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Abstract

lllusory face detection tasks can be used to study the neural correlates of top-down influ-
ences on face perception. In a typical functional magnetic resonance imaging (fMRI) study
design, subjects are presented with pure noise images, but are told that half of the stimuli
contain a face. The illusory face perception network is assessed by comparing blood oxy-
genation level dependent (BOLD) responses to images in which a face has been detected
against BOLD activity related to images in which no face has been detected. In the present
study, we highlight the existence of strong interindividual differences of BOLD activation pat-
terns associated with illusory face perception. In the core system of face perception, 4 of 9
subjects had highly significant (p<0.05, corrected for multiple comparisons) activity in the
bilateral occipital face area (OFA) and fusiform face area (FFA). In contrast, 5 of 9 subjects
did not show any activity in these regions, even at statistical thresholds as liberal as p =
0.05, uncorrected. At the group level, this variability is reflected by non-significant activity in
all regions of the core system. We argue that these differences might be related to individual
differences in task execution: only some participants really detected faces in the noise
images, while the other subjects simply responded in the desired way. This has several
implications for future studies on illusory face detection. First, future studies should not only
analyze results at the group level, but also for single subjects. Second, subjects should be
explicitly queried after the fMRI experiment about whether they really detected faces or not.
Third, if possible, not only the overt response of the subject, but also additional parameters
that might indicate the perception of a noise stimulus as face should be collected (e.g.,
behavioral classification images).

Introduction

Face-processing is mediated by a distributed, typically right-lateralized neural network. This
network is often divided into a core system and an extended system [1,2].he core system is
engaged in processing basic information about faces. It consists of brain regions in the
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occipito-temporal cortex: the fusiform face area (FFA), located in the fusiform gyrus; the
occipital face area (OFA), located in the inferior occipital gyrus; and an area in the posterior
superior temporal sulcus (pSTS). Each region plays a different role in face processing. The
OFA is thought to be responsible for the early processing of physical features of face stimuli
and sends its output to both the FFA and pSTS. The FFA is associated with the representation
of invariant aspects of the face (e.g. face identity), while the pSTS processes changeable aspects
of faces (e.g., facial expression, direction of eye-gaze, lip movements). Beyond the core system,
there are a number of additional (not face-preferential) regions that contribute to face process-
ing, e.g., the inferior frontal gyrus (IFG), the amygdala, the insula, and the orbitofrontal cortex
(OFEC) [3]. This extended system of face processing comes into play when additional informa-
tion is extracted from faces, e.g., emotions, biographic information, attractiveness [2,4]. In par-
ticular, the amygdala and the insula are associated with the processing of facial expressions [5],
the IFG with the analysis of face-related semantic aspects [6,7], the OFC and the nucleus
accumbens with the processing of facial beauty or sexual relevance [8,9] (for a critical evalua-
tion of the model, see also e.g., [10,11]).

Interactions between brain regions of the face perception network can be broadly divided
into bottom-up processing and top-down modulations. On the one hand, sensory input from
the primary visual cortex enters the core system in a bottom-up and feed-forward fashion and
is subsequently passed to more anterior regions of the extended system. On the other hand,
higher order brain regions exert top-down modulations on regions located in the core system,
for instance, in order to use existing knowledge about faces for the interpretation of ambiguous
sensory input [12]. Importantly, interactions between bottom-up and top-down processes are
ubiquitously present in the visual system and already occur at very early levels, as e.g., in the
lateral geniculate nucleus (LGN; [13]). However, over the past years, sensory processing of
faces has been studied extensively, whereas the neural mechanisms of top-down face process-
ing are still poorly understood.

In neuroimaging studies, different paradigms have been developed to investigate top-down
modulations, such as instructing subjects to imagine faces [14,15], to interpret ambiguous face
stimuli [16], to process noisy faces [17], or to identify illusory faces in pure noise images [18—
20]. Mlusory face detection paradigms have the advantage that top-down influences on face
perception are particularly pronounced as stimuli do not include physical faces (but random
noise). However, noise stimuli including face-like structures (i.e., coincidental dark parts in a
physiologically plausible arrangement resembling eyes, nose and mouth) seem to increase the
likelihood to be classified as faces (e.g., [18,21]). Hence, illusory face perception most likely
relies on a strong top-down modulation of sensory, bottom-up input. One way to study illu-
sory face detection is to compare pure noise images (i.e., pictures without faces) in which a
face has supposedly been detected against those pure noise images in which no face has been
detected. In a series of four consecutive studies, Zhang, Liu, Li and colleagues investigated the
neural correlates of illusory face perception (“face pareidolia”, [18-20]). They showed that face
pareidolia was associated with BOLD activity in the bilateral OFA and FFA. Further, they sug-
gested that the prefrontal cortex, in particular the OFC, might be the source of top-down mod-
ulations in illusory face perception.

In the present study, we aimed to use a similar experimental paradigm to investigate top-
down modulated interactions of brain regions during illusory face perception. We originally
planned to apply a bilateral neural network model to the neuroimaging data. Unlike previous
studies, we aimed to disentangle differential contributions of left- and right-hemispheric brain
regions of the core system of face perception (for a similar approach using bilateral neural
models to analyze neuroimaging data on face processing, see [1,22,23]). It turned out, how-
ever, that we were not able to replicate the main findings from the previous studies [18-20],
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i.e., at the group level we did not find any BOLD activity in the core system of face perception
when comparing events in which a face was detected against events in which no face was
detected.

To understand this discrepancy, we also evaluated the data of individual subjects. It turned
out that individual BOLD activity followed an almost dichotomous distribution. About half of
the subjects showed significant activity in all regions of the core system (bilateral OFA, bilateral
FFA), while the other half did not show any noteworthy activity at all, not even at liberal statis-
tical thresholds (p = 0.05, uncorrected). These interindividual differences explained why we
were not able to replicate previous findings at the group level (of note, this prevented us from
finishing the originally planned analyses that would have required sufficiently strong activa-
tion at the single subject level in predefined regions-of-interest in more than half of the
subjects).

We wrote the present article to highlight the consequences of interindividual differences in
task execution during illusory face perception for the interpretation of BOLD activity. We
believe that it is important to analyze brain imaging data for illusory face detection paradigms
not only at the group level, but also at the individual subject level, as long as there is no addi-
tional marker (apart from the overt response) that indicates whether a noise stimulus was per-
ceived as a face or not. This issue has, to our knowledge, not been discussed in previous
publications on that topic.

As outlined above, the present article was motivated by the fact that we were only partly
successful in replicating results from previous studies of another research group using a similar
study design [18-20]. Interestingly, a more detailed analysis of these previous results also
showed striking differences between studies, in particular with regard to brain activation of
the core system of face perception. To give one example: Zhang et al. [19] explicitly reported
that greater activation was revealed for face versus non-face responses in the fusiform face
area, but not in the occipital face area. In contrast, both Li et al. [20] and Liu et al. [18] reported
brain activation differences also in the OFA.

Materials and methods
Subjects

Nine subjects (3 male, age range 20-26 years) participated in the experiment. All subjects were
healthy and had no history of neurological or psychiatric diseases, brain pathology or abnor-
mal brain morphology on T1-weighted MR images. They gave informed written consent
before the study. The study protocol was approved by the local ethics committee of the Medical
faculty of the University of Marburg. All participants were right-handed according to the Edin-
burgh Inventory of Handedness [24].

Experimental procedure

The experiment was divided into two parts. First, subjects performed an illusory face detection
task in which they had to detect faces in pure noise images. Second, subjects performed a clas-
sical face localizer task to identify brain regions that were activated during real face perception.
All stimuli were presented using the Presentation 11.0 software package (Neurobehavioral Sys-
tems, Albany, CA, USA, www.neurobs.com).

Illusory face detection task

The illusory face detection paradigm was based on a task that has been used in a number of
previous imaging studies [18-20]. It consisted of two stages: a training period and a test period.
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Both periods were performed inside the MR scanner. However, we were only interested in the
analysis of the data of the test period. The training period was mainly included in the experi-
ment to increase the likelihood that subjects detected faces in noise images by gradually
enhancing the noise level. Five types of stimuli were used: face images overlaid with 10% noise
(easy-to-detect faces), face images overlaid with 50% noise (difficult-to-detect faces), faces
overlaid with 75% noise (more-difficult-to detect faces), pure noise images, and checkerboard
images (serving as low-level baseline in the fMRI analysis; for a depiction of stimuli, see sup-
plementary material, S1 Fig [19]).

The training period was divided into eight blocks that were separated by rest periods with a
duration of 20 s. In each block, subjects were presented 28 trials. Each trial started with a fixa-
tion cross of 200 ms duration after which the stimulus was presented for 600 ms, followed by a
black screen for 1200 ms. In the first six blocks, the trials consisted of ten face images overlaid
with noise (block 1 and 2: 10% noise; block 3 and 4: 50% noise; block 5 and 6: 75% noise), ten
pure noise images, and eight checkerboard images. In block 7 and 8, the trials consisted of 20
pure noise images and eight checkerboard images. The order of trials (face images, pure noise
images, checkerboard images) was pseudo-randomized within each block. Subjects were
instructed that 50% of the presented images contained a face, and 50% did not. They were told
that the task would become more difficult over time and were instructed to press a button on a
MR-compatible response-box with their right index finger whenever they saw a face.

The test period was divided into four blocks that were separated by rest periods with a dura-
tion of 20 s. In each block, subjects were shown 120 pure noise images and 40 checkerboard
images in a pseudo-randomized order. The order of events in one trial was the same as during
the training period. Again, subjects were told that 50% of the presented images contained a
face, and 50% did not. They were instructed to press a button on a MR-compatible response-
box with their right index finger whenever they saw a face.

Face localizer task

After the illusory face detection task, a face localizer task was used to identify brain regions
that were activated during face perception. The localizer task consisted of nine blocks lasting
16 s each. Blocks were separated by 8 s rest periods in which a fixation cross was presented.
Each block consisted of 16 trials in which a stimulus of a specific stimulus category was pre-
sented for 600 ms, followed by a fixation cross for 400 ms. Three stimulus categories were
used: faces, objects, and scrambled images (i.e., Fourier transforms of the face and object sti-
muli). Three blocks of each category were shown in pseudo-randomized order. In each block,
two randomly chosen stimuli contained a red dot. Subjects were instructed to press a button
on a MR-compatible response-box with their right index finger when they saw the red dot.
These “catch” trials were used to ensure continuous attention to the task.

MRI data acquisition

All MRI data were acquired on a 3-Tesla Tim Trio MR scanner (Siemens Medical Systems)
with a 12 channel head coil at the Department of Psychiatry, University of Marburg. Func-
tional images were collected with a T2*-weighted echo planar imaging (EPI) sequence sensitive
to the BOLD contrast (64x64 matrix, FOV 200 mm, in plane resolution 3.13 mm, 36 slices,
slice thickness 3 mm, TR =2.2 s, TE = 30 ms, flip angle 90°). Slices covered the whole brain
and were positioned transaxially parallel to the anterior-posterior commissural line (AC-PC).
The initial 3 images were excluded from further analysis in order to remove the influence of
T1 stabilization effects. For each subject, we additionally acquired a high-resolution anatomi-
cal image using a T1-weighted magnetization-prepared rapid gradient-echo (3d MP-RAGE)
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sequence in sagittal plane (176 slices, TR = 1900 ms, TE = 2.26 ms, matrix size 256x256 voxels,
voxel size 1x1x1 mm, flip angle 9°).

Data analyses

SPMB8 (http://www.filion.ucl.ac.uk/spm) standard routines and templates were used for the
analysis of fMRI data. The functional images were realigned, normalized (resulting voxel size
2x2x2 mm®), smoothed (8 mm isotropic Gaussian filter) and high-pass filtered (cut off period
128 s). Statistical analysis was performed in a two-level, mixed-effects procedure.

Ilusory face detection task (test period)

» <«

Based on the behavioral data, the noise images were classified as “face”, “no face”, or “no
response”. At the individual subject level, BOLD responses for each condition (face, no face, no
response, checkerboard) were modeled with the canonical hemodynamic response function.
The six realignment parameters were included as nuisance regressors. Using the parameter esti-
mate images, t-contrast images were calculated for the contrast “face > no face”. At the group
level, the contrast images for the contrast “face > no face” were entered into a one-sample t-test.

Face localizer task

At the individual subject level, the BOLD responses for the three conditions (faces, objects,
scrambled images) were modeled by a boxcar function convolved with the canonical hemody-
namic response function. The six realignment parameters were included as nuisance regres-
sors. Using the parameter estimate images, a t-contrast image was calculated for the contrast
“2*faces > (objects + scrambled images)”. At the group level, the contrast images were entered
into a one-sample t-test. The anatomical localization of activated brain regions was assessed
both by the SPM anatomy toolbox [25] and the WFU-Pickatlas [26].

Analysis strategy

First, we analyzed the data from the face localizer task. Using the contrast “2*faces > (objects
+ scrambled images)”, we identified for each subject the localization of the right FFA, left FFA,
right OFA, and left OFA. Using the WFU-Picklatlas, we then created individual spherical
masks (radius 6 mm) at the corresponding local maxima of the t-map (MNI space). These
individually-tailored masks were subsequently used for region-of-interest (ROI) analyses of
the illusory face detection task. Second, we analyzed the data from the illusory face detection
task. We used the contrast “face > no face” to investigate whether the detection of faces in
pure noise images activates brain regions in the core system of face perception (OFA, FFA).
We performed both whole brain analyses and ROI analyses. For the ROI analysis, we used the
individually-tailored masks of bilateral OFA and FFA, respectively, as described above.

Results
Face localizer task

At the group level, we found right-lateralized BOLD activity in the right and left FFA and the
right and left OFA at p = 0.001, uncorrected for multiple comparisons (Table 1). At the indi-
vidual subject level, all 9 subjects showed activation in the right FFA and OFA at p = 0.001,
uncorrected for multiple comparisons. 7 of 9 subjects showed activity in the left FFA, 8 of 9
subjects activity in the left OFA (see Fig 1 for the activation pattern of a representative subject).
When the statistical threshold was further relaxed to p = 0.1, uncorrected, we found activity in
the left FFA for subject S3 (see Table 1). No activation peak could be detected for the left OFA
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Table 1. Activation maxima (reported in MNI coordinates) in regions of the core system of face perception for the face localizer task (contrast “2*faces > (objects

+ scrambled images)”, p = 0.001, uncorrected for multiple comparisons; * p = 0.1) for the group analysis (GA) and the individual subject analysis (S1-S9).

Right FFA Left FFA Right OFA Left OFA
X y z X y z X y z X y z
GA 40 -40 -20 -40 -46 -20 32 -88 -12 -40 -84 -10
S1 38 -48 -20 -36 -60 -14 44 -86 -6 -32 -86 -16
S2 36 -64 -14 -38 -54 -24 32 -90 -12 -34 -78 -12
S3 42 -50 -26 -40 -64 -18* 40 -80 -10 - - -
S4 38 -60 -20 - - - 40 -82 -8 -42 -80 -6
-36 -86 -8
S5 44 -52 -20 -48 -58 -18 46 -76 -4 -42 -86 -10
40 -38 -16
S6 44 -54 -24 -44 -60 -24 48 -78 -4 -40 -86 2
S7 44 -48 -22 -36 -80 -14 38 -84 -8 -46 -74 -6
-48 -60 -18
S8 38 -42 -26 -36 -62 -18 24 -96 -6 -40 -78 -14
S9 38 -32 -18 -38 -58 -18 38 -84 -10 -36 -84 -8
42 -60 -22

https://doi.org/10.1371/journal.pone.0209310.t001

for subject S3 and for the left FFA for subject S4. The peak coordinates of all activations are

listed in Table 1. They were consistent with the loci of FFA and OFA activity reported in previ-
ous studies of face processing (e.g., [1,27]).

left OFA

right OFA

left FFA

right FFA

Fig 1. Activation pattern of a representative subject (S1) for the face localizer task (contrast: “2*faces > (objects
+ scrambled images)”; p = 0.05, corrected (FWE) for multiple comparisons, transversal section at z = -14 mm).

https://doi.org/10.1371/journal.pone.0209310.g001
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Illusory face detection task

On average, subjects indicated that they saw a face in 23.5% of the noise images (standard devi-
ation 11.4%, range 9.2% - 44.0%). Based on these classifications, we analyzed whether we were
able to detect BOLD activity for the contrast “face > no face” in the core system of face percep-
tion (OFA, FFA). At the group level, we found significant BOLD activity in a left-lateralized
fronto-parietal network, but not in occipito-temporal regions (p = 0.001, uncorrected at the
voxel level, p = 0.1, corrected (FDR) for multiple comparisons at the cluster level) (Fig 2). Only
when we relaxed the statistical threshold to p = 0.05, uncorrected, we also detected activity in
the core-system of face perception (OFA, FFA).

At the individual subject level, we detected large interindividual differences with regard to
BOLD activation in the core system of face perception (i.e., OFA, FFA). 4 of 9 subjects (S1, S5,
S6, S7) showed strong activity in all four ROI masks, both in a whole brain analysis (p = 0.001,
uncorrected at the voxel level, cluster threshold k = 10) as well as in a ROI analysis (p = 0.05,
corrected (FWE) for multiple comparisons). In contrast, 5 of 9 subjects (S2, S3, S4, S8, S9) did
not show activity in any of the FFA- and OFA-ROI masks, even when the threshold was
relaxed to p = 0.05, uncorrected. Importantly, we found no evidence for an association of this
finding with the individual percentage of events classified as “face” (see S1 Table). BOLD acti-
vation patterns for two representative subjects are depicted in Fig 3. In the supplementary
material, we additionally show the BOLD activation patterns for all subjects (S2 Fig). Fig 4
illustrates the mean percent signal changes for each ROI and each individual separately.

Although interindividual variability is a common finding in fMRI, however, the present
results are exceptional insofar as we do not find the typically expected approximately Gaussian
distributed variations in the effect size of brain activity, but rather an almost dichotomous dis-
tribution. Hierarchical cluster analyses on the subject’s mean percent signal changes of, on the
one hand all ROIs (excluding subject S3 and S4 because of missing values) and, on the other
hand ROIs of the right hemisphere (including all subjects) further support this assumption by
revealing trends towards a two-group structure (see S3 Fig). After we had analyzed the data,
we hypothesized that this finding might be caused by the fact that only some participants
detected faces in the noise images and the other subjects simply responded in the desired way.
Since several months had passed since the experiment, it was not possible to post-hoc inter-
view all subjects. Nevertheless, we were able to query three subjects that did not show any
activity in the core system. Two of them explicitly confirmed our hypothesis that they indeed

Fig 2. Group activation pattern for the illusory face detection task (contrast “face > no face”, p = 0.001
uncorrected. BOLD activation was found in prefrontal and parietal regions, but not in the core system of face
perception (e.g., OFA and FFA).

https://doi.org/10.1371/journal.pone.0209310.g002
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Fig 3. Representative BOLD activation pattern during the illusory face detection task for two subjects (contrast:
“face > no face”). Subject S5 (top) shows significant BOLD activity in the core-system of face perception, as
assessed either by a whole brain analysis (left; p = 0.001, uncorrected) or a ROI analysis (right; p = 0.05, corrected
(FWE) for multiple comparisons). In contrast, subject S2 (bottom) does not show BOLD activity in the ROIs of
the core-system of face perception, not even at the liberal threshold of p = 0.05, uncorrected. Left: whole brain

analysis, right: ROI analysis.

https://doi.org/10.1371/journal.pone.0209310.9003
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https://doi.org/10.1371/journal.pone.0209310.g004
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did not see any faces in the noise images, but pressed the ‘face detected’ button because they
thought they were expected to see a face.

Discussion

Mlusory face detection tasks can be used to study the neural correlates of top-down influences
on face perception by comparing BOLD activity associated with the perception of pure noise
images in which a face has supposedly been detected against BOLD activity related to pure
noise images in which no face has been detected. In the present study, we highlighted the exis-
tence of strong interindividual differences of activation patterns associated with illusory face
perception. In the core system of face perception, 4 of 9 subjects had significant activity
(p<0.05, corrected (FWE) for multiple comparisons) in the bilateral OFA and FFA. In con-
trast, 5 of 9 subjects did not show any activity in these regions, even at statistical thresholds as
liberal as p = 0.05, uncorrected. At the group level, this variability is reflected by non-signifi-
cant activity in all regions of the core system.

At first glance, one might argue that interindividual variability is a common finding in
fMRI. While this is certainly true, the present results do not show the expected Gaussian distri-
bution in the effect size of brain activity, but a rather dichotomous distribution. This clear-cut
dissociation might arise from interindividual differences in task execution. A possible explana-
tion for these differences, as confirmed by the feedback given by some subjects, is that only
some participants really felt that they detected faces in the noise images. The other subjects just
gave the desired answer (“I did not see any faces in those images, but I pressed the ‘face
detected’ button anyway because you expected me to see faces”, is an exemplary feedback one
of the subjects gave after the experiment.).

In general, the drawback of illusory face detection paradigms is that one typically has to rely
solely on the overt response of a subject when classifying a noise stimulus as “face” or “no face”
event. One does therefore not know whether a participant felt like having seen a face or
whether she simply gave a desired answer. This has several implications for future studies on
illusory face detection. First, future studies should take interindividual variability more into
account when presenting results. In particular, BOLD activation results should not only be
analyzed at the group level, but also for single subjects. This information might be helpful to
understand, for instance, why previous results are not fully replicated by follow-up studies.
Second, subjects should be explicitly queried after the fMRI experiment whether they really
detected faces or not. Third, if possible, not only the overt response of a subject, but also addi-
tional parameters that might indicate the perception of a noise stimulus as face should be col-
lected. It is possible, for example, to conduct a reverse correlation analysis and calculate
behavioral classification images. Here, all “face detected” stimuli and “no face detected” sti-
muli, respectively, are summed up and the difference between both sums of images is calcu-
lated. In order to increase signal-to-noise ratio and to uncover prominent structures,
classification images can further be smoothed. Often, a successful induction of face pareidolia
is associated with classification images showing facial features and thus representing subject’s
internal representation of a facial structure (for an example, see [12]). It must be noted, how-
ever, that a much greater number of stimuli is needed compared to the amount of stimuli or
trials typically used in fMRI experiments (e.g., Smith et al. [12] used 10,500 random noise
images compared to 480 stimuli shown in the present study). In the present study, we therefore
were not able to see any facial features in the resulting classification images.

In conclusion, we showed that illusory face detection paradigms can be associated with high
interindividual variability at the BOLD activation level. Future studies on illusory face detection
should take interindividual variability more into account when presenting neuroimaging results.
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Supporting information

S1 Fig. Examples of the stimulus material used in the training and test periods of the
experiment. The first three images (upper left, upper right and lower left) show a face overlaid
with different degrees of noise. The last image (lower right) shows pure noise. During the test
period of the study, only pure noise images (without overlaid faces) and checker board images
were presented.

(TIF)

$2 Fig. BOLD activation patterns during the illusory face detection task (contrast:
“face”—“no face”; left: axial glass brain, whole brain analysis, p = 0.001, uncorrected;
right: axial glass brain, p = 0.05, corrected (FWE) for multiple comparisons) of all nine
subjects (S1 -S9). All subjects with significant BOLD activity in the ROI analysis (S1, S5, S6,
S7) are shown in the left, subjects with no significant BOLD activity in the ROI analysis (S2,
S3, $4, S8, S9) in the right column. Grey bars illustrate peak voxel contrast estimates (c.e.) and
90% confidence intervals of the respective ROIs of the core system of face perception (right
OFA: bottom left; right FFA: bottom right; left OFA: top left; left FFA: top right). The left bar
shows the c.e. of the “no face” condition and right bar shows the c.e. of the “face” condition.
(PDF)

S3 Fig. Dendrograms obtained from the hierarchical cluster analyses using Wards method.
To identify homogeneous subgroups of the sample by variation patterns of mean percent sig-
nal changes (psc) (i.e., differences of psc during “face” and “no face” trials, see Fig 4), we con-
ducted hierarchical cluster analyses utilizing Wards method of minimum variance with a
squared Euclidean distance measure in SPSS 24, (A) Cluster analysis using all ROIs (right
OFA, right FFA, left OFA, left FFA), without subjects S3 and S4 because of missing cases. (B)
Cluster analysis using ROIs of the right hemisphere (right OFA, right FFA), including all sub-
jects. Based on the two dendrograms, we suggest a trend towards two clusters: Subjects with
no significant BOLD activity in the ROI analysis were grouped (light blue) whereas in both
analyses subjects with significant BOLD activity in the ROI analysis form a different cluster
(dark blue). Mean psc over the respective ROI was assessed using MarsBaR (marsbar.source-
forge.net/).

(TIF)

S1 Table. Results of correlation analyses between the individual percentage of events classi-
fied as “face” and the difference of psc between the conditions “face” and “no face” for
individual subjects.

(TIF)

Acknowledgments

This work was supported by research grants from the Else Kréner-Fresenius-Stiftung
(2012_A219), the German Research Foundation (DFG, grant JA 1890/11-1) and the CRC/
Transregio 135 (Cardinal mechanisms of perception: prediction, valuation, categorization).
We thank Hannes Rusch for helpful comments.

Author Contributions

Conceptualization: Kristin M. Zimmermann, Ann-Sophie Stratil, Ina Thome, Andreas
Jansen.

Formal analysis: Ina Thome.

PLOS ONE | https://doi.org/10.1371/journal.pone.0209310 January 14, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0209310.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0209310.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0209310.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0209310.s004
https://doi.org/10.1371/journal.pone.0209310

®PLOS | one

lllusory face detection in pure noise images

Methodology: Kristin M. Zimmermann, Andreas Jansen.

Project administration: Ann-Sophie Stratil.

Software: Jens Sommer.

Supervision: Kristin M. Zimmermann, Jens Sommer, Andreas Jansen.

Visualization: Ann-Sophie Stratil.

Writing - original draft: Kristin M. Zimmermann, Andreas Jansen.

Writing - review & editing: Ina Thome, Jens Sommer.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Frassle S, Paulus FM, Krach S, Schweinberger SR, Stephan KE, Jansen A. Mechanisms of hemi-
spheric lateralization: Asymmetric interhemispheric recruitment in the face perception network. Neuro-
image. 2016; 124: 977-88. https://doi.org/10.1016/j.neuroimage.2015.09.055 PMID: 26439515

Haxby J, Hoffman E, Gobbini M. The distributed human neural system for face perception. Trends
Cogn Sci. 2000; 4: 223—-233. Available: http://www.ncbi.nlm.nih.gov/pubmed/10827445 PMID:
10827445

Ishai A. Let’s face it: it's a cortical network. Neuroimage. 2008; 40: 415-9. https://doi.org/10.1016/j.
neuroimage.2007.10.040 PMID: 18063389

Gobbini MI, Haxby J V. Neural systems for recognition of familiar faces. Neuropsychologia. 2007; 45:
32—41. https://doi.org/10.1016/j.neuropsychologia.2006.04.015 PMID: 16797608

Ishai A, Pessoa L, Bikle PC, Ungerleider LG. Repetition suppression of faces is modulated by emotion.
Proc Natl Acad Sci. 2004; 101: 9827-9832. https://doi.org/10.1073/pnas.0403559101 PMID: 15210952

Leveroni CL, Seidenberg M, Mayer AR, Mead LA, Binder JR, Rao SM. Neural systems underlying the
recognition of familiar and newly learned faces. J Neurosci. 2000; 20: 878—86. Available: http://www.
ncbi.nlm.nih.gov/pubmed/10632617 PMID: 10632617

Ishai A, Ungerleider LG, Haxby J V. Distributed neural systems for the generation of visual images.
Neuron. 2000; 28: 979-90. Available: http://www.ncbi.nlm.nih.gov/pubmed/11163281 PMID: 11163281

Kranz F, Ishai A. Face perception is modulated by sexual preference. Curr Biol. 2006; 16: 63-8. https://
doi.org/10.1016/j.cub.2005.10.070 PMID: 16401423

Gobbini MI, Haxby J V. Neural response to the visual familiarity of faces. Brain Res Bull. 2006; 71: 76—
82. https://doi.org/10.1016/j.brainresbull.2006.08.003 PMID: 17113931

Rossion B. Understanding face perception by means of prosopagnosia and neuroimaging. Front Biosci
(Elite Ed). 2014; 6: 258—-307. Available: http://www.ncbi.nlm.nih.gov/pubmed/24896206

Bernstein M, Yovel G. Two neural pathways of face processing: A critical evaluation of current models.
Neurosci Biobehav Rev. 2015; 55: 536-546. https://doi.org/10.1016/j.neubiorev.2015.06.010 PMID:
26067903

Smith ML, Gosselin F, Schyns PG. Measuring internal representations from behavioral and brain data.
Curr Biol. 2012; 22: 191-196. https://doi.org/10.1016/j.cub.2011.11.061 PMID: 22264608

Hasse JM, Briggs F. A cross-species comparison of corticogeniculate structure and function. Vis Neu-
rosci. 2017; 34: E016. https://doi.org/10.1017/S095252381700013X PMID: 30034107

Mechelli A, Price CJ, Friston KJ, Ishai A. Where bottom-up meets top-down: Neuronal interactions dur-
ing perception and imagery. Cereb Cortex. 2004; 14: 1256—1265. https://doi.org/10.1093/cercor/
bhh087 PMID: 15192010

Ishai A, Ungerleider LG, Haxby J V. Distributed neural systems for the generation of visual images.
Neuron. 2000; 28: 979-990. https://doi.org/10.1016/S0896-6273(00)00168-9 PMID: 11163281

Meng M, Cherian T, Singal G, Sinha P. Lateralization of face processing in the human brain. Proc Biol
Sci. 2012; 279: 2052—61. https://doi.org/10.1098/rspb.2011.1784 PMID: 22217726

Summerfield C, Egner T, Mangels J, Hirsch J. Mistaking a house for a face: Neural correlates of misper-
ception in healthy humans. Cereb Cortex. 2006; 16: 500-508. https://doi.org/10.1093/cercor/bhi129
PMID: 16014866

LiuJ, LiJ, FengL, LiL, Tian J, Lee K. Seeing Jesus in toast: Neural and behavioral correlates of face
pareidolia. Cortex. 2014; 53: 60—77. https://doi.org/10.1016/j.cortex.2014.01.013 PMID: 24583223

PLOS ONE | https://doi.org/10.1371/journal.pone.0209310 January 14, 2019 11/12


https://doi.org/10.1016/j.neuroimage.2015.09.055
http://www.ncbi.nlm.nih.gov/pubmed/26439515
http://www.ncbi.nlm.nih.gov/pubmed/10827445
http://www.ncbi.nlm.nih.gov/pubmed/10827445
https://doi.org/10.1016/j.neuroimage.2007.10.040
https://doi.org/10.1016/j.neuroimage.2007.10.040
http://www.ncbi.nlm.nih.gov/pubmed/18063389
https://doi.org/10.1016/j.neuropsychologia.2006.04.015
http://www.ncbi.nlm.nih.gov/pubmed/16797608
https://doi.org/10.1073/pnas.0403559101
http://www.ncbi.nlm.nih.gov/pubmed/15210952
http://www.ncbi.nlm.nih.gov/pubmed/10632617
http://www.ncbi.nlm.nih.gov/pubmed/10632617
http://www.ncbi.nlm.nih.gov/pubmed/10632617
http://www.ncbi.nlm.nih.gov/pubmed/11163281
http://www.ncbi.nlm.nih.gov/pubmed/11163281
https://doi.org/10.1016/j.cub.2005.10.070
https://doi.org/10.1016/j.cub.2005.10.070
http://www.ncbi.nlm.nih.gov/pubmed/16401423
https://doi.org/10.1016/j.brainresbull.2006.08.003
http://www.ncbi.nlm.nih.gov/pubmed/17113931
http://www.ncbi.nlm.nih.gov/pubmed/24896206
https://doi.org/10.1016/j.neubiorev.2015.06.010
http://www.ncbi.nlm.nih.gov/pubmed/26067903
https://doi.org/10.1016/j.cub.2011.11.061
http://www.ncbi.nlm.nih.gov/pubmed/22264608
https://doi.org/10.1017/S095252381700013X
http://www.ncbi.nlm.nih.gov/pubmed/30034107
https://doi.org/10.1093/cercor/bhh087
https://doi.org/10.1093/cercor/bhh087
http://www.ncbi.nlm.nih.gov/pubmed/15192010
https://doi.org/10.1016/S0896-6273(00)00168-9
http://www.ncbi.nlm.nih.gov/pubmed/11163281
https://doi.org/10.1098/rspb.2011.1784
http://www.ncbi.nlm.nih.gov/pubmed/22217726
https://doi.org/10.1093/cercor/bhi129
http://www.ncbi.nlm.nih.gov/pubmed/16014866
https://doi.org/10.1016/j.cortex.2014.01.013
http://www.ncbi.nlm.nih.gov/pubmed/24583223
https://doi.org/10.1371/journal.pone.0209310

®PLOS | one

lllusory face detection in pure noise images

19.

20.

21.

22,

23.

24,

25.

26.

27.

Zhang H, Liu J, Huber DE, Rieth CA, Tian J, Lee K. Detecting faces in pure noise images: a functional
MRI study on top-down perception. Neuroreport. 2008; 19: 229-233. https://doi.org/10.1097/WNR.
0b013e3282f49083 PMID: 18185114

LiJ, LiuJ, Liang J, Zhang H, Zhao J, Rieth CA, et al. Effective connectivities of cortical regions for top-
down face processing: A Dynamic Causal Modeling study. Brain Res. 2010; 1340: 40-51. https://doi.
org/10.1016/j.brainres.2010.04.044 PMID: 20423709

Smith ML, Gosselin F, Schyns PG. Measuring Internal Representations from Behavioral and Brain
Data. Curr Biol. 2012; 22: 191-196. https://doi.org/10.1016/j.cub.2011.11.061 PMID: 22264608

Frassle S, Paulus FM, Krach S, Jansen A. Test-retest reliability of effective connectivity in the face per-
ception network. Hum Brain Mapp. 2016; 37: 730—44. https://doi.org/10.1002/hbm.23061 PMID:
26611397

Frassle S, Krach S, Paulus FM, Jansen A. Handedness is related to neural mechanisms underlying
hemispheric lateralization of face processing. Sci Rep. 2016; 6: 27153. https://doi.org/10.1038/
srep27153 PMID: 27250879

Oldfield RC. The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia.
1971;9: 97-113. PMID: 5146491

Eickhoff SB, Stephan KE, Mohlberg H, Grefkes C, Fink GR, Amunts K, et al. A new SPM toolbox for
combining probabilistic cytoarchitectonic maps and functional imaging data. Neuroimage. 2005; 25:
1325-1335. https://doi.org/10.1016/j.neuroimage.2004.12.034 PMID: 15850749

Maldjian JA, Laurienti PJ, Kraft RA, Burdette JH. An automated method for neuroanatomic and
cytoarchitectonic atlas-based interrogation of fMRI data sets. Neuroimage. 2003; 19: 1233-9. Available:
http://www.ncbi.nim.nih.gov/pubmed/12880848 PMID: 12880848

Fox CJ, laria G, Barton JJS. Defining the face processing network: optimization of the functional locali-
zer in fMRI. Hum Brain Mapp. 2009; 30: 1637-51. https://doi.org/10.1002/hbm.20630 PMID: 18661501

PLOS ONE | https://doi.org/10.1371/journal.pone.0209310 January 14, 2019 12/12


https://doi.org/10.1097/WNR.0b013e3282f49083
https://doi.org/10.1097/WNR.0b013e3282f49083
http://www.ncbi.nlm.nih.gov/pubmed/18185114
https://doi.org/10.1016/j.brainres.2010.04.044
https://doi.org/10.1016/j.brainres.2010.04.044
http://www.ncbi.nlm.nih.gov/pubmed/20423709
https://doi.org/10.1016/j.cub.2011.11.061
http://www.ncbi.nlm.nih.gov/pubmed/22264608
https://doi.org/10.1002/hbm.23061
http://www.ncbi.nlm.nih.gov/pubmed/26611397
https://doi.org/10.1038/srep27153
https://doi.org/10.1038/srep27153
http://www.ncbi.nlm.nih.gov/pubmed/27250879
http://www.ncbi.nlm.nih.gov/pubmed/5146491
https://doi.org/10.1016/j.neuroimage.2004.12.034
http://www.ncbi.nlm.nih.gov/pubmed/15850749
http://www.ncbi.nlm.nih.gov/pubmed/12880848
http://www.ncbi.nlm.nih.gov/pubmed/12880848
https://doi.org/10.1002/hbm.20630
http://www.ncbi.nlm.nih.gov/pubmed/18661501
https://doi.org/10.1371/journal.pone.0209310

