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When a visible frame is offset left or right of an
observer’s objective midline, subjective midline is pulled
toward the frame’s center, resulting in an illusion of
perceived space known as the Roelofs effect. However,
a large frame is not necessary to generate the effect—
even a small peripheral stimulus is sufficient, raising the
possibility that the effect would be brought about by any
stimulus that draws attention away from the midline. To
assess the relationship between attention and
distortions of perceived space, we adopted a paradigm
that included a spatial cue that attracted the
participant’s attention, and an occasional probe whose
location was to be reported. If shifts of attention cause
the Roelofs effect, the probe’s perceived location should
vary with the locus of attention. Exogenous attentional
cues caused a Roelofs-like effect, but these cues created
an asymmetry in the visual display that may have driven
the effect directly. In contrast, there was no mislocation
after endogenous cues that contained no asymmetry in
the visual display. A final experiment used color-
contingent attentional cues to eliminate the confound
between cue location and asymmetry in the visual
display, and provided a clear demonstration that the
Roelofs effect is caused by an asymmetric visual display,
independent of any shift of attention.

Introduction

When an observer makes a judgment about an
object’s orientation or location, contextual information
from the visual scene is typically used to help refine the
judgment (Asch & Witkin, 1948). However, if the
contextual information contained within the scene is
misleading, visual illusions can occur. In a classic
example, Roelofs (1936) presented an observer with a
large rectangular frame positioned so that one edge of
the frame was aligned with the observer’s objective

midline. To the observers, though, this was not how it
appeared: when asked to adjust the frame so that the
edge was directly ahead, the observers shifted the frame
even further in the direction of the offset. Roelofs’ early
experiments revealed that the presence of the large
rectangular frame causes a distortion of the observer’s
subjective midline, with the midline biased in the
direction of the offset frame (Brecher, Brecher,
Kommerell, Sauter, & Sellerbeck, 1972; Brosgole, 1968;
Werner, Wapner, & Bruell, 1953). A direct demon-
stration of this effect can be achieved by simply asking
observers to point or make a saccadic eye movement to
straight ahead in the presence of an offset frame. The
observer’s motor response typically deviates toward the
center of the frame (Dassonville & Bala, 2004a;
Dassonville, Bridgeman, Bala, Thiem, & Sampanes,
2004). In a recent adaptation of the classic Roelofs
illusion, observers are asked to make a perceptual
report of the location of a visual probe presented within
the offset rectangular frame. The frame-induced
distortion of subjective midline typically causes a
systematic mislocalization of the probe as being
displaced in a direction opposite the frame offset (i.e.,
the induced Roelofs effect; Bridgeman, Peery, & Anand,
1997; Dassonville & Bala, 2004a). For example, a right-
shifted frame will cause a deviation of the subjective
midline to the right, which, in turn, causes the enclosed
target to appear to lie to the left of its actual location.

The primary focus of past research on the Roelofs
illusion, and the related induced Roelofs effect, has
focused on understanding the consequences of a biased
subjective midline on perception and action. However,
research that explicitly examines the mechanism
responsible for the distortion of subjective midline is
lacking. Lathrop, Bridgeman, & Tseng (2011) demon-
strated that an offset frame would cause the effect even
when it was presented under conditions that would
cause the frame to go unperceived due to inattentional
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blindness. It has also been shown that the effect can be
obtained using stimuli other than the large rectangular
frame that is typically used to demonstrate the
phenomenon. Walter & Dassonville (2006) found a
robust induced Roelofs effect with a stimulus consisting
only of one end of the frame; the effect was present as
long as there was an asymmetry between the stimuli in
the left and right halves of the visual display. But while
these studies have further defined the characteristics of
stimuli able to cause the effect, none has explored its
underlying mechanism. What is it about an asymmetric
visual image that causes a distortion in the observer’s
subjective midline?

The Roelofs effect is typically tested under visually
impoverished conditions. Observers are placed in total
darkness and the frame is the primary component of
the visual image. The onset of the frame is a very
abrupt and salient perceptual event, one that would
likely cause immediate attentional capture. One intui-
tive hypothesis is that the onset of the frame acts to
automatically capture attention. The shift of attention
toward the frame could, in turn, pull the observer’s
subjective midline in the same direction. While the
findings of Lathrop et al. (2011), indicating that the
frame need not be perceived in order to cause the
Roelofs effect, might seem to provide evidence against
this proposed mechanism for the effect, many other
studies have clearly shown that implicit stimuli are
capable of affecting the perception of other stimuli,
and, more specifically, are capable of influencing the
guidance of attention (e.g., Walter & Dassonville,
2005).

Links between shifts of attention and distortions of
the egocentric reference frame have not been empiri-
cally tested. However, hints in the attention localization
literature suggest that these links could exist. Past
behavioral research has demonstrated that the accuracy
of an attempt to locate a briefly presented target item
increases when covert attention is directed toward the
target (Butler, 1980; Newby & Rock, 2001; Prinzmetal,
Amiri, Allen, & Edwards, 1998; Tsal, 1999; Tsal &
Bareket, 1999). Attention directed at a visual target
also tends to decrease perceptual biases in the perceived
location of the target, such as the foveal bias in
perceived location of flashed targets (Bocianski,
Müsseler, & Erlhagen, 2010; Fortenbaugh & Robert-
son, 2011). However, focal attention tends to cause
biases in the locations of unattended targets, with the
unattended targets seemingly repelled from the at-
tended location (Pratt & Arnott, 2008; Pratt & Turk-
Browne, 2002; Suzuki & Cavanagh, 1997). In addition,
clinical evidence suggests that the current locus of
spatial attention can act as the origin of an egocentric
reference frame that is used to encode object locations.
McCloskey and Rapp (2000) describe a patient who
perceived objects as being in their mirror image

locations with respect to the locus of attention (i.e., an
object to the right of the attentional locus is mis-
localized to the left; see also Flevaris, Montgomery, &
Rhodes, 2001; Rhodes & Montgomery, 1999, 2000).

Potential anatomical links between the control of
visuospatial attention and the computation of egocen-
tric reference frames can also be drawn from the
neuroimaging literature. Vallar et al. (1999) had
participants perform a task in which they indicated
when a bar, moving laterally on screen, traversed the
apparent midline. The researchers observed a signifi-
cant activation in a network of frontal and parietal
regions when participants had to judge the location of
the bar relative to midline, compared to a control
experiment in which the bar’s location was reported
within an allocentric reference frame. The strongest
activations were observed in the right superior parietal
lobule and inferior parietal sulcus—regions that have
been implicated in the control of voluntary and
reflexive visuospatial attention (Anderson et al., 1994;
Corbetta, Miezin, Shulman, & Petersen, 1993; Corbet-
ta, Shulman, Miezin, & Petersen, 1995; Gitelman et al.,
1996; Nobre et al., 1997). In another study, Walter and
Dassonville (2008) adapted the induced Roelofs effect
for use with fMRI, to determine the brain regions that
are recruited when individuals make location judg-
ments in the presence of a Roelofs-inducing frame. In
separate blocks of trials, participants reported the
location of the target in the presence of the offset
frame, or performed a control task that involved a
color judgment. During the localization task, a
significant, primarily right-lateralized activation was
observed in the superior parietal lobule, indicating a
possible role for this structure in processing the
visuospatial contextual information that drives the
Roelofs effect.

Recent psychophysical work (Lester & Dassonville,
2011) has also shown that the midline distortion
observed in the induced Roelofs effect can be modu-
lated by an observer’s attentional goals. Using a
modified color-contingency paradigm (see Folk, Leber,
& Egeth, 2002, 2008), participants reported the location
of a target item (e.g., a red target amid distractors of
other colors) presented inside the offset frame. The
magnitude of the midline distortion was largest when
the frame matched the color of the target item. While
this study was designed to examine the effects of
attentional filtering and not to explicitly measure
discrete shifts of attention, the attentional modulation
raises the possibility that shifts of visuospatial attention
cause the distortion of an individuals’ perception of
straight-ahead in the Roelofs effect.

In the current study, we explore the possibility that
the distortion of the subjective midline associated with
the Roelofs effect is driven by a shift of attention
toward the offset frame. Specifically, we examine
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whether shifts of visuospatial attention, using a
modified Posner cueing paradigm (Posner, 1980;
Posner, Snyder, & Davidson, 1980), affect perceived
straight-ahead. On the majority of trials, participants
identified a letter that was preceded by a spatial cue
that was either spatially nonpredictive (Experiments 1
and 3) or predictive (Experiment 2) of the letter’s
subsequent location. Accuracy in the identification task
allowed for an assessment of the cues’ effectiveness in
attracting the observer’s spatial attention across trials.
However, on occasional, unpredictable trials, the letter
was replaced with a visual probe whose location was to
be reported by the participant. An assessment of the
performance in the localization task allowed for a
determination of whether the earlier cue and resulting
shift of attention are capable of causing a distortion of
the participant’s spatial reference frame.

Experiment 1

If spatial shifts of attention are the underlying cause
of the Roelofs effect, we predict that the participant’s
subjective midline will be yoked to the locus of spatial
attention. Specifically, when attention shifts to the left
visual hemifield, the subjective midline will be pulled to
the left, causing the participant to report the location of
the visual probe as lying further to the right than its
actual location; the opposite effect would occur with a
rightward attention shift. In contrast, if the subjective
midline is not drawn to the locus of attention,
localization performance should not be significantly
affected by the shift of attention. This pattern of
findings would indicate that the asymmetric visual
display used to generate the Roelofs effect does so
through a mechanism that is independent of any shifts
of attention.

Methods

Participants

Fourteen University of Oregon undergraduates with
normal or corrected-to-normal vision volunteered to
participate for course credit. Participants provided
informed consent prior to their participation, with all
procedures approved by the Institutional Review Board
of the University of Oregon.

Apparatus

Stimuli were back-projected onto a translucent
screen (137 · 102 cm), using an Electrohome Marquee
8500 CRT projector (Electrohome, Niagara Fall, ON,
Canada) with a screen refresh rate of 60 Hz. Manual

responses were collected using a keyboard connected to
the host computer. Stimuli were centered at eye-level
while participants were seated in a completely darkened
room. Participants sat comfortably with their heads
steadied by chin and forehead rests, approximately 90
cm from the plane of the presentation screen. Eye
position was monitored online using an EyeLink 1000
eye-tracking system (SR Research, Kanata, ON,
Canada) in a tower-mounted configuration, operating
at a 250-Hz sampling rate. Participants were required
to maintain the eyes within a fixation zone throughout
the trial, even after the fixation point was extinguished
at the start of the trial (the fixation point was removed
so that it could not be used as an allocentric
localization cue). Trials during which an eye movement
or blink occurred were discarded and repeated at the
end of the experimental block. A relatively large
fixation zone (2.58 radius) was used to allow for the
possible small movements of the eyes that occur during
fixation in complete darkness, especially with covert
attention focused in the periphery (Engbert & Kliegl,
2003; Hafed & Clark, 2002; Laubrock, Engbert, &
Kliegl, 2005; but see Horowitz, Fine, Fencsik, Yur-
genson, & Wolfe, 2007). However, it is possible that
small eye movements within the fixation zone might
themselves cause a mislocalization of the visual probes
(see, for example, Henriques, Klier, Smith, Lowy, &
Crawford, 1998). For this reason, a measure of the
average deviation of eye position at target offset was
used as a covariate in the statistical analyses of the
effects of the attentional cue (see details of the
statistical analysis, below).

Probe localization training

Prior to beginning the experiment, each participant
completed a short period of training (100 trials) in
which they learned an array of five possible locations
(88 below fixation, and�38,�1.58, 08, 1.58, and 38 from
midline) for the visual probe that would be used in the
later localization trials. Each trial began with the
presentation of a central white fixation point (18 in
diameter); participants fixated this point and pressed
the spacebar when they were ready to begin a trial.
After a 213 ms ISI,1 a small white probe (18 in
diameter) appeared in one of the five possible locations
for 1 s. Participants were asked to report the perceived
location of the probe by pressing one of five
corresponding keys on the keyboard with the fingers of
the right hand (i.e., thumb on the right arrow key for a
probe in the�38 location, index finger on the ‘‘1’’ of the
number pad for the probe at the�1.58 location, middle
finger on the ‘‘2’’ for the probe at the 08 location, ring
finger on the ‘‘3’’ for the probe at the 1.58 location, and
little finger on the Enter key of the number pad for the
probe at the 38 location).
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Feedback (1987 ms duration, starting 500 ms after
the keyboard response) was included to help partici-
pants learn the probe array more quickly and
accurately. If participants indicated the correct position
of the probe, the word ‘‘Correct’’ appeared just above
fixation. If they reported the incorrect location,
‘‘Incorrect’’ appeared along with the actual position of
the probe, to assist in learning the probe positions.
After the feedback was presented, the fixation point
reappeared and participants were free to begin the next
trial. Average accuracy for the last ten trials of the
training period was 84% (SE¼ 3.0) and significantly
above chance (t(139)¼ 11.11, p , .001), demonstrating
that participants successfully memorized the locations
of items in the probe array.

Stimuli and experimental procedure

Each participant completed 21 practice trials to gain
familiarity with the task, followed by 252 experimental
trials. The majority of the experimental trials (144 of
252 trials) were letter identification trials, in which
participants reported the identity of a target letter that
followed an attentional cue. The remaining trials (108
of 252) were probe localization trials, in which

participants reported the location of a visual probe in
the same manner that was learned in the earlier
localization training (previous section). Attention and
localization trials appeared in a random order, with no
advance warning to indicate the type of trial to expect.
Both types of trials included a nonpredictive attention
cue that could appear to the left or right of fixation, or
bilaterally. Participants were informed of the non-
predictive nature of the cue and were instructed to
ignore it and concentrate on either identifying the
target letter or reporting the location of the visual
probe, whichever appeared in the course of a trial.
Participants were instructed to emphasize accuracy in
their responses, rather than speed.
Letter identification trials: Every trial (Figure 1, left)
began with the presentation of a central fixation point
(18 diameter). Participants initiated the trial by moving
the eyes to the fixation point, and then pressing the
keyboard spacebar with the left hand. The central
fixation point then disappeared; after a 513 ms ISI, a
small peripheral cue (0.88 in width · 2.58 in height)
appeared for 37 ms. This exogenous cue appeared
randomly on the left or right, 198 from fixation, or
bilaterally. Following the peripheral cue (150 ms SOA),
a single target letter (E or H) and a figure-8 (38 · 68)

Figure 1. Sample trials of the letter identification (left) and probe localization tasks (right) from Experiment 1. The identification trial is

an example of the validly cued condition, in which the cue and target letter appear in the same spatial position. In localization trials,

participants reported the perceived location of the visual probe within an array of previously learned probe positions (not seen). All

timing procedures were identical across the tasks, except the masks were not presented in the localization trials. The exogenous cue

was never predictive of the subsequent target position in either task.

Journal of Vision (2013) 13(12):4, 1–15 Lester & Dassonville 4

Downloaded From: http://jov.arvojournals.org/pdfaccess.ashx?url=/data/journals/jov/932808/ on 06/15/2017



were presented (37 ms duration) simultaneously, 158

from fixation. After a 63 ms ISI, two visual masks
(figure-8, 38 · 68, 87 ms duration) appeared to obscure
any residual visual information.

Participants were instructed to report the identity of
the target letter by pressing one of two keys with their
left hand (‘‘x’’ with their index finger if the letter was an
H, ‘‘z’’ with their middle finger if the letter was an E).
Trials were categorized according to the locations of
the exogenous cue and target letter. For valid cue trials,
the exogenous cue and target letter appeared on the
same side of fixation. In invalid cue trials, the cue and
target letter appeared on opposite sides of fixation.
Neutral cue trials included bilateral exogenous cues.
Probe localization trials: Localization trials (Figure 1,
right) began in an identical fashion as the identification
trials, with a fixation point that was followed after 500
ms by the appearance of an attentional cue presented
198 left or right of the fixation point, or bilaterally.
However, no letter targets or visual masks appeared.
Instead, following the attentional cue (150 ms SOA), a
small white circular probe (18 diameter) appeared in
one of the possible probe locations that were learned
during the earlier training procedure (see the localiza-
tion training, above). However, unlike the training
period and unbeknownst to the participants, probes in
the experimental trials could appear only in the central
three locations of the array (88 below fixation, and
�1.58, 08, or 1.58 from midline), to accommodate
possible mislocalizations due to the prior attentional
cue, and minimize the occurrence of probes that
appeared further right (or left) of the rightmost (or
leftmost) locations in the learned array. To end the
trial, participants reported the location of the probe
using the key press procedure they had learned in the
earlier training.

Statistical analyses

The effect of the attentional cue in the letter
identification trials was assessed in a repeated-mea-
sures ANOVA of identification accuracy, with cue
validity (valid, neutral, or invalid) as a factor. In the
localization trials, the effects of the attentional cue
were assessed in a repeated-measures ANOVA of
reported target location, with actual target location
(�1.58, 08, or 1.58 from midline) and cue location (left,
neutral, or right) as factors. In addition, we included
as a covariate a measure of the deviation of eye
position toward or away from the attentional cue, as a
way of controlling for the effects of possible move-
ments of the eyes within the bounds of the fixation
window. Deviations of eye position were quantified
for each subject by subtracting the average eye
position at target offset for trials with rightward cues
from those with leftward cues.

Results

A repeated-measures ANOVA of the accuracies in
the letter identification trials (Figure 2) demonstrated
that there was a significant main effect of cue validity,
F(2, 26) ¼ 7.50, p , .005, with valid cues (M ¼ 74.3%
correct, SE¼ 4.46) resulting in a significantly greater
accuracy in letter identification, compared to the
neutral (M¼ 69.0%, SE¼ 4.27) and invalid cues (M¼
65.3%, SE ¼ 3.29). Separate contrasts revealed that
valid cues led to a significantly greater accuracy
compared to the neutral, t(13) ¼ 3.77, p , 0.005 and
invalid cues, t(13) ¼ 2.45, p , 0.05; however, accuracy
for neutral cues was not significantly greater than that
for invalid cues, t(13) ¼�1.65, p ¼ 0.124.

In the localization task (Figure 3), there was a
significant main effect of both probe, F(2, 24)¼ 57.18,
p , 0.0001, and cue position, F(2, 24) ¼ 39.89, p ,
0.0001, but there was no interaction of the two, F(4,
48) ¼ 1.39, ns, nor did either interact with the eye
position covariate (all Fs , 1.86, ns). Planned
comparisons demonstrated that reported probe loca-
tion differed significantly between the cued right and
left conditions, t(13) ¼�6.66, p , 0.001. In the cued
right condition, the reported probe location was
biased to the left, consistent with a rightward shift in
subjective midline. Conversely, there was a bias to the
right when the cue appeared left of fixation. Both the
cued right and left conditions were significantly
different from the neutral cue condition, t(13)¼�6.90,
p , 0.001, and t(13) ¼ 4.66, p , 0.001, respectively.
The mean reported difference in the location of the
probe (right cue� left cue conditions) was 0.948, with
probes reported in the direction opposite that of the
peripheral cue (Figure 3).

Figure 2. Percent correct in the letter identification task of

Experiment 1. Error bars represent standard error estimates for

each cue condition.
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Discussion

In Experiment 1, exogenous attentional cues were
used to cause reflexive shifts of attention. Subjects then
reported the identity of a subsequent letter (identifica-
tion trials) or the location of a visual probe (localiza-
tion trials) in randomly intermixed trials. The pattern
of results in the identification trials clearly indicated
that the attentional cues were effective at summoning
attention, allowing for more accurate identification of
the target letter after valid cues.

In the localization trials, a main effect of probe
location demonstrated that participants could clearly
distinguish the individual probes and compare their
locations to those of the array of possible probes
learned in the earlier training period. A close exami-
nation of Figure 3 indicates that participants tended to
report the peripheral probes as being more centrally
located than in reality (thus, the slopes of the lines in
Figure 3 are less than unity). This effect has been
observed in previous experiments (e.g., Bridgeman et
al., 1997; Dassonville & Bala, 2004a, 2004b), and is
indicative of an expansion of remembered space (and,
therefore, an expansion of the spacing between probe
locations in the comparison array; Dassonville & Bala,
2004b).

In addition to the influence of actual probe location,
the reported probe locations were affected by the
presentation of attentional cues, with the probes
reported to occupy locations shifted in the direction
opposite the exogenous cue. In the traditional induced
Roelofs effect, a large frame presented in a location
offset from the observer’s objective midline has the

tendency to cause the subjective midline to become
deviated in the direction of the frame (Dassonville et
al., 2004; Dassonville & Bala, 2004a). This bias in the
subjective midline subsequently causes a pattern of
errors in probe localization, with the probe perceived to
be shifted in the direction opposite the frame shift. The
effects of the lateralized attentional cue in the current
experiment strongly mirror (in direction and magni-
tude) the biased perceptual reports observed in the
Roelofs literature, suggesting that the effects are one
and the same. This serves as a replication of the
findings of Walter and Dassonville (2006), who showed
that stimuli much smaller than the typical large frame
are able to induce the Roelofs effect.

The results of Experiment 1 also support the
hypothesis that shifts of visuospatial attention can bias
an observer’s subjective midline and possibly serve as
the underlying cause of the Roelofs effect. However,
there is an alternative explanation that must be
entertained. While the paradigm of Experiment 1 did
successfully manipulate the distribution of visuospatial
attention, it involved the use of displays that were
asymmetric in their visual content, with an attentional
cue that was presented either to the left or right of the
visual display. It may be that the mere presence of an
asymmetric display is sufficient to distort participants’
subjective midline, independent of any effects that the
display may have on attentional deployment. This
alternative explanation is examined in Experiment 2, in
a paradigm that generates shifts of attention without
the use of asymmetric visual displays.

Experiment 2

The deployment of visuospatial attention is influ-
enced by information that falls broadly into two
categories: 1) events within the visual environment (i.e.,
stimulus-driven or exogenous orientation of attention),
and 2) the goals/intentions of the observer (i.e., goal-
driven or endogenous orientation) (Posner, 1980). In
Experiment 1, a classic stimulus-driven manipulation of
attention was employed. In Experiment 2, shifts of
spatial attention were achieved by providing partici-
pants with advance knowledge of the likely position of
a target letter. Specifically, a centrally presented
endogenous cue indicated the probable location of the
target, so that participants could orient spatial atten-
tion accordingly. If the perceived location of a visual
probe is affected by attentional shifts that are not
accompanied by asymmetric visual displays, it would
provide strong supporting evidence that the Roelofs
effect is driven by a shift of attention toward the
illusion-inducing offset frame.

Figure 3. Reported probe location in the localization task of

Experiment 1, plotted with respect to the actual probe location

(negative values indicate locations to the left of fixation). Data

are plotted separately for the left, neutral, and right exogenous

cue conditions.
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Methods

Participants

Seventeen University of Oregon undergraduates with
normal or corrected-to-normal vision volunteered to
participate for course credit. Participants provided
informed consent prior to their participation, with all
procedures approved by the Institutional Review Board
of the University of Oregon.

Apparatus

The apparatus was identical to that in Experiment 1.

Probe localization training

To familiarize themselves with the array of five
possible probe locations, participants completed a
training procedure identical to that of Experiment 1.
Average accuracy for the last ten trials of the training
period was significantly greater than chance (M ¼
79.0% correct, SE¼ 3.0), t(169)¼ 9.46, p , 0.001.

Stimuli

All stimuli were identical to Experiment 1, except for
the attentional cue. A predictive cue (75% valid) was
presented in the center of the display screen after the
offset of the fixation point. The endogenous cue
consisted of two chevrons (2.58 · 2.58) that pointed
either to the left (i.e., ,,) or right (i.e., ..) target
position, to indicate the likely position of the subse-
quent target letter. In neutral trials, the chevrons
pointed to both potential target positions (e.g., , .).

Experimental procedure

All procedures were identical to Experiment 1,
except where noted. Participants completed 37 practice
trials and 296 experimental trials. The majority of the
experimental trials were letter identification trials (222
of 296 trials), with the remaining probe localization
trials (74 of 296).
Letter identification trials: The majority of the letter
identification trials (75%) were valid trials, in which the
tips of the chevrons indicated the correct location of the
target letter. In invalid trials (12.5%), the incorrect
target location was indicated. The remaining trials
(12.5%) were neutral trials, in which the chevrons
pointed to both locations (e.g., , .), indicating that
the target was equally likely to appear at either
location. Participants were informed of these proba-
bilities and were encouraged to shift attention in the
direction indicated by the cue, because a target letter
was likely to appear at that location. An 850 ms SOA
elapsed between the onset of the cue and the target

letter. Participants responded by indicating the identity
of the target letter with a key press, as described in
Experiment 1.
Probe localization trials: The localization trials were
identical to those of Experiment 1, except for the use of
the endogenous attentional cues and the longer SOA
(850 ms) described above for the letter identification
trials. The endogenous cue was never predictive of the
location of the localization probe.

Statistical analyses

The effect of the endogenous attentional cue in the
letter identification trials was assessed in a repeated-
measures ANOVA of identification accuracy, with cue
validity (valid, neutral, or invalid) as a factor. In the
localization trials, the effects of the attentional cue were
assessed in a repeated-measures ANOVA of reported
target location, with actual target location (�1.58, 08, or
1.58 from midline) and cue direction (left, neutral, or
right) as factors. As in Experiment 1, possible cue-
related deviations of eye position within the fixation
window were included as a covariate in the analysis,
with these deviations quantified for each subject by
subtracting the average eye position at target offset for
trials with rightward cues from those with leftward
cues.

Results

In the letter identification trials (Figure 4), a main
effect of cue validity was again observed, F(2, 32)¼
20.20, p , 0.001, with participants having a signifi-
cantly greater accuracy in reporting the target letter
when it was proceeded by a valid cue (M ¼ 79.0%
correct, SE¼ 1.85) compared to invalid (M ¼ 61.23%,

Figure 4. Percent correct in the letter identification task of

Experiment 2. Error bars represent standard error estimates for

each cue condition.
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SE¼ 2.54), t(16)¼ 5.84, p , 0.001, and neutral cues (M
¼ 70.84%, SE ¼ 2.26), t(16) ¼ 3.64, p , 0.005. The
invalid cue also led to a significant behavioral cost, with
a decreased accuracy following invalid cues compared
to the trials with neutral cues, t(16)¼�3.17, p , 0.005).

For the localization task (Figure 5), we again
observed a significant main effect of probe location,
F(2, 30)¼ 175.87, p , 0.001. However, the endogenous
attentional cue caused no significant effect on the
reported location of the probe, F(2, 30)¼ 1.38, ns. A
significant interaction between cue and probe location,
F(4, 60) ¼ 5.79, p ¼ 0.001, reflected a tendency for
probes that were preceded by leftward or rightward
attentional cues to be reported as closer to midline than
those preceded by neutral cues. Indeed, this interaction
became nonsignificant when the neutral cue data were
removed from the analysis, F(2, 30)¼ 1.22, ns, whereas
the pattern of significant effects for probe location,
F(1, 15)¼147.37, p , 0.0001, and nonsignificant effects
of cue location, F(1, 15)¼3.15, ns, remained. In no case
did any interaction with the eye position covariate
reach significance (all Fs , 1.01, ns).

Discussion

In Experiment 2, endogenous central cues were used
to elicit shifts of spatial attention. Performance in the
letter identification task demonstrated that participants
successfully oriented attention to the cued location,
with valid cues leading to increased accuracy in
identifying the letters, and invalid cues leading to
decreased accuracy.

In spite of their success in attracting the participants’
attention and influencing performance in the letter
identification trials, the endogenous cues of Experiment
2 had no effect on the reported location of the
localization probes. This lack of an effect of endoge-
nous shifts of attention, then, provides evidence against
the general hypothesis that shifts of attention serve to
distort the observer’s subjective midline, and against
the more specific hypothesis that the Roelofs effect is
driven by a reorienting of attention toward the center
of the inducing frame. It may be, though, that
important differences exist in the way that the
subjective midline is affected by exogenous and
endogenous shifts of attention, with the subjective
midline susceptible to distortions caused by exogenous
but not endogenous shifts. Indeed, if the Roelofs-
inducing frame causes a reorienting of attention, it is of
an exogenous nature. Further, the results of Experi-
ment 1 are consistent with, but do not definitively
support, the idea that exogenous shifts of attention lead
to a distortion of subjective midline. In Experiment 3,
we attempted to eliminate the confounds that existed in
Experiment 1 in order to more precisely measure the
effects of both an exogenous reorienting of attention
and the asymmetric visual display inherent in the
Roelofs effect.

Experiment 3

This series of experiments was undertaken to test the
hypothesis that the distortion of the observer’s midline
that underlies the Roelofs effect is caused by a shift of
attention to the center of the offset inducing frame.
While Experiment 1 demonstrated that a small
exogenous attentional cue does indeed induce a
Roelofs-like effect, Experiment 2 suggested that it was
not attentional shifts per se that cause the effect.
However, since Experiment 1 tested the effects of an
exogenous cue and Experiment 2 tested the effects of an
endogenous one, it could be that the difference in
outcomes points to differences in the effects of
exogenous versus endogenous shifts of attention, with
only exogenous shifts able to cause a bias in the
subjective midline. Therefore, we have not yet estab-
lished whether the Roelofs effect is driven directly by
the visual field asymmetry that is inherent in the offset
inducing frame, or instead due to the resulting
attentional shift that such an asymmetry might evoke.
To distinguish between these possibilities, it is neces-
sary to devise a paradigm that successfully dissociates
the visual field asymmetry from the resulting shift of
attention that might occur.

In Experiment 3, a visual field asymmetry was
created by presenting to participants an array of eight

Figure 5. Perceived probe location in the localization task of

Experiment 2, plotted with respect to the actual probe location

(negative values indicate locations to the left of fixation). Data

are plotted separately for the left, neutral, and right

endogenous cue conditions.
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circles that was offset to the left or right of straight
ahead (Figure 6). Although this offset array is
somewhat different than the typical Roelofs-inducing
rectangular frame, it is expected that the resulting
asymmetry in the visual field will still be capable of
causing a Roelofs effect when participants attempt to
determine the location of a visual probe presented
below the array. In a letter identification task,
participants were instructed to report the identity of a
letter that was a specific color (e.g., red). The letter
always appeared inside one of two possible circles in
the offset array. On some trials, the presentation of the
target letter was preceded by a nonpredictive cue that
matched the color of the letter (e.g., one red circle in
the offset array). Previous work has demonstrated
involuntary attentional capture to the location of this
type of irrelevant cue, because the color of the cue
matches the observer’s attentional settings (Folk et al.,

2002, 2008; Folk & Remington, 1999, 2006; Folk,
Remington, & Johnston, 1992; Theeuwes, 1992, 1994).
If the Roelofs effect is driven by shifts of attention, we
predict that the perceived location of a visual probe
should be modulated by the location of the colored
cue. Alternatively, if the Roelofs effect is driven
directly by sensory asymmetries in the visual field and
is therefore unaffected by shifts of attention, we would
predict no effect of the cue; instead, the probe’s
perceived location should vary with the location of the
offset array of circles.

Methods

Participants

Eighteen University of Oregon undergraduates with
normal or corrected-to-normal vision volunteered to

Figure 6. Example of a valid array: invalid cue trial in the letter identification task from Experiment 3, with the participant asked to

identify the target letter presented in red. The fixation point (not shown) was presented at eye level, centered on the participant’s

objective midline. The observer was always positioned halfway between the two possible target letter locations. The array of circles

shifted (left or right) around those positions throughout the experiment. In the localization task (not shown), the target and distractor

letters and masks did not appear; instead, a small visual probe appeared below the array.
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participate for course credit. Participants provided
informed consent prior to their participation, with all
procedures approved by the Institutional Review Board
of the University of Oregon.

Apparatus

The apparatus was identical to that of Experiments 1
and 2.

Localization training

Participants first completed the identical localiza-
tion training procedure described in the previous
experiments, except the probe was positioned 118
below fixation. Average accuracy was significantly
greater than chance for the last ten trials of the
training session (M¼ 80% correct, SE¼ 3.0), t(179)¼
10.03, p , 0.0001.

Experimental procedure

Participants completed 20 practice trials and 252
experimental trials. Participants were instructed that
there would be two tasks in the experiment: a letter
identification task (comprising 144 of the 252 trials)
and a probe localization task (108 trials). Participants
never had to perform both tasks in a single trial; they
were told the two tasks would be randomized
throughout the experiment, with no prior warning to
indicate which trial type to expect. In the letter
identification task, participants were asked to report
the identity of a target letter (an E or H) that would
appear simultaneously with a figure-8 distractor, with
the letter always of one color (the target color, red or
green, was counterbalanced across subjects) and the
distractor always of another (the distractor color, green
or red). In addition, they were told that the target letter
could appear inside either of two colored circles (one
red, the other green), and that the colors of the circles
were not predictive of the letter position or its identity.
For the remaining localization trials, participants were
told that the letter would not appear, but would be
replaced by a visual probe whose position should be
reported just as it had been in the earlier localization
training procedure.

Every trial began with the presentation of a central
fixation point (white, 18 diameter) in the center of the
screen. Participants initiated the trial by moving the
eyes to the fixation point, and then pressing the
spacebar on a keyboard with the left hand. After 250
ms, an array of eight horizontally arranged circles (each
5.48 in diameter, with a stroke width of 0.38) was
presented 5.58 below fixation (Figure 6). The circles
were displaced laterally 8.38 from one another, on
average, with an additional jitter factor in the

horizontal and vertical dimensions (60.06 to 1.18,
randomly selected each trial) so as to preclude their use
as stable allocentric cues across trials. The entire array
subtended approximately 638, with the center of the
array offset 148 to the left or right of objective midline,
such that the majority of the circles fell in one visual
hemifield on any given trial. On a minority of trials (96
of 252 trials), all circles in the array were white; in the
remaining trials (156 trials), circles in the array were
white, with the exception of one that was of the target
color and one that was of the distractor color. When
they appeared, the two colored circles were always in
the array positions immediately flanking the partici-
pant’s objective midline, and were not jittered in their
positions (however, the constant change in the loca-
tions of the other circles, and in the entire array, gave
the strong subjective impression that these colored
circles were also jittered). It was expected that the circle
having the target color would act as an exogenous cue
that would attract the participant’s attention, since its
color matched that of the target letter for which the
participant was searching.
Letter identification trials: After the onset of the circle
array (150 ms SOA), a target letter (E or H, 2.78 by 4.28,
of the target color) appeared inside one of the circles
that flanked the participant’s objective midline. A
single nontarget figure-8 distractor (2.78 by 4.28, in the
distractor color) was presented in the corresponding
circle in the other hemifield. After 71 ms, both the
target letter and distractor were extinguished, followed
after a 29 ms ISI by the presentation of two figure-8
masks (4 ms duration). Subsequently, all stimuli were
extinguished, and participants ended the trial by
pressing one of two keys with the left hand to indicate
the identity of the target letter (‘‘x’’ with the index finger
if the letter was an H, ‘‘z’’ with the middle finger if the
letter was an E). After a 500 ms intertrial interval, the
fixation point reappeared and participants were free to
begin the next trial.

For the identification trials, trials were categorized
according to whether the circle array and cue circle
locations were consistent with the location of the target
letter. Trials in which the target letter appeared inside
the circle with the matching color (i.e., both were of the
target color) were categorized as valid cue trials. Invalid
cue trials were those in which the target letter appeared
in the circle with the distractor color. Neutral cue trials
contained no colored circles; that is, all the circles were
a uniform white. Similarly, trials in which the circle
array was offset to the same side as the target letter
(e.g., both were to the right of fixation) were
categorized as valid array trials. Trials in which the
circle array was offset in the direction opposite the
target letter were considered invalid array trials.
Probe localization trials: Localization trials began in the
same manner as the identification trials, and were
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identical through the presentation of the circle array.
However, after a 150 ms SOA from array onset, a
localization probe (0.58 diameter, 71 ms duration, with
the same color as the target letter in the identification
trials) was presented instead of a target letter. The
probe appeared 118 below fixation, randomly in one of
the central three possible probe positions learned
earlier in the localization training (�1.58, 08, or 1.58
from participant’s midline). After the probe was
extinguished, participants pressed one of five buttons
with the right hand to indicate the perceived position of
the probe. After a 500 ms intertrial interval, the fixation
point reappeared and participants were free to begin
the next trial.

In the localization trials, trials were categorized
according the locations of the circle array (right array
or left array) and the location of the circle with the
target color (right cue, left cue, or neutral cue).

Statistical analyses

The effects of the array location and color-contin-
gent attentional cue in the letter identification trials was
assessed in a repeated-measures ANOVA of identifi-
cation accuracy, with array location (valid or invalid)
and cue validity (valid, neutral, or invalid) as factors. In
the localization trials, the effects of the array location
and attentional cue were assessed in a repeated-
measures ANOVA of reported probe location, with
actual probe location (�1.58, 08, or 1.58 from midline),
array location (left or right) and cue location (left,
neutral or right) as factors.

Results

In an assessment of letter identification accuracy
(Figure 7), a repeated-measures ANOVA with factors
of cue and array validity revealed a significant main
effect, F(2, 34) ¼ 5.95, p ¼ 0.006, of cue validity. In
contrast, there was no significant effect of array
validity, F(1, 17)¼ 0.04, ns, and the interaction between
cue and array validity also did not reach significance,
F(2, 34)¼ 1.58, ns. Because the factor of array validity
had no significant effect on identification accuracy, we
collapsed across this factor in subsequent analyses.
Accuracy in the valid cue condition (M¼ 81.3%, SE¼
3.0) was significantly greater than in the invalid cue
condition (M ¼ 74.2%, SE ¼ 2.7), t(17) ¼ 3.30, p¼
0.004, and marginally greater than in the neutral cue
condition (M ¼ 76.9%, SE ¼ 2.8) t(17) ¼ 2.09, p ¼
0.052). The identification accuracies between the
invalid and neutral cue conditions did not significantly
differ, t(17) ¼�1.39, ns.

In the localization task, the main effects of probe
location, F(2, 34) ¼ 80.18, p , 0.0001, and array

position, F(1, 17) ¼ 20.55, p , 0.0001, reached
statistical significance, and there was a small but
significant interaction between these two factors,
F(2, 32)¼ 4.25, p ¼ 0.02) (Figure 8). Importantly, and
in contrast to the results of Experiment 1, there was no
significant main effect of the attentional cue, F(2, 34)¼
.87, ns, nor did this factor interact with any other factor
(all Fs , .79).

Discussion

In the letter identification task of Experiment 3,
accuracy was significantly affected by the location of the
target-colored cue that preceded the presentation of the
target letter. When this cue validly indicated the
subsequent target letter location, accuracy increased.
This finding demonstrated that the manipulation of
attentional set effectively allowed the colored cues to
capture attention, with the locus of attention being
drawn to the cue that shared the target’s color.
Importantly, accuracy in the letter identification task was
unaffected by the location of the circle array, indicating
that the color-contingent manipulation of attention was
effective at overriding any attentional attraction that the
offset array might have otherwise had.

While letter identification accuracy was affected by
the location of the color-contingent attentional cue and
not the location of the circle array, there was an
opposite pattern of effects in the probe localization
task. Specifically, the perceived location of the probe
was modulated by the location of the offset circle array,
but not by the location of the attentional cue. The bias
in localization caused by the offset array mirrored the
typical Roelofs effect, with the probe’s location
reported to be shifted in the direction opposite the
array offset. It could be argued that the array of circles

Figure 7. Percent correct in the letter identification task of

Experiment 3. Error bars represent standard error estimates for

each cue condition.
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might serve as an allocentric cue in which to encode the
location of the probe, which might override the
egocentric distortion that would otherwise cause the
Roelofs effect. However, we took the step of jittering
the spatial locations of the circles within the array so as
to minimize this possibility. Although we cannot
guarantee that our attempts to minimize the effects of
allocentric coding were completely successful, the
significant main effect of array position demonstrates
that this atypical inducing stimulus is still capable of
generating a Roelofs effect.

In contrast to the mislocalizations caused by the
offset array of circles, localization was unaffected by
the color-contingent shift of attention. Our original
hypothesis suggested that the observer’s subjective
midline was yoked to the locus of attention, and that
the Roelofs effect was driven by the attention-
attracting characteristics of the offset inducing frame.
However, the findings of Experiment 3 indicate that it
is possible to evoke a Roelofs effect through the
presentation of an asymmetric visual display even when
attention is attracted in a direction opposite the
asymmetry. This clear dissociation of the Roelofs effect
and the locus of attention disproves our hypothesis
definitively.

General discussion

In three experiments we examined the effect of
orienting visuospatial attention on observers’ percep-
tion of spatial location. Experiment 1 demonstrated
that nonpredictive exogenous cues are capable of
causing a Roelofs-like effect, indicating that the

Roelofs effect is not dependent on the use of the typical
large inducing frame. However, the results of Experi-
ment 1 did not conclusively demonstrate that it was a
shift of attention that caused the distortion, since the
asymmetry inherent in a visual display containing an
exogenous attentional cue might have been sufficient to
drive the distortion independent of any shift in the
locus of spatial attention. Experiment 2 used a central
endogenous cue that prompted a shift of attention
without the use of an asymmetric visual display. The
resulting shift of attention was found to be incapable of
inducing a distortion of the perceived location of a
visual probe. Finally, the paradigm of Experiment 3
used a color-contingent attentional manipulation to
successfully dissociate a shift of attention from the
direction of an asymmetry in the visual display. The
results provide clear evidence that it is the asymmetry
of the visual display and not any accompanying shift of
attention that drives the Roelofs effect.

The finding that the Roelofs effect cannot be
attributed to a shift of attention toward the offset
frame may seem at odds with previous results from this
lab, where it was demonstrated that the magnitude of
the Roelofs effect can be modulated by an observer’s
attentional set (Lester & Dassonville, 2011). However,
a closer examination reveals that these findings are not
inconsistent. The results of Lester and Dassonville
(2011) simply demonstrated that attentional control
settings can modulate the salience of contextual
information that provide cues for establishing the
observer’s spatial reference frame, without addressing
the mechanism by which these cues have their effect.
While an increased salience of the Roelofs-inducing
frame might cause it to serve as a more reliable
attractant of the locus of attention, the current results

Figure 8. Perceived probe location in the localization task of Experiment 3, plotted with respect to the actual probe location (negative

values indicate locations to the left of fixation). Data are plotted separately for the different combinations of cue and array locations.
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indicate that the Roelofs effect itself is not directly
caused by any resulting shift of attention. Instead, it
would seem that the increased salience of the frame
brought about by attentional set may increase the
magnitude of the Roelofs effect by amplifying the
effects of the asymmetry of the visual field inherent in
the Roelofs-inducing frame.

Although the results presented here indicate that the
Roelofs effect is caused by an asymmetry between the
left and right visual fields independent of any shifts of
attention, it remains to be determined how the
asymmetry causes the underlying distortion of the
observer’s subjective midline. One possibility is that the
visual system uses the middle of the full extent of the
visual field as a cue to form a representation of the
direction that the head is facing, for use as the origin
for an egocentric reference frame. This visual cue would
not be used exclusively, since it is clear that vestibular
and proprioceptive cues would also contribute (as
evidenced by the fact that observers are still capable of
making egocentric judgments about an object’s loca-
tion even when that object is perceived in otherwise
complete darkness). Under normal viewing conditions,
the visual field is reliably symmetrical around the
observer’s objective midline, and would serve as a
useful cue to form a veridical representation of straight-
ahead. However, this cue would prove to be less reliable
when the observer is in an impoverished visual
environment where asymmetries in the visual field
would become more prominent, resulting in the
Roelofs effect. Under these circumstances, even a small
offset stimulus is capable of creating an asymmetry that
would lead to the illusion.

Keywords: Roelofs effect, illusion, subjective midline,
attention, reference frames
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Footnote

1All stimulus durations, ISIs and SOAs are reported
according to the methods of Bridgeman (1998), taking

into account the 60 Hz refresh rate and 4 ms decay of
the CRT projector.

References

Anderson, T. J., Jenkins, I. H., Brooks, D. J., Hawken,
M. B., Frackowiak, R. S., & Kennard, C. (1994).
Cortical control of saccades and fixation in man: A
PET study. Brain, 117, 1073–1084.

Asch, S. E., & Witkin, H. A. (1948). Studies in space
orientation: I. Perception of the upright with
displaced visual fields. Journal of Experimental
Psychology, 38, 325–337.

Bocianski, D., Müsseler, J., & Erlhagen, W. (2010).
Effects of attention on a relative mislocalization
with successively presented stimuli. Vision Re-
search, 50, 1793–1802.

Brecher, G. A., Brecher, M. H., Kommerell, G., Sauter,
F. A., & Sellerbeck, J. (1972). Relation of optical
and labyrinthean orientation. Optica Acta, 19, 167–
471.

Bridgeman, B. (1998). Durations of stimuli displayed
on video display terminals: (n–1)/fþ persistence.
Psychological Science, 9, 232–233.

Bridgeman, B., Peery, S., & Anand, S. (1997).
Interaction of cognitive and sensorimotor maps of
visual space. Perception & Psychophysics, 59, 456–
469.

Brosgole, L. (1968). An analysis of induced motion.
Acta Psychologica, 28, 1–44.

Butler, B. E. (1980). Selective attention and stimulus
localization in visual perception. Canadian Journal
of Psychology, 34, 119–133.

Corbetta, M., Miezin, F. M., Shulman, G. L., &
Petersen, S. E. (1993). A PET study of visuospatial
attention. Journal of Neuroscience, 13, 1202–1226.

Corbetta, M., Shulman, G. L., Miezin, F. M., &
Petersen, S. E. (1995). Superior parietal cortex
activation during spatial attention shifts and visual
feature conjunction. Science, 270, 802–805.

Dassonville, P., & Bala, J. K. (2004a). Action,
perception and the Roelofs effect: A mere illusion
of dissociation. PLOS Biology, 2, 1936–1945.

Dassonville, P., & Bala, J. K. (2004b). Are the original
Roelofs effect and the induced Roelofs effect
confounded by the same expansion of remembered
space? Vision Research, 44, 1025–1029.

Dassonville, P., Bridgeman, B., Bala, J. K., Thiem, P.,
& Sampanes, A. (2004). The induced Roelofs effect:

Journal of Vision (2013) 13(12):4, 1–15 Lester & Dassonville 13

Downloaded From: http://jov.arvojournals.org/pdfaccess.ashx?url=/data/journals/jov/932808/ on 06/15/2017



Two visual systems or the shift of a single-reference
frame? Vision Research, 44, 603–611.

Engbert, R., & Kliegl, R. (2003). Microsaccades
uncover the orientation of covert attention. Vision
Research, 43, 1035–1045.

Flevaris, A., Montgomery, S., & Rhodes, D. (2001,
July). What’s left and what’s right: Attention-
centering of reference frames. Poster presented at
the meeting of the Cognitive Science Association
for Interdisciplinary Learning. Hood River, Ore-
gon.

Folk, C. L., Leber, A. B., & Egeth, H. E. (2002). Made
you blink! Contingent attentional capture produces
a spatial blink. Perception & Psychophysics, 64,
741–753.

Folk, C. L., Leber, A. B., & Egeth, H. E. (2008). Top-
down control settings and the attentional blink:
Evidence for nonspatial contingent capture. Visual
Cognition, 16, 616–642.

Folk, C. L., & Remington, R. W. (1999). Can new
objects override attentional control settings? Per-
ception and Psychophysics, 61, 727–739.

Folk, C. L., & Remington, R. W. (2006). Top-down
modulation of preattentive processing: Testing the
recovery account of contingent capture. Visual
Cognition, 14, 445–465.

Folk, C. L., Remington, R. W., & Johnston, J. C.
(1992). Involuntary covert orienting is contingent
of attentional control settings. Journal of Experi-
mental Psychology: Human Perception and Perfor-
mance, 18, 1030–1040.

Fortenbaugh, F. C., & Robertson, L. C. (2011). When
here becomes there: Attentional distribution mod-
ulates foveal bias in peripheral localization. Atten-
tion, Perception & Psychophysics, 73, 809–828.

Gitelman, D. R., Alpert, N. M., Kosslyn, S., Daffner,
K., Scinto, L., Thompson, W., & Mesulam, M.-M.
(1996). Functional imaging of the human right
hemispheric activation for exploratory movements.
Annals of Neurology, 39, 174–179.

Hafed, Z. M., & Clark, J. J. (2002). Microsaccades as
an overt measure of covert attention shifts. Vision
Research, 42, 2253–2545.

Henriques, D. Y. P., Klier, E. M., Smith, M. A., Lowy,
D., & Crawford, J. D. (1998). Gaze-centered
remapping of remembered visual space in an open-
loop pointing task. Journal of Neuroscience, 18,
1583–1594.

Horowitz, T. S., Fine, E. S., Fencsik, D. E., Yurgenson,
S., & Wolfe, J. (2007). Fixational eye movements
are not an index of covert attention. Psychological
Science, 18, 356–363.

Lathrop, W. B., Bridgeman, B., & Tseng, P. (2011).
Perception in the absence of attention: Perceptual
processing in the Roelofs effect during inattentional
blindness. Perception, 40, 1104–1119.

Laubrock, J., Engbert, R., & Kliegl, R. (2005).
Microsaccade dynamics during covert attention.
Vision Research, 45, 721–730.

Lester, B. L., & Dassonville, P. (2011). Attentional
control settings modulate susceptibility to the
induced Roelofs effect. Attention, Perception &
Psychophysics, 73, 1398–1406.

McCloskey, M., & Rapp, B. (2000). Attention-refer-
enced visual representations: Evidence from im-
paired visual localization. Journal of Experimental
Psychology: Human Perception & Performance, 26,
917–933.

Newby, E. A., & Rock, I. (2001). Location and
attention. Quarterly Journal of Experimental Psy-
chology, 54A, 155–168.

Nobre, A. C., Sebestyen, G. N., Gitelman, D. R.,
Mesulam, M. M., Frackowiak, R. S. J., & Frith, C.
D. (1997). Functional localization of the system for
visuospatial attention using positron emission
tomography. Brain, 120, 515–533.

Posner, M. I. (1980). Orienting of attention. Quarterly
Journal of Experimental Psychology, 32, 3–25.

Posner, M. I., Snyder, C. R., & Davidson, B. J. (1980).
Attention and the detection of signals. Journal of
Experimental Psychology: General, 109, 160–174.

Pratt, J., & Arnott, S. R. (2008). Modulating the
attentional repulsion effect. Acta Psychologia, 127,
137–145.

Pratt, J., & Turk-Browne, N. B. (2002). The attentional
repulsion effect in perception and action. Experi-
mental Brain Research, 152, 376–382.

Prinzmetal, W., Amiri, H., Allen, K., & Edwards, T.
(1998). The phenomenology of attention: Part 1.
Color, location, orientation, and spatial frequency.
Journal of Experimental Psychology: Human Per-
ception and Performance, 24, 261–282.

Rhodes, D. L., & Montgomery, S. (1999, July).
Attention-centered reference frames. Presented at
the meeting of the Cognitive Science Association
for Interdisciplinary Learning. Hood River, Ore-
gon.

Rhodes, D. L., & Montgomery, S. (2000, April).
Attention-centered spatial asymmetries. Poster
presented at the Annual Meeting of the Cognitive
Neuroscience Society. San Francisco, CA.

Roelofs, C. O. (1936). Die optische Localisation. Archiv
für Augenheilkunde, 109, 395–415.

Suzuki, S., & Cavanagh, P. (1997). Focused attention

Journal of Vision (2013) 13(12):4, 1–15 Lester & Dassonville 14

Downloaded From: http://jov.arvojournals.org/pdfaccess.ashx?url=/data/journals/jov/932808/ on 06/15/2017



distorts visual space: An attentional repulsion
effect. Journal of Experimental Psychology: Human
Perception and Performance, 23, 443–463.

Theeuwes, J. (1992). Perceptual selectivity for color and
form. Perception & Psychophysics, 51, 599–606.

Theeuwes, J. (1994). Stimulus-driven capture and
attentional set: Selective search for color and visual
abrupt onsets. Journal of Experimental Psychology:
Human Perception and Performance, 20, 799–806.

Tsal, Y. (1999). Effects of attention on length
perception, gap detection, and visual localization:
Towards a theory of attentional receptive fields, In
G. Aschersleben, T. Bachmann, & J. Müsseler
(Eds.), Cognitive contributions to the perception of
spatial and temporal events, Volume 129 (Advances
in Psychology) (pp. 155–172). Amsterdam, The
Netherlands: Elsevier Press.

Tsal, Y., & Bareket, T. (1999). Effects of attention on
localization of stimuli in the visual field. Psycho-
nomic Bulletin & Review, 6, 292–296.

Vallar, G., Lobel, E., Galati, G., Berthoz, A.,

Pizzamiglio, L., & Le Bihan, D. (1999). A fronto-
parietal system for computing the egocentric spatial
frame of reference in humans. Experimental Brain
Research, 124, 281–286.

Walter, E., & Dassonville, P. (2005). Semantic guidance
of attention within natural scenes. Visual Cognition,
12, 1124–1142.

Walter, E., & Dassonville, P. (2006). Fragments of the
Roelofs effect: A bottom-up effect equal to the sum
of its parts. Perception & Psychophysics, 68, 1243–
1253.

Walter, E., & Dassonville, P. (2008). Visuospatial
processing in the parietal cortex: An fMRI inves-
tigation of the induced Roelofs effect. Neuroimage,
42, 1686–1697.

Werner, H., Wapner, S., & Bruell, J. (1953). Experi-
ments on sensory-tonic field theory of perception:
VI. The effect of position of head, eyes, and of
object on the position of the apparent median
plane. Journal of Experimental Psychology, 46, 293–
299.

Journal of Vision (2013) 13(12):4, 1–15 Lester & Dassonville 15

Downloaded From: http://jov.arvojournals.org/pdfaccess.ashx?url=/data/journals/jov/932808/ on 06/15/2017


	Introduction
	Experiment 1
	f01
	f02
	Experiment 2
	f03
	f04
	Experiment 3
	f05
	f06
	f07
	General discussion
	f08
	n1
	Anderson1
	Asch1
	Bocianski1
	Brecher1
	Bridgeman1
	Bridgeman2
	Brosgole1
	Butler1
	Corbetta1
	Corbetta2
	Dassonville1
	Dassonville2
	Dassonville3
	Engbert1
	Flevaris1
	Folk1
	Folk2
	Folk3
	Folk4
	Folk5
	Fortenbaugh1
	Gitelman1
	Hafed1
	Henriques1
	Horowitz1
	Lathrop1
	Laubrock1
	Lester1
	McCloskey1
	Newby1
	Nobre1
	Posner1
	Posner2
	Pratt1
	Pratt2
	Prinzmetal1
	Rhodes1
	Rhodes2
	Roelofs1
	Suzuki1
	Theeuwes1
	Theeuwes2
	Tsal1
	Tsal2
	Vallar1
	Walter1
	Walter2
	Walter3
	Werner1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


