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present study we tested congenitally blind participants to investigate
whether knowledge of visual object properties is required for object



In the experiment the participants viewed the object photographs
through a mirror attached to the head coil adjusted to allow foveal
viewing of a back-projected monitor (refresh rate: 60 Hz; spatial
resolution: 1024 × 768). The pictures were presented sequentially
(666 ms; ISI = 0) in blocks of 30 items, all from the same category.
Each block lasted approximately 20 s, followed by 20 s of fixation.
The blocks were repeated four times in the experiment. The order of
items within a block was constant across the participants, as was
the order of the blocks. Consecutive blocks were never from the
same category. This single-run task lasted 8 min and 10 s.

Experiment 3 — Scene localizer
We carried out a separate scene localizer experiment on the sighted

participants who participated in the previous two experiments, and we
were able to recruit back four participants. We selected black-and-
white pictures of 30 scenes (300 ∗ 300 pixels) and 30 objects (10 cars,
10 flowers and 10 chairs, 400 ∗ 400 pixels). The stimuli were presented
in 16 s blocks, separated by 10 s of fixation. Each block had 16 pictures,
all from the same condition (each picture was presented for 800 ms,
ISI = 200 ms). Scene and object blocks were presented in alternating
fashion, with eight blocks of each condition occurring in one run of
7 min and 16 s long. The participants pressed a button with the left
index finger rapidly whenever they saw two consecutive identical
pictures. Each block and each category had an equal chance of having
0, 1, or 2 identical picture pairs.

MRI data acquisition

Structural and functional MRI data were collected with a 3 T
Siemens Trio Tim scanner at the BNU MRI center. A high-resolution
3D structural data set was acquired with a 3D-MPRAGE sequence in
the sagittal plane (TR: 2530 ms, TE: 3.39 ms, flip angle: 7°, matrix
size: 256 × 256, 144 slices, voxel size: 1.33 × 1 × 1.33 mm, acquisi-
tion time: 8.07 min). BOLD signals were measured with an EPI
sequence (TR: 2000 ms, TE: 30 ms, flip angle: 90°, matrix size:
64 × 64, voxel size: 3.125 × 3.125 × 4 mm, inter-slice distance:
4.6 mm, number of slices: 33; slice orientation: axial).

The scanning procedure for the blind group used the following order:
a functional resting-state run for 6 min and 40 s; a 3D structural scan;
the size judgment experiment. The sighted group underwent the same
scan procedure as that for the blind participants except that ten partici-
pants did not receive the resting-state run. Furthermore, all sighted
participants subsequently performed the passive picture viewing exper-
iment at the end of the session. In the resting-state run, the participants
were asked to lie still and not to think of anything in particular. In both
the resting-state run and the auditory task runs the sighted participants
were asked to keep their eyes closed. The scene localizer was carried out
in another session more than three weeks later, which included one
scene localizer run and a 3D structural scan. E-prime 1.1 (Schneider et
al., 2002) was used for controlling stimulus presentation and recording
responses.

fMRI data analysis

fMRI data were analyzed using BrainVoyager QX v2.3. The first 28 s
in each run of the auditory size judgment task (the practice block)
and 10 s in that of the passive picture-viewing task (fixation) were
discarded. Preprocessing of the functional data included 3D motion cor-
rection with respect to the first (remaining) volume of the run scanned
closest to the 3D structural data for each experiment, spatial smoothing
(Gaussian filter, 6-mm Full Width Half Maximum), and temporal filter-
ing (high-pass (GLM-Fourier): 3 sines/cosines for the one-back picture
viewing experiment and 1 sines/cosines for other experiments). For
each participant, functional data were then registered to her/his anatom-
ical data. Finally, functional and anatomical volumes were transformed
into a standardized space (Talairach and Tournoux, 1988), and func-
tional data were resampled to 3 × 3 × 3 mm resolution.

All functional data were then analyzed using the general linear
model (GLM). We included three predictors of interest corresponding
to the three categorical conditions and six motion parameters as pre-
dictors of no interest.

We first carried out a whole-brain conjunction analysis for regions
showing selectivity for large nonmanipulable objects: random-effect
GLM analyses for large nonmanipulable objects > animals and large
nonmanipulable objects > tools, each at the threshold of p b .01 un-
corrected, cluster size > 7 resampled voxels, 189 mm3, resulting in
a conjunction threshold of p b .001 uncorrected. The cluster-level es-
timation for each contrast is adopted from the cluster-level statistical
threshold estimator of BrainVoyager, based on the map's spatial
smoothness and on an iterative procedure (Monte Carlo simulation
with 1000 iterations). To quantify the relationship between the re-
gions showing large nonmanipulable object selectivity and scene
preference, we further carried out region-of-interest (ROI) analyses,
defining ROIs using the full activation on the group level at p b .05
Bonferroni corrected, fixed effect and then carried out analyses
using mean beta-values of different conditions for independent data
sets in each ROI.

The functional connectivity of the resting-state data was analyzed
using Statistical Parametric Mapping (SPM8, http://www.fil.ion.ucl.ac.
uk/spm), the Resting-State fMRI Data Analysis Toolkit (REST, Song et
al., 2011, http://www.restfmri.net) and Data Processing Assistant for
Resting-State fMRI (DPARSF) (Yan and Zang, 2010). The first 10 volumes
of the resting-state run of each participant were discarded for signal
equilibrium and adaptation of the participants to the scanning noise.
Next, slice timing and head motion correction were performed. A
mean functional image was obtained for each participant, which was
subsequently normalized to the EPI template. After the linear trend of
the time courses was removed, a band-pass filter (0.01–0.08 Hz) was
applied to reduce low-frequency drift and high-frequency noise. Finally,
spatial smoothing (4-mm FWHM Gaussian kernel) was conducted to
decrease spatial noise.

The functional connectivity was calculated by correlating the time
series of each voxel with the seed region defined by the whole-brain
contrasts. The seed region was obtained by creating a sphere with
6 mm radius around the peak seed voxel. Then, Fisher z-score trans-
formations were conducted for the correlation coefficients to gener-
ate a z-FC map for each participant. To identify the regions showing
significant functional connectivity with the seed(s), we did one sam-
ple t-tests on these individual z-FC maps to see whether they were
significantly different from zero (p b .05, AlphaSim corrected). Only
the regions showing positive correlations were presented.

The functional connectivity analyses were conducted on the gray
matter mask generated using the following procedure. We included
the voxels with a probability higher than 0.4 in the SPM5 template
onto the gray matter mask. Given the signal distortion in cerebellum,
we also excluded the cerebellar regions (#91–#116) in the Automated
Anatomical Labeling (AAL) template (Tzourio-Mazoyer et al., 2002). In
total, there were 36,272 voxels in the gray matter mask.

Results

Behavioral results
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fMRI results

We have organized the fMRI results as follows: First we present
whole-brain results for selectivity to large nonmanipulable objects
using conjunction analyses of large nonmanipulable object > tool
and large nonmanipulable > animal; We then compare the observed
regions with regions defined in the sighted scene localizer task; Final-
ly we show the resting-state functional connectivity patterns of the
PPA region with the large nonmanipulable object selectivity. The
overall task effects (all conditions versus baseline) in both participant
groups (blind and sighted) are presented in the Supplementary mate-
rial (Supplementary Results and Supplementary Fig. 1).

Whole-brain analyses testing for selectivity to large nonmanipulable objects
We first computed whole-brain (random effects) conjunction

analyses of large nonmanipulable object > tool and large non-
manipulable > animal using the same threshold (p b .01 uncorrected,
cluster size > 7 resampled voxels, 189 mm3) in all experiments
(Fig. 1a). In the sighted participants' picture viewing experiment, a
bilateral medial VTC region close to PPA showed highly significant selec-
tivity for large nonmanipulable objects. Bilateral transverse occipital sul-
cus (TOS) also showed large nonmanipulable object selectivity. Similar
trends in bilateral retrosplenial complex (RSC) were observed without
the cluster size threshold (i.e., p b .01 uncorrected). In the sighted
participants' auditory experiment, bilateral PPA, bilateral RSC and left
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but it was marginally significant in right ROI (t (15) = 1.9, p = .07)
with higher response to animals than to tools (Figs. 2c–d).

Intrinsic functional connectivity patterns of the regions showing large
nonmanipulable object selectivity

We explored the intrinsic functional connectivity patterns of regions
showing category specificity for large nonmanipulable objects. We used
the observed peak coordinates in PPA obtained in the above conjunction
analyses (large nonmanipulable object > tool and large nonmanipulable
object > animal, for sighted auditory experiment and blind auditory ex-
periment), and calculated the correlation between the time series of the
seed regions and all other voxels in the brain from the resting-state data.
For the sighted participants (seven individuals), the left PPA ROI was
found to be significantly connected with the right PPA, bilateral RSC,
left anterior temporal lobe, and bilateral medial frontal gyrus. The right
PPA ROI was significantly connected with the left PPA, right TOS, bilateral
RSC, right anterior temporal lobe, and right medial frontal gyrus (Fig. 3;
p b .05 AlphaSim corrected). For the blind group, we observed that
the left PPA ROI showed significant functional connectivity with the
right PPA, right TOS, bilateral RSC, right anterior temporal lobe, bilateral
medial frontal gyrus, and right superior temporal gyrus. The right PPA
ROI showed significant functional connectivity with the left PPA, bilateral
TOS, bilateral RSC, right fusiform gyrus, right middle frontal gyrus, and
bilateral anterior temporal lobe (Fig. 3; p b .05 AlphaSim corrected).

Discussion

In the present study, we explored the pattern of object selectivity in
PPA in congenitally blind participants and sighted participants using an
auditory object size jup5(u,)-32



objects in the current study. In additional analyses, we replicated this
finding (see Supplementary material). When taking this “inanimate”
region as ROI, we found that in both blind (auditory experiment) and
sighted groups (picture viewing experiment), large nonmanipulable
objects evoked significantly higher BOLD responses compared to the
other two categories, while there was no difference between the activa-
tion to tools and animals (Supplementary material). These additional
results thus suggest a re-interpretation of the inanimate preference
reported previously (Mahon et al., 2009), showing that selectivity was
specifically driven by the large nonmanipulable objects rather than by
inanimate objects more generally.

A further interesting data point regarding the animacy effect was ob-
served in this analysis: Animals evoked significantly higher activation in
the bilateral occipital temporal cortex and the right fusiform gyrus com-
pared to tools and large nonmanipulable objects in the sighted group's
picture viewing experiment. However, when using these brain regions
as ROIs, we did not find any difference between response to animals
and to other two categories in both groups' auditory experiments
(Supplementary material and Supplementary Fig. 3). This finding dif-
fered somewhat from Mahon et al. (2009), who reported a small cluster
in left lateral occipital cortex in which similar animate > inanimate
effects were observed in the sighted group performing visual and audi-
tory tasks, and the blind participants performing auditory experiments.
Note, however, that those results were observed using fixed effect anal-
yses at a lenient statistical threshold (p b .05, uncorrected for multiple
comparisons). It is possible that their observations may not generalize
to other participants. Our finding of weak (or even absent) animal selec-
tivity in the auditory experiment in both sighted and blind participants
contrasts with the input-independent large nonmanipulable artifact
selectivity, and suggests an interesting interaction between object
domains and input modalities, at least in the sighted participants. Selec-
tivity for animals has previously been shown to be modality-specific. The
effects were rarely present when the stimuli were written or auditory
words instead of pictures (Devlin et al., 2005; Price et al., 2003; but see
Chao et al., 1999). Adam and Noppeney (2010), using visual stimuli,
localized VTC regions showing animal (fusiform gyrus) or place (PPA)
selectivity and then measured responses to animal and place sounds,
such as “meow” for cat. They found that the PPA was selective for land-
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Fig. 3. Functional connectivity of the resting-state data. For the sighted group, the seed regions (bilateral PPA) were defined by the conjunction of large nonmanipulable
object > tool & large nonmanipulable object > animal in sighted group's auditory experiment. For the blind participants, the seed regions (bilateral PPA) were defined by the con-
junction of large nonmanipulable object > tool & large nonmanipulable object > animal in blind group's auditory experiment. The whole-brain functional connectivity with the
seed regions was calculated voxel by voxel (p b .05 AlphaSim corrected). Voxels showing significant positive functional connectivity with the seed regions are shown on the
red–yellow color scale.
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specific content of the representations in the visual cortex of congenitally
blind individuals is different from that in sighted individuals (e.g., visual
imagery), it is more parsimonious to assume that at least part of the
organization of higher-level visual cortex is independent of visual expe-
rience (Mahon and Caramazza, 2011).

Finally, the similar resting-state functional connectivity patterns asso-
ciated with PPA in the sighted and the blind groups provide new insights
into the potential mechanisms for PPA's functional profile. While accu-
mulating evidence has shown that scene or navigation related tasks
co-activate PPA, RSC and TOS (e.g., Epstein, 2008), which is commonly re-
ferred to as the “scene network”, our study shows for the first time that
PPA is intrinsically connected with RSC and TOS even in the absence of
any explicit task requirements. The finding that this intrinsic network is
independent of visual experience, in association with the similar func-
tional selectivity for large nonmanipulable objects in these regions, is in
line with the theoretical proposal that the categorical organization within
VTC is partly driven by differential connectivity with other functionally
relevant brain regions (Mahon and Caramazza, 2011; Mahon et al.,
2007). The exact role of these intrinsic connections in object processing
and whether these connections are modulated by specific tasks differ-
ently in sighted and blind participants warrant further investigation.

To conclude, we observed selectivity for large nonmanipulable ob-
jects relative to animals and tools in PPA in both sighted (picture view-
ing and auditory) and congenitally blind participants (auditory), with
similar patterns also observed in two additional scene-selective regions
in TOS and RSC. These regions are intrinsically connected with each
other, in both blind and sighted groups, and may be sensitive to infor-
mation related to navigation that is independent of visual experience.
More generally, the highly similar categorical organization in individ-
uals with and without visual experience, when performing identical
task, suggests that the large-scale organization of high-order visual cor-
tex may not be primarily shaped by visual input.
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