beaumont, 1971; Umemoto et al., 2010; Zhang et al.,
2017). This “bilateral advantage” suggests the limited resources used to
hold information in working memory are at least somewhat independent
for information coming from the two hemifields. This results in an
increased overall working memory capacity when items are presented
bilaterally (Fig. 1B). Even when storage reaches capacity in one hemi-
field, more items can be added to working memory if they appear on the
opposite side (Buschman et al., 2011; Delvenne, 2005). Note that per-
formance for bilaterally presented items typically remains slightly worse
than that for a single item (Fig. 1A). This suggests relative, not complete,
independence between processing in the two hemifields. Similar effects
are observed in spatial selective attention. We can better divide atten-
tion to focus on multiple locations at the same time if they are in
opposing hemifields rather than in one hemifield (Alvarez et al., 2012;
Alvarez and Cavanagh, 2005). Space seems critical for observing a
bilateral advantage. Attention or working memory for non-spatial fea-
tures (e.g. color or form) do not seem to show a consistent bilateral
advantage (Alvarez et al., 2012; Awh and Pashler, 2000; Delvenne,
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Fig. 1. Examples of contralateral and bilateral organization in cortex. (A) Unilateral vs bilateral working memory task. Performance is better when two items
are held in memory from opposite visual hemifields (green), relative to two items from the same hemifield (blue). This “bilateral advantage™ suggests at least partially
independent resources for spatial working memory in the two hemifields. (B) Design of multi-item working memory task. Each trial, a variable number of items in
each visual hemifield are encoded and held in working memory, then compared with a probe stimulus to identify which item changed. Note that this judgement
involves remembering both the items’ colors and locations. Working memory capacity for items from one hemifield is relatively unaffected by the number of items
from the opposite hemifield. This suggests capacity limits reflect partially independent resources in the left and right hemifields. (C) Spatial/feature selective
attention task. Attention is directed alternately to left vs right location, and to orientation vs spatial frequency feature. (D) The similarity of area V4 population
spiking activity on each trial to ideal population patterns for attending to the left vs. right was quantified. Trial-by-trial fluctuations in this estimate of internal
attentional state predict behavior (not shown), but are uncorrelated between the left and right hemispheres of V4. This suggests the effects of attention on visual
cortex are independent between hemispheres. (E) Object-pair association task. Cue objects instruct a learned response to arbitrarily associated target objects, but to
ignore non-target objects. Target or non-target choice objects can appear on the left or right. (F) Early prefrontal population spiking activity differentiates between
choice objects mainly in the contralateral hemifield. Later activity differentiates targets vs non-targets in either hemifield. This indicates a dynamic shift from
contralateral sensory representation to bilateral representation of decision/action in prefrontal cortex. (G) Unilateral arm movement task. Instructed movements are
performed alternately with either the left or right arm. (H) Equal numbers of neurons reflect left and right arm movement in both hemispheres of primary motor
cortex, but population activity subspaces for left and right arm movement are orthogonal. This suggests anatomical separation of left and right space by hemispheres
may be replaced in motor cortex by computational separation into distinct bilateral population patterns. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)
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2005). These results have been interpreted as evidence for independent
control of spatially focused processing within each cortical hemisphere,
which is deployed for both selective attention and working memory.

Neural correlates of the bilateral advantage can be seen in the neural
activity of higher-order areas like prefrontal and posterior parietal
cortex. The information conveyed in spiking activity about items held in
working memory increases with the number of items (memory “load”)
(Buschman et al., 2011). Critically, this effect only occurs for items
coming from contralateral space. Neural information is not influenced
by items from the hemifield ipsilateral to the recorded hemisphere.
Similar effects occur for gamma-band (~30-100 Hz) power in local field
potentials (LFPs) and EEG (Kornblith et al., 2015; Medendorp et al.,
2007). In contrast, power in the alpha/beta band (~8-30 Hz) exhibits a
stimulus-induced suppression that also increases with memory load, but
for items in either visual hemifield (Kornblith et al., 2015; Medendorp
et al.,, 2007). These results suggest that frontoparietal spiking and
gamma reflect somewhat separate working memory stores in each
hemisphere. Alpha/beta oscillations may reflect inhibitory control
processes (Miller et al., 2018) shared across cortical hemispheres.

If frontoparietal systems for cognitive control are to some degree
independent between hemispheres and feedback connections primarily
target areas within the same hemisphere (Felleman and Van Essen,
1991; Innocenti, 1986; Jarbo et al., 2012), then their effects on the right
and left visual cortex should also be independent. In a series of papers
(Cohen and Maunsell, 2009, 2010, 2011), this prediction was confirmed
using array neurophysiology and population analysis methods. They
simultaneously sampled neural population activity in both hemispheres
of visual area V4 of NHPs performing selective attention tasks (Fig. 1C).
One task presented visual stimuli simultaneously in both hemifields, but
cued spatial attention to only one of them at a time (Cohen and Maun-
sell, 2009, 2010). They computed the mean neural population activity
patterns across trials when subjects attended to the left hemifield and
across trials when they attended to the right (Fig. 1D, top). They then
computed the similarity of the population activity pattern on each in-
dividual trial to these ideal states (Fig. 1D, middle). This produced a
continuous estimate of subjects’ internal attentional state on each trial.
The estimated attentional state reliably predicted subjects’ behavior
(accuracy and reaction time) on a trial-by-trial basis. That is, perfor-
mance was worse on trials where population activity collapsed toward
the center point between “attend left” and “attend right” or when ac-
tivity indicated that attention was directed to the incorrect hemifield.

Critically, the attentional states estimated from neural populations in
the two hemispheres of V4 were uncorrelated across trials (Fig. 1D,
bottom). That is, on trials where right V4 activity was closer than
average to the ideal correct attentional state, left V4 activity showed no
tendency to be closer or farther from its ideal attentional state. If
attention operated in a unified bilateral fashion, both hemispheres
would be modulated in the same direction, and they should have seen a
positive correlation (Fig. 1D, bottom-left). Another possibility is that
attention involves competitive interactions between hemispheres. A
stronger attentional state in one hemisphere would induce a weaker
state in the opposite hemisphere, resulting in negative correlations be-
tween them (Fig. 1D, bottom-right). Instead, the observation of uncor-
related attentional states between hemispheres (Fig. 1D, bottom-center)
is consistent with independent attentional control in the right and left
visual cortex. In a follow-up study (Cohen and Maunsell, 2011), they
cued both the spatial location and stimulus feature (orientation or
spatial frequency) to attend to (Fig. 1C). Analogous to the previous
analysis, they computed the ideal population activity patterns for
“attend orientation” and “attend spatial frequency” trials, then esti-
mated the similarity of population activity on each trial to each of these.
In contrast to spatial attention, they found that this estimate of feature
attentional state did exhibit trial-by-trial correlations between hemi-
spheres. For example, on trials where right V4 activity suggested
stronger attention to orientation, left V4 activity also indicated the same.
This suggests the mechanisms of feature attention are distributed across
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both hemispheres, consistent with results from human behavioral
studies discussed above. Taken together, these results suggest the
top-down effects of spatial, but not feature-based, attention on visual
cortex are independent between hemispheres. This is consistent with
independent frontoparietal control systems for spatial attention.

In a key series of papers, John Duncan and colleagues showed that
prefrontal hemispheric independence is dynamic, changing over time
and for different functions (Erez et al., 2022; Kadohisa et al., 2013,
2015) They studied prefrontal coding in a task requiring arbitrary as-
sociations between objects (Fig. 1E). Each trial, a central cue object was
followed by a choice object on the left or right. If the choice object was
part of a learned set that was paired with the cue (a target), a saccadic
response was required after a brief delay. Otherwise, the NHP subjects
were required to withhold response. Following presentation of the
choice object, prefrontal spiking activity initially primarily carried in-
formation about the object’s identity within the hemisphere contralat-
eral to where it appeared (Fig. 1F, top). However, after a few hundred
milliseconds, prefrontal activity transitioned to represent whether a
target object was present or not, regardless of which specific object it
was (Fig. 1F, bottom). Given the task design, this activity might reflect
the subject’s decision per se or preparation of the resulting motor
response. Critically, this target-related activity was shared across both
hemispheres—it had a similar magnitude whether the target appeared in
the contralateral or ipsilateral hemifield. Unlike the earlier contralateral
coding of object identity, this bilateral target representation was pre-
dictive of whether the subject would make the correct behavioral
response on each trial (Kadohisa et al., 2015). These results suggest that
prefrontal coding  dynamically shifts from an  early
contralaterally-biased sensory representation to a later bilateral repre-
sentation of information related to decision or action.

In contrast to the contralateral bias in sensory and frontoparietal
regions, motor cortex has been shown to have a bilateral representation
in which processing of left and right space is fully mixed between
hemispheres. Left and right movements are, however, kept independent
via distinct population spiking activity patterns distributed across both
hemispheres (Ames and Churchland, 2019). The arm region of primary
motor cortex was recorded bilaterally while NHPs made unilateral
movements with their left or right arm (Fig. 1G). Signals for both arms
were present at nearly equal strength in both hemispheres. They then
compared the bilateral population activity patterns used to code for
movements in each arm. They found the left-arm and right-arm patterns
were completely independent. Even though they used overlapping sets
of neurons distributed across both hemispheres (Fig. 1H, top), they
formed orthogonal subspaces within the full state-space of all possible
bilateral activity patterns (Fig. 1H, bottom). As a result, activity patterns
used to control the left arm would have no effect on the right arm, and
vice versa. Similar results have been found with a different motor task
(Heming et al., 2019). Thus, although processing remains surprisingly
lateralized in the frontoparietal regions most associated with cognition,
these results suggest that the hierarchical trend of increased mixing
across hemispheres culminates in a fully bilateral motor cortex. But they
also suggest the possibility that anatomical separation of processing into
the right vs left hemispheres may be gradually replaced with computa-
tional separation into orthogonal subspaces.

3. Interaction between hemispheres

So far, we’ve reviewed evidence that cognitive processing of space
can be quite independent between hemispheres. Though these studies
were well-designed for this purpose, there is an important limitation to
their generalizability. The studies did not demand any interaction be-
tween information in the left and right sides of space. Normal cognition,
however, frequently requires interaction between the two halves of the
visual world. We routinely make comparisons between information on
our left and right. When a moving object crosses the visual midline, we
are not surprised when it appears in the opposite hemifield. When a
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saccade shifts the visual scene across our field of view, our under-
standing of the world persists, even when information shifts from one
visual hemifield to the other. We seem able to track and predict visual
information regardless of where it appears and how it moves across our
visual field.

Studies that require objects to be tracked across hemifields have
indeed revealed interactions between hemispheres. In multi-object
attentive tracking (Cavanagh and Alvarez, 2005; Pylyshyn and Storm,
1988) targets must be tracked as they cross hemifields. Subjects are
presented with an array of objects, one or more of which are cued as
targets (Fig. 2A). The targets must then be tracked with covert attention,
and the non-targets ignored, as they move through space. Occasionally,
their trajectories cross the midline into the opposite visual hemifield.
Finally, a judgement must be made about whether a probed object is a
target or not, or whether the probe’s attributes match those remembered
from the initial cue. Performance is good even when objects cross be-
tween hemifields, confirming information can be successfully tracked
between them. The EEG signal in each hemisphere has a higher (more
negative) amplitude when attention is focused within the contralateral
hemifield than when focused in the ipsilateral hemifield (Luria et al.,
2016). This is further evidence of the independence of attentional
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control between hemispheres, as discussed above. When a target is
tracked from one hemifield to the other, these amplitudes invert,
consistent with a shift of attentional control from one hemisphere to the
other (Fig. 2B) (Bland et al., 2020; Drew et al., 2014). The inversion
occurs even when the total number of objects remains balanced across
hemifields. This indicates that the inversion is not a sensory response. It
is related to the focus of attention on the target. These results indicate
that robust interhemispheric information transfer can be observed when
interaction between visual hemifields is required.

The time course of interhemispheric transfer suggests it is an active
process involving anticipation of incoming signals in the receiving
hemisphere. The transfer involves two separable processes—target in-
formation is lost from the sending hemisphere (Fig. 2B, orange) and
picked up by the receiving hemisphere (Fig. 2B, teal). One possibility is
that these simply happen at the same time as the target crosses the
midline. This passive mode of transfer would be analogous to how early
cellphone towers transferred signals from a moving device. One tower
dropped the call simultaneously with the next tower picking it up. This
proved to be prone to catastrophic signal loss when the sending tower
dropped the signal before it was fully secured in the receiving tower. In
contrast, like modern cellphone towers, the brain appears to employ an
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Fig. 2. Examples of interaction between cortical hemispheres. (A) Multi-object attentive tracking task. Each trial, one or more objects in each visual hemifield
are cued as targets. The targets must then be tracked with covert attention as they move around the visual field, including sometimes crossing between the left and
right hemifield. (B) As an attended target crosses between hemifields, its neural signatures invert, consistent with signal transfer between cortical hemispheres. The
receiving hemisphere predicts the incoming target before the crossing. This “active handoff” means that signals briefly overlap in both hemispheres, which might
help prevent signal loss during the transfer. (C) Hemifield-shift working memory task. An object is encoded into working memory from one hemifield, then a saccade
shifts its remembered location to the opposite hemifield. (D) The transfer of remembered information between hemifields is accompanied by beta/gamma-band
synchrony directed from the sending to the receiving hemisphere. This suggests rhythmic beta/gamma synchrony may facilitate interhemispheric communication.



S.L. Brincat and E.K. Miller

“active handoff” process (Drew et al., 2014). As a tracked target ap-
proaches the visual midline, the hemisphere about to receive the target
shows a ramp-up of activity well before the crossing time, as if it is
anticipating the target. Further, activity in the sending hemisphere re-
mains high well after the crossing. Thus, for up to a second or more,
neural signals reflecting the target are shared across both hemispheres
(Fig. 2B). It is as if both hemispheres are holding the baton. This was not
simply due to an overlapping representation of the midline between
hemispheres. When comparing identical trajectories in which the
hemifield crossing was predictable vs. unpredictable, only the predict-
able trajectories showed evidence of active anticipation (Drew et al.,
2014). These results indicate interhemispheric transfer involves some
prediction. This seems to suggest an active handoff that could prevent
signal loss during the transfer. It would ensure the signal is encoded in
the receiving hemisphere before it is dropped from the sending
hemisphere.

This active handoff, while potentially more robust than a passive
transfer, is not totally error-free. Performance often drops somewhat
after tracked objects cross the midline, compared to similar trajectories
that remain within a single hemifield (Bland et al., 2020; Minami et al.,
2019; Strong and Alvarez, 2020). This “hemifield crossover cost”, like
the bilateral advantage discussed above, only seems to occur for spatial
judgements. It is not reliably observed when subjects must ultimately
judge color or form attributes of the tracked objects independent from
their location or trajectory (Strong and Alvarez, 2020). This is consistent
with a communication bottleneck between partially independent
attentional control systems in the right and left hemispheres (Strong and
Alvarez, 2020). Indeed, frontoparietal callosal fibers tend to be thinner,
and thus slower, than those connecting sensorimotor cortex (Caminiti
et al., 2009). The crossover cost may also be due to the active handoff
described above. Though it may help prevent complete signal loss,
coding the target in both hemispheres may require more resources,
especially when multiple objects are being tracked. This might reduce
the fidelity of the representation, and thus, paradoxically, could
partially explain the hemifield crossover cost in performance (Strong
and Alvarez, 2020).

Similar mechanisms seem to be involved when information shifts
between visual hemifields due to our own movement. As we shift our
gaze around the visual world, objects correspondingly shift their reti-
notopic locations (in the opposite direction), sometimes from one
hemifield to the other. Objects held in spatial working memory likely
also show a corresponding shift, so that our memories remain aligned
with perception (Zaksas et al., 2001). We have recently used large-scale
bilateral array recording in NHP prefrontal cortex to study this (Brincat
et al., 2021). We designed a variation of a standard working memory
task in which remembered information was shifted between hemifields
(Fig. 2C). On some trials, while information was being held in memory,
we instructed the subject to shift gaze such that the remembered loca-
tion of the object shifted from one visual hemifield to the other. Anal-
ogous to effects in attentive tracking, we found that shifts in gaze also
transferred the working memories from one hemisphere to the other.
When the gaze shift changed the remembered location of the object
between hemifields, neural signatures of its laterality (spike rates, LFP
power across multiple bands, and neural information about the item
held in memory) inverted (Fig. 2B). We also found a behavioral cost
when memories were transferred between hemispheres, similar to that
seen for attention shifts. This was paralleled by a drop in neural infor-
mation about the item held in working memory. These results show that
working memories are transferred between hemispheres to compensate
for changes in our gaze direction.

Importantly, there was evidence for an active handoff of the working
memories between hemispheres. First, signals persisted in the sending
hemisphere until well after they were present in the receiving hemi-
sphere (Fig. 2B). This is similar to effects seen in human MEG for gaze
shifts across visible visual stimuli (Fabius et al., 2020). In our study, the
lack of anticipatory effects in the hemisphere receiving the working
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memories was likely due to unpredictability of the cue instructing the
gaze shift. Second, around the time of transfer, we observed a burst of
synchrony between LFPs in the two hemispheres of prefrontal cortex
with a direction of influence from the sending to the receiving hemi-
sphere. This rhythmic synchrony occurred most prominently in the theta
band and in a band straddling traditional beta and gamma bands
(Fig. 2D). Interestingly, the latter band lies roughly in between those
associated with cortical feedforward (gamma) and feedback (alpha/-
beta) processing (Bastos et al., 2015; Buschman and Miller, 2007; van
Kerkoerle et al., 2014). Interhemispheric synchrony in broadly similar
bands of human EEG was also observed when tracking moving objects
between visual hemifields (Bland et al., 2020). These results suggest
interhemispheric transfer due to gaze shifts also appears to involve an
active handoff, with rhythmic synchrony facilitating interhemispheric
communication.

4. Summary and future directions

The studies reviewed here show a surprising degree of neuro-
cognitive independence between cortical hemispheres even at the
highest levels of cortex. They also suggest some basic principles and
mechanisms for how hemispheres communicate and transfer informa-
tion between them when that is needed.

It is well known that processing is almost entirely contralateral in
low-level sensory areas and becomes more mixed between hemispheres
as you ascend the cortical hierarchy (Fig. 3A). However, the results
reviewed here suggest the frontoparietal areas thought to contribute
most to cognition remain biased towards representing contralateral
space. This might reflect a system optimized for rapid, precise control of
highly-lateralized sensory cortex. It allows control signals to be
conveyed primarily through within-hemisphere feedback connections,
avoiding slower paths through the corpus callosum. In fact, spatial
attention and working memory act mostly independently in the two
hemispheres of visual cortex and in the two visual hemifields behav-
iorally. Thus, this organization also allows for focused spatial processing
to be deployed largely in parallel between the left and right sides of
space.

This signal mixing between hemispheres may culminate in a fully
bilateral motor cortex. This organization may be optimized for rapid
bimanual coordination, necessary for functions like using tools and
playing musical instruments. Because left and right arm signals are
present in both hemispheres, bimanual interactions may utilize local
connectivity within each hemisphere. Nevertheless, signals related to
left and right arm movement are kept separate via segregation into
orthogonal subspaces. This likely preserves the ability to produce
movements in both arms independently and in parallel. Unlike most
other signals in frontoparietal cortex, prefrontal beta oscillations and
late decision-related spiking activity are largely bilateral. Perhaps these
derive from feedback from premotor or motor areas with more strongly
bilateral representations. This would be consistent with the idea that
beta oscillations are most prevalent in motor regions (Chikermane et al.,
2024) and are associated with feedback connections and top-down
processing (Bastos et al., 2015; Buschman and Miller, 2007; Miller
et al., 2018; van Kerkoerle et al., 2014). Studies of split-brain patients
also find a broad distinction between interhemispheric independence for
perceptual tasks (Luck et al., 1989) vs interhemispheric interaction for
tasks relying on response selection or action planning (Pashler et al.,
1994). The fact that motor processing exhibits some interhemispheric
interaction even in the absence of a corpus callosum also suggests that
subcortical pathways may also be involved.

We also reviewed behavioral and electrophysiological studies
showing that, in situations where interaction between information in the
two hemifields is required, there is active communication and infor-
mation transfer between cortical hemispheres (Fig. 3B). This may have
evolved to avoid catastrophic information loss during the transfer. Sig-
nals are anticipated in the receiving hemisphere and linger in the
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Fig. 3. Schematic summary of hemispheric laterality and interactions. (A) Laterality of processing through the cortical hierarchy. Each hemisphere of sensory
cortex largely represents contralateral space (for clarity, inputs and connections are only shown for right-hand space). As signals ascend the cortical hierarchy via
feedforward connections (pink arrows), they become more mixed across both hemispheres, largely due to callosal connections between hemispheres (gray arrows). In
frontoparietal cortex, signals remain biased toward contralateral space. In motor cortex, signals are fully mixed between hemispheres, but left and right movements
are coded by distinct patterns of population spiking activity. Feedback connections (blue) from more bilateral regions likely also contribute to cross-hemisphere
mixing in lower areas. (B) Interhemispheric processing when information is shifted between hemifields (right—left hemifield shift shown). Signals are initially
biased toward the contralateral hemisphere. As information shifts between hemifields, signals briefly overlap between hemispheres in an “active handoff”,
accompanied by interhemispheric beta/gamma synchrony directed from the sending to the receiving hemisphere. Finally, information is represented in the opposite,
now-contralateral, hemisphere. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

sending hemisphere, maintaining redundant signals across both hemi-
spheres for up to a second or more. Ironically, this process may also
create a behavioral cost to interhemispheric transfer. Performance drops
after transfer, possibly due to increased taxing of resources due to the
redundant bilateral representation. Intriguingly, this is largely confined
to spatial information. Neither the crossover cost nor the partially lat-
eralized processing described above occur for feature-based attention
and working memory. The similar domain over which both of these
phenomena apply suggests they may reflect a common underlying
mechanism. We propose the mechanism is that spatially-focused pro-
cessing is partially lateralized to the contralateral cerebral hemisphere,
with a communication bottleneck between hemispheres.

This pattern of results also suggests that focused processing of non-
spatial object features utilizes a distinct, largely bilateral processing
scheme. The neural circuitry underlying this dissociation remains a
fruitful question for future research. One broad possibility is that
cognitive control for feature-based processing is shared across hemi-
spheres. This might suggest feature representations have preferential
access to interhemispheric connectivity in frontoparietal cortex. Alter-
natively, feature-based top-down control may be largely within-
hemisphere, but exhibit preferential interhemispheric spread in its

targets within sensory cortex. This would be consistent with evidence
that anatomical (Rochefort et al., 2009) functional (Nowak et al., 1995)
connectivity between the two halves of visual cortex depends on feature
selectivity.

Interhemispheric synchrony during information transfer seems to
consistently occur at a “middle-frequency” band that straddles tradi-
tional beta and gamma bands. This may function as a sort of bridge
between bottom-up signals associated with gamma and top-down sig-
nals associated with alpha/beta oscillations (Bastos et al., 2015;
Buschman and Miller, 2007; van Kerkoerle et al., 2014). Alternatively, it
might reflect slowing of higher-frequency cortical communica-
tion—typically in the gamma band—by transmission through thinner,
and thus slower, callosal axons (Caminiti et al., 2009). Though we have
focused on interhemispheric information transfer and coordination, it
should be noted there is also evidence that some interhemispheric in-
teractions are inhibitory in nature (reviewed in Bloom and Hynd, 2005;
van der Knaap and van der Ham, 2011).

We are still in the early stages of understanding interhemispheric
processing. It will be critical to compare multiple stages of the sensory-
cognitive-motor hierarchy with the same paradigms and analyses.
Would this confirm a gradual progression from segregation of left and
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right space across hemispheres to their separation into orthogonal
subspaces spanning both hemispheres? And where do frontoparietal
areas fit into this scheme—do they have an intermediate level of sub-
space separation in addition to their partial anatomical separation across
hemispheres? Would behavioral paradigms designed to probe cognitive
control of action (Munoz and Everling, 2004; Verbruggen and Logan,
2008), rather than of perception, result in more bilateral coding in
frontoparietal areas? Another key unanswered question is how to
reconcile bilateral coding in motor cortex with the well-known contra-
lateral effects of lesions there (Passingham et al., 1983). Since most of its
connections to the spinal cord are contralateral, perhaps lesion-induced
deficits are due specifically to loss of these descending connections.
Additionally, the generality of “middle frequency” synchrony for inter-
hemispheric communication must be evaluated and compared to feed-
forward gamma and feedback alpha/beta across individuals and
paradigms. Does interhemispheric beta/gamma consistently fall be-
tween these bands, supporting the idea that it mediates between them?
Finally, in the human cortex many cognitive functions, such as language
and attention, are largely lateralized to a single cortical hemisphere
(Hellige, 1990). A complete understanding of interhemispheric pro-
cessing will require elucidating the mechanisms underlying such
asymmetric lateralization.

These questions are critical for understanding cortical function, but
also for understanding and potentially treating its disorders. Impair-
ments in interhemispheric oscillatory synchrony have been found in
animal models of neurodegenerative diseases (Adaikkan et al., 2022).
Reduced resting-state interhemispheric functional connectivity has been
observed in humans suffering from a broad spectrum of neuropsychi-
atric disorders. These include anxiety (Wang et al., 2019), depression
(Guo et al, 2013), schizophrenia (Hoptman et al., 2012),
obsessive-compulsive disorder (Deng et al., 2019), and autism spectrum
disorder (Anderson et al., 2011). It has even been suggested that de-
creases in interhemispheric connectivity might serve as a general
biomarker for psychopathology (Yao and Kendrick, 2022). A founda-
tional understanding of interhemispheric processing, combined with
interventions translatable to human patients (Hayashi et al., 2022;
Helfrich et al., 2014), offers hope for developing novel network-level
treatments.

CRediT authorship contribution statement

Scott L. Brincat: Writing — review & editing, Writing — original draft,
Conceptualization. Earl K. Miller: Writing — review & editing, Writing —
original draft, Supervision, Conceptualization.

Acknowledgments

We thank Alex Major, Jefferson Roy, Danai Sakelliadou, and Pablo
Wentz for helpful comments. This work was supported by Office of
Naval Research NO00014-22-1-2453, NEI 1R01EY033430-01Al,
Freedom Together Foundation, and The Picower Institute for Learning
and Memory.

Data availability
No data was used for the research described in the article.

References

Adaikkan, C., Wang, J., Abdelaal, K., Middleton, S.J., Bozzelli, P.L., Wickersham, L.R.,
McHugh, T.J., Tsai, L.-H., 2022. Alterations in a cross-hemispheric circuit associates
with novelty discrimination deficits in mouse models of neurodegeneration. Neuron
110, 3091-3105.€9. https://doi.org/10.1016/j.neuron.2022.07.023.

Alvarez, G.A., Cavanagh, P., 2005. Independent resources for attentional tracking in the
left and right visual hemifields. Psychol. Sci. 16, 637-643. https://doi.org/10.1111/
j.1467-9280.2005.01587 ..

Neuropsychologia 212 (2025) 109153

Alvarez, G.A., Gill, J., Cavanagh, P., 2012. Anatomical constraints on attention:
Hemifield independence is a signature of multifocal spatial selection. J. Vis. 12, 9.
https://doi.org/10.1167/12.5.9, 9.

Amaral, D.G., Insausti, R., Cowan, W.M., 1984. The commissural connections of the
monkey hippocampal formation. J. Comp. Neurol. 224, 307-336. https://doi.org/
10.1002/cne.902240302.

Ames, K.C., Churchland, M.M., 2019. Motor cortex signals for each arm are mixed across
hemispheres and neurons yet partitioned within the population response. Elife 8,
e46159. https://doi.org/10.7554/eLife.46159.

Anderson, J.S., Druzgal, T.J., Froehlich, A., DuBray, M.B., Lange, N., Alexander, A.L.,
Abildskov, T., Nielsen, J.A., Cariello, A.N., Cooperrider, J.R., Bigler, E.D.,
Lainhart, J.E., 2011. Decreased interhemispheric functional connectivity in autism.
Cerebr. Cortex 21, 1134-1146. https://doi.org/10.1093/cercor/bhq190.

Awh, E., Pashler, H., 2000. Evidence for split attentional foci. J. Exp. Psychol. Hum.
Percept. Perform. 26, 834-846. https://doi.org/10.1037/0096-1523.26.2.834.
Barbas, H., Hilgetag, C.C., Saha, S., Dermon, C.R., Suski, J.L., 2005. Parallel organization
of contralateral and ipsilateral prefrontal cortical projections in the rhesus monkey.

BMC Neurosci. 6, 32. https://doi.org/10.1186,/1471-2202-6-32.

Bastos, A.M., Vezoli, J., Bosman, C.A., Schoffelen, J.-M., Oostenveld, R., Dowdall, J.R.,
De Weerd, P., Kennedy, H., Fries, P., 2015. Visual areas exert feedforward and
feedback influences through distinct frequency channels. Neuron 85, 390-401.
https://doi.org/10.1016/j.neuron.2014.12.018.

Bland, N.S., Mattingley, J.B., Sale, M.V., 2020. Gamma coherence mediates
interhemispheric integration during multiple object tracking. J. Neurophysiol. 123,
1630-1644. https://doi.org/10.1152/jn.00755.2019.

Bloom, J.S., Hynd, G.W., 2005. The role of the corpus callosum in interhemispheric
transfer of information: excitation or inhibition? Neuropsychol. Rev. 15, 59-71.
https://doi.org/10.1007/511065-005-6252-y.

Brincat, S.L., Donoghue, J.A., Mahnke, M.K., Kornblith, S., Lundqvist, M., Miller, E.K.,
2021. Interhemispheric transfer of working memories. Neuron 109, 1055-1066.e4.
https://doi.org/10.1016/j.neuron.2021.01.016.

Bullock, K.R., Pieper, F., Sachs, A.J., Martinez-Trujillo, J.C., 2017. Visual and presaccadic
activity in area 8Ar of the macaque monkey lateral prefrontal cortex.

J. Neurophysiol. 118, 15-28. https://doi.org/10.1152/jn.00278.2016.

Buschman, T.J., Miller, E.K., 2007. Top-down versus Bottom-Up control of attention in
the prefrontal and posterior parietal cortices. Science 315, 1860-1862. https://doi.
org/10.1126/science.1138071.

Buschman, T.J., Siegel, M., Roy, J.E., Miller, E.K., 2011. Neural substrates of cognitive
capacity limitations. Proc. Natl. Acad. Sci. 108, 11252-11255. https://doi.org/
10.1073/pnas.1104666108.

Caminiti, R., Ghaziri, H., Galuske, R., Hof, P.R., Innocenti, G.M., 2009. Evolution
amplified processing with temporally dispersed slow neuronal connectivity in
primates. Proc. Natl. Acad. Sci. USA. 106, 19551-19556. https://doi.org/10.1073/
pnas.0907655106.

Cavanagh, P., Alvarez, G., 2005. Tracking multiple targets with multifocal attention.
Trends Cognit. Sci. 9, 349-354. https://doi.org/10.1016/j.tics.2005.05.009.

Chikermane, M., Weerdmeester, L., Rajamani, N., Kéhler, R.M., Merk, T., Vanhoecke, J.,
Horn, A., Neumann, W.J., 2024. Cortical beta oscillations map to shared brain
networks modulated by dopamine. Elife 13, RP97184. https://doi.org/10.7554/
eLife.97184.

Cohen, M.R., Maunsell, J.H.R., 2011. Using neuronal populations to Study the
mechanisms underlying spatial and feature attention. Neuron 70, 1192-1204.
https://doi.org/10.1016/j.neuron.2011.04.029.

Cohen, M.R., Maunsell, J.H.R., 2010. A neuronal population measure of attention
predicts behavioral performance on individual trials. J. Neurosci. 30, 15241-15253.
https://doi.org/10.1523/JNEUROSCI.2171-10.2010.

Cohen, M.R., Maunsell, J.H.R., 2009. Attention improves performance primarily by
reducing interneuronal correlations. Nat. Neurosci. 12, 1594-1600. https://doi.org/
10.1038/nn.2439.

Delvenne, J.-F., 2005. The capacity of visual short-term memory within and between
hemifields. Cognition 96, B79-B88. https://doi.org/10.1016/].
cognition.2004.12.007.

Demeter, S., Rosene, D.L., Van Hoesen, G.W., 1985. Interhemispheric pathways of the
hippocampal formation, presubiculum, and entorhinal and posterior
parahippocampal cortices in the rhesus monkey: the structure and organization of
the hippocampal commissures. J. Comp. Neurol. 233, 30-47. https://doi.org/
10.1002/cne.902330104.

Deng, K., Qi, T., Xu, J., Jiang, L., Zhang, F., Dai, N., Cheng, Y., Xu, X., 2019. Reduced
interhemispheric functional connectivity in obsessive—compulsive disorder patients.
Front. Psychiatr. 10, 418. https://doi.org/10.3389/fpsyt.2019.00418.

Di Virgilio, G., Clarke, S., Pizzolato, G., Schaffner, T., 1999. Cortical regions contributing
to the anterior commissure in man. Exp. Brain Res. 124, 1-7. https://doi.org/
10.1007/5002210050593.

DiCarlo, J.J., Maunsell, J.H.R., 2003. Anterior inferotemporal neurons of monkeys
engaged in object recognition can be highly sensitive to object retinal position.

J. Neurophysiol. 89, 3264-3278. https://doi.org/10.1152/jn.00358.2002.

Dimond, S., Beaumont, G., 1971. Use of two cerebral hemispheres to increase brain
capacity. Nature 232, 270-271. https://doi.org/10.1038/232270a0.

Drew, T., Mance, 1., Horowitz, T.S., Wolfe, J.M., Vogel, E.K., 2014. A soft handoff of
attention between cerebral hemispheres. Curr. Biol. 24, 1133-1137. https://doi.org/
10.1016/j.cub.2014.03.054.

Duncan, J., 2006. EPS Mid-Career Award 2004: brain mechanisms of attention. Q. J. Exp.
Psychol. 59, 2-27. https://doi.org/10.1080/17470210500260674.

Erez, Y., Kadohisa, M., Petrov, P., Sigala, N., Buckley, M.J., Kusunoki, M., Duncan, J.,
2022. Integrated neural dynamics for behavioural decisions and attentional


https://doi.org/10.1016/j.neuron.2022.07.023
https://doi.org/10.1111/j.1467-9280.2005.01587.x
https://doi.org/10.1111/j.1467-9280.2005.01587.x
https://doi.org/10.1167/12.5.9
https://doi.org/10.1002/cne.902240302
https://doi.org/10.1002/cne.902240302
https://doi.org/10.7554/eLife.46159
https://doi.org/10.1093/cercor/bhq190
https://doi.org/10.1037/0096-1523.26.2.834
https://doi.org/10.1186/1471-2202-6-32
https://doi.org/10.1016/j.neuron.2014.12.018
https://doi.org/10.1152/jn.00755.2019
https://doi.org/10.1007/s11065-005-6252-y
https://doi.org/10.1016/j.neuron.2021.01.016
https://doi.org/10.1152/jn.00278.2016
https://doi.org/10.1126/science.1138071
https://doi.org/10.1126/science.1138071
https://doi.org/10.1073/pnas.1104666108
https://doi.org/10.1073/pnas.1104666108
https://doi.org/10.1073/pnas.0907655106
https://doi.org/10.1073/pnas.0907655106
https://doi.org/10.1016/j.tics.2005.05.009
https://doi.org/10.7554/eLife.97184
https://doi.org/10.7554/eLife.97184
https://doi.org/10.1016/j.neuron.2011.04.029
https://doi.org/10.1523/JNEUROSCI.2171-10.2010
https://doi.org/10.1038/nn.2439
https://doi.org/10.1038/nn.2439
https://doi.org/10.1016/j.cognition.2004.12.007
https://doi.org/10.1016/j.cognition.2004.12.007
https://doi.org/10.1002/cne.902330104
https://doi.org/10.1002/cne.902330104
https://doi.org/10.3389/fpsyt.2019.00418
https://doi.org/10.1007/s002210050593
https://doi.org/10.1007/s002210050593
https://doi.org/10.1152/jn.00358.2002
https://doi.org/10.1038/232270a0
https://doi.org/10.1016/j.cub.2014.03.054
https://doi.org/10.1016/j.cub.2014.03.054
https://doi.org/10.1080/17470210500260674

S.L. Brincat and E.K. Miller

competition in the prefrontal cortex. Eur. J. Neurosci. 56, 4393-4410. https://doi.
org/10.1111/ejn.15757.

Everling, S., Tinsley, C.J., Gaffan, D., Duncan, J., 2002. Filtering of neural signals by
focused attention in the monkey prefrontal cortex. Nat. Neurosci. 5, 671-676.
https://doi.org/10.1038/nn874.

Fabius, J.H., Fracasso, A., Acunzo, D.J., Van Der Stigchel, S., Melcher, D., 2020. Low-
level visual information is maintained across saccades, allowing for a postsaccadic
handoff between visual areas. J. Neurosci. 40, 9476-9486. https://doi.org/10.1523/
JNEUROSCI.1169-20.2020.

Felleman, D.J., Van Essen, D.C., 1991. Distributed hierarchical processing in the primate
cerebral cortex. Cerebr. Cortex 1, 1-47.

Franconeri, S.L., Alvarez, G.A., Cavanagh, P., 2013. Flexible cognitive resources:
competitive content maps for attention and memory. Trends Cognit. Sci. 17,
134-141. https://doi.org/10.1016/j.tics.2013.01.010.

Funahashi, S., Bruce, C.J., Goldman-Rakic, P.S., 1990. Visuospatial coding in primate
prefrontal neurons revealed by oculomotor paradigms. J. Neurophysiol. 63,
814-831. https://doi.org/10.1152/jn.1990.63.4.814.

Gazzaniga, M.S., 2000. Cerebral specialization and interhemispheric communication:
does the corpus callosum enable the human condition? Brain 123, 1293-1326.
https://doi.org/10.1093/brain/123.7.1293.

Gee, D.G., Biswal, B.B., Kelly, C., Stark, D.E., Margulies, D.S., Shehzad, Z., Uddin, L.Q.,
Klein, D.F., Banich, M.T., Castellanos, F.X., Milham, M.P., 2011. Low frequency
fluctuations reveal integrated and segregated processing among the cerebral
hemispheres. Neuroimage 54, 517-527. https://doi.org/10.1016/j.
neuroimage.2010.05.073.

Gross, C.G., Rocha-Miranda, C.E., Bender, D.B., 1972. Visual properties of neurons in
inferotemporal cortex of the Macaque. J. Neurophysiol. 35, 96-111. https://doi.org/
10.1152/jn.1972.35.1.96.

Guo, W., Liu, F., Dai, Y., Jiang, M., Zhang, J., Yu, L., Long, L., Chen, H., Gao, Q., Xiao, C.,
2013. Decreased interhemispheric resting-state functional connectivity in first-
episode, drug-naive major depressive disorder. Prog. Neuro Psychopharmacol. Biol.
Psychiatr. 41, 24-29. https://doi.org/10.1016/j.pnpbp.2012.11.003.

Hagler, D.J., Sereno, M.I., 2006. Spatial maps in frontal and prefrontal cortex.
Neuroimage 29, 567-577. https://doi.org/10.1016/j.neuroimage.2005.08.058.

Hayashi, M., Okuyama, K., Mizuguchi, N., Hirose, R., Okamoto, T., Kawakami, M.,
Ushiba, J., 2022. Spatially bivariate EEG-neurofeedback can manipulate
interhemispheric inhibition. Elife 11, €76411. https://doi.org/10.7554/eLife.76411.

Helfrich, R.F., Knepper, H., Nolte, G., Striiber, D., Rach, S., Herrmann, C.S., Schneider, T.
R., Engel, A.K., 2014. Selective modulation of interhemispheric functional
connectivity by HD-tACS shapes perception. PLoS Biol. 12, e1002031. https://doi.
org/10.1371/journal.pbio.1002031.

Hellige, J.B., 1990. Hemispheric asymmetry. Annu. Rev. Psychol. 41, 55-80. https://doi.
org/10.1146/annurev.ps.41.020190.000415.

Heming, E.A., Cross, K.P., Takei, T., Cook, D.J., Scott, S.H., 2019. Independent
representations of ipsilateral and contralateral limbs in primary motor cortex. Elife
8, e48190. https://doi.org/10.7554/eLife.48190.

Hoptman, M.J., Zuo, X.-N., D’Angelo, D., Mauro, C.J., Butler, P.D., Milham, M.P.,
Javitt, D.C., 2012. Decreased interhemispheric coordination in schizophrenia: a
resting state fMRI study. Schizophr. Res. 141, 1-7. https://doi.org/10.1016/j.
schres.2012.07.027.

Innocenti, G.M., 1986. General organization of callosal connections in the cerebral
cortex. In: Jones, E.G., Peters, A. (Eds.), Sensory-Motor Areas and Aspects of Cortical
Connectivity, Cerebral Cortex. Springer, US, Boston, MA, pp. 291-353. https://doi.
org/10.1007/978-1-4613-2149-1 9.

Jarbo, K., Verstynen, T., Schneider, W., 2012. In vivo quantification of global
connectivity in the human corpus callosum. Neuroimage 59, 1988-1996. https://
doi.org/10.1016/j.neuroimage.2011.09.056.

Kadohisa, M., Kusunoki, M., Petrov, P., Sigala, N., Buckley, M.J., Gaffan, D., Duncan, J.,
2015. Spatial and temporal distribution of visual information coding in lateral
prefrontal cortex. Eur. J. Neurosci. 41, 89-96. https://doi.org/10.1111/ejn.12754.

Kadohisa, M., Petrov, P., Stokes, M., Sigala, N., Buckley, M., Gaffan, D., Kusunoki, M.,
Duncan, J., 2013. Dynamic construction of a coherent attentional state in a
prefrontal cell population. Neuron 80, 235-246. https://doi.org/10.1016/j.
neuron.2013.07.041.

Kastner, S., DeSimone, K., Konen, C.S., Szczepanski, S.M., Weiner, K.S., Schneider, K.A.,
2007. Topographic maps in human frontal cortex revealed in memory-guided
saccade and spatial working-memory tasks. J. Neurophysiol. 97, 3494-3507.
https://doi.org/10.1152/jn.00010.2007.

Kornblith, S., Buschman, T.J., Miller, E.K., 2015. Stimulus load and oscillatory activity in
higher cortex. Cerebral Cortex 182. https://doi.org/10.1093/cercor/bhv182.

Luck, S.J., Vogel, E.K., 2013. Visual working memory capacity: from psychophysics and
neurobiology to individual differences. Trends Cognit. Sci. 17, 391-400. https://doi.
org/10.1016/j.tics.2013.06.006.

Luck, S.J., Hillyard, S.A., Mangun, G.R., Gazzaniga, M.S., 1989. Independent
hemispheric attentional systems mediate visual search in split-brain patients. Nature
342, 543-545. https://doi.org/10.1038/342543a0.

Luck, S.J., Vogel, E.K., 1997. The capacity of visual working memory for features and
conjunctions. Nature 390, 279-281.

Luria, R., Balaban, H., Awh, E., Vogel, E.K., 2016. The contralateral delay activity as a
neural measure of visual working memory. Neurosci. Biobehav. Rev. 62, 100-108.
https://doi.org/10.1016/j.neubiorev.2016.01.003.

Medendorp, W.P., Kramer, G.F.I,, Jensen, O., Oostenveld, R., Schoffelen, J.-M., Fries, P.,
2007. Oscillatory activity in human parietal and occipital cortex shows hemispheric
lateralization and memory effects in a delayed double-step saccade task. Cerebr.
Cortex 17, 2364-2374. https://doi.org/10.1093/cercor/bhl145.

Neuropsychologia 212 (2025) 109153

Miller, E.K., Lundqvist, M., Bastos, A.M., 2018. Working memory 2.0. Neuron 100,
463-475. https://doi.org/10.1016/j.neuron.2018.09.023.

Minami, T., Shinkai, T., Nakauchi, S., 2019. Hemifield crossings during multiple object
tracking affect task performance and steady-state visual evoked potentials.
Neuroscience 409, 162-168. https://doi.org/10.1016/j.neuroscience.2019.04.038.

Munoz, D.P., Everling, S., 2004. Look away: the anti-saccade task and the voluntary
control of eye movement. Nat. Rev. Neurosci. 5, 218-228. https://doi.org/10.1038/
nrnl345.

Nowak, L.G., Munk, M.H., Nelson, J.I., James, A.C., Bullier, J., 1995. Structural basis of
cortical synchronization. I. Three types of interhemispheric coupling.

J. Neurophysiol. 74, 2379-2400. https://doi.org/10.1152/jn.1995.74.6.2379.

Ocklenburg, S., Guo, Z.V., 2024. Cross-hemispheric communication: insights on
lateralized brain functions. Neuron 112, 1222-1234. https://doi.org/10.1016/j.
neuron.2024.02.010.

O’Reilly, J.X., Croxson, P.L., Jbabdi, S., Sallet, J., Noonan, M.P., Mars, R.B., Browning, P.
G.F., Wilson, C.R.E., Mitchell, A.S., Miller, K.L., Rushworth, M.F.S., Baxter, M.G.,
2013. Causal effect of disconnection lesions on interhemispheric functional
connectivity in rhesus monkeys. Proc. Natl. Acad. Sci. USA. 110, 13982-13987.
https://doi.org/10.1073/pnas.1305062110.

Pashler, H., Luck, S.J., Hillyard, S.A., Mangun, G.R., O’Brien, S., Gazzaniga, M.S., 1994.
Sequential operation of disconnected cerebral hemispheres in split-brain patients.
Neuroreport 5, 2381-2384.

Passingham, R.E., Perry, V.H., Wilkinson, F., 1983. The long-term effects of removal of
sensorimotor cortex in infant and adult rhesus monkeys. Brain 106, 675-705.
https://doi.org/10.1093/brain/106.3.675.

Pasternak, T., Lui, L.L., Spinelli, P.M., 2015. Unilateral prefrontal lesions impair
memory-guided comparisons of contralateral visual motion. J. Neurosci. 35,
7095-7105. https://doi.org/10.1523/JNEUROSCIL.5265-14.2015.

Powell, HW.R., Parker, G.J.M., Alexander, D.C., Symms, M.R., Boulby, P.A., Wheeler-
Kingshott, C.A.M., Barker, G.J., Noppeney, U., Koepp, M.J., Duncan, J.S., 2006.
Hemispheric asymmetries in language-related pathways: a combined functional MRI
and tractography study. Neuroimage 32, 388-399. https://doi.org/10.1016/j.
neuroimage.2006.03.011.

Pylyshyn, Z.W., Storm, R.W., 1988. Tracking multiple independent targets: evidence for
a parallel tracking mechanism. Spat. Vis. 3, 179-197. https://doi.org/10.1163/
156856888X00122.

Rainer, G., Asaad, W.F., Miller, E.K., 1998. Memory fields of neurons in the primate
prefrontal cortex. Proc. Natl. Acad. Sci. USA 95, 15008-15013.

Rajimehr, R., Firoozi, A., Rafipoor, H., Abbasi, N., Duncan, J., 2022. Complementary
hemispheric lateralization of language and social processing in the human brain. Cell
Rep. 41, 111617. https://doi.org/10.1016/j.celrep.2022.111617.

Rochefort, N.L., Buzds, P., Quenech’du, N., Koza, A., Eysel, U.T., Milleret, C.,
Kisvarday, Z.F., 2009. Functional selectivity of interhemispheric connections in cat
visual cortex. Cerebr. Cortex 19, 2451-2465. https://doi.org/10.1093/cercor/
bhp001.

Roland, J.L., Snyder, A.Z., Hacker, C.D., Mitra, A., Shimony, J.S., Limbrick, D.D.,
Raichle, M.E., Smyth, M.D., Leuthardt, E.C., 2017. On the role of the corpus callosum
in interhemispheric functional connectivity in humans. Proc. Natl. Acad. Sci. USA.
114, 13278-13283. https://doi.org/10.1073/pnas.1707050114.

Rossi, A.F., Bichot, N.P., Desimone, R., Ungerleider, L.G., 2007. Top-down attentional
deficits in macaques with lesions of lateral prefrontal cortex. J. Neurosci. 27,
11306-11314. https://doi.org/10.1523/JNEUROSCI.2939-07.2007.

Salvador, R., Suckling, J., Coleman, M.R., Pickard, J.D., Menon, D., Bullmore, E., 2005.
Neurophysiological architecture of functional magnetic resonance images of human
brain. Cerebr. Cortex 15, 1332-1342. https://doi.org/10.1093/cercor/bhi016.

Sperry, R.W., 1968. Hemisphere deconnection and unity in conscious awareness. Am.
Psychol. 23, 723-733. https://doi.org/10.1037/h0026839.

Stark, D.E., Margulies, D.S., Shehzad, Z.E., Reiss, P., Kelly, A.M.C., Uddin, L.Q., Gee, D.
G., Roy, A.K., Banich, M.T., Castellanos, F.X., Milham, M.P., 2008. Regional
variation in interhemispheric coordination of intrinsic hemodynamic fluctuations.
J. Neurosci. 28, 13754-13764. https://doi.org/10.1523/JNEUROSCIL.4544-08.2008.

Strong, R.W., Alvarez, G.A., 2020. Hemifield-specific control of spatial attention and
working memory: evidence from hemifield crossover costs. J. Vis. 20, 24. https://
doi.org/10.1167/jov.20.8.24.

Szczupak, D., Schaeffer, D.J., Tian, X., Choi, S.-H., Fang-Cheng, Iack, P.M., Campos, V.P.,
Mayo, J.P., Patsch, J., Mitter, C., Haboosheh, A., Kwon, H.S., Vieira, M.A.C.,
Reich, D.S., Jacobson, S., Kasprian, G., Tovar-Moll, F., Lent, R., Silva, A.C., 2024.
Direct interhemispheric cortical communication via thalamic commissures: a new
white matter pathway in the primate brain. Cerebr. Cortex 34, bhad394. https://doi.
org/10.1093/cercor/bhad394.

Umemoto, A., Drew, T., Ester, E.F., Awh, E., 2010. A bilateral advantage for storage in
visual working memory. Cognition 117, 69-79. https://doi.org/10.1016/j.
cognition.2010.07.001.

van Kerkoerle, T., Self, M.W., Dagnino, B., Gariel-Mathis, M.-A., Poort, J., van der
Togt, C., Roelfsema, P.R., 2014. Alpha and gamma oscillations characterize feedback
and feedforward processing in monkey visual cortex. Proc. Natl. Acad. Sci. 111,
14332-14341. https://doi.org/10.1073/pnas.1402773111.

Vandenberghe, R., Duncan, J., Arnell, K.M., Bishop, S.J., Herrod, N.J., Owen, A.M.,
Minhas, P.S., Dupont, P., Pickard, J.D., Orban, G.A., 2000. Maintaining and shifting
attention within left or right hemifield. Cerebr. Cortex 10, 706-713. https://doi.org/
10.1093/cercor/10.7.706.

van der Knaap, L.J., van der Ham, I1.J.M., 2011. How does the corpus callosum mediate
interhemispheric transfer? A review. Behav. Brain Res. 223, 211-221. https://doi.
0rg/10.1016/j.bbr.2011.04.018.

Verbruggen, F., Logan, G.D., 2008. Response inhibition in the stop-signal paradigm.
Trends Cognit. Sci. 12, 418-424. https://doi.org/10.1016/].tics.2008.07.005.


https://doi.org/10.1111/ejn.15757
https://doi.org/10.1111/ejn.15757
https://doi.org/10.1038/nn874
https://doi.org/10.1523/JNEUROSCI.1169-20.2020
https://doi.org/10.1523/JNEUROSCI.1169-20.2020
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref33
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref33
https://doi.org/10.1016/j.tics.2013.01.010
https://doi.org/10.1152/jn.1990.63.4.814
https://doi.org/10.1093/brain/123.7.1293
https://doi.org/10.1016/j.neuroimage.2010.05.073
https://doi.org/10.1016/j.neuroimage.2010.05.073
https://doi.org/10.1152/jn.1972.35.1.96
https://doi.org/10.1152/jn.1972.35.1.96
https://doi.org/10.1016/j.pnpbp.2012.11.003
https://doi.org/10.1016/j.neuroimage.2005.08.058
https://doi.org/10.7554/eLife.76411
https://doi.org/10.1371/journal.pbio.1002031
https://doi.org/10.1371/journal.pbio.1002031
https://doi.org/10.1146/annurev.ps.41.020190.000415
https://doi.org/10.1146/annurev.ps.41.020190.000415
https://doi.org/10.7554/eLife.48190
https://doi.org/10.1016/j.schres.2012.07.027
https://doi.org/10.1016/j.schres.2012.07.027
https://doi.org/10.1007/978-1-4613-2149-1_9
https://doi.org/10.1007/978-1-4613-2149-1_9
https://doi.org/10.1016/j.neuroimage.2011.09.056
https://doi.org/10.1016/j.neuroimage.2011.09.056
https://doi.org/10.1111/ejn.12754
https://doi.org/10.1016/j.neuron.2013.07.041
https://doi.org/10.1016/j.neuron.2013.07.041
https://doi.org/10.1152/jn.00010.2007
https://doi.org/10.1093/cercor/bhv182
https://doi.org/10.1016/j.tics.2013.06.006
https://doi.org/10.1016/j.tics.2013.06.006
https://doi.org/10.1038/342543a0
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref54
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref54
https://doi.org/10.1016/j.neubiorev.2016.01.003
https://doi.org/10.1093/cercor/bhl145
https://doi.org/10.1016/j.neuron.2018.09.023
https://doi.org/10.1016/j.neuroscience.2019.04.038
https://doi.org/10.1038/nrn1345
https://doi.org/10.1038/nrn1345
https://doi.org/10.1152/jn.1995.74.6.2379
https://doi.org/10.1016/j.neuron.2024.02.010
https://doi.org/10.1016/j.neuron.2024.02.010
https://doi.org/10.1073/pnas.1305062110
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref63
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref63
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref63
https://doi.org/10.1093/brain/106.3.675
https://doi.org/10.1523/JNEUROSCI.5265-14.2015
https://doi.org/10.1016/j.neuroimage.2006.03.011
https://doi.org/10.1016/j.neuroimage.2006.03.011
https://doi.org/10.1163/156856888X00122
https://doi.org/10.1163/156856888X00122
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref68
http://refhub.elsevier.com/S0028-3932(25)00088-0/sref68
https://doi.org/10.1016/j.celrep.2022.111617
https://doi.org/10.1093/cercor/bhp001
https://doi.org/10.1093/cercor/bhp001
https://doi.org/10.1073/pnas.1707050114
https://doi.org/10.1523/JNEUROSCI.2939-07.2007
https://doi.org/10.1093/cercor/bhi016
https://doi.org/10.1037/h0026839
https://doi.org/10.1523/JNEUROSCI.4544-08.2008
https://doi.org/10.1167/jov.20.8.24
https://doi.org/10.1167/jov.20.8.24
https://doi.org/10.1093/cercor/bhad394
https://doi.org/10.1093/cercor/bhad394
https://doi.org/10.1016/j.cognition.2010.07.001
https://doi.org/10.1016/j.cognition.2010.07.001
https://doi.org/10.1073/pnas.1402773111
https://doi.org/10.1093/cercor/10.7.706
https://doi.org/10.1093/cercor/10.7.706
https://doi.org/10.1016/j.bbr.2011.04.018
https://doi.org/10.1016/j.bbr.2011.04.018
https://doi.org/10.1016/j.tics.2008.07.005

S.L. Brincat and E.K. Miller

Viswanathan, P., Nieder, A., 2017. Comparison of visual receptive fields in the
dorsolateral prefrontal cortex and ventral intraparietal area in macaques. Eur. J.
Neurosci. 46, 2702-2712. https://doi.org/10.1111/ejn.13740.

Voytek, B., Knight, R.T., 2010. Prefrontal cortex and basal ganglia contributions to visual
working memory. Proc. Natl. Acad. Sci. 107, 18167-18172. https://doi.org/
10.1073/pnas.1007277107.

Wang, W., Peng, Z., Wang, X., Wang, P., Li, Q., Wang, G., Chen, F., Chen, X., Liu, S.,
2019. Disrupted interhemispheric resting-state functional connectivity and
structural connectivity in first-episode, treatment-naive generalized anxiety
disorder. J. Affect. Disord. 251, 280-286. https://doi.org/10.1016/j.
jad.2019.03.082.

Wimmer, K., Spinelli, P., Pasternak, T., 2016. Prefrontal neurons represent motion
signals from across the visual field but for memory-guided comparisons depend on

Neuropsychologia 212 (2025) 109153

neurons providing these signals. J. Neurosci. 36, 9351-9364. https://doi.org/
10.1523/JNEUROSCI.0843-16.2016.

Yao, S., Kendrick, K.M., 2022. Reduced homotopic interhemispheric connectivity in
psychiatric disorders: evidence for both transdiagnostic and disorder specific
features. Psychoradiology 2, 129-145. https://doi.org/10.1093/psyrad/kkac016.

Zaksas, D., Bisley, J.W., Pasternak, T., 2001. Motion information is spatially localized in
a visual working-memory task. J. Neurophysiol. 86, 912-921. https://doi.org/
10.1152/jn.2001.86.2.912.

Zhang, Y., Ye, C., Roberson, D., Zhao, G., Xue, C., Liu, Q., 2017. The bilateral field
advantage effect in memory precision. Q. J. Exp. Psychol. https://doi.org/10.1080/
17470218.2016.1276943, 17470218.2016.1.


https://doi.org/10.1111/ejn.13740
https://doi.org/10.1073/pnas.1007277107
https://doi.org/10.1073/pnas.1007277107
https://doi.org/10.1016/j.jad.2019.03.082
https://doi.org/10.1016/j.jad.2019.03.082
https://doi.org/10.1523/JNEUROSCI.0843-16.2016
https://doi.org/10.1523/JNEUROSCI.0843-16.2016
https://doi.org/10.1093/psyrad/kkac016
https://doi.org/10.1152/jn.2001.86.2.912
https://doi.org/10.1152/jn.2001.86.2.912
https://doi.org/10.1080/17470218.2016.1276943
https://doi.org/10.1080/17470218.2016.1276943

	Cognitive independence and interactions between cerebral hemispheres
	1 Introduction
	2 Independence between hemispheres
	3 Interaction between hemispheres
	4 Summary and future directions
	CRediT authorship contribution statement
	Acknowledgments
	Data availability
	References


