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Abstract Holistic processing, the decoding of a stimulus as a
unified whole, is a basic characteristic of object perception.
Recent research using Garner’s speeded classification task has
shown that this processing style is utilized even for impossible
objects that contain an inherent spatial ambiguity. In particu-
lar, similar Garner interference effects were found for possible
and impossible objects, indicating similar holistic processing
styles for the two object categories. In the present study, we
further investigated the perceptual mechanisms that mediate
such holistic representation of impossible objects. We relied
on the notion that, whereas information embedded in the high-
spatial-frequency (HSF) content supports fine-detailed pro-
cessing of object features, the information conveyed by low
spatial frequencies (LSF) is more crucial for the emergence of
a holistic shape representation. To test the effects of image
frequency on the holistic processing of impossible objects,
participants performed the Garner speeded classification task
on images of possible and impossible cubes filtered for their
LSF and HSF information. For images containing only LSF,
similar interference effects were observed for possible and
impossible objects, indicating that the two object categories
were processed in a holistic manner. In contrast, for the HSF
images, Garner interference was obtained only for possible,
but not for impossible objects. Importantly, we provided
evidence to show that this effect could not be attributed to a
lack of sensitivity to object possibility in the LSF images.
Particularly, even for full-spectrum images, Garner interfer-
ence was still observed for both possible and impossible

objects. Additionally, performance in an object classification
task revealed high sensitivity to object possibility, even for
LSF images. Taken together, these findings suggest that the
visual system can tolerate the spatial ambiguity typical to
impossible objects by relying on information embedded in
LSF, whereas HSF information may underlie the visual sys-
tem’s susceptibility to distortions in objects’ spatial layouts.

Keywords Holistic processing . Spatial frequency .

Impossible objects . Garner interference

Holistic processing, the decoding of the stimulus as a unified
whole, is a key feature underlying object recognition. This
processing style has been described for different visual cate-
gories, including faces (Farah, Wilson, Drain, & Tanaka,
1998), scenes (Oliva & Torralba, 2006), and objects
(Hochstein & Ahissar, 2002; Patterson, Bly, Porcelli, &
Rypma, 2007), and it has been suggested to be obligatory in
nature, such that participants cannot ignore the global charac-
teristics of a given stimulus, even when these characteristics
are irrelevant to the task at hand (e.g., Garner & Felfoldy,
1970; Navon, 1977).

Recently, we utilized impossible objects to test whether the
holistic representation that is instrumental for visual percep-
tion can sustain spatial incoherency. For this purpose, we used
impossible objects, which constitute a class of visual illusions
in which 2-D line drawings seem to represent objects that
could not exist in real, 3-D space (Penrose & Penrose, 1958).
Previous studies that had utilized these objects mostly focused
on the mechanisms mediating their long-term memory repre-
sentation. These studies argued that impossible objects cannot
be represented holistically, because they lack a 3-D coherent
structure (e.g., Schacter, Cooper, & Delaney, 1990; Soldan,
Hilton, & Stern, 2009; Williams & Tarr, 1997). Only a few
studies have investigated the underling perceptual processes
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that mediate the representation of impossible objects. These
studies found evidence for similarity in the representations of
the two object categories (e.g., Freud, Avidan, & Ganel,
2013), but also evidence for sensitivity of the visual system
to object impossibility (e.g., Shuwairi, Albert, & Johnson,
2007). Recently, using the Garner speeded classification task
(Garner & Felfoldy, 1970), we provided direct evidence that
impossible objects are perceived in a holistic manner, similar-
ly to the way that possible objects are represented (Freud,
Avidan, & Ganel, 2013).

The Garner task (Garner & Felfoldy, 1970) tests the ability
to selectively attend to one dimension of a stimulus (e.g.,
width) while ignoring an irrelevant dimension of the same
stimulus (e.g., height). In this paradigm, participants are asked
to preform perceptual classifications of a single dimension of
an object under two experimental conditions. In the baseline
blocks, only the relevant dimension is changed, while the
irrelevant dimension is held constant. In the filtering blocks,
both the relevant and irrelevant dimensions vary. Poorer per-
formance in the filtering compared to the baseline blocks
indicates that participants cannot avoid processing the irrele-
vant dimension of the same object, because stimuli are per-
ceived in a holistic manner. In contrast, similar performance in
the filtering and baseline blocks indicates that the two dimen-
sions are separable in nature and can be processed analytically
and independently from one another (Pomerantz & Garner,
1973; Pomerantz & Pristach, 1989). In a recent study, we
compared performance in the Garner task between possible
and impossible objects and found significant Garner
interference effects for the two object categories, indi-
cating that both are processed in a holistic fashion.
Critically, the magnitudes of these effects were similar
for possible and impossible objects, suggesting that the
two object categories are processed in similar fashions
(Freud, Avidan, & Ganel, 2013).

Although this pattern of results highlights the perceptual
similarity in the processing of possible and impossible objects
in adult participants, other studies have actually implied that
the visual system, in both humans and animals, is highly
susceptible to distortions of spatial information embedded in
impossible objects. For example, Regolin, Rugani, Stancher,
and Vallortigara (2011) documented a spontaneous preference
for possible relative to impossible objects in newly hatched
chicks. Along similar lines, 4-month-old infants tend to gaze
longer at impossible than at possible objects (Shuwairi, 2009;
Shuwairi et al., 2007). Furthermore, in a recent fMRI study,
different patterns of correlations between behavioral facilita-
tion and the fMRI adaptation effect were found between
possible and impossible objects (Freud, Ganel, & Avidan,
2013). Thus, it is not yet clear what are the neural and
cognitive mechanisms that on the one hand mediate
holistic processing of impossible objects despite their
incoherent 3-D structure, and on the other, still enable

sensitivity to the apparent differences between the two
object categories. The main purpose of the present study
was to unveil the perceptual mechanisms that mediate
these two distinct aspects inherent to the representation
of impossible objects.

Several studies have highlighted the relevance of spatial-
frequency information for object recognition in general, and
for holistic processing in particular. Here, we tested how
different spatial-frequency contents would affect the represen-
tation of possible versus impossible objects. The role of spatial
frequency in visual perception was initially described by
Campbell and Robson (1968), who proposed that the visual
system may contain a number of elements, each being selec-
tively tuned to a limited range of spatial frequencies. This
proposal was later supported by empirical evidence from
neurophysiological studies that found that different neu-
rons in the visual cortex respond to narrow ranges of
spatial frequencies (e.g., Sugase, Yamane, Ueno, &
Kawano, 1999; Tamura & Tanaka, 2001). Moreover, it
was also demonstrated that neurons in inferotemporal
cortex were initially tuned to the global features of the
stimulus conveyed by the low-spatial-frequency (LSF)
information, and only later represented the fine details
conveyed by high-spatial-frequency (HSF) information
(Sugase et al. 1999). Importantly, converging evidence
from human psychophysical studies replicated this tem-
poral pattern when LSF information was perceived ear-
lier in time than HSF information (e.g., Schyns &
Oliva, 1994).

Additionally, the centrality of LSF information to holistic
representation of objects was illustrated in the well-known
Navon (1977) task, in which a strong global perceptual pre-
cedence is usually evident during the classification of hierar-
chical stimuli. More recently, it has been demonstrated that
such global precedence relies on LSF information and that
when LSF information is filtered out, a more local preference
style is observed (Hughes, Fendrich, & Reuter-Lorenz, 1990).
Other studies that have used stimuli of greater ecological
validity have further supported this notion. For example,
Goffaux and Rossion (2006) utilized two seminal paradigms
(i.e., the whole–part advantage and the composite effect) to
show that holistic face perception relies mainly on LSF infor-
mation. Specifically, holistic effects in these two experiments
were larger for LSF faces than for HSF faces. Importantly,
however, holistic effects were still evident in faces containing
only HSF information, implicating that holistic processing
relies mainly, but not entirely, on the low frequencies of the
image.

On the basis of findings along the lines of the literature
reviewed above, Bar and colleagues (Bar, 2003, 2004; Bar
et al., 2006) proposed a theoretical framework for visual
perception that emphasizes the roles of different spatial fre-
quencies for different processing stages. According to this
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account, low spatial frequencies are processed faster and
convey global and contextual information about the stimulus,
whereas a fine-grained description of the stimulus is more
dependent on the information embedded in its HSF content
and on top-down modulations originating from different cor-
tical regions, such as the orbitofrontal cortex.

To the best of our knowledge, the role of spatial frequencies
in the perception of impossible objects has not been investi-
gated in previous studies. Yet, given the unique structure of
this category of objects, we predicted that the holistic repre-
sentation of impossible objects would rely heavily on LSF
information. Importantly, impossible objects can be catego-
rized as such only due to the global inconsistency between the
spatial configuration of their parts and the overall configura-
tion of the object. After all, each individual element of an
impossible object is by itself valid (Penrose & Penrose, 1958),
and impossibility is induced by specific regions within the
objects in which “structural violations” occur (e.g., Soldan
et al., 2009;Williams & Tarr, 1997). Such structural violations
are restricted in relative size and are located at specific junc-
tions of the stimulus that are probably more heavily associated
with HSF information. For example, as Fig. 1 illustrates, local
violations can be more readily perceived in the full-spectrum
(FS, panels a and b) and HSF (panels c and d) images. In
contrast, the global shapes of impossible objects, conveyed by
their LSF information, are coherent and obey basic gestalt
organization rules, such as closure and defined surfaces. Thus,
when only LSF information is available, we predict that the
holistic nature of this stimulus category would be more heavi-
ly pronounced (Fig. 1e and f). In contrast, when only HSF
information is available, we predict that the distinction be-
tween possible and impossible objects would bemore strongly
emphasized (Fig. 1c and d). Such a distinction is predicted to
be based on a piecemeal, analytical processing of object parts.
Hence, it is conceivable that the visual system overcomes the
structural ambiguity embedded in impossible objects by rely-
ing mainly on LSF information. On the other hand, it is
plausible that perceptual sensitivity to the spatial incoherence
of impossible objects is achieved by relying on HSF
information.

To test this hypothesis, we used Garner’s speeded classifi-
cation task. Participants preformed perceptual classifications
of filtered images of possible and impossible objects that
contained either HSF or LSF information. We predicted that
the presentation of HSF images would result in a more ana-
lytic processing style for impossible objects, which would be
evident in a reduced, or even in the complete absence of a
Garner interference effect. In contrast, we predicted that for
LSF images, a holistic processing style would be evident for
both possible and impossible objects, and this would result in
similar patterns of Garner interference effects for the two
object categories, as has been documented in previous exper-
iments using FS images.

Experiment 1

Method

Participants A total of 32 healthy students with normal or
corrected-to-normal vision participated in the experiment.
They all provided informed consent and received course credit
for their participation. The data of two participants were
discarded (one due to a technical failure and the other did not
follow the experimental instructions). All experimental proce-
dures were approved by the Ethics Committee of the
PsychologyDepartment at Ben-GurionUniversity of theNegev.

Stimuli As in Freud, Avidan, and Ganel (2013), a pair of
matched possible and impossible cubes (350 × 350 pixels)
were used as the experimental stimuli (see Fig. 1a and b for
full-spectrum versions of the stimuli). The impossible cube
differed from the possible one by two structural violations that
defined object impossibility. HSF and LSF versions of the
stimuli were created using Photoshop CS filters (Adobe
Systems Cooperation, USA). The HSF stimuli were created
by applying the high-pass filter (radius 0.5 pixels; Fig. 1c and
d). The LSF stimuli were created using the Gaussian blur filter
(radius 5 pixels; Fig. 1e and f). Four versions of each stimulus
were created, based on the factorial combination of width (45
or 63 mm) and pictorial depth (31 or 46 mm; see Fig. 2). The
stimuli subtended a visual angle of approximately 6.2 deg and
were presented on a 19-in. computer monitor.

Experimental design Block (i.e., experimental condition: base-
line, filtering), object type (possible, impossible), dimension
(width, depth), and image frequency (HSF, LSF) served as
within-subjects independent variables. The order of administra-
tion of these variables was counterbalanced across subjects. In the
baseline blocks, the relevant dimension (depth/width) varied
between trials while the irrelevant dimension (width/depth, cor-
respondingly) remained constant. In the filtering blocks, both the
relevant and irrelevant dimensions randomly varied between
trials, and all possible combinations were used. The possible
and impossible objects were presented in separate experimental
sessions (separated by one day), whereas the HSF and LSF
stimuli were presented in separate blockswithin the same session.

All blocks began with four practice trials, which were
excluded from the analysis. In each experimental block, all
four versions of the stimuli were presented eight times in a
random fashion, resulting in a total of 32 presentations in each
baseline block. Given that 64 trials were possible in the
filtering condition, the filtering blocks were divided into two
equal parts (as in, e.g., Freud, Avidan, & Ganel, 2013; Ganel,
2011) that contained 32 stimuli to match the baseline blocks.

Procedure Participants were asked to make speeded width or
depth classifications for the different objects. To avoid

Psychon Bull Rev (2015) 22:297–306 299

Author's personal copy



attentional confounds, the nature of objects’ possibility was
not explicitly referred to prior to the experiment. Each trial
began with a 500-ms fixation, followed by a 500-ms blank
screen, and then by the presentation of the target stimulus,
located at the center of the screen. The stimulus remained on
the screen until a response was made. Reaction times (RTs)
and accuracy were recorded and served as dependent
measures.

Results and discussion

To test the role of different spatial-frequency contents in gener-
ating holistic representations for possible and impossible objects,
participants performed the Garner speeded classification task on
HSF and LSF images of the possible and impossible cubes.

The mean accuracy and RT were calculated for each par-
ticipant. RTs were calculated for correct trials only. For each

Fig. 1 Possible (left panels) and impossible (right panels) cubes. The
structural violations that induce the impossibility are indicated by the
arrows. Note that impossibility is more perceptually profound for the full-
spectrum (FS; panels a and b) and the filtered, high-spatial-frequency
(HSF) images (panels c and d), despite the minimal physical differences

between the two object categories. For the low- spatial-frequency (LSF)
filtered images (panels e and f), the distinction between possible and
impossible objects is less pronounced, because the structural violations
that induce the perceived impossibility are more easily detectable in the
HSF content of the images
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participant, RTs slower or faster than 2.5 standard deviations
from the mean were excluded from the analysis. The RT
results are presented in Fig. 3. A repeated measures analysis
of variance (ANOVA) revealed a significant three-way inter-
action between object type, frequency, and block [F(1, 29) =
5.9, MSE = 2733, ηp

2 = .17, p < .05]. Particularly, Garner
interference was found in the LSF condition for both possible
(29ms) [F(1, 29) = 7.29, p < .05] and impossible (47ms) [F(1,

29) = 15.4, p < .001] objects, and planned comparison re-
vealed no differences in Garner interference between the two
object types [F(1, 29) = 1.4, p = .23]. On the other hand, in the
HSF condition, Garner interference was found only for possi-
ble objects (38 ms) [F(1, 29) = 11.6, p < .001], but not for
impossible ones [F(1, 29) = 1.63, p = .21]. Planned compar-
ison showed that the Garner interference for HSF stimuli was
significantly larger for possible than for impossible objects

Fig. 3 Experiment 1 results: Mean reaction times (RTs) for the percep-
tual classification task. Longer RTs were observed in the filtering blocks
than in the baseline blocks (i.e., a Garner interference effect) for LSF
images, regardless of object possibility. In contrast, for the HSF images, a

Garner interference effect was found only for possible, but not for
impossible, objects. Error bars across all figures represent confidence
intervals for the main effect of block, as calculated for repeated measures
analyses of variance (Jarmasz & Hollands, 2009)
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presented in the experiment, but in separate blocks within each experi-
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[F(1, 29) = 4.29, p < .05]. Additionally, a main effect of
frequency was found [F(1, 29) = 61.9, MSE = 5110, ηp

2 =
.68, p < .05], with overall longer RTs in the HSF condition.
This finding is in line with the notion that HSF information is
processed later in time than is LSF information (Bar, 2003;
Bar et al., 2006). Finally, in the LSF condition, marginally
longer RTswere found for impossible than for possible objects
[F(1, 29) = 3.52, p = .07]. This effect suggests that the visual
systemwas still sensitive to object possibility, even when HSF
information was filtered out. Taken together, these findings
provide clear support for the notion that holistic processing of
possible objects can occur even in the absence of LSF, where-
as for impossible objects, holistic processing relies more
heavily on the processing of LSF information.

A similar analysis was conducted for the accuracy data.
The mean error rate was relatively low (3.7 %, range = 0.3 %–
12.5 %). A significant interaction was found between dimen-
sion (width/depth) and block [F(1, 29) = 7.23, MSE = 0.002,
ηp

2 = .19, p < .05]. Particularly, Garner interference was
observed only for width classification. Nonetheless, this result
could reflect a speed–accuracy trade-off, because a trend for
an opposite interaction was found in the RT data, with greater
Garner interference for depth classification [F(1, 29) = 3.03,
MSE = 2,978, ηp

2 = .09, p = 09]. More importantly, no
interaction between object possibility and Garner interference
were found for the accuracy data (all Fs < 1).

The results of Experiment 1 provide evidence for differen-
tial roles for HSF and LSF information in the representation of
impossible objects. Specifically, holistic representations of
impossible objects were formed only when LSF content was
available, whereas no such representations emerged when
only HSF content was available. Nevertheless, a plausible
alternative interpretation is that filtering the HSF information
concealed the structural violations embedded in the HSF
information, and as a result, the impossible objects were
simply not perceived as such. According to this account,
holistic representation of the impossible objects resulted from
the absence of cues implicating object impossibility in the
LSF images. Two findings argue against this proposal. First,
the longer RTs observed for impossible objects in the LSF
condition imply that object category was detected even under
this condition. Second, in a previous study, we demonstrated
that under FS presentation, impossible objects elicited signif-
icant Garner interference effects that were similar to those
found for the possible objects (Freud, Avidan, & Ganel,
2013). This finding suggests that LSF supports holistic repre-
sentation of impossible objects even when the impossibility is
easily detectable. Note, however, that in our previous study,
possible and impossible objects were presented in an
intermixed manner, which could have affected the pattern of
the Garner interference for the two object categories.

Experiment 2 was aimed to directly test whether the Garner
interference effect observed for impossible objects in the LSF

condition relied on the fact that the impossible cubes were no
longer perceived as impossible. Two approaches were used to
address this issue. First, we used the Garner speeded classifi-
cation task to replicate the effects observed for FS stimuli by
Freud, Avidan, and Ganel (2013), but using the stimulus set
and experimental design as in Experiment 1. In accordance
with our previous study, we predicted that similar Garner
interference effects would be observed, regardless of object
category. Additionally, to explicitly test whether impossible
objects are perceived as impossible even when HSF data are
filtered out, we conducted an additional short experiment in
which participants were asked to perform object possibility
classifications of the HSF and LSF cubes that had been used in
Experiment 1. We hypothesized that because impossibility is
mainly defined by HSF information, better performance
would be observed for this condition, but nevertheless, signif-
icant sensitivity to object possibility would still be obtained
for the LSF images.

Experiment 2

Method

Participants

A group of 16 healthy students with normal or corrected-to-
normal vision participated in the experiment. They all provid-
ed informed consent and received course credit for their
participation.

Stimuli

Experiment 2a The stimulus set from Experiment 1 was used
for the Garner classification task; however, the stimuli were
presented in their full spectrum with no filtering, such that both
HSF and LSF forms of informationwere available in the images.

Experiment 2b The stimulus set of Experiment 1 was used
(HSF and LSF cubes) in an object possibility classification task.

Experimental design

Experiment 2a We used the same experimental design as in
Experiment 1. Block (baseline, filtering), object type (possi-
ble, impossible), and dimension (width, depth) served as
within-subjects variables. Importantly, possible and impossi-
ble objects were presented in separates blocks.

Experiment 2b Image frequency (HSF, LSF) served as a
within-subjects independent variable. Possible and impossible
objects were randomly presented within each block, whereas
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the HSF and LSF stimuli were presented in separate blocks
within the same session. The order of administration of the
image frequency variable was counterbalanced across subjects
and served as a between-subjects independent variable. Each
of the two blocks began with examples of possible and impos-
sible cubes and included 32 trials (16 possible/16 impossible).

Procedure

The participants first performed the FS Garner experiment
(Exp. 2a) similarly to that in Experiment 1. At the end of this
experiment, they performed Exp. 2b in which they were asked
to classify objects as either possible or impossible (object
decision task; Schacter et al. 1990). Participants were
instructed that possible objects are objects that could be cre-
ated in 3-D space, whereas impossible objects were defined as
objects that could not be created in 3-D space because they
violate rules of spatial organization. The stimuli remained on
the screen until a response was made. RTs and accuracy were
recorded and served as the dependent measures.

Results

Experiment 2a

To test whether LSF information can support holistic repre-
sentation of impossible objects, even when the impossibility
can be easily detected, participants preformed the Garner
speeded classification task on FS stimuli, for which both
HSF information and LSF information were available.

The mean accuracy and RTwere calculated for each partic-
ipant. RTs were calculated for correct trials only. For each
participant, RTs slower or faster than 2.5 standard deviations
from themean were excluded from the analysis. The RT results
are presented in Fig. 4. A repeated measures ANOVA revealed
significant Garner interference [F(1, 15) = 13.8,MSE = 6.159,
ηp

2 = .48, p < .05], with no interactions with other factors (all
Fs < 1). Planned comparisons showed significant Garner in-
terference for both possible (58 ms) [F(1, 15) = 12.8, p < .05]
and impossible (44 ms) [F(1, 15) = 5.8, p < .05] objects. This
finding suggests that even when HSF information is available
and impossibility is readily detectable, both possible and im-
possible objects are represented in a holistic fashion.

A similar analysis was conducted for the accuracy data.
The mean error rate was relatively low (3 %, range = 0.6 %–
12.2%). A significant Garner effect was found [F(1, 15) = 4.6,
MSE = .001, ηp

2 = .23, p < .05], with no interaction with object
type [F(1, 15) = 3.1, MSE = .001, p > .05].

Experiment 2b

To explicitly test whether impossible objects can still be
perceived as impossible even when only LSF information is

available, participants were asked to classify the HSF and LSF
cubes as possible or impossible.

The mean accuracy and RT were calculated for each par-
ticipant. The accuracy data showed that participants were
highly sensitive to detecting object possibility in both the
HSF and LSF images. Particularly, HSF images were classi-
fied with an accuracy rate of 95.7 %, whereas LSF images
were classified with an accuracy rate of 90.2 %. A repeated
measures ANOVA with frequency as a within-subjects inde-
pendent variable and order of administration as a between-
subjects independent variable revealed no significant differ-
ences between the two object types (all ps > .1). This finding
suggests that even for the LSF images, the impossibility of the
cubes was still reliably detectable.

RTs were calculated for correct trials only. For each partic-
ipant, RTs slower or faster than 2.5 standard deviations from
the mean were excluded from the analysis. The RT analysis
revealed faster RTs for HSF images (851 ms) than for LSF
images (1,149 ms) [F(1, 14) = 4.33,MSE = 164117, ηp

2 = .23,
p = .05], which may reflect the importance of HSF informa-
tion to induce object impossibility. Administration order had
no effect on performance (Fs < 1). Taken together with the
accuracy data, the results of the present experiment further
support the notion that impossibility is evident in both HSF
and LSF images, although it is more easily detectable in
HSF images. Thus, this finding suggests that the Garner
interference effect observed for impossible objects in the
LSF condition (Exp. 1) cannot be attributed entirely to a
lack of sensitivity to object possibility under this
condition.

General discussion

In the present study, we aimed to unveil the perceptual mech-
anisms that enable holistic representation of impossible ob-
jects, for which spatial information is distorted. To this end,
we utilized Garner’s speeded classification task (Garner &
Felfoldy, 1970), a tool that is sensitive for measuring holistic
processing of object shape (e.g., Ganel, 2011; Ganel &
Goodale, 2003, 2014; Pomerantz & Garner, 1973).

The results of Experiment 1 showed a clear distinction
between the processing of HSF and LSF images.
Particularly, when LSF images were presented, similar
Garner interference effects were found for possible and im-
possible objects. In contrast, when only HSF information was
available, a dissociation was observed between the processing
of the two object categories. In particular, a Garner interfer-
ence effect was still observed for possible objects, but it was
completely abolished for impossible objects. These findings
suggest that holistic representation of impossible objects relies
on LSF information, whereas for possible objects holistic
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representations can be created even in the absence of such
information. Taken together, these results provide evidence
for dissociable perceptual mechanisms that mediate the repre-
sentations of possible and impossible objects. These findings
suggest that, as compared to possible objects, holistic repre-
sentation of impossible objects disproportionally relies on
information conveyed through LSF information.

The results of Experiment 2a refute an alternative
account for these results. Specifically, one could argue
that the differences observed in Experiment 1 across
LSF and HSF images could be attributed to the fact
that the LSF cubes were simply not perceived as im-
possible. Nevertheless, when FS images were presented,
participants exhibited robust Garner interference for im-
possible objects, suggesting that impossible objects can
be represented holistically even when their impossibility
can be easily detected. Moreover, Experiment 2b further
demonstrated that participants can readily detect object
impossibility even when HSF information is removed.

The significant role of spatial-frequency information in
visual perception has been discussed in previous studies
showing that LSF information supports the processing of
global shape attributes, whereas the edges and the fine-
detailed descriptions of visual features rely more heavily on
HSF information (e.g., Bar, 2003; Goffaux, 2009; Goffaux &
Rossion, 2006; Hughes et al., 1990; Oliva & Torralba, 2006).

Here, we elaborate on this distinction by showing that this
view also applies for the representation of possible and im-
possible objects. Particularly, whereas the high susceptibility
of the visual system to object spatial layout (Regolin et al.,
2011; Shuwairi, 2009; Shuwairi et al., 2007) is supported by
the processing of HSF information, the processing of LSF
information is utilized to support the creation of a holistic
representation of impossible objects, despite their incoherent
spatial structure (see also Freud, Avidan, & Ganel, 2013).

This framework is also in line with a recent imaging fMRI
adaptation study from our lab, in which pairs of possible or
impossible objects were presented while participants
preformed a same–different classification task (Freud, Ganel,
& Avidan, 2013). The present findings suggest that this task
could have been performed on the basis of LSF information.
In line with this idea, similar behavioral performance was
obtained for the possible and impossible objects during the
imaging scans. Furthermore, similar fMRI adaptation effects
were found for the two object categories, which may reflect a
common basis of their representation that could rely on LSF
information. In contrast, a different pattern of correlations was
found between behavioral performance and fMRI adaptation
for possible and impossible objects, and we have suggested
that this difference may have relied on more advanced per-
ceptual processes. In the context of the present study, such late
perceptual processes might have involved the processing of

Fig. 4 Experiment 2a results: Mean reaction times (RTs) for the perceptual classification task. Longer RTs were observed in the filtering blocks than in
the baseline blocks (i.e. a Garner interference effect), regardless of objet possibility
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HSF information that conveys the spatial incoherence of
impossible objects, which occurs later in time than the pro-
cessing of LSF information (Bar, 2003; Bar et al., 2006).
Hence, future investigation of the perceptual processes that
mediate the representation of possible and impossible objects
could shed light on the neural correlates of spatial-frequency
processing during object recognition.

Note that the correspondence between spatial frequency
and holistic representation is not complete. Particularly, in
Experiment 1, the Garner interference effect for possible ob-
jects was not modulated by image frequency, and in
Experiment 2a, HSF information did not impair the holistic
representation of impossible objects. These findings are
not fully in line with previous research that has shown
greater holistic effects for LSF images (Goffaux, 2009;
Goffaux & Rossion, 2006). Importantly, however, in
these previous studies holistic effects were also ob-
served for images containing only HSF information.
Additionally, Oliva and Schyns (1997) demonstrated
that the global configuration of a scene could be created
on the basis of both LSF and HSF information. Hence,
the present results provide additional evidence for the
strong association between holistic representation and
spatial frequency, but at the same time, other factors
may possibly support holistic processing of the images,
even in the absence of LSF information.

To conclude, the present study provides unique in-
sights as to the role of different spatial frequencies in
object recognition in general, and in the representation
of object spatial properties in particular. We have pro-
vided novel evidence detailing the nature of the percep-
tual mechanisms that mediate the perception of impos-
sible objects. Particularly, holistic representations of the-
se objects relied on the utilization of LSF information,
whereas the sensitivity of the visual system to the
spatial incoherence embedded in impossible objects
could have been mainly based on the processing of
HSF information.

Author note We thankAvigailMirsky and Coral Shomrat for their help
in data collection.
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