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Abstract
centric reference frame, within which the locations and orientations of objects can be judged. However, these cues can also
be misleading. In the rod-and-frame illusion, for example, a
large tilted frame distorts the observerʼs sense of vertical, causing an enclosed rod to appear tilted in the opposite direction.
To determine the brain region responsible for processing these
spatial cues, we used TMS to suppress neural activity in the

INTRODUCTION
Although an observer can form a perception of an objectʼs
spatial attributes (e.g., location, orientation, distance, or
size) when viewed in a featureless environment, those
judgments typically become more accurate and precise
when the object is viewed within the context of a welllit scene. For instance, the edges of walls, doors, furniture,
etc., can provide visual cues that supplement the vestibular, proprioceptive, and somatosensory cues that inform
the observer of the bodyʼs posture, so that deviations from
a normal upright posture can be more precisely taken into
account when attempting to determine the orientation of
an object in the world (Dyde, Jenkin, & Harris, 2006;
Asch & Witkin, 1948). Similarly, visual cues can help the
observer understand the direction she is facing in the
world (Bridgeman & Graziano, 1989) or her distance from
the object (Howard, 2012) to determine the objectʼs spatial
location. In this way, visual, vestibular, proprioceptive, and
somatosensory cues act in concert to help create an egocentric reference frame in which the objectʼs spatial attributes may be judged.
Although the visual cues that contribute to the creation
of an egocentric reference frame are typically beneficial,
under certain circumstances they can be misleading. In
the classic rod-and-frame illusion, for example, a large
tilted frame distorts an observerʼs perception of vertical,
causing an enclosed line to appear to be tilted in a direc-
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superior parietal lobule of healthy observers. Stimulation of the
right hemisphere, but not the left, caused a significant reduction in rod-and-frame susceptibility. In contrast, a tilt illusion
caused by a mechanism that does not involve a distortion of
the observerʼs egocentric reference frame was unaffected. These
results demonstrate that the right superior parietal lobule is
actively involved in processing the contextual cues that contribute
to our perception of egocentric space. ■

tion opposite the frame (Figure 1A; Witkin & Asch, 1948).
Similarly, a large frame whose center is shifted left or
right of the observerʼs midline causes a distortion in the
perceived straight-ahead direction (Dassonville & Bala,
2004; Dassonville, Bridgeman, Bala, Thiem, & Sampanes,
2004), resulting in a misperception of the spatial location
of the frame (the Roelofs effect; Roelofs, 1936) and its
contents (the induced Roelofs effect; Bridgeman, Peery,
& Anand, 1997).
Several imaging studies have provided information on
the neural structures involved in making judgments about
an objectʼs egocentric location (Schindler & Bartels, 2013;
Medina et al., 2009; Zaehle et al., 2007; Committeri et al.,
2004; Galati et al., 2000; Vallar et al., 1999) and its orientation (Lopez, Mercier, Halje, & Blanke, 2011; Harris,
Benito, Ruzzoli, & Miniussi, 2008). In addition, much is
known of the structures involved in processing the vestibular, somatosensory, and proprioceptive cues that contribute to the formation and maintenance of the egocentric
reference frame (Kheradmand, Lasker, & Zee, in press;
Baier, Suchan, Karnath, & Dieterich, 2012; Bottini et al.,
2001; Anastasopoulos, Bronstein, Haslwanter, Fetter, &
Dichgans, 1999; Bartolomeo & Chokron, 1999; Brandt,
Dieterich, & Danek, 1994). In contrast, much less is known
about the structures involved in processing the visual cues
that are used to establish the egocentric reference frame.
Walter and Dassonville (2008) used fMRI in an attempt to
delineate the structures that process the visual cues that
contribute to the perception of straight ahead by examining the structures that were activated by the contextual
information provided by the large displaced frames that
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■ Visual cues contribute to the creation of an observerʼs ego-

cause the induced Roelofs effect. A greater activation
was observed in a region of the superior parietal lobule
(SPL), predominantly in the right hemisphere, when
participants made location judgments within the illusioninducing context, compared with trials in which the
same judgment was made with targets presented in isolation, or trials in which a color judgment was made
instead. Although this pattern of activation is consistent
with the idea that right SPL plays a role in processing the
visual cues that are used to establish the egocentric reference frame, this claim would be more conclusive if it
could be determined that this activation is more than
just incidental.
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EXPERIMENT 1
In Experiment 1, we sought to determine whether right
SPL plays a causal role in processing the visual cues that
contribute to the creation of the observerʼs egocentric reference frame. To accomplish this, we used low-frequency
(1 Hz) offline repetitive TMS (rTMS) to reduce cortical
excitability in right SPL (specifically, the region delineated
in the study of Walter & Dassonville, 2008) and two control sites (the left SPL and vertex) in separate sessions,
effectively deactivating the underlying neural tissue for
several minutes (Fitzgerald, Fountain, & Daskalakis,
2006; Chen et al., 1997). Susceptibility to the rod-andframe illusion was compared before and after the application of rTMS to assess the effects of the associated
deactivation. If right SPL is specifically involved in the processing of visual cues for the creation of the egocentric
reference frame, rTMS at that site (but not the control
sites) should decrease susceptibility to the illusion. On
the other hand, if this structure plays a more general
attentional role in spatial judgments, a deactivation of
this structure with rTMS would be expected to cause a
change in the precision of the participantsʼ perceptual
reports without necessarily affecting illusion susceptibility.

Methods
Participants
Participants (n = 12, three women, ages 18–34) gave
their informed, written consent to take part in the study,
as per the Institutional Review Board of the University of
Oregon.

Experimental Task
Stimuli were created a priori within the graphics program
Canvas (ACD Systems, Seattle, WA), with subsequent stimulus presentation and response collection performed by
a program created within the Experiment Builder programming environment (SR Research, Kanata, Ontario,
Canada). Stimuli were presented on a CRT monitor
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Figure 1. (A) Visual display for evoking the rod-and-frame illusion
(Experiment 1), in which a square frame tilted away from gravitational
vertical distorts an individualʼs subjective vertical (dashed line, not seen
by observer). When the observer assesses the rodʼs orientation, the
biased perception of vertical causes the rod to appear to tilt in a
direction opposite the frame. (B) Visual display for evoking the
simultaneous tilt illusion (Experiment 2). The tilt of the grating in
the outer annulus causes a repulsion of the perceived orientation of the
central array because of local contrast effects in early visual processing,
without distorting subjective vertical (dashed line, not seen by
participant).

(36.2 cm horizontal × 27.3 cm vertical, 1024 × 768 resolution, 60-Hz refresh rate), with the brightness and contrast
of the monitor reduced so that the edges of the screen
were not visible. In addition, the monitor was placed
Volume 26, Number 10

rTMS
For each participant, MRI was used to collect anatomical
scans for use in guiding the TMS stimulator. T1-weighted
images were acquired using a 3T head-only scanner (Siemens
Allegra, Erlangen, Germany), with a phased array head
coil and a standard MP-RAGE sequence (repetition time =
2.5 sec, echo time = 4.38 msec, inversion time = 1.1 sec,
176 slices, 1 mm thickness, 0 mm gap, field of view = 256 ×
256 × 100 mm), yielding an in-plane anatomical resolution
of 1 × 1 × 1 mm. The resulting image was warped to a
common MNI (Montreal Neurological Institute) space using
Brainsight neuronavigation software (Rogue Research, Inc.,
Montreal, Quebec, Canada), and the Talairach coordinates

corresponding to the BOLD activations observed by Walter
and Dassonville (2008) were used to delineate target sites in
the left and right SPL after first converting to MNI coordinates (MNI: −14, −68, 57 and 19, −66, 57, respectively)
using the procedure described by Lancaster et al. (2007).
The vertex was identified as the midline location on the
scalp halfway between the nasion and inion (MNI: 0, −15,
90, on average).
The motor hot spot was identified in individual participants by determining the cortical region at which single
TMS pulses (delivered via a 70-mm figure-eight coil connected to a MagStim Rapid stimulator; Magstim, Whitland,
UK) could evoke visible movements of the index finger
and thumb of the dominant hand. The strength of the
magnetic pulse was slowly reduced to the smallest value
at which visible movements could still be observed. The
strength of the magnetic pulse during the subsequent
experimental rTMS session was then set to 110% of this
resting motor threshold.
After the baseline magnitude of the rod-and-frame illusion was established in a pre-rTMS run of the experimental task for each participant, the Brainsight frameless
stereotaxic system was used to guide the TMS coil to the
appropriate cortical ROI, with the participant seated
comfortably and a chin rest stabilizing the head. The coil
was then locked into place using an adjustable arm, and
its position was monitored by the experimenter during
the subsequent 10-min stimulation period to ensure that
it never deviated more than 2 mm from the ROI. During
this period, a low-frequency (1–Hz) rTMS train was administered. After the 10-min stimulation period, participants
promptly completed a post-rTMS run of the experimental
task.
Data Analysis
For each combination of rod-and-frame tilt, the perceived
tilt of the rod was quantified as the proportion of trials in
which the participant reported the central stimulus as
being tilted clockwise (Figure 2). Psychometric functions
were then fit to these data (Microsoft Excel, using a least
squares algorithm) to determine the point of subjective
equality (PSE; the orientation at which the rod was equally
likely to be judged as having a clockwise or counterclockwise tilt), using the equation:
proportion “clockwise”
. responses

ððrodtilt−PSEÞ=tauÞ
1 þ eððrodtilt−PSEÞ=tauÞ ;
¼e

ð1Þ

where rodtilt was the orientation of the rod, PSE was the
point of subjective equality, and tau was the space
constant of the psychometric function. To quantify the
magnitude of the illusion, the PSE for the counterclockwise-tilted frames was subtracted from that of the
clockwise-tilted frames, with this total effect size statistically compared across conditions.
Lester and Dassonville
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within a large box (with a black interior) that covered the
top, bottom, sides, and rear of the monitor, with a blackout curtain draped over the open end. Participants
viewed the monitor from 24 inches away, with the blackout curtain draped over the head and shoulders to prevent stray light from allowing allocentric cues that might
aid the participants in their task.
Each trial of the experimental task began with the presentation of a central fixation point (0.5° in diameter).
After acquiring fixation, participants initiated subsequent
events by pressing the spacebar on a keyboard. In two
thirds of the trials (n = 180), a large tilted square frame
(subtending 19° of visual angle and rotated 15° clockwise
or counterclockwise) was then presented for 400 msec
(Figure 1A). After a delay of 300 msec from frame onset,
a tilted rod (a line 0.17° wide and 4.8° long, centered on
the fixation point, and oriented −6°, −4°, −2°, −1°, 0°,
1°, 2°, 4°, or 6° from vertical, with negative values indicating counterclockwise tilts) was flashed for 100 msec,
with the frame and rod extinguished simultaneously. The
remaining one third of trials (n = 90) were identical,
except that the rod was presented in isolation (i.e., no
frame was presented). Participants reported whether the
rod was tilted counterclockwise or clockwise by pressing
one of the two home keys on the keyboard (F or J, respectively). Trials with and without the frame were presented in
random order, and no feedback on performance was provided to the participants.
Experiment 1 consisted of three sessions for each
participant, with each session separated from the others
by a minimum of 1 week. In each session, rTMS was
applied to a single cortical site (right SPL, left SPL, or
vertex), with site order counterbalanced across participants. Each session began with 16 practice trials with
the rod presented in isolation and feedback on the
participantʼs accuracy presented after each trial. Subsequently, a pre-rTMS baseline run of the experimental
task was performed (270 trials, 10–15 min), followed by
the application of rTMS to the target cortical site for that
session (10 min; see below) and then a post-rTMS run of
the task (270 trials, 10–15 min).

Results and Discussion

Figure 3. Effect of rTMS on rod-and-frame performance. (A) Total
change in susceptibility (post- minus pre-rTMS) for each cortical ROI
in Experiment 1. rTMS at only the right SPL site caused a significant
change in illusion susceptibility. This change differed significantly from
the nonsignificant effects of rTMS at the vertex and left SPL (stars
indicate p < .05). (B) Total change in the space constant of the
psychometric functions (post- minus pre-rTMS) for each cortical ROI.
rTMS caused no significant modulation of the space constant for
any stimulation site.

Figure 2. Best fit psychometric functions for the right SPL stimulation
site in Experiment 1, showing the proportion of trials (averaged across
participants) in which each rod orientation was reported to be
rotated clockwise from vertical. Functions are shown for each frame
tilt (i.e., CW = clockwise, CCW = counterclockwise) in both preand post-rTMS blocks. The point at which each function surpasses a
proportion of 0.5 indicates the PSE for that condition, with illusion
susceptibility in each block assessed as the difference in PSE for
clockwise- and counterclockwise-tilted frames. Whereas the PSEs were
biased somewhat in the counterclockwise direction (i.e., shifted toward
negative values in this plot), this bias did not reach significance.
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Although the general pattern of the results presented
so far points to a role for right SPL in processing egocentric contextual information, alternative explanations
must also be explored. Given the more general role
played by the SPL in attentional modulation (Corbetta,
Shulman, Miezin, & Petersen, 1995), it is possible that
the decrease in susceptibility is merely an artifact of an
rTMS-related modulation of attention similar to that shown
with deactivation of other parietal sites (e.g., Chambers,
Payne, Stokes, & Mattingley, 2004; Hilgetag, Théoret, &
Pascual-Leone, 2001). Indeed, the right SPL stimulation site
is located very near the stereotaxic coordinates reported
for the superior parietal lobule area 1 (SPL1), which has
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In the pre-rTMS baseline blocks of trials for each cortical
ROI, the difference in the PSE between the two frame
rotations was significantly greater than 0 (right SPL:
mean = 3.05° ± 0.41° SE, t(11) = 7.49, p < .001, Figure 2;
left SPL: mean = 2.71° ± 0.47°, t(11) = 5.74, p < .001;
vertex: mean = 2.74° ± 0.51°, t(11) = 5.40, p < .001). This
pattern of results indicated that participants exhibited the
typical effects of the illusion, with the rod appearing to be
rotated somewhat clockwise in the presence of the counterclockwise frame, and vice versa.
A two-way repeated-measures ANOVA, with factors of
Session (pre-rTMS and post-rTMS) and Stimulation Site
(right SPL, left SPL, and vertex), revealed no main effects
of Session, F(1, 11) = 0.050, or Site, F(2, 22) = 0.074, but
a significant interaction of Session and Site, F(2, 22) = 4.42,
p = .024. Simple contrasts revealed a significant reduction
of the illusion with stimulation at the right SPL site (mean
change = −0.53° ± 0.20°, a decrease of 17.4% from the
pre-rTMS baseline; Figures 2 and 3A) compared with the
small increases in susceptibility seen with stimulation at
either the vertex (mean change = 0.22° ± 0.24°; contrast
of right SPL vs. vertex: F(1, 11) = 5.31, p = .042) or left
SPL (mean change = 0.23° ± 0.17°; contrast of right vs. left
SPL: F(1, 11) = 9.56, p = .010). This decrease in illusion
susceptibility after rTMS in right SPL suggests that this
structure plays a direct role in processing the egocentric
contextual information provided by the tilted frame in
the rod-and-frame illusion.

tation in the illusion. However, to go further and suggest
that the right SPL is involved in using the visual context to
establish an egocentric reference frame requires a demonstration that deactivation of this structure does not
also reduce susceptibility to orientation illusions that
are driven by different mechanisms.

EXPERIMENT 2
The large rotated frame within the visual stimulus of
Experiment 1 is thought to bring about a misperception
of the rodʼs orientation by causing a distortion of the
observerʼs perception of gravitational vertical (Witkin &
Asch, 1948). It is also possible, though, to achieve a
contextually-driven illusion of orientation that is subjectively similar, but that is driven by a different neural
mechanism. One such illusion is the simultaneous tilt
illusion, where the perceived orientation of a central
grating is distorted by tilted lines within a surrounding
annulus (Gibson, 1937; Figure 1B). However, the simultaneous tilt illusion is thought to be brought about by a
perceptual repulsion effect within early visual areas, as
neurons encoding the orientations of the lines in the surrounding annulus inhibit those encoding the lines of the
central grating (Song, Schwarzkopf, & Rees, 2013; Poom,
2000; Carpenter & Blakemore, 1973; Blakemore, Carpenter,
& Georgeson, 1970). Thus, the context of the surrounding
annulus in the simultaneous tilt illusion is capable of causing a tilt illusion, but not by distorting the observerʼs egocentric reference frame.
If right SPL is a selective processor of the visual contextual information that is used to establish the egocentric
reference frame, rTMS-related deactivation of the structure should have no impact on susceptibilities to the
simultaneous tilt illusion. Experiment 2 provides a test
of this hypothesis.

Methods
Participants
Participants (n = 12, 10 of whom also participated in
Experiment 1) gave their informed, written consent to take
part in Experiment 2, as per the Institutional Review Board
of the University of Oregon.

Experimental Task
The apparatus was identical to that of Experiment 1. Each
trial of the experimental task began with the presentation
of a central fixation point (0.5° in diameter). After acquiring fixation, participants initiated subsequent events by
pressing the spacebar on a keyboard. In two thirds of
the trials (n = 140), an outer annulus of oriented bars
(5° outer diameter, 3.2° inner diameter, with red and
black bars of 0.22° in width alternating in a square wave
Lester and Dassonville
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been delineated with functional imaging by taking advantage of its topographical representation of the directionality of memory-guided saccades (Konen & Kastner, 2008).
Functional activation in a portion of right SPL1 (but not
left) has also been shown to be modulated by spatial
attention (Szczepanski, Konen, & Kastner, 2010), and
single-pulse TMS in SPL1 can cause neglect-like biases in
a landmark task (Szczepanski & Kastner, 2013). Without a
delineation of the extent of SPL1 in the individual participants of this study, it is unclear whether the right SPL
stimulation site falls within that particular cortical region,
but it could be conjectured that a more general rTMSrelated modulation of attention could be responsible for
the decrease in rod-and-frame susceptibility seen here.
For example, it may be that after a deactivation of right
SPL, the participants are less able to attend to the orientation judgment task altogether. This might be expected
to cause a smaller illusory effect of the frame but would
also cause a general flattening of the psychometric function
(i.e., increasing the value of the space constant, tau, in
Equation 1) as inattention to the task caused more variability in the participantsʼ performance. Alternatively, deactivation of right SPL could more specifically decrease
the extent to which the tilted frame is able to attract the
observerʼs attention. This would lead to a smaller illusory
effect of the frame but would also be expected to cause a
sharpening of the psychometric function (i.e., decreasing
tau in Equation 1), since an unattended frame would also
cause less of a distraction from the task of assessing the tilt
of the target line. A two-way repeated-measures ANOVA,
with factors of Session (pre-rTMS and post-rTMS) and
Stimulation Site (right SPL, left SPL, and vertex), revealed
a significant effect of Session, F(1, 11) = 5.66, p = .037,
on the space constants of the psychometric functions, with
shallower psychometric functions in the post-rTMS sessions
(mean tau = 1.70°) compared with those of the pre-rTMS
sessions (mean tau = 1.48°), possibly an effect of fatigue in
the participants. However, there was no main effect of
Stimulation Site, F(2, 22) = 0.19, nor was there an interaction of Session and Site, F(2, 22) = 1.35, indicating that
this effect on the slope of the psychometric function could
not explain the differential effects of rTMS on illusion susceptibility for the three sites. In addition, there were no
significant changes in the space constant of the psychometric functions for any stimulation site during trials in
which the rod was presented in isolation (i.e., with no
accompanying frame; session: F(1, 11) = 3.10; site: F(2,
22) = 0.43; interaction: F(2, 22) = 0.47).
Importantly, this lack of an rTMS-related change in the
space constant of the psychometric function, whether a
frame was presented or not, indicates that deactivation of
the target site in right SPL does not simply cause a generalized modulation of attention. Instead, the very specific finding of an rTMS-related decrease in rod-and-frame
susceptibility suggests that this region in right SPL is
actively involved in processing the visual contextual information that leads to the misperception of the rodʼs orien-

Results and Discussion
In the pre-rTMS baseline blocks of simultaneous tilt trials,
the difference in the PSE between the two annulus rotations was significantly greater than 0 in the stimulation
sessions for each cortical target (right SPL: mean =
1.86° ± 0.22° SE, t(11) = 8.41, p < .001; left SPL: mean =
1.89° ± 0.25°, t(11) = 7.67, p < .001; vertex: mean = 1.72° ±
0.24°, t(11) = 7.17, p < .001). This pattern of results indicated that participants exhibited the typical effects of the
illusion, with the inner grating appearing to be rotated somewhat clockwise in the presence of the counterclockwise
annulus, and vice versa. However, a two-way repeatedmeasures ANOVA, with factors of Session (pre-rTMS and
post-rTMS) and Stimulation Site (right SPL, left SPL, and
vertex) revealed no main effects of Session, F(1, 11) <
0.001, p = 1.00, or Site, F(2, 22) = 0.040, p = .96, and
no significant interaction of the two, F(2, 22) = 1.28, p =
.30, indicating that susceptibility to the simultaneous tilt
illusion was unaffected by rTMS at each of the three target
sites (Figure 4).
To further assess the specificity of rTMS effects in the
right SPL, we specifically tested whether the reduction in
rod-and-frame susceptibility observed in Experiment 1
(Figure 3A) was greater than the reduction in simul2206
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Figure 4. Total change in simultaneous tilt susceptibility (post- minus
pre-rTMS) for each cortical ROI in Experiment 2. rTMS caused no
significant modulation for any stimulation site.

taneous tilt susceptibility observed in Experiment 2 (Figure 4), using the change in susceptibility with stimulation
at vertex as baseline. This comparison confirmed that
stimulation of right SPL caused a greater reduction in
susceptibility to the rod-and-frame illusion than to the
simultaneous tilt illusion (one-way t test, t(22) = 1.81,
p = .042). To test the possibility that a smaller precision
in the participantsʼ reports in the simultaneous tilt
illusion might have obscured a change in susceptibility
in Experiment 2, we compared the space constants of
the psychometric functions for the two illusions. However, the space constants did not significantly differ,
t(22) = 0.33. Another possibility is that the smaller
magnitude of the simultaneous tilt illusion made it difficult to detect an actual change in susceptibility that
was caused by rTMS in right SPL. However, evidence
clearly indicates that a floor effect could not have obscured a change in susceptibility, because there was a
significant effect of the simultaneous tilt illusion in both
the pre-rTMS (mean = 1.86°, t(11) = 8.41, p < .001) and
post-rTMS sessions (mean = 1.74°, t(11) = 7.64, p < .001),
and there was no significant change in susceptibility when
the pre- and post-rTMS sessions were compared directly,
t(11) = 0.60.
Together, the findings of Experiments 1 and 2 indicate
that deactivation of right SPL does not cause a generalized decrease in susceptibility to tilt illusions. Rather,
there is a specificity to the effect, with the rod-and-frame
illusion (Experiment 1), but not the simultaneous tilt
illusion (Experiment 2), significantly diminished by
application of rTMS to right SPL. The specificity in the
effect can be interpreted to reflect a specificity of the
type of processing for which the target site in right SPL
is responsible—namely, the processing of the visual contextual information that is used to establish the observerʼs sense of gravitational vertical.
Volume 26, Number 10
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pattern, and tilted 15° clockwise or counterclockwise)
was then presented for 700 msec, centered around the
fixation point (Figure 1B). After a delay of 200 msec from
annulus onset, an inner grating (3.2° diameter, with same
spatial frequency as the annulus, but tilted −4, −2, −1, 0,
1, 2, or 4° from vertical) was flashed for 500 msec, with
the annulus and inner grating extinguished simultaneously. The remaining one third of trials (n = 70) were
identical, except that the inner grating was presented in
isolation (i.e., no outer annulus was presented). Participants reported whether the top of the inner grating was
tilted counterclockwise or clockwise by pressing one of
the two home keys on the keyboard (F or J, respectively).
Trials with and without the outer annulus were presented
in random order, and no feedback on performance was
provided to the participants.
Experiment 2 consisted of three sessions for each
participant, with each session separated from the others
by a minimum of 1 week. In each session, rTMS was
applied to a single cortical site (right SPL, left SPL, or
vertex), with site order counterbalanced across participants. Each session began with 16 practice trials with
the inner grating presented in isolation, and feedback
on the participantʼs accuracy presented after each trial.
Subsequently, a pre-rTMS baseline run of the experimental task was performed (210 trials, 8–12 min), followed
by the application of rTMS to the target cortical site for
that session (10 min), and then a post-rTMS run of the
task (210 trials, 8–12 min).
The procedures for rTMS application and data analysis
were identical to those of Experiment 1.

GENERAL DISCUSSION

Acknowledgments
The authors thank Bill Troyer for technical assistance. This work
was supported by the NIH/Institute of Neuroscience: Systems
Physiology Training Program 5 T32 GM007257-33 and was completed as part of the doctoral thesis of B. D. Lester, under the
supervision of P. Dassonville.
Reprint requests should be sent to Paul Dassonville, Department of Psychology, 1227 University of Oregon, Eugene, OR
97403, or via e-mail: prd@uoregon.edu.

REFERENCES
Anastasopoulos, D., Bronstein, A., Haslwanter, T., Fetter, M., &
Dichgans, J. (1999). The role of somatosensory input for the
perception of verticality. Annals of the New York Academy of
Sciences, 871, 379–383.
Andersen, R. A., Essick, G. K., & Siegel, R. M. (1985). Encoding
of spatial location by posterior parietal neurons. Science, 230,
456–458.
Asch, H. A., & Witkin, S. E. (1948). Studies in space orientation:
I. Perception of upright with displaced visual fields. Journal
of Experimental Psychology, 38, 325–337.
Baier, B., Suchan, J., Karnath, H.-O., & Dieterich, M. (2012).
Neural correlates of disturbed perception of verticality.
Neurology, 78, 728–735.

Lester and Dassonville

2207

Downloaded from http://direct.mit.edu/jocn/article-pdf/26/10/2201/1781848/jocn_a_00636.pdf by guest on 15 May 2021

The right SPL site that served as an ROI in the current
study was previously shown by Walter and Dassonville
(2008) to have an activation that was modulated by the
presence of visual contextual information (i.e., a large
rectangular frame offset from the observerʼs midline) that
led to a distortion of the observerʼs perception of straight
ahead (i.e., the Roelofs effect). This study expands on
these findings to demonstrate that the neural activation
seen by Walter and Dassonville is not merely incidental
but instead plays a causal role in the establishment of
the egocentric reference frame for judging the spatial
properties of objects within the visual field. Furthermore,
it provides a demonstration that the egocentric reference
frame to which the right SPL contributes is involved not
only in the perception of an objectʼs spatial location but
also in its orientation. That the processing involved in
determining the location and orientation aspects of the
egocentric reference frame would reside in a common
neural structure was predicted to be the case (Walter &
Dassonville, 2008) based on a prior finding that individual
differences in susceptibilities to the Roelofs effect and the
rod-and-frame illusion are correlated (Walter, Dassonville,
& Bochsler, 2009).
Walter et al. (2009) found that susceptibilities to the
Roelofs and rod-and-frame illusions were additionally correlated with susceptibility to the Ponzo illusion, which
suggests that the same region of right SPL may also be
involved in processing the misleading depth cues that
drive that illusion. Indeed, Séverac Cauquil, Trotter, and
Taylor (2005) found that right SPL is highly sensitive to
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