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The orienting of visual-spatial attention is fundamental to most
organisms and is controlled through external (exogenous) or internal
(endogenous) processes. Exogenous orienting is considered to be
reflexive and automatic, whereas endogenous orienting refers to the
purposeful allocation of attentional resources to a predetermined
location in space. Although behavioral, electrophysiological and lesion
research in both primates and humans suggests that separate neural
systems control these different modes of orienting, previous human
neuroimaging studies have largely reported common neuronal sub-
strates. Therefore, event-related FMRI (ER-FMRI) was used to
independently examine different components of the orienting response
including endogenous facilitation, exogenous facilitation and inhibition
of return (IOR). In contrast to previous studies, endogenous versus
exogenous facilitation resulted in widespread cortical activation
including bilateral temporoparietal junction, bilateral superior tempo-
ral gyrus, right middle temporal gyrus, right frontal eye field and left
intraparietal sulcus. Conversely, IOR compared to endogenous
facilitation resulted in only a single focus of activation in the left
superior temporal gyrus. These findings suggest that endogenous
orienting activates a large cortical network to achieve internally
generated shifts of attentional resources versus the automatic orienting
that occurs with exogenous cues. However, similar networks may
mediate endogenous orienting and IOR. The activation of the
temporoparietal junction suggests that it is involved in more effortful
processes, such as endogenous orienting, as well as in attentional
reorienting and locating targets. Current results are discussed in terms
of the functional development of the visual-spatial attentional system.
© 2004 Elsevier Inc. All rights reserved.
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Introduction

The ability to orient attention based on external or internal cues
is crucial for performing daily events such as crossing the street.
Endogenous (i.e., checking before crossing the street) and
exogenous (i.e., reflexively spotting a speeding car) orienting
respectively accomplish volitional goals or warn us of sudden
visual changes which may signal impending danger. Models of
visual orienting (Corbetta and Shulman, 2002) as well as
behavioral, electrophysiological and lesion research in humans
and primates suggests that separate neural systems control these
different modes of orienting (Corbetta and Shulman, 2002; Kastner
and Ungerleider, 2000; Kastner et al., 1998; Mangun et al., 1998;
Rafal and Henik, 1994). However, neuroimaging studies have
largely reported common activations when the two are directly
compared (Corbetta et al., 1993; Kim et al., 1999; Nobre et al.,
1997; Rosen et al., 1999), suggesting that other factors, such as
methodological limitations, may be influencing these neuroimag-
ing results (Pessoa et al., 2003).

Visual orienting is commonly studied through a paradigm in
which cues can correctly (valid cue) or incorrectly (invalid cue)
predict the location of spatial targets. Cues can result in behavioral
facilitation, in which response times are faster for valid compared
to invalid trials, or inhibition, in which response times are faster for
invalid compared to valid trials (Posner et al., 1985). Cue type and
frequency of valid cues determines the mode of orienting (Fig. 1).
Centrally presented cues (arrows) that correctly predict (70-80%)
target location generate endogenous orienting. Peripheral cues
(luminance changes) that predict target location at chance levels
generate exogenous orienting. Exogenous cues produce an
automatic orienting response with facilitation reaching maximum
capacity at stimulus onset asynchronies (SOAs) of 100-200 ms
(Mueller and Rabbitt, 1989; Yantis and Jonides, 1990). At SOAs
greater than 400 ms, there is a reversal in the facilitory effect (Fig.
2b), which classically has been called inhibition of return (IOR;
Posner et al., 1985). In contrast, facilitory effects for endogenous
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Fig. 1. Diagrammatic representation of the visual display and trial design. Subjects maintained fixation on the central cross throughout the duration of the
experiment. Cues in the exogenous (luminosity change in one or both of the boxes) and endogenous (unidirectional or bidirectional arrow) indicated the
appearance of an upcoming target. The target (letter X) appeared in one of the boxes following a pseudorandom SOA of either 100 or 800 ms. Cues correctly
indicated the location of the upcoming target (valid trial) in 50% of the exogenous and 70% of the endogenous trials.

orienting reach maximum capacity at SOAs greater than 250-300
ms and remain relatively stable (Jonides and Irwin, 1981; Jonides
and Mack, 1984; Mueller and Findlay, 1988; Mueller and Rabbitt,
1989; Rafal and Henik, 1994).

As evidenced in the preceding paragraph, orienting consists of
several independent components including facilitation, inhibition
and attentional reorienting following invalid cues. Previous studies
comparing endogenous and exogenous orienting utilized behav-
ioral paradigms that produced IOR rather than exogenous
facilitation (Rosen et al., 1999) or employed block designs
(Corbetta et al., 1993; Kim et al., 1999; Nobre et al., 1997), which
combined different components of the exogenous response
including facilitation, IOR and attentional reorienting following
invalid cues. Recent research suggests that IOR and exogenous
facilitation may be mediated by separate (Klein, 2000) rather than
common (Sapir et al., 1999) networks with cortical areas acting in
conjunction with retinotectal pathways to produce IOR (Danziger
et al., 1997; Klein, 2000; Lepsien and Pollmann, 2002; Mayer et
al., in press; Taylor and Klein, 1998). Specifically, recent event-
related FMRI (ER-FMRI) studies have reported increased activa-
tion of frontal occulomotor areas (Lepsien and Pollmann, 2002;
Mayer et al.,, in press), temporal-occipital and parietal areas
(Mayer et al., in press) for IOR compared to exogenous facilitation.
Finally, previous studies comparing endogenous and exogenous
orienting also blocked valid with invalid trials, which have
subsequently shown activation in distinct cortical networks
secondary to attentional reorienting (Arrington et al., 2000;
Corbetta et al., 2000; Thiel et al., 2004).

Therefore, reports of “common networks” subserving exoge-
nous and endogenous orienting may reflect the combination of
different components of the orienting response. We used event-
related FMRI (ER-FMRI) to investigate the neuronal substrates
involved in endogenous facilitation, exogenous facilitation and
IOR independent of the effects of reorienting. ER-FMRI is superior
to blocked designs for cognitive studies because it allows for the
generation of separate hemodynamic impulse response functions
on a trial-by-trial basis. We predicted that endogenous facilitation
would result in widespread cortical activation when directly
compared to exogenous facilitation secondary to the more effortful
allocation of attentional resources in endogenous facilitation. In
contrast, we hypothesized that there would be extensive overlap
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Fig. 2. Behavioral data for valid (@), neutral (A ), and invalid trials (M) for
the endogenous (A) and exogenous (B) conditions. In the endogenous
condition, facilitation (faster response for valid compared to invalid) is
present at 100 and 800 ms SOAs, but the maximum capacity of cueing
(facilitation, costs, and benefits) is not reached until the 800 ms SOA. In
contrast, in the exogenous condition maximum cueing is present at the100
ms SOA, and a full reversal in cueing effects are observed at the 800 ms
SOA (inhibition). This is the classical biphasic response pattern indicative
of IOR.
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between neural systems mediating endogenous facilitation and IOR
secondary to the more cortical nature of the IOR network (Lepsien
and Pollmann, 2002; Mayer et al., in press).

Methods
Subjects

Twelve (four male, eight female) right-handed (mean Edin-
burgh Handedness Inventory score = 87.8+10.5) adult volunteers
(mean age = 26.6+6.4) participated in the study. Subjects with a
history of neurological disease, major psychiatric disturbance,
substance abuse or psychoactive prescriptive medications were
excluded. Informed consent was obtained from subjects according
to institutional guidelines at the Medical College of Wisconsin.

Procedure

Subjects performed both an exogenous and endogenous
cueing task while in the scanner environment (Fig. 1). Stimuli
were projected onto an opaque screen mounted near the subject’s
feet (viewing distance = 200 cm). In both conditions, the basic
visual display consisted of a black background with two white
2.5 x 2.5 cm boxes (visual angle = 0.72°) located 9 cm from a
central fixation cross measuring 1.5 X 1.5 cm (visual angle =
0.43°). Subjects were instructed to maintain central fixation
throughout the course of the experiment. Each trial began with a
100 ms cue followed by the appearance of an X in one of the two
boxes at a pseudorandom SOA of either 100 or 800 ms. Target
locations were 2.6° visual eccentricity from fixation. Subjects
were instructed to make a keypress with their right index finger
as soon as the target appeared. Following target presentation,
subjects were instructed to continue to maintain central fixation
(i.e., baseline state).

Two exogenous and three endogenous imaging series were
collected. The exogenous imaging series were always collected
first to avoid the establishment of a validity bias (Carter et al.,
1995; Whitehead et al., 1997). Each imaging series consisted of
130 pseudorandomly presented active trials (valid, invalid or
neutral) and 60 fixation trials. In both exogenous imaging series
(Fig. 1), a total of 60 trials (23%) consisted of neutral trials in
which an abrupt change in luminance occurred around the edge
of both boxes. Spatial cues consisted of a luminance change in
one box that correctly indicated the location of the target in 50%
of the remainder of the trials (100 valid trials, 100 invalid trials).
In the endogenous series (Fig. 1), a total of 90 trials (23%)
consisted of neutral cues in which a bidirectional arrow was
presented foveally, slightly above the fixation stimulus. Spatial
cues were unidirectional arrows that correctly indicated the
location of the target in 70% of the remainder of the trials
(210 valid trials, 90 invalid trials).

In both the exogenous and endogenous conditions, the intertrial
interval was randomly jittered to allow for the best sampling of the
hemodynamic response (Burock et al., 1998). This was accom-
plished by applying a random seed to the 2.5-s epochs (equivalent
to repetition time) that contained cueing trials or only the basic
visual display and then sorting all epochs by the random seed. No
further restraints were applied to the sorting procedure, and trial
length ranged from 2.5-15 s. This procedure also allowed for the
statistical establishment of the baseline resting state in the

regression model, which corresponded to the neuronal activation
associated with maintaining fixation on the central cross.

Functional MR imaging

At the beginning of the scanning session, high resolution,
spoiled gradient-recalled at steady state anatomic images were
collected [TE (echo time) = 5 ms, TR (repetition time) = 24 ms,
40° flip angle, number of excitations (NEX) = 1, slice thickness =
1.2 or 1.3 mm, FOV (field of view) = 24 cm, resolution = 265 X
192]. Whole-brain FMRI was conducted on a commercial 1.5 T
scanner (Signa, General Electric Medical Systems, Milwaukee)
equipped with a prototype 30.5 cm i.d. three-axis local gradient
head coil and an elliptical endcapped quadrature radio frequency
coil. Echo-planar images were collected using a single-shot,
gradient-echo echoplanar pulse sequence [TE = 40 ms; FOV = 24
cm; matrix size = 64 X 64]. Twenty-two contiguous sagittal 6-
mm-thick slices were selected to provide coverage of the entire
brain (voxel size: 3.75 X 3.75 X 6 mm). For each of the imaging
series, 190 sequential echo-planar images were collected per run
with a TR of 2.5 s.

Image processing and statistical analyses

Functional images were generated using Analysis of Functional
Neurolmages (AFNI) software package (Cox, 1996). Time series
images were spatially registered in both two- and three-dimen-
sional space to minimize effects of head motion. A deconvolution
analysis was used to generate one impulse response function (IRF)
for each condition on a voxel-wise basis. Each IRF was relative to
the baseline state (fixation) and based on the first five TRs
poststimulus onset. Anatomical and functional images were then
interpolated to volumes with I mm® voxels, coregistered,
converted to a standard stereotaxic coordinate space (Talairach
and Tournoux, 1988) and blurred using a 3-mm Gaussian full-
width half-maximum (FWHM) filter. A voxel-wise repeated
measures ANOVA and planned comparison t tests were performed
for the image occurring 5.0-7.5 s poststimulus onset from the cue,
corresponding to the peak of hemodynamic response function
(Cohen, 1997). To investigate the neural substrates of endogenous
facilitation, exogenous facilitation and IOR independent of the
effects of reorienting, only valid trials were entered into the
ANOVA. The significance threshold for activation peaks corre-
sponded to P < 0.001 for all comparisons. To minimize false
positives, a minimum cluster size of 0.25 ml was also required
(Forman et al., 1995). These two thresholds were determined based
on 10,000 Monte Carlo simulations demonstrating that the chance
probability of obtaining a significant activation cluster for an entire
volume (Type I error) was less than 1 x 107,

A conjunction analysis was also performed to identify regions
that were commonly activated in endogenous facilitation and IOR
compared to exogenous facilitation (Price and Friston, 1997). Due
to the increased sensitivity of this analysis, a significance threshold
corresponding to P < 0.005 and minimum cluster size of 0.25 ml
was applied to the results.

Behavioral results
Two 3 X 2 [Cue Type (Valid, Invalid, Neutral) X SOA (100,

800 ms)] ANOVAs were performed to verify that the documented
effects of endogenous and exogenous orienting were present in the
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Fig. 3. Differential patterns of activations (P < 0.001) for endogenous (END) compared to exogenous (EXO) facilitation (top row) and IOR compared to
endogenous (END) facilitation (bottom row). In the first comparison, endogenous facilitation resulted in widespread cortical activation (areas of increased
activation in red) including the (A) left TPJ, (B) right TPJ, (C) left IPs (not displayed in pages), and (D) right FEF. Hemodynamic response functions for the
right and left TPJ, left IPs, and right FEF activations are displayed for endogenous (square) and exogenous facilitation (triangle). In contrast, the comparison
IOR versus endogenous facilitation resulted only in a single focus of increased activation (area of increased activation in red) for IOR in the left superior

temporal gyrus.

scanner environment. Reaction times shorter than 100 ms or longer
than 2500 ms were considered anticipatory or missed responses,
respectively, and were discarded from future analyses.

In the endogenous condition (Fig. 2a), the validity X SOA
interaction term was significant (F, 5, = 6.51, P < 0.05). Follow-
up tests indicated that a validity effect (valid < invalid) and
benefits (valid < neutral) from cueing were established at both
SOAs, but that costs (neutral < invalid) were only present at the

Table 1

800 ms SOA (¢t > 2.2, P < 0.05 in all cases). The lack of costs at
the early SOA supports previous suggestions that the maximal
effects of endogenous orienting occur at SOAs of 300 ms or
longer (Jonides and Irwin, 1981; Mueller and Findlay, 1988;
Rafal and Henik, 1994).

In the exogenous condition (Fig. 2b), the validity X SOA
interaction term was also significant (£, = 23.26, P < 0.05).
Follow-up tests indicated that exogenous facilitation reached its

Areas of activation for endogenous versus exogenous facilitation and IOR versus endogenous facilitation comparisons based on the Talairach atlas

Region Laterality CM (Endogenous Facilitation > Exogenous Facilitation) CM (IOR > Endogenous Facilitation)
BA X Y Z Vol (ml) BA X Y Z Vol (ml)
Parietal and temporal lobes
Intraparietal sulcus L 19 -23 —80 19 1.679
Inferior parietal lobule (IPL) R 40 28 =51 39 1.479
Inferior parietal lobule (IPL)/ R 39/40 54 —51 28 0.284
superior temporal gyrus (STG)
Inferior parietal lobule (IPL)/ L 39/40 —38 —56 26 0.693
superior temporal gyrus (GTs)
Superior temporal gyrus (GTs) R 22 50 —43 15 0.510
Superior temporal gyrus (GTs) L 38 —38 8 —28 0.288
Middle temporal gyrus (GTm) R 37/39 46 —63 9 0.526
Frontal lobe
Frontal eye fields (FEF) R 6 40 -8 45 0.617
Occipital lobe
Middle occipital gyrus R 19 35 —76 16 1.095
L 19 —46 —69 7 0.524
L 19 —42 —71 -5 0.257
Cuneus R 7 2 -76 36 0.294

Center of mass (CM) and volume (Vol) are listed for each cluster.
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maximum at the 100 ms SOA, as evidenced by significant benefits,
costs and validity effect from cueing (¢ > 2.2, P <0.05 in all cases).
A full reversal in the benefits, costs, and validity effect was present
at the 800 ms SOA, (¢ > 2.2, P < 0.05 in all cases), indicative of
IOR. The behavioral results observed in the scanner replicate
previous behavioral studies of both endogenous and exogenous
orienting.

FMRI results

In contrast to previous studies (Kim et al., 1999; Nobre et al.,
1997), a comparison of endogenous facilitation at the 800 ms SOA
versus exogenous facilitation at the 100 ms SOA resulted in several
unilateral and bilateral foci of activation (Fig. 3 and Table 1),
although both of these conditions were associated with similar
behavioral effects. Endogenous facilitation resulted in bilateral
activation of the temporoparietal junction (TPJ; BA 39/40) and
middle occipital gyrus (BA 19). Unilateral activation of the right
inferior parietal lobule (IPL; BA 40), left intraparietal sulcus (IPs;
BA 19), right superior (BA 22) and middle (BA 37/39) temporal
gyri, right frontal eye field (FEF; BA 6) and right cuneus (BA 7)
were found for endogenous facilitation. Similar to previous
results (Kim et al., 1999), there were no areas of increased
activation associated with exogenous compared to endogenous
facilitation.

A single focus of preferential activation in the inferior aspects
of the left superior temporal gyrus (BA 38) was identified for IOR
compared to endogenous facilitation at the 800 ms SOA (Fig. 3 and
Table 1). Finally, no differences were observed between endoge-
nous facilitation at the 800 compared to 100 ms SOA. The results
of exogenous facilitation versus IOR are presented elsewhere
(Mayer et al., in press).

In addition, we performed a conjunction analyses (Price and
Friston, 1997) to identify the neuronal structures that were
commonly activated in endogenous facilitation and IOR in
comparison to exogenous orienting (Table 2). The results of this
analysis included bilateral activation of the middle occipital gyrus
(BA 19) and precentral gyrus (BA 4/6) including the FEFs, right
superior (BA 22) and middle (BA 37/39) temporal gyri, right
inferior parietal lobe (BA 40), right TPJ (BA 39/40) and left

Table 2

superior occipital gyrus (BA 19). The results of this analysis
support previous suggestions that endogenous facilitation and IOR
may rely on common neural networks (Rosen et al., 1999).

Discussion

Contrary to several previous neuroimaging studies of visual
orienting (Corbetta et al., 1993; Kim et al., 1999; Nobre et al.,
1997; Rosen et al., 1999), current results indicate that there are
significant differences between exogenous and endogenous orient-
ing when the effects of facilitation, IOR and attentional reorienting
are independently examined. The current study demonstrated that
endogenous facilitation utilized a large cortical network for
mediating shifts of attention and identifying targets compared to
exogenous facilitation. These results suggest that there are separate
neural networks for the control of effortful versus automatic shifts
of attention, two cognitive operations that are fundamental to most
organisms. In contrast, endogenous facilitation and IOR appear to
use similar neural networks to mediate these two processes.
Previous studies may have minimized the contributions of different
cortical sites in endogenous versus exogenous orienting by
combining the different components of the orienting response
(Pessoa et al., 2003).

A blocked design study (Kim et al., 1999) directly comparing
endogenous versus exogenous orienting reported only left poste-
rior parietal and bilateral temporal occipital activation. The
comparison of endogenous versus exogenous facilitation in the
current study resulted in bilateral activation of the TPJ, right FEF,
right IPL, right middle and superior temporal gyrus, bilateral
middle occipital gyrus, and left IPs. Several structures activated by
endogenous facilitation, including the TPJ and FEF, are also
activated by attentional reorienting following invalid trials
(Arrington et al., 2000; Corbetta et al., 2000). The blocking of
invalid and valid trials in the previous experiment may have
resulted in activation of these structures for both the exogenous and
endogenous conditions, ultimately resulting in cancellation. Pre-
vious studies may have compounded this cancellation effect by
combining exogenous facilitation with IOR, and then comparing it
to endogenous orienting. This is supported by recent FMRI studies

Results of the conjunction analysis examining common areas of activation for endogenous versus exogenous facilitation and IOR versus exogenous facilitation

Region Laterality CM (Common Areas for Endogenous Facilitation and IOR > Exogenous Facilitation)
BA X Y Z Vol (ml)
Parietal and temporal lobes
Inferior parietal lobule (IPL) R 40 42 —43 30 0.294
Inferior parietal lobule (IPL)/ R 39/40 55 —53 27 0.272
superior temporal gyrus (STG)

Superior temporal gyrus (GTs) R 22 52 —45 15 0.954
Middle temporal gyrus (GTm) R 37/39 47 —63 8 0.900
Frontal lobe
Precentral gyrus (FEF) R 4/6 39 -7 44 0.459
Precentral gyrus and FEF L 4/6 —43 —6 38 0.754
Occipital lobe
Middle occipital gyrus (GOm) R 19 39 =71 7 0.441

L 19 —47 —74 8 0.339
Superior occipital gyrus (GOs) L 19 -23 =77 25 0.418

Coordinates are based on the Talairach atlas and center of mass (CM) and volume (Vol) are listed for each cluster.
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which suggest that IOR may be partially regulated by anterior
occulomotor, temporal-occipital and parietal areas (Lepsien and
Pollmann, 2002; Mayer et al., in press).

Endogenous versus exogenous facilitation also resulted in
activation of several parietal areas including the left IPs, the right
IPL and bilateral TPJ. The activation of left posterior parietal areas
is not surprising given that posterior parietal areas have been
associated with shifting and maintaining attention at cued locations
(Corbetta et al., 2000; Friedrich et al., 1998; Hopfinger et al., 2000;
Mesulam, 1994; Posner and Peterson, 1990; Rushworth et al.,
2001; Yantis et al., 2002). This result suggests that endogenous
facilitation may be associated with more effortful shifts of
attentional resources compared to the automatic shifting of
attention following exogenous cues. The lateralization of findings
to the left posterior parietal cortex may be reflective of increased
verbal mediation in endogenous facilitation or secondary to the
symbolic nature of the endogenous cues (Nobre et al., 1997,
Posner, 1994). Increased activation in the parietal lobes could also
be indicative of greater demands on working memory during the
endogenous condition, as several imaging studies have suggested
that the posterior parietal lobes may act in conjunction with the
prefrontal cortex to coordinate working memory functions (Jonides
et al.,, 1998; Veltman et al., 2003). However, unlike previous
studies of orienting (Rosen et al., 1999), prefrontal areas associated
with working memory were not activated during the endogenous
condition in the current experiment.

Other researchers (Gitelman et al., 1999; Hopf and Mangun,
2000; Hopfinger et al., 2000) have proposed that the posterior
parietal cortex (i.e., dorsal stream) may hierarchically control the
superior and middle temporal gyrus (i.e., ventral stream) and
temporal—occipital areas as part of the top-down attentional (i.e.,
endogenous) system. Current and previous results (Kim et al.,
1999) also support this hypothesis, as endogenous versus
exogenous facilitation resulted in increased temporal-occipital
activation in area hMT+, right superior temporal gyrus activation
and activation of the left IPs. Other imaging experiments have
reported activity in the superior and middle temporal gyri for cued,
covert shifts of visual attention (Corbetta et al., 2000; Gitelman et
al., 1999; Hopfinger et al., 2000; Yantis et al., 2002) and for target
detection (Corbetta et al., 2000). Area hMT+ has been posited to
play a role in the spatial and featural aspects of visual attention
(Beauchamp et al., 1997) and has extended connectivity to the
attentional network and to the superior temporal gyrus (Gitelman et
al., 1999; Selemon and Goldman-Rakic, 1988).

Endogenous compared to exogenous facilitation also resulted in
activation of the right FEF, as well as in bilateral activation of
visual centers. The FEFs have previously been linked to the
generation of endogenous saccades to the contralateral visual field
(Henik et al., 1994; Paus, 1996), to the covert reorienting of
endogenous attention (Arrington et al., 2000; Corbetta and Shul-
man, 2002; Corbetta et al., 2000; Henik et al., 1994; Paus, 1996)
and with IOR (Lepsien and Pollmann, 2002; Mayer et al., in press).
Lesions of the FEF result in increased response latencies for
endogenously triggered saccades and decreased response latencies
for exogenously triggered saccades to the contralateral hemifield
(Rafal et al., 1994). This finding is consistent with current results
indicating that the right FEF may be more important for
endogenous versus exogenous facilitation.

Endogenous facilitation also resulted in bilateral activation of
the TPJ and the right IPL. These results are consistent with lesion
data demonstrating that patients with TPJ lesions show greater

deficits for endogenous compared to exogenous orienting for
validly cued trials (Rafal and Henik, 1994) and deficits in
generating the endogenous P300 potential (Knight et al., 1989).
The activation of the TPJ for endogenous facilitation raises
questions about a strict localization view of the TPJ for
disengaging and reorienting attentional focus following invalid
trials (Corbetta et al., 2000; Friedrich et al., 1998) and supports
broader models specifying multiple roles for the neuronal
substrates of the attentional network (Corbetta and Shulman,
2002; Gitelman et al., 1999; Mesulam, 1994). Current analyses
included only valid trials, rendering it unlikely that TPJ activation
was the result of attentional reorienting.

A recent review (Corbetta and Shulman, 2002) proposed that
endogenous attention is mediated by a frontoparietal network in
which the IPs acts in conjunction with the FEFs to maintain top-
down control. Current results are consistent with this proposal as
both of these structures were activated in the endogenous
facilitation condition. This review also proposed that the TPJ
should demonstrate increased activation for exogenous processes,
as it is generally modulated by the detection of unattended or low
frequency events. However, current results indicate increased
activation in the TPJ for endogenous, or top-down orienting. A
reformulation of this hypothesis is that the TPJ is preferentially
activated by cognitive tasks requiring more effortful or volitional
shifts of attentional focus, such as those with invalid trials, top-
down orienting or low frequency events.

Exogenous compared to endogenous facilitation did not result
in any unique areas of activation, suggesting a degree of
redundancy in the development of the visual-spatial attention
network (Mesulam, 1994). Previous studies have also reported a
lack of unique activation for exogenous versus endogenous
orienting (Kim et al., 1999) and exogenous facilitation versus
IOR (Lepsien and Pollmann, 2002; Mayer et al., in press). Recent
studies have shown that both exogenous facilitation and IOR
commonly activate retinotectal structures, such as the superior
colliculli (Lepsien and Pollmann, 2002; Mayer et al., in press;
Sapir et al., 1999), suggesting that IOR and endogenous orienting
may also utilize similar structures as the more primitive exogenous
orienting reflex.

Previous results (Rosen et al.,, 1999) have suggested that
common neural networks may regulate endogenous orienting and
IOR. Current results support this hypothesis, as a direct compar-
ison of IOR versus endogenous facilitation resulted in only a single
focus of activation in the inferior aspects of the superior temporal
gyrus in spite of the significant differences in behavioral effects for
these conditions. A conjunction analyses (Price and Friston, 1997)
revealed that several areas, including the FEFs, right parietal areas,
right medial and superior temporal gyri and bilateral temporal—
occipital areas, were commonly activated in both endogenous
facilitation and IOR compared to exogenous facilitation. IOR may
have developed to prevent organisms from responding to visual
stimuli that occur in rapid succession in the same spatial location
(Jonides and Irwin, 1981; Posner and Cohen, 1984; Posner et al.,
1985) or may inhibit subsequent saccades to similar locations
(Klein, 2000; Taylor and Klein, 1998). The activation of these
structures in IOR and endogenous facilitation suggests that similar
neuronal resources may be employed to prevent exogenous
facilitation from dominating visual attention.

The current experiment was limited by several factors. First, it
is difficult to determine whether the reported differences between
endogenous and exogenous facilitation are the result of endoge-
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nous shifting, endogenous target processing or an interaction
between both of these functions. Previous work (Corbetta et al.,
2000) utilized extremely long SOAs to demonstrate that distinct
anatomical areas within the parietal lobe were responsible for
shifting and maintaining attention (IPs) versus detecting the
appearance of a target (TPJ). To produce exogenous facilitation,
targets must occur within 100-300 ms of cues, precluding the
possibility of utilizing an extended SOA in the current experiment.
This experimental limitation, coupled with the relative temporal
insensitivity of the BOLD response, makes it difficult to determine
the precise cause of the increased activation observed during
endogenous facilitation. However, the bilateral activation of the
TPJ and unilateral (left) activation of the IPs suggests that current
results may reflect a combination of both increased shifting of
attentional resources and increased target processing during
endogenous facilitation.

Second, eye movements were not monitored in the current
experiment, raising the possibility that subjects had more
difficulty maintaining fixation in one of the conditions. It is
possible that areas of occulomotor activation observed during
endogenous facilitation may be the result of more frequent eye
movements in this condition. However, previous studies have
demonstrated that healthy subjects are very capable of maintain-
ing fixation in the MR environment during endogenous and
exogenous tasks and execute eye movements on only 3-6% of
total trials (Arrington et al., 2000; Rosen et al., 1999; Thiel et al.,
2004), which suggests that current results are not secondary to
increased eye movements. Finally, it is possible that the lack of
counterbalancing in the current experiment to avoid a validity
bias in the exogenous condition may have produced ordering
effects in our results.

Nonetheless, to our knowledge, this is the first experiment to
demonstrate distinct differences between endogenous and exog-
enous facilitation when the two are directly compared and
suggest that processes are not completely mediated by the same
neuronal system (Kim et al, 1999; Rosen et al, 1999).
Moreover, these results can not be solely attributed to the
nonspecific effects of SOA, such as increased response prepared-
ness, as the comparison of endogenous facilitation at the 100 and
800 ms SOAs did not reveal any significant areas of activation.
Current and recent (Lepsien and Pollmann, 2002; Mayer et al., in
press) FMRI studies suggest a model of visual orienting in which
IOR may have first developed to inhibit bottom-up orienting,
followed by the development of a more sophisticated top-down
system to volitionally control the orienting of attention to
particular locations in visual space. IOR may represent the first
functional step resulting in more efficient monitoring of the
visual space by preventing the visual system from being
overwhelmed by innocuous sensory events. Top-down control
of attentional orienting may have developed to volitionally
allocate attention to different spatial locations and to further
modulate bottom-up orienting.

This model predicts complete overlap between exogenous
facilitation and endogenous facilitation/IOR, as well as predicting
that IOR and endogenous processes would be more likely to utilize
similar cortical networks in addition to retinotectal pathways. This
model is also consistent with Mesulam’s (1994) work, in which he
proposed that the different components of the attentional network
contain the cognitive program for several complex attentional
functions that may be both specialized and redundant. This
redundancy in function explains why several core components of

the visual attention network, including parietal areas and FEFs, are
activated by different aspects of orienting such as endogenous
facilitation, IOR and attentional reorienting following invalid cues
(Arrington et al.,, 2000; Corbetta et al., 2000; Lepsien and
Pollmann, 2002; Mayer et al., in press).

In conclusion, current results are consistent with electrophysio-
logical and lesion data suggesting that endogenous compared to
exogenous facilitation is mediated by a large cortical network
including frontal, parietal and temporal areas. Moreover, results
indicate that neural networks subserving endogenous facilitation
and IOR are comparable and that both may have developed as a
means of regulating bottom-up attentional processes.
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