
The influence of the body and action on spatial
attention

Catherine L. Reed1,2, John P. Garza1, and Ralph J. Roberts, Jr.1

1 UNIVERSITY OF DENVER
Department of Psychology

2155 S. Race St., Denver CO 80210 USA

2 CLAREMONT MCKENNA COLLEGE
Department of Psychology

850 Columbia Ave., Claremont CA 91711 USA

Abstract. Research on spatial attention traditionally focuses on how it
is influenced by the location of objects within the visual environment.
However, a primary function of spatial attention is to plan physical ac-
tions. When events occur in the world, visual information needs to be
integrated with current body position to help prepare effective responses
to these events. Further, current actions can subsequently influence fur-
ther deployments of attention. Thus, spatial attention must be considered
within the context of the body. Here we present research demonstrating
that one’s own body and the actions of others can influence spatial atten-
tion mechanisms, influencing the prioritization of functional space near
the body and the direction of attention. This work emphasizes a need
for an embodied theory of spatial attention and a more dynamic neural
model of attention that adjusts to meet the demands of the current en-
vironment and the perceiver’s goals.
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1 Introduction

Human perceptual and attentional systems operate to help us perform func-
tional and adaptive actions [1][2]. In our everyday world, we need to know how
to respond effectively when an enemy throws a rock at our head or when a
friend tosses us an apple. The current location of our hands in these situations
influence the speed and success with which we can either knock the rock away
or grab the apple. These common examples emphasize the dynamic nature of
the environment and the need for our spatial attention system to effectively in-
corporate visual information with information from our own and other people’s
bodies. Spatial attention refers to the cognitive process through which certain
visual stimuli are selected to the exclusion of other stimuli based on their spatial
location [3]. One of the primary functions of spatial attention is to select ob-
jects and locations in space that are functionally relevant to what an organism



is doing now [4] or sometime in the near future. To interact with the environ-
ment, one must orient attention to relevant events. Spatial attention helps us
select the most relevant task information and improve perceptual processing by
amplifying signals associated with salient regions of space [5] [6] [7]. Moreover,
given that the current orientation of our bodies and the positions of our limbs
provide an anchor or reference for current and upcoming action, the body and
its limbs may aid in the selection of relevant perceptual information. Thus, it
makes sense that our bodies and actions should play an important role in spatial
attention processes. However, few studies have examined how our bodies and
action influence attention.

This functional view of spatial attention has important implications for how
sensorimotor experience, the body, and its actions influence our visual percep-
tion. Skilled activity requires the integration of past, present, and future events.
Performers need to acquire perceptual information to determine the outcomes
of past actions, to monitor on-going actions, and to plan how to respond to up-
coming events. At the same time, performers are producing their own activity
that is based on this information and contributes to that information. Spatial
attention can influence this dynamic interaction between top-down goals of what
one intends to do and bottom-up influences from the environment and the body
by prioritizing processing in certain regions of visual space based on intentions
and functions of the body.

This perspective implicates a dynamic, multimodal, whole-brain network in
attentional processing. Desimone and Duncan [8] have proposed that selective
visual attention is an emergent property of competitive interactions that work
in parallel across visual space and that objects compete for limited processing
resources and control of behavior. The competition is biased by both bottom-up
and top-down inputs. Bottom-up mechanisms help to distinguish objects from
their backgrounds. Top-down mechanisms help select regions of space and ob-
jects that are relevant for on-going behavior. The underlying neural mechanisms
associated with more bottom-up biases for resolving competition among multiple
objects include the visual ventral stream which connects visual cortex with in-
ferior temporal cortex [9]. Neural mechanisms involved in resolving competition
for several relevant regions of space include the dorsal stream connecting visual
cortex with parietal regions. Top down selection for both objects and locations is
thought to be derived from neural circuits mediating working memory and the
prefrontal cortex. Further, medial temporal and hippocampal regions provide
information that permits past experience to inform future actions.

In this paper, we extend this view of attention to include contributions from
the body and its actions. We propose neural circuits involved in determining
the current position of the body to prioritize spatial locations for upcoming
function interactions and current active behavior should be included in the biased
competition model of spatial attention. The addition of the neural substrates
representing the body and its actions creates a more dynamic model of attention
that constantly adjusts to meet the demands of the current environment and the
perceiver’s goals. Under this view, spatial attention emerges as a distribution or



topography of activation across visual space and the body and its actions would
serve to increase relative activation near functional effectors or change/shift the
location of relatively high activation regions through bodily action and action
goals.

Despite the relevance of the body and its actions to spatial attention pro-
cessing, few studies have examined how the body and its actions can influence
attention. In this chapter we will review recent findings that have begun to ex-
plore contributions from the body and its actions in spatial attention processes.
First we will examine how the orientation, location, and functional properties
of our own body parts can shape the allocation of attention and prioritization
of certain regions in space. Next, we will consider how attentional mechanisms
change to incorporate the body in action. Finally, we consider how our percep-
tion of other people’s bodies and their implied actions can influence our future
oriented behaviors. Together this research argues for an embodied model of spa-
tial cognition that helps explain how we predict and respond to the dynamic
world around us.

2 How Do Our Own Bodies Influence Attention?

An embodied theory of spatial attention implies that our bodies help shape
how attention is distributed in space and how visual stimuli are processed as a
result. To the extent that the current configuration of our body parts constrains
our actions at any moment, they influence where spatial attention is allocated
across visual space. Even without movement, the body’s positioning should have
an effect on attentional processing.

2.1 Effects of Trunk Orientation on Spatial Attention.

Attention should make salient or increase the activation of those regions of space
that are most relevant for performing upcoming actions. Although researchers
have identified a number of factors that influence the deployment of visual atten-
tion, until recently the influence of trunk orientation has often been overlooked.
The trunk is the structural hub to which our head, arms, and legs are attached.
As a result, trunk orientation and perceived body configuration influences sen-
sorimotor planning for many typical actions [10] [11] and, thus, should affect the
distribution of spatial attention.

The trunk is often aligned with behaviorally important regions of space. First,
although we may turn our head and eyes to look in other directions, we usually
move in the direction in which the trunk points. The direction of attention
toward the path of motion helps us to avoid collisions when locomoting through
the environment. A trunk-orientation bias for attention would literally help us
to watch where we are going. Second, it is convenient to align the trunk with
objects that we intend to manipulate. The external space immediately in front
of the trunk can be easily reached with either or both hands. Assuming that
people tend to do what is naturally most convenient, comfortable, and effective,



people should align their trunks with the longer-term focus of attention (i.e.,
their primary interest), especially when locomoting through the environment,
and turn their heads only to temporarily focus on secondary interests. As such,
trunk orientation is a marker for behaviorally important regions of space. An
attentional bias toward such a region would alert us to sudden events occurring
there even as we temporarily look elsewhere.

An influence of the trunk on spatial attention is found most reliably in stud-
ies of patients with unilateral neglect. Following brain injury, typically to the
right temporoparietal region, patients with neglect fail to attend to and explore
contralesional space [12]. Patients with neglect are better able to explore and
to detect targets in contralesional space when their torsos are rotated toward
contralesional space [13] [14]. Additionally, patients’ symptoms improve during
procedures that induce a displacement of the perceived orientation of the body
midline toward the contralesional side. These procedures include cold caloric ir-
rigation of the contralesional ear [15], warm caloric irrigation of the ipsilesional
ear [15], vibration of the contralesional posterior neck muscles [16], and view-
ing of a contralesionally moving optokinetic display [17]. These same procedures
affect the perception of body midline in neurologically intact participants [18].
In sum, patients’ symptoms improve when the actual or perceived orientation
of their trunk is rotated toward the neglected region of space. Thus, attention
appears to follow perceived trunk orientation for patients with neglect.

Effects of trunk orientation, however, have been less consistently demon-
strated in healthy participants. Karnath and colleagues did not find equivalent
trunk orientation effects in neurologically intact or even in brain-injured controls
as in neglect patients for saccadic response times [14], detecting and naming con-
tralesional targets [13], or neck muscle vibration and caloric irrigation in conjunc-
tion with tasks known to be sensitive to manipulations of spatial attention [19].
In contrast, other studies of healthy participants have revealed effects of trunk
orientation. In a lateralized, target-detection paradigm, Hasselbach-Haitzeg and
Reuter-Lorenz [20] found that participants were slightly faster to respond to tar-
gets presented on the right relative to targets presented on the left when their
trunks were turned to the right. Further, Grubb and Reed [21] used a covert-
orienting paradigm (see Fig. 1) to demonstrate that participants demonstrated
neglect-like effects when their trunks were turned to the left: participants were
slightly faster to detect invalidly cued targets on the left and slightly slower to
detect invalidly cued targets on the right. Although both of these studies demon-
strated effects of trunk orientation, the effects were to different sides. Thus, it
is unclear whether the lateralized effects can be attributed to lateralized brain
function or something specific to the tasks and testing situations.

To address the question of what conditions can reliably produce effects of
trunk orientation, we investigated factors that may necessitate a trunk-orientation
bias in everyday life. We hypothesize that the relevance of the trunk to the task
can influence the prioritization of regions of space based on the trunk. The trunk
is important for action because it guides the direction of locomotion through the
environment and influences the parts of space in which the hands can interact.



Fig. 1. Typical covert-orienting paradigm: progression of trials. Participants focus on
the center fixation point. One of the two boxes brightens. On valid trials, a target
appears in the cued or brightened box. On invalid trials, a target appears in the uncued
or opposite box. Validity effects refer to the finding that participants detect targets
more quickly when they appear in the cued box compared to the uncued box.

For example, the trunk orientation may be more relevant when one is walking
than when one is standing still because it can influence whether or not one
will walk into an obstacle. In addition, walking may induce a trunk-orientation
bias via the introduction of locomotion plus additional motor and cognitive pro-
cessing demands. Trunk orientation biases have been observed in patients with
unilateral neglect and attributed to their reduced processing capacity in terms
of arousal and/or attentional demand [22] [23] [24] [25]. Thus, reliable trunk ori-
entation effects may not be found in neurologically intact participants because
the experimental tasks did not impose strong enough processing demands. In
most of the studies for which trunk orientation effect on spatial attention was
not found, healthy participants performed a simple attention task while sitting
in a static environment. We argue that trunk orientation was not relevant to
the task requirements or the responses because participants were able to give
undivided attention to the task, thus effectively eliminating any effects of trunk
orientation bias. Thus, healthy participants should be more likely to demonstrate
an influence of trunk-orientation bias on tasks for which the trunk is relevant to
task performance and that have sufficient motor and cognitive demands.

We addressed this hypothesis in a recent study [26] by examining a task for
which the trunk is relevant, namely walking, and by increasing the processing de-
mands of the task. In each experiment we compared lateralized visual detection
performance [20] and compared the influence of trunk orientation on detection
time under standing, walking forward and walking sideways conditions. Trunk
bias was revealed only in walking conditions, regardless of the perceived direc-
tion of motion. We found faster response times to targets in front of the trunk
than to ones on the side when participants were walking but not when they were
standing. In subsequent experiments, we investigated whether attention to the



body via increased physical demands or attention to the task via increased cog-
nitive and motor demands influenced the trunk orientation bias. We found that
although cognitive load induced by a secondary pitch-counting task influenced
detection performance overall, a trunk orientation effect was only found when
motor demands on attention were increased by disrupting automatic walking
pace with enforced slower paces. By pitting cognitive load against motor load
conditions, we were able to disambiguate the relative contributions of physi-
cal demands, motor load, and cognitive load on trunk orientation biases during
walking. In summary, the trunk tends to prioritize space consistent with its ori-
entation when the task requires bodily action and places motor demands on
processing.

2.2 Effects of Hands and Effectors on Attention.

In addition to the trunk, our hands should also affect the prioritization of pro-
cessing in regions of space that they can perform functional actions. The current
configuration of sensory and effector organs necessarily affects the way that ac-
tions are performed to accomplish our goals. For example, to grasp a visually
detected object, one needs to know not only the object’s location relative to the
eye, but also its position relative to the hand in order to plan an appropriate
reach. To perform this functional action, a sensorimotor transformation is re-
quired to integrate current information regarding the placement of the hand and
arm relative to the orientation of eye and head [27] [28]. Thus, the location and
functional properties of exploring effectors such as the hands should influence
spatial attention mechanisms.

Attention to an object or region of space may be affected in at least two
ways when the hand is near it. One is that the region near the hand may be
prioritized so that the potential relevance of cues and targets appearing in that
space is increased. In other words, the presence of the hand could change the
spatial distribution of attention, increasing the importance of stimuli near it.

One reason that the hand and body may influence the relative salience of
specific regions of space is that space near the body-peripersonal space– is rep-
resented differently from other regions of space [29]. The presence of the hand
near an object may change the functional implications of the object. More im-
portantly, it potentially changes the need to attend to that object. If objects
close to hand were represented differently from objects away from the hand,
then this difference in representation could affect how attention is allocated.

This difference may arise from processing contributions of visual-tactile bi-
modal neurons. In order to manipulate objects, it may be important to form
combined visual and tactile representations based on the body part that is closest
to the object [30] [31] [32]. Researchers have postulated that bimodal visuotactile
neurons may be involved in reaching and grasping behavior as well as in basic
haptic functions and fear avoidance [33]. In terms of attention, it is important
to detect an event occurring near the hand so that the appropriate action-either
grasping or defense movements-can be performed. Physiological recordings from
non-human primates have identified populations of neurons that respond to both



tactile stimuli on the hand as well as to visual stimuli near the hand. In macaques,
bimodal visuotactile neurons are distinguished by their characteristic response
properties in peripersonal space [34] [35] [36] [37] [30] [38] [39] [40] [41] [42]. The
response of these neurons is largely limited to visual stimuli presented in space
immediately surrounding a particular body part such as the hand and appear
to encode space based on hand-centered coordinate systems. That is, neuronal
response is relies on the position of the visual stimulus relative to the hand that
is important, not the position of the visual stimulus in space). The response of
bimodal neurons is also spatially graded in that neuronal response decreases as
the visual stimulus is presented progressively further from the hand. In sum,
these visuotactile neurons appear to integrate multimodal sensory information
in near, visual, peripersonal space that surrounds specific body parts such as the
hand.

Evidence that humans have bimodal neurons also comes from cross-modal
extinction studies of patients with right parietal lobe damage [43] [44] [45] [46]
[47] [48]. Tactile extinction refers to inability to perceive a contralesional tactile
stimulus when a competing ipsilesional tactile stimulus is presented simultane-
ously. Supporting the existence of bimodal representations of peripersonal space,
these patients demonstrated cross-modal extinction in which a visual stimulus
presented near the unaffected ipsilesional hand induced the extinction of a tactile
stimulus presented on the contralesional hand; however, an identical visual stim-
ulus at the same location in space did not elicit cross-modal tactile extinction
when the hand was absent.

A second way in which hand presence could potentially influence attention
would be for it to affect changes or shifts in the prioritization of specific regions of
space. Even if the visual environment provides valid, predictive cues to upcoming
events or targets, it is possible that the presence and functional capabilities of the
hand can alter the distribution of spatial attention. The current position of the
hand could potentially interact with the expectation that a target will appear in
a specific region of space. This interaction of hand and expectancy could increase
the salience or signal to regions of space in which a relevant object or target is
expected, thereby reducing the ability of the system to detect targets in regions
of space in which targets are not cued.

Recent studies have demonstrated that the body and the orientation of its
parts can attentionally prioritize certain regions of space for better perceptual
processing. Studies of neurologically intact individuals have demonstrated that
the location of a body part facilitates processing [21][49] [50]. Reed and colleagues
have demonstrated that the body can influence two different aspects of attention,
spatial prioritization and the shifting of attention. First, we have demonstrated
that the location and functions of body parts can influence the prioritization of
space near that body part. In Reed, Grubb, and Steele [49] participants were
tested in a standard predictive covert orienting task with lateral target locations
(Fig. 1). One of the two locations was cued visually before a target appeared.
Shifts of attention were indicated by faster responses to validly cued targets (i.e.,
the target appears in the cued location) relative to invalidly cued targets (i.e., the



target appears in the non-cued location). While performing target detection task,
participants held one hand up next to one of the target locations (see Fig. 2 for
the hand condition). The hand was not relevant to the purely visual attention
task and did not move. Thus, any effect of the hand on performance had to
results from an interaction between the hand’s location and attention processing.
Results showed that the hand influenced processing in that it speeded responses
to targets appearing near the hand, regardless of cue validity (see Figure 2 for an
example of this data pattern). This facilitation depended on the hand’s physical
proximity to the target location and did not occur when an arbitrary visual
anchor replaced the hand (see Fig. 2 for standard data pattern). Further, the
effect appeared to be multimodal in that it was found even when direct visual
or direct proprioceptive inputs were removed.

Fig. 2. Example of hand condition and data from Reed, Grubb, and Steele [49] Exper-
iment 2 that represents typical data patterns across the reported experiments. Results
show that targets appearing near the hand speed response time but targets appearing
near visual anchors such as a board do not.

In sum, space near hand was attentionally prioritized for enhanced process-
ing. The space near the hand appears to be represented bimodally in terms



of visual and proprioceptive/tactile inputs, which may underlie prioritization
effects by amplifying signals from that location. Such an amplification would
ultimately increase the signal to noise ratio for these stimuli, thereby improving
response times and target detection to stimuli. These findings that correspond to
the properties of bimodal neurons suggest that in addition to the visual neurons
typically used to perform the task, bimodal neurons, presumably in frontal and
parietal cortices that respond to tactile or visual stimuli presented near various
body parts, might be involved in detecting targets appearing near a body part
[37][32][42] .

Presumably, spatial prioritization exists to facilitate the processing of stimuli
that will be important for potential execution of actions. In other words, if
objects near the hand grab attention, does the hand’s ability to grab objects
influence attention? In a subsequent study, Reed, Garza, Roberts and colleagues
investigated the functional topography of this prioritized space near the hand
[50]. Using a similar paradigm as the one described above, we compared the
relative prioritization for targets appearing near different regions around the
hand. Our results showed a relatively greater prioritization for targets appearing
near the palm in ”grasping space” versus near the back of the hand in ”hitting
space” as well as for the space near the palm vs. the forearm. Further, this
same facilitation could be extended beyond the hand to the end of a rake, but
only after participants had used the rake. In addition, an analogous functional
topography of the spatial prioritization was also observed for targets appearing
near prongs of the rake relative to the back bar of the rake. Thus, the spatial
prioritization observed in these studies appears to be functionally related to the
affordances presented by the presence of the hand or after functional interaction
with a tool.

This prioritization of function based on a body part’s location has also been
demonstrated in brain damaged populations [51] [52] [53]. Buxbaum and Coslett
[51] report a patient with a distinct form of optic ataxia in which he had diffi-
culty fixating or attending to locations where he was not reaching. His attention
seemed to be captured by his hand position and was directed by his reaching
action. Coslett and Lie [52]found that tactile extinction in two patients with
right parietal damage was alleviated in the contralesional hand when the ip-
silesional hand was positioned proximal to it. Finally, Schendel and Robertson
[53] report a patient with a left hemianopsia whose left hemifield vision loss was
attenuated when his left hand was held up, proximal to the target locations.
This facilitation was dependant on the proximity of the hand to the target lo-
cations, suggesting an enhancement of visual processing for stimuli appearing in
the space surrounding the hand.

Together, these studies suggest that spatial attention incorporates multi-
modal inputs and the functional properties of the hands to change the distri-
bution of attention across peripersonal visual space. Further, objects used to
manipulate space outside of normal reach are easily and rapidly assimilated into
body space. Additional neural systems are likely to contribute to perceptual
processing when the body is relevant to attentional allocation. This work is con-



sistent with the biased competition model [8] and extends that purely visual
model to include multimodal systems.

2.3 Effects of Effector Action on Spatial Attention.

In the section above, we presented research indicating that static hand posi-
tion can influence the prioritization of functional space near the hand. Here we
consider how action changes the prioritization of space. Executing an action is
a dynamic process. A static hand does not interact with visual spatial cues to
change regions in spatial salience, or what has been considered in spatial atten-
tion literature as shifts in attention [7]. Maybe an active hand can change or
shift the location of this prioritization.

To investigate this hypothesis, we examined whether performing an action
(i.e., brief hand grasp) would cue and shift attention to where the action just
occurred, or inhibit attention from returning there [54]. Participants performed
a target detection task in a modified spatial cuing paradigm. Their hands were
held next to target locations and shielded from view. For each trial, the fixation
cross would change color to indicate which hand participants should move (i.e.,
perform a brief hand grasp) and a target would appear in either the left or the
right box location. The hand grasp acted as a lateral cue, and was nonpredictive
with respect to where the target would appear. Thus, if action cued attention,
then a validity effect would be found for targets appearing on the same side as the
action; the hand action would function as a spatial cue to prioritize processing
near the location of the action. Alternatively, action may inhibit the shifting
of attention or lead to inhibition in activation regions near the action; some
research has indicates inhibition of return in that participants were slower to
respond to targets appearing on the same side as the action, presumably because
the participant has already responded to what was salient in that space [4] [55].
Results from our study indicated that the hand grasps functioned as spatial
cues, shifting attention or changing prioritization of processing to the proximal
target location– targets appearing near the completed action were detected faster
than targets near the stationary hand. Further, this effect was not observed
in a condition in which participants only imagined performing the hand grasp
upon viewing the color change, confirming that the color was not operating as
a symbolic spatial cue and suggesting that actually performing the action was
necessary to shift attention.

In summary, our own bodies influence attention both by the spatial location
and functional range of an acting effector and by the effector’s actions. Without
action, body part location prioritizes space by speeding responses to targets ap-
pearing in the functional range of the effector. Actions performed by that effector
tend to override the existing amplification of the signal from the region near the
body part and shifts attention to the functional spatial range of the action. Thus,
the topography of spatial attention appears to be defined by body part location,
but action changes its dynamics-what becomes relevant is your purpose for the
action and the actual function of the action. The difference between the effects



of hand presence and hand action on spatial attention mechanisms may reflect
contributions from different neural networks to visuospatial processing.

3 How Do Other People’s Bodies Influence Attention?

The studies reported above emphasize that our own bodies can play an impor-
tant role in spatial attention. However, attention can also be directed by what
other people are doing. Other people’s actions provide important sources of in-
formation about their intentions, emotional states, and, importantly for us, their
future actions [56] [57]. They may also provide cues to the locations of subse-
quent events and help us plan appropriate reactions to those events. To humans,
objects in peripersonal space are important not only because they may grasp
you but also that you may grasp with them.

The directional action component of gaze, head turn, and pointing may be
critical for attention shifts. Gazing is one type of action we can observe in others.
In typical studies of spatial attention and gaze direction, participants viewed a
face in which the eyes looked to the left or right; participants responded faster
to targets consistent with gaze direction [58] [59]. In addition, other types of
actions may be socially relevant for directing attention toward some future event
of interest. For example, Langton and Bruce [60] examined whether pointing cues
direct attention. In a covert attention paradigm, central cues of a person pointing
with his hand were presented; participants responded more quickly to targets
corresponding with the pointed direction. Nonetheless, not all body postures
direct attention. When left and right-facing heads and trunks were used as cues,
head cues shifted attention, but trunks did not [61]. These studies suggest that
attention is directed by bodies in action that contain directional information
about impending changes in the environment and our need to respond to it, but
little work had addressed this issue. To investigate how the actions of others
direct attention, we compared different types of actions in a covert-orienting
task with non-predictive central cues [62]. The cues were static images of human
figures in mid-action (e.g., throwing or running) or standing in a neutral, hands-
at-sides pose. They either faced to the left or the right of the screen. Results
indicated that only action cues produced validity effects, that is, relatively faster
responses to targets appearing on the side consistent with the direction of the
action. Attention appeared to be shifted in the direction of the implied action.
Further, the action cues produced the faster responses than the standing cues,
implying that action cues may have primed motor responses. Additional work
is needed to determine the specifics of what aspects of action are cuing different
spatial attention mechanisms.

4 Spatial Attention and Future-oriented Behavior

We have argued that spatial attention plays an important role for performing
functional actions in the environment. However, selective attention is also im-
portant for preparing for upcoming action as well. In fact, in the real-time flow



of natural behavior, we presume attentional processing is most often oriented
toward upcoming action or events. By prioritizing activation based on both
bottom-up and top-down inputs, attention should be critical to such prepa-
ration. Action sequences cannot be mostly reactive to specific environmental
features because responses will be too late-some form of prospective control is
necessary. Alternatively, action sequences cannot be planned too far in advance
since not all relevant contextual information for planning action can be known
in advance. Thus, selective attention processes help the performer to determine
what information is most relevant at different points in time during a flow of
action [63]. It is an integral part of the continual perception-action cycle with
the goals of action influencing perceptual selection and information gleaned from
the environment influencing subsequent planning for action [64].

In the previous sections, the reported research examines spatial attention at
specific moments but does not capture the dynamic cycling between perception
and action that is characteristic of real-world performance. Bryan and Harter
[65] were some of the first researchers to recognize the role of prospective con-
trol in skilled performance. They studied telegraph operators and found that as
operators became increasingly skilled, they used predictable patterns in word
and phrase structures to more efficiently organize on-going actions. Later, re-
searchers recognized that in order for behavior to be effective and fluid, action
must be based on anticipated future states of the environment and of the self
[66] [67]. More recently, Roberts and Ondrejko [63] examined how skilled actors
utilize perceptual selection to anticipate future states and plan upcoming ac-
tion accordingly. Using an especially designed video game they simultaneously
recorded task actions and eye movements while participants played the game.
Players controlled the orientation of a ship that could shoot at multiple mov-
ing targets. The goal was to hit as many targets as possible and not allow the
targets to intercept the ship. At any point in time the screen contained many
moving objects, some of which were better targets than others, depending on
their trajectories, velocities, and upcoming locations relative to the ship. Thus,
the game, as in many everyday contexts, presented the actor with a cluttered
environment where some locations provide more information than others, de-
pending on one’s current and upcoming goals and actions. In the game, finding
the next target among many possibilities, determining the current orientation
of the ship, moving the ship to a new orientation, and deciding when to release
the shot to time an interception successfully, all required different kinds of in-
formation that were available at different locations. Thus, there was inherent
competition about where to look when, because of the variety of visual stimuli
and by the mix of the flow of task goals and specific situations the game pre-
sented at any one point in time (e.g., the sudden appearance of a fast moving
obstacle coming toward the ship).

The findings revealed tight correspondences between current and upcoming
task actions and the timing and location of players’ eye movements. Players
precisely relocated their foveas to areas of the screen that monitored on-going
activity, but more interestingly, to locations that provided detailed spatial or



location information that was relevant for guiding specific upcoming actions.
For example, performers were able to shift between looking at the target and
looking at the ship when setting up for the next shot. Players did not foveate
on more than one or two potential targets even when there were many possibili-
ties. Players used peripheral information to make the selection of the new target
and usually made a saccade to the new target less than 1 sec after the previous
target was shot. Analyses of the trajectories and future locations of all possible
targets indicated that performers most often looked at the one or two ”best”
possible targets in terms of the ease of making an intercept and/or likelihood
of an eventual crash with the ship. Remarkably, peripheral selection must have
occurred in many cases well before the previous shot even reached the target.
Selective attention, then, biased visual information gathering that was then was
used to regulate ongoing action and prepare for upcoming action. Selective at-
tention occurred in the service of the players’ goals but also was constrained by
particulars of the changing visual landscape the game.

This work emphasizes the role of selective attention in perception-action cy-
cling and fits well with the biased competition model of Desimone and colleagues
[8]. Multiple potential targets in the world compete for resources that result in
specific action selection. In the video game, action selection occurred in terms of
eye movement to specific targets and subsequent finger responses to control the
ship. This type of real-time research examining selection and action sequences
for future-oriented actions should provide additional insight into the body’s role
in selective attention.

5 Conclusions

Every day humans perform actions in the world. They create change in the
environment and respond to changes produced by others. The research discussed
in this chapter argues that it is critical to consider the conditions under which
spatial attention is deployed as well as what we are using it for. Our bodies, our
actions and the actions of others all influence the dynamic distribution of spatial
attention. We have shown that attention is not merely a visual phenomenon
and that its effects appear to be related to the body’s capacity for performing
functional actions. Given that most tasks involve our body and lead to physical
output, our actions have implications for others and vice versa. Thus, any theory
of spatial attention is incomplete if is does not emphasize the importance of
sensorimotor experience and the interaction of the body with the world. Spatial
attention is a dynamic system that is influenced by our own bodies and actions.
It may be directed by visual cues but it does not end with the response. Active
attention integrates interactions between the motor system, its cuing effects, and
multiple shifts of attention. In conclusion, current theories of spatial attention
must account for the every changing influences from the body and its actions
that produce functional interactions with the world.



Acknowledgements

The authors would like to acknowledge the contributions of our colleagues to
the work reported in this chapter including Jefferson D. Grubb, Paula M. Beall,
Will Gervais, Ryan Betz, Daniel N. McIntosh, and Cleophus Steele. In addition,
we thank Michael Hasselstadt, Joshua Baker, Greg Ehmer, Anna Vasquez, Kara
Littlejohn, Danny Boatright, and Nashwa Bolling who contributed to the data
collection for the various studies.

References

1. Previc, F.H.: The neuropsychology of 3-d space. Psychological Bulletin 124 (1998)
123–164

2. Prinz, W.: Perception and action planning. European Journal of Cognitive Psy-
chology 9 (1997) 129–154

3. Vecera, S.P., Rizzo, M.: Spatial attention: Normal processes and their breakdown.
Neurologic Clinics of North America 21 (2003) 575–607

4. Tipper, S.P.: Attention and action. In: Gazzaniga, M. (ed.): The Cognitive Neu-
rosciences, 3rd edition. MIT Press, Boston. (2004) 619–630

5. Braun, J., Koch, C., Davis, J.L. Visual attention and cortical circuits. MIT Press,
Cambridge, MA. (2001)

6. Pashler, H. Attention. Psychology Press, San Diego, CA (1998)
7. Posner, M.I., Cohen, Y.: Components of visual orienting. In: Bouma, H., Bouwhuis,

D. G.(eds.): Attention and Performance X. Lawrence Erlbaum Associates, Hills-
dale, NJ (1984) 531–555

8. Desimone, R., Duncan, J.: Neural mechanisms of selective visual attention. Annual
Review of Neuroscience 18 (1995) 193–222

9. Ungerleider, L.G., Mishkin, M.: Two cortical visual systems. In: Ingle, D. J.,
Goodale, M. A., Mansfield, R. J. W. (eds.): Analysis of Visual Behavior. MIT
Press: Cambridge, MA. (1982) 549–586

10. Darling, W.G., Miller, G.F.: Perception of arm orientation in three-dimensional
space. Experimental Brain Research 102 (1995) 495–502

11. Guerraz, M., Navarro, J., Ferrero, F., Cremieux, J., Blouin, J.: Perceived versus
actual head-on-trunk orientation during arm movement control. Experimental
Brain Research 172 (2006) 221–229

12. Bradshaw, J.L., Mattingley, J.B. Clinical Neuropsychology. New York: Academic
Press. (1995)

13. Karnath, H.O., Christ, K., Hartje, W.: Decrease of contralateral neglect by neck
muscle vibration and spatial orientation of trunk midline. Brain 116 (1993) 383–
396

14. Karnath, H.O., Schenkel, P., Fischer, B.: Trunk orientation as the determining
factor in the ’contralateral’ deficit in the neglect syndrome and as the anchor of
the internal representation of the body in space. Brain 114 (1991) 1997–2014

15. Rubens, A.B.: Caloric irrigation and unilateral visual neglect. Neurology 35 (1985)
1019–1024

16. Karnath, H.O.: Subjective body orientation in neglect and the interactive contri-
bution of neck muscle proprioception and vestibular stimulation. Brain 117 (1994)
1001–1012



17. Pizzamiglio, L., Frasca, R., Guariglia, C., Incoccia, C., Antonucci, G.L.: Effect of
optokinetic stimulation in patients with visual neglect. Cortex 26 (1990) 535–540

18. Vallar, G., Guariglia, C., Rusconi, L.: Modulation of the neglect syndrome by sen-
sory stimulation. In: Thier, P., Karnath, H.-O. (eds.): Parietal Lobe Contributions
to Orientation in 3D Space. Springer-Verlag, Heidelberg. (1997) 556–578

19. Rorden, C., Karnath, H.O., Driver, J.: Do neck-proprioceptive and caloric-
vestibular stimulation influence covert visual attention in normals, as they influence
visual neglect? Neuropsychologia 39 (2001) 364–375

20. Hasselbach-Haitzeg, M.M., Reuter-Lorenz, P.A.: Egocentric body-centered coordi-
nates modulate visuomotor performance. Neuropsychologia 40 (2002) 1822–1833

21. Grubb, J.D., Reed, C.L.: Trunk orientation induces neglect-like performance in
intact individuals. Psychological Science 13 (2002) 554–557

22. Heilman, K.M., Schwartz, H.D., Watson, R.T.: Hypoarousal in patients with the
neglect syndrome and emotional indifference. Neurology 28 (1978) 229–232

23. Hjaltson, H., Tegner, R., Kerstin, T., Levander, M., Ericson, K.: Sustained atten-
tion and awareness of disability in chronic neglect. Neuropsychologia 34 (1996)
1229–1233

24. Robertson, I.H., Manly, T., Beschin, N., Daini, R., Haeske-Dewick, H., Hömberg,
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45. Farné, A., Pavani, F., Menghello, F., Ládavas, E.: Left tactile extinction following
visual stimulation of a rubber hand. Brain 123 (2000) 2350–2360

46. Ládavas, E.: Functional and dynamic properties of visual peripersonal space.
Trends in the Cognitive Sciences 6 (2002) 17–22
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