FIGURE LEGENDS
FIGURE 46.1 Lateral viewof a human brain. Frontal (purple), parietal (orange), temporal (blue), and occipital (yellow) lobes are outlined.

FIGURE 46.2 Two drawings that were made by a patient with spatial neglect. The patient was asked to copy the two models (clock, house). In each case, the copies exclude important elements that appeared on the left side of the model, indicating that the patient was unable to process information about the left side of the model.

FIGURE 46.3 Regions in human brain activated by attention and regions associated with neglect. (A) Visual stimulation did not activate the frontal or parietal cortex reliably when attention was directed elsewhere in the visual field. (B) When the subject directed attention to a peripheral target location and performed an object discrimination task, a distributed frontoparietal network was activated, including the SEF, the FEF, and the SPL. (C) The same network of frontal and parietal areas was activated when the subject directed attention to the peripheral target location in the expectation of the stimulus onset—in the absence of any visual input whatsoever. This activity therefore may not reflect attentional modulation of visually evoked responses, but rather attentional control operations themselves. (D) Meta-analysis of studies investigating the spatial attention network. Axial slices at different Talairach planes are indicated. Talairach (peak) coordinates of activated areas in the parietal and frontal cortex fromseveral studies are indicated (For references, see Kastner & Ungerleider, 2000). R, right hemisphere; L, left hemisphere.

FIGURE 46.4 Directed attention in humans with and without visual stimulation. (A) Time series of fMRI signals in V4. Directing attention to a peripheral target location in the absence of visual stimulation led to an increase of baseline activity (textured blocks), which was followed by a further increase after the onset of stimuli (gray-shaded blocks). Baseline increases were found in both the striate and the extrastriate visual cortex. (B) Time series of fMRI signals in FEF. Directing attention to the peripheral target location in the absence of visual stimulation led to a stronger increase in baseline activity than in the visual cortex; the further increase of activity after the onset of stimuli was not significant. Sustained activity was seen in a distributed network of areas outside the visual cortex, including SPL, FEF, and SEF, suggesting that these areasmay provide the source for the attentional top-down signals seen in visual cortex. Adapted from Kastner et al. (1999).

FIGURE 46.5 Attentional modulation of event related potentials (ERPs). In a typical experiment, subjects fixate a central cross and attend either to the left or right visual field. Stimuli are then presented to the left and right visual fields in a rapid sequence. This idealized example illustrated the common finding that the average ERP elicited by an attended visual field stimulus contains larger P1 and N1 components.

FIGURE 46.6 LIP neurons encode a spatial salience representation. (A) LIP neurons are sensitive to the physical conspicuity of objects in the receptive field. An LIP neuron responds strongly when a visual stimulus is flashed in its receptive field (left). The same neuron does not respond if the physically identical stimulus is stable in the world and enters the receptive field by virtue of the monkeys’ eye movement (center). The neuron again responds if the stimulus entering the receptive field is rendered salient by flashing it on and off on each trial (before it enters the receptive field). In each panel, rasters show the times of individual action potentials relative to stimulus onset (left) or the eye movement that brings the stimulus in the receptive field (center and right). Traces underneath the rasters show average firing rate. Bottom traces show the horizontal and vertical eye position. The rapid eye movement (saccade) that brings the stimulus in the receptive field is seen as the abrupt deflection in eye position traces. (B) LIP neurons are sensitive to the behavioral relevance of objects in the receptive field. Traces show average firing rate of an LIP neuron when the monkey is cued to make a saccade to a stimulus in the receptive field. In the left panels themonkey is fixating and a stable stimulus is in the receptive field. The neuron has low firing rate. In the center panel the monkey receives a cue instructing him to make a saccade to the receptive field. The neuron gradually increases its response. In the right panel the monkey executes the instructed saccade. The neural response remains high until after the eye movement.

FIGURE 46.7 A salience representation can be viewed as an intermediate representation that interacts with multiple behavioral systems (visual, motor, cognitive, and motivational) and fashions a unified signal of “salience” based on multiple task demands. By virtue of feedback connections to these systems the salience map can help coordinate output processing in multiple “task-relevant areas.”

FIGURE 46.8 (A) LIP responses are modulated by reward probability. Monkeys performed a dynamic foraging task in which they tracked the changing reward values of each of two saccade targets. Traces represent population responses for neurons with significant effects of reward probability. Blue traces represent saccades toward the receptive field, and green traces represent saccades opposite the receptive field. Traces are further subdivided according to local fractional income (reward probability during the past few trials): solid thick lines, 0.75–1.0; solid medium lines, 0.5–0.75; solid thin line, 0.25–0.5; dotted thin lines, 0–0.25. Activity for saccades toward the receptive field increased, and that for saccades away decreased as function of local fractional income, resulting in more reliable spatial selectivity (difference between the two saccade directions) with increasing reward probability. (B) LIP neurons are modulated by limb motor planning. Monkeys viewed a display containing a cue (a letter “E”) and several distracters. Without moving gaze from straight ahead, they reported the orientation of the cue by releasing one of two bars grasped with their hands. The neuron illustrated here responded much more strongly when the cue rather than a distracter appeared in its receptive field (left versus right panels). This cuerelated response was modulated by the manual release: the neuron responded much more when the monkey released the left than when she released the right bar (blue versus red traces). Limb modulations did not always accompany a bar release, but were found only when the attended cue was in the receptive field. Bar-release latencies were on the order of 400–500 ms.

FIGURE 46.9 Attention increases the mean firing rates of individual neurons and the degree to which their firing rates covary over time. (A) Attention-dependent increases in firing rate. (B) Attention-dependent reductions in response covariation. (C) Under the assumption that downstream neurons pool the signals of the afferent neuronal population, observed levels of attention-dependent decorrelation of low-frequency (<10 Hz) fluctuations in firing rate result in increases in signal quality four times as large as the improvement attributable to increases in firing rate.

FIGURE 46.10 Electrical stimulation of FEF increases neuronal responsiveness in V4. (A) Current was injected into FEF while neuronal activity was recorded from V4. (B) The visual stimulus appeared in the receptive field for one second (RF stim). 500 ms after the onset of the visual stimulus, a low level of current was applied to a site in FEF for 50 ms (FEF stim). The response of a single V4 neuron with (gray) and without (black) FEF microstimulation appears below. The apparent gap in response reflects the brief period during which V4 recording was paused while current was injected into FEF, when, for technical reasons, the stimulating current interfered with the ability to record action potentials. Following stimulation, the V4 neuron had elevated responses on trials when FEF was electrically stimulated, as compared to trialswithout FEF stimulation.

FIGURE 46.11 Efficient and inefficient visual searches. (A) Pop-out search. The horizontal green bar differs from all other array elements in a single feature, color. As a result, it pops out immediately, regardless of how many elements are in the array. (B) The same target is difficult to find when it is embedded among elements that cannot be differentiated from it on the basis of a single feature (color or orientation). (C) The dark target pops out among squares and circles. (D) When the same target is perceived to be a square occluded behind a circle, it is difficult to find among squares and circles. Because this arrangement of the array interferes with visual search, this suggests that integration of objects into wholes occurs prior to the activation of attentional mechanisms used in visual search. Thus, these mechanisms are evidently not necessary for completion. Adapted from Rensink and Enns (1998).

FIGURE 46.12 Attention to one stimulus of a pair filters out the effect of the ignored stimulus. (A) The x-axis shows time (inmilliseconds) from stimulus onset, and the thick horizontal bar indicates stimulus duration. Small iconic figures illustrate sensory conditions. Within each icon, the dotted line indicates the receptive field, and the small dot represents the fixation point. The location of attention inside the receptive field is indicated in red. Attention was directed away from the receptive field in all but one condition. The preferred stimulus is indicated by a horizontal yellow bar and the poor stimulus by a vertical blue bar. In fact, the identity of both stimuli varied from cell to cell. The yellow line shows the response of a V2 neuron to the preferred stimulus. The solid blue line shows the response to the poor stimulus. The green line shows the response to the pair. The addition of the poor stimulus suppressed the response to the preferred stimulus. Attention to the poor stimulus (red arrow) magnified its suppressive effect and drove the response down to a level (dotted blue line) that was similar to the response elicited by the poor stimulus alone. (B) Response of a second V2 neuron. The format is the same as in A. As in the neuron above, the response to the preferred stimulus was suppressed by the addition of the poor stimulus. Attention directed to the preferred stimulus filtered out this suppression, returning the neuron to a response (dotted yellow line) similar to the response that was elicited when the preferred stimulus appeared alone inside the RF. Adapted from Reynolds et al. (1999).

FIGURE 46.13 Responses of inferior temporal (IT) neurons during a memory-guided visual search. (A) Task. Monkeys fixated a spot on a computer screen and were shown a central cue (here, either the flower or the cup). After a delay, two (or more) stimuli appeared within the receptive field and the monkey had to saccade to the stimulus that had appeared earlier as the cue. Sometimes (top four images), the cue was a preferred stimulus for the cell (the flower) and the monkey had to saccade to the preferred stimulus. On separate trials (lower four images), the cue was a poor stimulus (the cup) and the monkey had to saccade to the poor stimulus. (B) Neuronal responses. During the delay period, IT neurons showed an elevated baseline activity that reflected the cue stored inmemory. The spontaneous firing rate was higher on trials inwhich the cue was a preferred stimulus for the cell, relative to trials when the cue was a poor stimulus. After the search array appeared, the responses separated, increasing or decreasing depending on whether the cue was, respectively, a preferred or poor stimulus for the cell. This separation occurred well before the onset of the saccade, which is indicated by the vertical bar on the horizontal axis.
