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Consecutive TMS-fMRI Reveals an Inverse Relationship in
BOLD Signal between Object and Scene Processing

Caitlin R. Mullin and Jennifer K. E. Steeves

Centre for Vision Research and Department of Psychology, York University, Toronto, Ontario M3] 1P3, Canada

The human visual system is capable of recognizing an infinite number of scenes containing an abundance of rich visual information.
There are several cortical regions associated with the representation of a scene, including those specialized for object processing (the
lateral occipital area [LO]) and for the spatial layout of scenes (the parahippocampal place area). Although behavioral studies have
demonstrated that these image categories (scenes and objects) exert an influence on each other such that scene context can facilitate
object identification or that scene categorization can be impaired by the presence of a salient object, little is known about the apparent
cortical interactions involved in building the conscious representation of a complete scene. It has been shown that transcranial magnetic
stimulation (TMS) to the left LO disrupts object categorization but facilitates scene categorization. Here, we show that this effect is also
reflected by changes in the BOLD signal such that TMS to the left LO decreases BOLD signal at the stimulation site (LO) while viewing
objects and increases BOLD signal in the left PPA when viewing scenes. This suggests that these regions, although likely not on a strict
hierarchy of bottom-up coding, share functional communication likely in the form of inhibitory connections.
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Introduction

The ventral visual cortex contains specialized regions or “modules”
for specific visual categories (for review, see Grill-Spector and Mal-
ach, 2004). It has become increasingly clear, however, that visual
representations are not solely the result of processing in isolated
cortical regions, but rather are produced by a network of connectiv-
ity between several brain areas. Therefore, rather than focusing on
simply characterizing the properties of individual brain regions, the
goal of neuroscience research has shifted to characterizing inter-
actions and connectivity between brain regions.

Real-world scenes are tremendously complex stimuli contain-
ing several different sources of information, including edges, sur-
faces, textures, local objects, and spatial layout. Given their
richness, it is not surprising that neuroimaging has revealed a
network of cortical regions in ventral visual cortex selective to
scene images, including those selective to both objects (e.g., the
lateral occipital region [LO]J; Malach et al., 1995) and scene spa-
tial layout (e.g., the parahippocampal place area [PPA]; Epstein
and Kanwisher, 1998). How do these anatomically distinct re-
gions contribute to scene processing and what connections do
they share?

Early theories of scene processing emphasized an object-
centered approach in which objects must first be perceived to
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activate a scene schema to achieve accurate scene recognition
(Friedman, 1979; Biederman, 1981, 1987; De Graef et al., 1990).
This approach suggests that scenes are processed hierarchically,
building upon the initial identification of prominent objects.
However, scene categorization can take place without intact ob-
ject processing, as evidenced by a patient with object agnosia who
was nonetheless able to categorize scenes (Steeves et al., 2004).
This demonstrates that scenes are not processed on a singular
bottom-up hierarchy, but rather object and scene information
are likely processed on separate parallel pathways.

Although these pathways may be independent, it is likely that
they share interactive connections. Several studies have demon-
strated that altering the perception of objects can lead to changes
in overall scene perception. For example, decreasing the availabil-
ity of “signature” objects within the scene through masking de-
creases the ability to accurately categorize the scene (MacEvoy
and Epstein, 2011). In addition, disruption of object processing
through repetitive transcranial magnetic stimulation (rTMS) to
area LO results in a minor facilitation in scene categorization
(Mullin and Steeves, 2011).

Given that the effects of TMS have been shown to propagate
beyond the site of stimulation (Ruff et al., 2009; Siebner et al.,
2009; Ferreri et al., 2011), it has become a powerful tool for mea-
suring brain connectivity when paired with neuroimaging. In the
present study, we used the “perturb-and-measure” method
(Siebner et al., 2009), which combines offline rTMS with func-
tional magnetic resonance imaging (fMRI) to investigate the
BOLD signal changes evoked by rTMS. We stimulate object se-
lective cortex (left LO) and examine BOLD signal in both LO and
remote scene selective areas (PPA and others). This method al-
lows assessment of functional connections between cortical re-
gions based on the idea that any changes in activity at remote
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regions (i.e., scene areas) after stimulation to object selective cor-
tex indicate a causal and functional relationship between these
regions.

Materials and Methods

Participants. Nine healthy volunteers (5 men, aged 24—41 years, mean
30.6 years) participated in all conditions of the experiment. All partici-
pants were in good health with normal or corrected-to-normal vision
and, according to self-report, had no known contraindications to rTMS
or fMRI. All participants had previous experience participating in rTMS
and fMRI measurements. Informed consent was obtained and the exper-
iment was conducted in accordance with the York University Office of
Research Ethics, which follows the guidelines outlined by the Declaration
of Helsinki.

Experimental design overview. The perturb-and-measure method of
combining offline rTMS with fMRI consists of three stages: (1) prestimu-
lation fMRI to functionally localize stimulation sites and regions of in-
terest (ROIs), (2) the application of rTMS to functionally defined ROIs
or control sites on separate days, and (3) poststimulation fMRI to assess
r'TMS related changes in BOLD signal.

Image acquisition and preprocessing. All structural and functional im-
ages in the pre- and poststimulation scanning sessions were acquired
using a 3 tesla Siemens Magnetom Tim Trio magnetic resonance scan-
ner at York University’s Sherman Health Sciences Research Centre
(Toronto, Canada). Structural images were acquired with a T1 MP-
RAGE imaging sequence (in-plane resolution = 2 X 2 mm, imaging
matrix = 122 X 122, TR = 8300 ms, TE = 100 ms, flip angle = 90°,
FoV = 24 X 24 cm), recording 176 slices at a slice thickness of 2 mm.
Stimulation sites and ROIs for subsequent comparisons across stimula-
tion conditions were localized using fMRI. Functional volumes were
acquired using a Siemens 32 channel high-resolution brain array coil.
Functional images were acquired with echoplanar imaging with a T1-
weighted sequence of 32 contiguous axial slices (in-plane resolution =
2.5 X 2.5 mm, slice thickness = 3 mm, imaging matrix 96 X 96, TR =
2000 ms, TE = 30 ms, flip angle = 90°, FOV = 24 X 24 cm).

All imaging analyses were performed using BrainVoyager QX (Brain
Innovation). Functional data were subject to several preprocessing steps,
including linear trend removal to exclude scanner-related signal drift,
high-pass filtering to remove temporal frequencies lower than three cy-
cles/run, and a correction for small interscan head movements using a
rigid body algorithm rotating and translating each functional volume in
3D space. Each participant’s functional images were coregistered with
their anatomical images. The functional data were analyzed using a gen-
eral linear model.

Prestimulation fMRI. Functional images from an independent local-
izer were acquired before the onset of the main experiment and served
two functions: (1) to functionally localize the stimulation site in each
participant and (2) to independently identify ROIs for examination sub-
sequent to each of the three stimulation conditions.

The localizer paradigm was comprised of images from three different
image categories, objects, scenes, and faces, and used repetition detection
to maintain attention. Each run began and finished with a fixation cross
for 16 s. Six repetitions of three 16 s blocks of the three categories of
stimuli were presented in a pseudorandom order with 16 s of fixation
between each repetition. Each block contained 16 stimuli presented for
one second each. Each run lasted 6 min 52 s and was repeated twice.
Stimuli were presented with a rear-projection system (Avotec).

To determine the rTMS target stimulation site, a linear balanced con-
trast of objects versus faces and scenes was used based on successful
localization from previous experiments (Mullin and Steeves, 2011). The
target site was individually identified in each participant by determining
the peak object-selective activation in the lateral occipital region of the
left hemisphere (Table 1). Stimulation was restricted to the left hemi-
sphere because our research group has previously demonstrated stronger
modulation of behavioral object and scene categorization with rTMS to
the left LO compared with the right (Mullin and Steeves, 2011). In addi-
tion, the left hemisphere has shown a stronger object selective response in
previous studies (Sergent et al., 1992) and in our current participants.

Mullin and Steeves ® TMS-fMRI Inverse Relationship Object and Scene

Table 1. Mean Talairach coordinates for each of the centers of gravity of the ROIs
across participants

Mean Talairach

Participants with :
identified region Mean cluster coordinates, mean (5D)
Functional ROI (of 9 total) size,mm> X y z

Object-selective regions

Left LO* 9 350 —38(9) —75(10) —13(11)
Right LO 9 309 4003) =754 —13(8)
Scene-selective regions
Left PPA 9 365 —24(11) —46(9) —13(9)
Right PPA 9 351 23(4) —48(8) —12(9)
Left TOS 8 286 —28(6) —88(4) 10(11)
Right TOS 8 292 33(5) —83(10) 9(9)
Face-selective regions
Left OFA 8 279 —37(3) —74(9) —18(6)
Right OFA 9 319 398 —73(9) —15(9)
Left FFA 7 297 —38(4) —48(9) —20(8)
Right FFA 9 406 39(4) —46(3) —19(10)

Each region was identified with a threshold of p << 0.05, Bonferroni corrected.
*Stimulation site.

Figure1. ROIs(LO, PPA, TOS, FFA,and OFA) as shown on arepresentative participant's brain.

Once the individual stimulation sites were acquired, they were local-
ized on the head of each participant with Brainsight image-guided coreg-
istration software and hardware (Rogue Research) using individual
structural and functional scans. Common reference points on both the
MRI images and the participant’s head were selected to create a coregis-
tration matrix. The spatial relationship between these reference points on
the MRI images and those on the participant’s head were coregistered
using a Polaris infrared marker system.

In addition, the data obtained from the pre-rTMS localizer were used
to create independent ROIs (see Fig. 1 for each of the image categories to
examine signal changes subsequent to the three stimulation conditions
[rTMS to left LO, sham rTMS to left LO, and rTMS to vertex]). A linear
balanced contrast of objects versus faces and scenes was used to localize
the ROI for area LO (also our stimulation site in the left hemisphere). A
similar contrast of scenes versus objects and faces was used to identify
ROIs for scene-selective regions, the PPA and the transverse occipital
sulcus (TOS) [Note: The occipitotemporal scene processing network also
typically includes activation within the retrosplenial cortex; however, this
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region could not be reliably identified in the majority of participants
during the independent localizer. Therefore, the scene-selective ROIs
were restricted to the PPA and TOS.] For each ROI identified in the
stimulated hemisphere, its contralateral counterpart was also defined.
Evaluation of the contralateral ROIs allowed the assessment of potential
remote interhemispheric effects.

ROIs were also created for two cortical areas selective for face images.
These regions were defined using a linear balanced contrast of isolated
faces versus objects and scenes and corresponded to the well known
occipital face area (OFA; Gauthier et al., 2000) and fusiform face area
(FFA; Kanwisher et al., 1997) bilaterally (Table 1).

Transcranial magnetic stimulation. A Magstim Rapid® Stimulator
(Magstim) and a figure-of-eight coil with a diameter of 70 mm was used
to deliver the stimulation pulses. The coil was held tangentially to the
scalp surface with the handle pointed downward. The experimental de-
sign consisted of three stimulation conditions: (1) rTMS to left LO, (2)
sham rTMS to left LO, and (3) rTMS to the vertex. The vertex, a point at
the center of the top of the head, is defined as a point midway between the
inion and the nasion and equidistant from the left and right intertragal
notches. Stimulation at this location controls for potential nonspecific
effects of rTMS to the brain, as well as the auditory and sensory artifacts
(i.e., clicking sounds and tapping sensations on the scalp). Sham stimu-
lation involved placing the coil at the left LO but positioning it orthogo-
nal to the scalp surface so that no pulse entered the brain. Each
stimulation condition was targeted in separate blocks and the order of the
blocks was counterbalanced across participants.

A low-frequency pulse (1 Hz) was delivered at 60% of maximum
stimulator output for 15 min (900 pulses), thereby providing ~7.5 min
of TMS-induced neural noise (Chen et al., 1997; Pascual-Leone et al.,
1998) in which to assess the effects of the stimulation condition on the
BOLD signal change. A steady intensity of the rTMS stimulator (60%)
was chosen based on behavioral effects previously observed in our re-
search group at that intensity (Mullin and Steeves, 2011), as well as
similar findings from other studies (Campana et al., 2002; Silvanto et al.,
2005; Pitcher et al., 2007; Pitcher et al., 2009). The frequency, intensity,
and duration of the rTMS train were within the safety limits of stimula-
tion (Wassermann, 1998; Rossi et al., 2009). Earplugs were worn to re-
duce the noise associated with rTMS coil discharge. None of the
participants reported any side effects of the experiment apart from slight
head discomfort due to pressure from the rTMS coil.

Poststimulation fMRI and analysis. Upon completion of each of the
three rTMS conditions, participants were taken directly to the scanner.
To minimize the time between the offset of the 'rTMS and the onset of the
fMRI, all rTMS sessions were performed in the MRI control room just
outside of the five gauss line. Once the participant was positioned in the
scanner, the functional localizer for objects, scenes, and faces (described
above) was run once, followed by the acquisition of structural images.
Scanning parameters in the poststimulation fMRI were identical to those
in the prestimulation localizer, but only one functional run was per-
formed due to time constraints of the rTMS effects.

BOLD response after each rTMS condition was examined by applying
the prestimulation independent localizer ROIs to the coregistered post-
stimulation data for each participant. Thresholds were held constant
across pre- and poststimulation conditions for each region. Using the
volume-of-interest analysis tool in BrainVoyager QX software (Brain
Innovation), a general linear model analysis was performed and peak
percent BOLD signal (the mean of the three highest points in the event-
related average signal) in these ROIs were determined for each stimula-
tion condition. The results of these hypothesis-driven analyses are all
reported at a Bonferroni-corrected threshold of p < 0.05. Repeated-
measures ANOVA compared percent BOLD signal across each stimula-
tion condition.

Behavioral correlation. To consider whether any observed change in
BOLD activity is reflected in a change in behavior, we correlated the
behavioral results of participants who also partook in a previous rTMS
experiment (Mullin and Steeves, 2011) that used the same stimulation
parameters as the current experiment with the BOLD activity in the
current experiment. Four subjects participated in both the behavioral
r'TMS study (Mullin and Steeves, 2011) and the current experiment (2
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men, age 28—41 years). Mullin and Steeves (2011) provides complete
experimental details. In brief, participants were instructed to categorize
greyscale photographs of objects and scenes as either “natural” (e.g., a
leaf or a beach scene) or “manmade” (e.g., a spoon or an airport scene) as
quickly as possible without sacrificing accuracy. Object stimuli were
taken from The Bank of Standardized Stimuli (BOSS; Brodeur et al.,
2010) and scenes were from a photo image library (also used in Steeves et
al., 2004). On each trial, a fixation cross appeared for 500 ms at the center
of the display, followed by a stimulus image for 100 ms, followed imme-
diately by a mask consisting of static noise pattern that remained on the
screen until participants responded.

Before the behavioral task, rTMS was delivered at low frequency (1 Hz)
at 60% of maximal stimulator output for a total of 420 pulses (7 min).

Results
Independent ROIs for each of the three image categories were
identified by ¢ tests (p < 0.025 to p < 0.0005, corrected for
multiple comparisons using a Bonferroni correction, Brain Voy-
ager, g < 0.05) for each participant. Talairach coordinates of the
a priori-defined ROIs are shown in Table 1. These coordinates
corresponded well with those reported in the literature (LO:
Grill-Spector et al., 2001; PPA and TOS: Golomb et al., 2011;
OFA and FFA: Kanwisher et al., 1997; Steeves et al., 2006).
Event-related time courses corresponding to percent BOLD
signal response associated with a specific image category were
extracted from each ROI separately for each participant under
each TMS condition. A repeated-measures ANOVA of image cat-
egory (faces, scenes, objects), by TMS condition (TMS to LO,
sham, and vertex) was performed on the peak BOLD signal
change with appropriate post hoc comparisons for each ROI. Sig-
nificant main effects of image category were expected for each
ROI because contrasts typically reveal selective preferences for
these specific image categories. Main effects of stimulation con-
dition would indicate that TMS affected all image categories. A
significant interaction would demonstrate that certain TMS con-
ditions affect specific image categories more than others.

Local effects of rTMS: object-selective ROI

Within the left LO region and using a contrast selective for objects
(objects > [scenes + faces]), a 3 X 3 ANOVA of mean peak
BOLD response for image category-by-stimulation condition re-
vealed a main effect of image category (F, s = 28.889, p <
0.001), no main effect of stimulation condition (F, ;5 = 1.983,
p = 0.170), but showed a significant interaction (F, 5,y = 4.337,
p = 0.006). False discovery rate (FDR)-corrected post hoc analysis
revealed that during TMS to left LO, BOLD signal response re-
lated to object perception (M = 0.651, SD = 0.477) decreased
significantly compared with that for the sham (M = 1.120, SD =
0.247, tg = 3.211, p = 0.036) and the vertex (M = 1.006, SD =
0.229, t; = —2.751, p = 0.038) conditions. No significant differ-
ences were observed between the sham and vertex conditions
(ts = 1.605, p = 0.149; Figs. 2, 3).

The BOLD signal activity for the nonpreferred image catego-
ries in left LO revealed no significant effects across stimulation
conditions for both scenes (TMS to LO: M = 0.256, SD = 0.364
vssham: M = 0.117,SD = 0.207, t; = —1.045, p = 0.546; TMS to
LOvsvertex: M = 0.121, SD = 0.247, t; = 0.957, p = 0.546; sham
vs vertex: t; = —0.057, p = 0.954) and faces (TMS to LO: M =
0.051, SD = 0.298 vs sham: M = 0.061, SD = 0.239, t; = 0.952,
p = 0.925; TMS to LO vs vertex: M = 0.088, SD = 0.361, t; =
0.623, p = 0.556; sham vs vertex: t; = 0.275, p = 0.787).

Remote effects of rTMS: scene-selective ROIs
Using a contrast selective for scenes (scenes > [objects + faces]),
in theleft PPA, a3 X 3 ANOVA of mean peak BOLD response for
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image category-by-stimulation condition
revealed a significant main effect of image
category (F(, 16 = 82.900, p < 0.001), a
significant main effect of stimulation con-
dition (F, ¢ = 7.211, p = 0.006), and a
significant interaction (F,3, = 4.771,
p = 0.004). FDR-corrected post hoc anal-
ysis revealed that during TMS to left LO
(M = 1.724, SD = 0.570), activity related
to scene perception significantly increased
compared with the sham (M = 1.344,
SD = 0.404, t; = 4.222, p = 0.005) and the
vertex (M = 1.498, SD = 5.22, t; = 7.031
p = 0.003) conditions. No significant dif-
ferences were observed between the sham
and vertex conditions (t; = —1.925, p =
0.091; Figs. 2, 3). Analysis of the nonpre-
ferred stimulus activity in left PPA re-
vealed no significant effects of stimulation
conditions for both objects (TMS to LO:
M = 0.312, SD = 0.246 vs sham: M =
0.352, SD = 0.216, t; = —0.634, p =
0.547; TMS to LO vs vertex: M = 0.478,
SD =0.214, t; = —1.930, p = 0.195; sham

-12.50
vs vertex: t; = —1.680, p = 0.195) and

faces (TMS to LO: M = —0.430, SD = -5.50
0.278 vs sham: M = —0.665, SD = 0.241, 12:0

tg = 1.715, p = 0.187; TMS to LO vs ver-
tex: M = —0.656, SD = 0.256, t; = 2.292
p = 0.156; sham vs vertex: t; = —0.112,
p = 0.910; Figs. 2, 3).

A 3 X 3 ANOVA of mean peak BOLD
response within the scene selective region
in the left TOS showed a significant main
effect of image category (F, ¢ = 96.922,
p < 0.001) but no main effect of stimula-
tion condition (F, ¢ = 0.451, p = 0.646)
and no interaction between image cate-
gory and stimulation condition (F, 5,y =
0.384, p = 0.635).

= 550
t(196)

% BOLD signal change

Remote effects of rTMS: face-selective
ROIs

To determine whether the effects of stim-
ulation to left LO are propagated outside
of scene- and object-processing regions, we evaluate changes in
BOLD response in the face-selective left OFA and left FFA.
Repeated-measures ANOVAs revealed a significant main effect of
image category for the left OFA (F, 55, = 12.139, p = 0.001) and
left FFA (F(,,4) = 16.238, p > 0.001), demonstrating the selec-
tivity of these regions for faces over objects and scenes. No signif-
icant main effects for stimulation condition or interactions
between the image categories and stimulation condition were
observed for either the left OFA (F, gy = 0.314, p = 0.736, F; 54,
= 0.384, p > 0.818) or the left FFA (F,,, = 1.205, p = 0.334,
Fiona = 1.257,p > 0.314).

Figure 2.

Effects of rTMS in hemisphere contralateral to stimulation

Although interhemispheric effects of TMS have been demon-
strated previously with BOLD signal (Bestmann et al., 2008; Blan-
kenburg et al., 2008), the right hemisphere (contralateral to
stimulation) showed no significant main effect of stimulation
condition and no interaction between image category and stim-
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Percent BOLD signal change for a representative participant after rTMS to left LO and sham rTMS at the left LO when
viewing objects and at the left PPA when viewing scenes.
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ulation conditions within the right LO (F, ;) = 0.254,p = 0.137,
Fiyssy = 0.235, p = 0.080), the right PPA (F, ;) = 0.168, p =
0.847, F(, 3, = 2. 475, p = 0.091), or the right TOS (F, 5 =
1.759, p = 0.280, F(, 5,, = 1.420, p = 0.253). The face-selective
ROIs in the right hemisphere also showed no main effect of stim-
ulation condition or interaction (right OFA: F(, ;) = 0.443,p =
0.649, F( 55 = 2.637, p = 0.087; right FFA: F, ;) = 1.524, p =
0.248, F(y 5, = 1.081, p = 0.382).

Comparison of BOLD signal and behavioral performance

We compared the current effects of rTMS at the cortical level with
behavioral measures from a previous study that used the same
r'TMS protocol as in the current experiment in a subset of four
participants who took part in both experiments (Mullin and
Steeves, 2011, Experiment 1). A Pearson’s correlation between
the BOLD response in the object-selective left LO and behavioral
performance on the object categorization task at the three-
stimulation conditions (sham rTMS to left LO, rTMS to vertex,
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2 o8 08 B Scenes formance on the scene categorization task at
5 06 gj . the three-stimulation conditions revealed a
LO @ g; _ v , 02| M, ' L W faces significant positive correlation (r* = 0.904,
@ o ‘ ; . _0“2’ v one-tailed p < 0.05). These results support
Qo 04 ' the notion that rTMS-induced changes in
@] -0.6 ot ~ .
29| Sham TMS TMSto ool sham  TMS TMSto obJec.t .and scene selegtwe BOLD response
5| TMS  toLO vertex 4l TMS  toLO vertex are similarly reflected in behavioral perfor-
* * mance on object- and scene-processing
18 18 task
15 : [ asks.
16 ‘
14 4l ] . .
S 2 2 Discussion
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_(c:; 06 gf: | | between object- and scene-processing re-
PPA = g"z‘ ' ’ 02 gions in the ventral visual cortex, we applied
[ = . .
@ o o rTMS to the object-selective left LO and
o) gi e monitored consequent changes in BOLD
Q 06 -06 ! signal in several ROIs.
i ' : 3 08 !
| sham  TMs TMsto 1l Sham  TMS  TMSto | After rTMS to left LO, we observed a
TMS  tolLO vertex TMS  tolLO vertex significant decrease in BOLD response at
1-2 1,‘2 the stimulation site while participants
= 14 14 viewed objects, which was accompanied
% 2 ' 1'? | by a significant increase in BOLD re-
o 08| o | sponse at the left PPA after rTMS to the
© . . . . .
S 06 o left LO while viewing scenes. This finding
TOS = gj; { : ' 02| & suggests a functional interaction between
2 0 s these remote but interconnected brain
o 04 ' : regions. Although decrements in BOLD sig-
Q 96 | Sham ™S TMS to 251 Sham TMS TMSto nal at the stitpulation s.ite have begn demon-
1 TMS  tolO  vertex 41 TMS  tolLO vertex strated previously using an offline rTMS
protocol (Sack et al., 2007; Andoh and Paus,
18 _ ‘12 2011), TMS has been shown to affect dis-
- 14 tinct brain regions differentially when using
S, 12 ] : ! the same protocol (excitement in some cases
gc’o s o and inhibition in others; Pascual-et al.,
% 06 06 2000). The current finding demonstrates
OFA = o : g:; . | specifically how area LO was affected by
& 0 prolonged physiological disruption due to
w | o
a 'gj ‘ _gj ' ! ; rTMS. In addition, the effects of rTMS to left
Q 06 SHam TM s TMSto -_g.: Sham TMS TMSto LO on behavioral measures from our previ-
-0-? TMS tolLO vertex 5| TMS tolO vertex ous study were highly correlated with the
) changes in BOLD response observed in the
18 :2 present study.
. :-i 14 One interpretation of these findings
L ' ‘ 12 I I might be that the increased BOLD signal
& 1 08 in the PPA is a compensation for the loss
< 08 ) . . . P .
S bE 06 of object processing in LO. This idea is
FFA = o4 g; » supported by recent research showing
& O'g ; ; 0 : that the PPA may be specialized for cer-
& 02 :gj ‘ tain types of objects as well as scenes
n_cé :8'2 < TMS VSt . _— TMSt (Troiani et al., 2012; Baldassano et al.,
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LO is compromised through TMS, the

Figure 3.  Percent BOLD signal change across the sham, left L0, and vertex stimulation conditions for each image category at PPA also assumes the responsibility of ob-

each of the ROIs in both hemispheres averaged across all participants. *Significant difference between stimulation conditions at ]:ect procgssing. Howevgr, if the current
p < 0.05. increase in scene-selective BOLD signal

at the left PPA was due to such a form
of compensatory object processing, we
might expect to see an increase in the non-
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preferred object-selective response in the PPA. We did not ob-
serve this effect, which refutes this interpretation. Any
consequent BOLD signal changes after TMS to LO are restricted
to each region’s preferred image category (i.e., objects for LO and
scenes for PPA). Specifically, when the scene-selective BOLD sig-
nal increased in the PPA after TMS to left LO, the object- and
face-selective BOLD signals in the PPA showed no change. The
restriction of significant TMS effects to the preferred image cat-
egory within a ROI is supported by other behavioral findings
(Pitcher et al., 2009) and event-related potentials (Sadeh et al.,
2011). However, it is possible that the current methods are not
sufficiently sensitive to reveal BOLD signal compensation across
category selectivity. A more sophisticated analysis technique such
as multivoxel pattern analysis could potentially reveal the inter-
play between object and scene information within the PPA dur-
ing TMS to LO.

No significant changes were observed in the scene-selective
left TOS between the three stimulation conditions despite its re-
cently discovered causal role in the scene perception network
(Dilks et al., 2013; Ganaden et al., 2013). Less is known about the
TOS and its role in scene processing compared with its counter-
partin the scene-selective network, the PPA. In addition, the TOS
is less reliably localized using fMRI (Amit et al., 2012; Konkle and
Oliva, 2012), as is evident from the present study in which only
eight of nine participants showed a scene-selective response in
the TOS (Table 1). Perhaps the inconsistency in localizing this
region could be partly responsible for the lack of effect observed
here. An equally likely explanation could be that the TOS does
not share the same form of connectivity with area LO as does the
PPA. Although the TOS has been implicated in perceiving scenes
that do not contain obvious objects (Grill-Spector, 2003), its re-
sponse properties differ significantly from those of the PPA
(MacEvoy and Epstein, 2007), which may suggest different con-
nectivity requirements between these two regions and area LO
and different roles in the scene-processing network.

Although previous research has demonstrated anatomical
connectivity between area LO and the OFA (Kim et al., 2006), we
failed to observe significant changes in selectivity to faces in the
left OFA or the left FFA when rTMS was applied to left LO.
Despite these known anatomical connections, the present find-
ings are supported by behavioral data demonstrating that rTMS
to the OFA affects processing of faces and face parts but that
r'TMS to LO does not show this same behavioral disruption when
viewing face stimuli (Pitcher et al., 2007).

No significant differences between stimulation conditions
were observed for any of the ROIs in the hemisphere contralateral
to stimulation. Although interhemispheric effects of rTMS have
been reported previously (Bohning et al., 2000; Bestmann et al.,
2008; Blankenburg et al., 2008), the present findings show that
the remote effects of rTMS to left LO do not demonstrate any
transcallosal influences.

Recent investigations into the scene perception network have
revealed a stronger link between object-selective LO and scene-
selective PPA (Troiani et al., 2012; Baldassano et al., 2013; Harel
et al., 2013) and have even suggested that LO might constitute a
separate object-based channel for scene recognition (MacEvoy
and Epstein, 2011). The current finding of rTMS-induced dis-
ruption to LO leading to an increase in activity in the PPA is
consistent with the view that these two regions share a functional
connection. Although patient work demonstrates that the repre-
sentation of a scene is not strictly built up through a hierarchy of
individual object representation, it is clear that these potentially
parallel pathways for object and scene information share an in-
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terdependent relationship. Behavioral studies have demonstrated
that scene context can facilitate the identification of objects
(Boyce and Pollatsek, 1992; Rayner and Pollatsek, 1992; Bar,
2004) and contextual categorization of scenes can be impaired by
the presence of a salient object, particularly when the object is
incongruent with the scene context (Joubert et al., 2007). The
reciprocal relationship between the decrease in BOLD response at
the left LO to objects and increase in BOLD response at the left
PPA to scenes suggest a release of inhibitory connections between
these two parallel pathways.

Conclusion

We have demonstrated that applying rTMS to one region, the left
LO, can affect activity in a specific remote cortical area, the left
PPA, but not other regions such as the OFA and the FFA. This
supports the view that rTMS may influence interconnected brain
regions not just diffusely but also via specific functional tracts.
The distinction between these local and remote effects of rTMS
may help to clarify the debate concerning the modular or distrib-
uted nature of systems comprising the ventral visual cortex.
Traditionally, studies using TMS have provided evidence for
functional specialization of specific brain regions or “modules”;
however, we show here that influencing a cortical site selective for
objects with rTMS can have opposite effects on a scene-selective
region, confirming a network of pathways with possible inhibi-
tory connections supporting the perception of scenes.
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