
 

 

 University of Groningen

Emerging perception
Nordhjem, Barbara

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Nordhjem, B. (2017). Emerging perception: Tracking the process of visual object recognition. [Thesis fully
internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/02c53543-662b-43df-b62f-546dd134b82a


6

Based on

Nordhjem B, Ghedini F, Cornelissen F. W. (accepted). The neural correlates 
of geometrical and figural bistable perception. Vision Research.

The neural 
correlates of 
geometrical and 
figural bistable 
perception



106

Abstract 
Bistable visual perception occurs when sensory information is ambiguous 
and supports two equally valid interpretations. Two types of bistability 
were defined in this study: geometrical bistability, such as in the Necker 
cube where perspective reversals take place; and figural bistability, such 
as in the Rubin face-vase figure where the stimulus appears to alternate 
between two different figures. We investigated whether perception of 
different types of bistable figures is correlated with activity in different 
brain areas. Furthermore, we compared perception of bistable figures 
to perception of externally alternating stable figures. We used fMRI 
to detect brain activity in 16 participants. Geometrical bistability was 
associated with activity in the parietal cortex, suggesting involvement of 
spatial cognition, while figural bistability was associated with activity in 
ventral occipitotemporal cortical regions, presumably because of their 
involvement in recognition. Several cortical regions, including frontal and 
parietal regions and the cerebellum, showed an increase of activation 
during bistable perception compared to replay. Our study suggests that 
frontoparietal areas show increased activation during bistability, while 
each distinct visual percept is correlated with activation within specific 
higher visual processing areas.
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6.1 Introduction
Ambiguous visual figures that induce bistable perception are puzzling because they appear to alternate 
between two interpretations over time despite an absence of any physical changes. Some of the best-
known bistable figures are the Necker cube (Figure 6.1 (left); Necker, 1832) and the Rubin vase (Figure 
6.1 (right); Rubin, 1921). Prolonged viewing of bistable stimuli leads to spontaneous perceptual 
reversals, or flips, when the brain alternates between stable, mutually exclusive, and equally valid 
perceptual interpretations. Hence, the perceptual interpretations change over time while the stimulus 
remains the same. Bistability has therefore become an experimental tool to investigate perceptual 
awareness. Several fMRI studies including a variety of bistable stimuli have shown that perceptual 
reversals during bistable perception primarily engage right-lateralized frontal and parietal regions 
(Kleinschmidt et al., 1998; Knapen, Brascamp, Pearson, van Ee, & Blake, 2011; Lumer, Friston, & Rees, 
1998; Sterzer & Kleinschmidt, 2007; Weilnhammer, Ludwig, Hesselmann, & Sterzer, 2013, Ishizu & Zeki, 
2014). However, the differences in neural activation between specific types of bistable stimuli have still 
not been thoroughly explored.

Intuitively, the experience of the Necker cube changing orientation is different from perceiving the 
Rubin figure alternate between the percept of a vase and two faces. The first figure changes perspective 
but essentially remains a cube, while the latter can be perceived as two different visual categories. For 
this reason, I distinguish here between geometrical bistability, where perspective reversals take place, 
and figural bistability, where the stimuli appear to alternate between two different figures. The neural 
regions involved in different types of bistable phenomena have recently been compared, although with 
different stimuli categories (Ishizu & Zeki, 2014). The differences and similarities between the current 
study and the one by Ishizu and Zeki (2014) will be addressed in the discussion.

Figure 6.1: The Necker cube (left) and the Rubin vase (right).



In the present study, the main goal was to compare the neural regions involved in geometrical and 
figural bistability. The geometrical stimuli included the Necker cube and similar figures, while the 
figural stimuli alternated between faces and bodies. We hypothesized that visual regions associated 
with the specific stimulus categories (objects, faces and bodies) would show increased activation. Based 
on previous research, we expected more activity in regions associated with perception of shapes and 
objects, such as the lateral occipital complex, for geometrical bistability (Karten, Pantazatos, Khalil, 
Zhang, & Hirsch, 2013), and within regions typically implicated in perception of faces and bodies, such 
as the fusiform gyrus, for figural bistability (Andrews, Schluppeck, Homfray, Matthews, & Blakemore, 
2002). To discern between responses evoked during spontaneous perceptual reversals and comparable 
but stimulus-driven reversals, we implemented a replay condition (Lumer, Friston, & Rees, 1998). The 
replay condition reflected each observer’s perception of the bistable figures: two stable versions of 
each bistable figure were shown in alternating order based on the onsets and the order of the key-
presses recorded during bistable perception. To relate this study to previous research, we also compared 
bistable perception with replay. Based on previous results, we hypothesized that there would be 
increased activation in ventral occipital cortex, parietal, and frontal regions during bistable perception 
compared to perception of stable figures.

6.2 Material and methods

6.2.1 Subjects

The study included 16 healthy subjects (with normal or corrected-to-normal vision; 8 females) recruited 
through advertisements requesting volunteers for a study about optical illusions. Their age varied 
from 22 to 30 years (mean 26.4 years). Two subjects were left-handed. Informed written consent was 
obtained from all subjects and the study was approved by the Ethics Committee of University College 
London and covered by the Minimum Risk Ethics. The study was conducted in accordance with the 
Declaration of Helsinki. Two participants were excluded prior to the fMRI because they only perceived 
spontaneous reversals for very few bistable stimuli (5-6 images) and two new subjects were recruited. 
No subjects were excluded from the final analysis.

6.2.2 Stimuli

Our experiment included 10 bistable figures (Figure 6.2). Stimuli were selected on the basis of a pilot 
experiment in which four subjects viewed a selection of bistable figures and reported flips using key-
presses. We chose the figures that most reliably flipped between two states for all subjects. Four of the 
geometrical images came from The Psychophysics of Form: Reversible-Perspective Drawings of Spatial 
Objects (Hochberg & Brooks, The American Journal of Psychology, Vol. 73, No. 3 (Sep., 1960), pp. 337-
354, University of Illinois Press), and one was created manually. Five ambiguous figural images were 
based on existing bistable figures that could all be interpreted as either a body or a face. The figural 
figures were edited using Adobe InDesign CS3. All bistable figures were modified to create two stable 
versions using Photoshop CS3. Stimuli were presented using MATLAB (Matworks Inc.) with the Cogent 
2000 and Cogent Graphics toolboxes. During the fMRI experiment, visual stimuli were generated using 
a PC in the control room, projected with an LCD projector onto a screen placed above the subjects’ head, 
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and viewed through a mirror attached to the head coil (display size 26 x 22 °, screen resolution 1024 x 
768 pixels, refresh rate 60 Hz).

6.2.3 Procedure

We used two experimental conditions: bistable figures and replay (Figure 6.3). In both experimental 
conditions and for both stimulus types (geometrical and figural), subjects reported flips by alternately 
pressing two keys when they perceived a flip from one percept to the other. For geometrical bistable 
stimuli, subjects were instructed to alternatingly press two keys indicating that the stimuli were 
perceived as flipping between perspective 1 and perspective 2. Subjects themselves assigned one key 
to the first perspective they saw (perspective 1) and one to the other perspective (perspective 2) and 
were instructed to use these keys consistently. For figural bistable stimuli, subjects were instructed 
to alternate between two keys: one key to indicate that they perceived a face, and the other a body. 
During the replay condition, subjects were presented with stabilized versions of the ambiguous figures 
(Figure 6.3). Each replay sequence was based on the perception of bistable stimuli and showed two 
alternating stabilized versions which represented what was perceived during bistable viewing. The 
replay condition was implemented by using the recorded key-presses relative to each ambiguous image 
so that the time sequences remained the same. Consequently, the onsets of the alternating stabilized 
figures were the same as the alternating perceptual flips indicated by the subjects. The same key-press 
task was performed during the replay condition. The stabilized figures alternated immediately without 
a transition period.

Figure 6.2: Stimuli (ambiguous images and stabilized versions). Left: geometrical images. Right:  figural images.



Each subject was requested to perform a pre-test to qualify for the fMRI experiment. The pre-test was 
conducted on a separate day prior to scanning. The experimenter first explained what a bistable figure 
is and provided a few examples. Subsequently, the subjects were told that there would be two different 
conditions: bistable figures and stable figures. For the bistable figures, they were instructed to make a 
key-press when they experienced the figure change, while for the stable figure, they were told to make 
a key-press each time the stable figures alternated. Subjects were allowed several practice trials. Hence, 
the participants were all aware of the difference between the two conditions and familiar with the task 
prior to the fMRI experiment. They were also briefed again immediately prior to scanning.

During the fMRI experiment, each subject was exposed to two runs that each began with a neutral 
background lasting 26 s, during which the first six brain volumes were acquired. Next, the 10 ambiguous 
images (5 geometrical and 5 figural) were each displayed for 16 s with an inter-stimulus interval varying 
between 3 and 5 s. Images were adjusted individually for each subject prior to the experiment to cover 
the maximum visible area of the projection screen extending over an angular size of approximately 
15 x 15°. A blank gray screen was presented during inter-stimulus intervals. Stimuli were presented 
in a pseudo-random sequence, ensuring that each ambiguous image was presented before its replay 
version. The experiment lasted for approximately one hour, including a short break between the first 
and the second run.

6.2.4 MRI protocol

Scans were acquired using a 1.5-T Siemens Magneton Sonata MRI scanner fitted with a head volume 
coil (Siemens, Erlangen, Germany) to which an angled mirror was attached, allowing subjects to view 
the screen where stimuli were projected using an LCD projector. An echo-planar imaging (EPI) sequence 
was applied for functional scans, measuring blood oxygen level-dependent (BOLD) responses (echo 
time TE = 50 ms, repeat time TR = 90 ms, volume time 4.32 s). Each brain image was acquired in a 
descending sequence comprising 48 axial slices covering the whole brain. The experiment consisted of 
2 runs, and 100 volumes were acquired per run. During each scanning session, the subject’s heart rate 
and respiration were continuously recorded, providing physiological measurements to be subsequently 
used as regressors-of-no-interest in the first-level analysis for each subject. After functional scanning 
was completed, a T1* weighted anatomical scan was acquired in the sagittal plane to obtain a high-
resolution structural image (176 slices per volume).

Figure 6.3: Perceptual alternations were reported using key-presses for bistable images. During replay, images alternating with the same 
timing as perceptual sequences were shown. Subjects made key-presses in response to these image alternations.

...
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6.2.5 Imaging data analysis

Data were analyzed using SPM8. The first six volumes of each run were discarded to allow for T1 
equilibration effects. The time series of functional brain volume images for each subject were realigned 
and normalized into Montreal Neurological Institute (MNI) space (voxel size 3 x 3 x 3 mm) and smoothed 
using a Gaussian smoothing kernel of 9 mm. The stimuli for each subject were modeled as a set of 
regressors in the SPM8 general linear model (GLM) first-level analysis. The study was considered an 
event-related design; boxcar functions were used to define regressors that modeled the onsets and 
durations of each percept or stimulus based on the key-presses recorded for each subject. For both 
the bistable and the replay conditions, we modeled the following regressors: faces and bodies for the 
figural stimuli, and the alternations of the geometrical stimuli. Key-presses were modeled as delta 
functions in an additional regressor. Head-movement parameters calculated from the realignment step 
and physiological data acquired during the scan (heart rate and respiration) were included as regressors-
of-no-interest. Regressors were convolved with the canonical hemodynamic response function (HRF). 
The analysis was performed as a two-stage mixed-effects procedure (Holmes & Friston, 1998). For each 
subject, t-tests were computed to establish the significance of differences in activation between whole 
stimuli blocks with the contrasts Bistable > Replay (Figure 6.4a), and Bistable Geometrical > Bistable 
Figural (Figure 6.4b). Furthermore, we tested whether bistable percepts elicited differential brain 
regions compared to replay with the following contrast: (Bistable Geometrical > Replay Geometrical) > 
(Bistable Figural > Replay Figural) (Figure 6.4c). Individual contrast images for each effect were entered 
into random-effects analyses at the second level (one-sample t-tests). Activations in the random-
effects analyses were considered significant at p < 0.05, family wise error (FWE) corrected at peak level. 
Activations were projected onto the inflated cortical surface based on the PALS human atlas (Van Essen, 
2005) using CARET software v. 5 (Van Essen et al., 2001).

6.3 Results

6.3.1 Behavioral results

All subjects reported that they were able to see the stimuli during scanning and alternate their key-
presses according to the instructions. The distributions of percept durations were clearly skewed 
towards shorter durations, which is in line with previous studies (Figure 6.5; for a review see Leopold 
& Logothetis, 1999). Overall, subjects perceived each type of state for a similar period for both types 
of bistable stimuli: geometrical stimuli had a median reversal time of 1.76 s and median absolute 
deviation of 1.29 s, while figural stimuli had a mean of 1.82 s and a median absolute deviation of 
1.17 s. Temporal similarity between different geometrical and bistable stimuli has also previously been 
observed (Windmann, Wehrmann, Calabrese, & Güntürkün, 2006). The periods between flips were 
shorter than what subjects indicated in similar studies where inter-reversal times were approximately 9 
s (Ishizu & Zeki, 2014; Kleinschmidt, Büchel, Zeki, & Frackowiak, 1998), but in line with other studies of 
bistable perception (Brascamp, van Ee, Pestman, & van den Berg, 2005; Ilg et al., 2008; van Ee, van Dam, 
& Brouwer, 2005). The differences found in reversal times between studies may be due to stimulus size, 
which has been shown to influence the time between reversals (Borsellino et al., 1982). Furthermore, 
we did not include a fixation task, which could also account for the relatively fast inter-reversal times 
(Toppino, 2003).



6.3.2 Bistable perception vs. replay

We first contrasted perception of bistable figures with replay of stable figures (Bistable > Replay; Figure 
6.4a). Observation of bistable figures was associated with increased activations in the right superior and 
inferior frontal gyrus and left precentral gyrus. Activations were also found bilaterally in the superior 
parietal lobule and in the right putamen (Table 6.1 and Figure 6.6), as well as in the cerebellum within 
the left lobule VI/Crus I and the right lobule VIII (Figure 6.7). Deactivation during bistable perception 
compared to replay was also observed: most notably in the middle frontal gyrus and a large region 
extending from the lingual gyrus and cuneus in the occipital lobe to the precuneus in the parietal lobe.

6.3.3 Geometrical vs. figural perception

To gain more insight into how each type of figure contributed to the activations identified during 
the perception of all bistable stimuli, we compared activations obtained during the perception of 
geometrical figures with those obtained during the perception of figural figures (Table 6.2 and Figure 
6.8). The figural stimuli evoked more activity along the ventral stream of the occipital lobe: the inferior 
occipital gyrus showed increased activation bilaterally, which extended to the cerebellum and fusiform 
gyrus in the left hemisphere. For observation of the geometrical figures, we found significantly stronger 
activation in the right superior parietal lobule. We further investigated whether the activations elicited 
by geometrical and figural stimuli were any different from the replay versions with the contrast (Bistable 

Figure 6.4: Schematic representation of the contrasts of interest.
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Geometrical > Replay Geometrical) > (Bistable Figural > Replay Figural). In this vein, we found increased 
activation in the right superior parietal lobule for bistable geometrical stimuli. On the other hand, we 
found no significant activations that could be attributed to bistable figural stimuli when taking the 
replay condition into account (Figure 6.8).

6.4 Discussion
In the present study, we defined and compared two types of bistability: geometrical and figural. During 
perception of geometrical bistable stimuli, we found increased activity in the superior parietal lobule, 
whereas bistable perception of figural images was associated with an increase of activity in the inferior 
occipital gyrus, extending to the fusiform gyrus and cerebellum in the left hemisphere. Furthermore, we 
compared bistable perception with replay of perceptual sequences. When comparing these conditions, 
we found increased activity in the right superior and inferior frontal gyrus, the superior parietal lobule 
in both hemispheres, and the cerebellum in both hemispheres. In the following sections, I will discuss 
these findings in more detail.

6.4.1 Geometrical and figural bistability activate 
distinct cortical regions

We investigated neural activity involved in perception of geometrical and figural bistability. In line 
with their different perceptual natures, geometrical and figural bistability resulted in activations in 
distinct brain regions. Geometrical bistability evoked greater responses in the superior parietal lobule, 
while figural bistability was associated with increased activity in the occipitotemporal cortex. When 
taking the replay conditions into account, there was still a significant increase of activation in the right 
superior parietal lobule for geometrical bistability. The superior parietal lobule has previously been 
suggested to be involved in aspects of spatial cognition such as spatial attention (Corbetta & Shulman, 
2002) and spatial perception (Ungerleider & Haxby, 1994). Moreover, the right superior parietal cortex 
has been shown to play a crucial role in mental rotation (Parsons, 2003). In the light of previous results, 
it is therefore likely that geometrical bistability relies on spatial cognition and mental rotation.

Figure 6.5: Histograms showing the frequency of the reversal times for geometrical (left) and figural (right) stimuli, bin size = 0.5.
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Compared to geometrical bistability, figural 
bistability showed more activity in the inferior 
occipital gyrus bilaterally and in the left 
fusiform gyrus. Both areas have previously 
been associated with the perception of faces 
(Kanwisher et al., 1997) and bodies (Downing, 
Jiang, Shuman, & Kanwisher, 2001). Activity 
in these regions is not surprising since all the 
figural stimuli flipped between the percepts of 
faces and bodies. The areas responding to figural 
bistability are also in line with previous studies 
of bistable perception which have shown that 
the fusiform face area is more active during 
face perception (Andrews et al., 2002; Hasson, Hendler, Bashat, & Malach, 2001).  These activations 
were not unique for bistable figural stimuli; in fact, when taking the replay conditions into account, no 
specific activations were found for figural bistability. This suggests that similar specialized regions are 
involved in perception of figural bistability and figural replay. We conclude that geometrical bistability 
is associated with activity in the parietal cortex, presumably because of its involvement with spatial 
cognition, while figural bistability and replay are associated with activity in ventral occipitotemporal 
cortical regions, presumably because of their involvement in recognition. The superior parietal lobule is 
more active for bistable geometrical figures compared to replay, suggesting that bistability relies more 
on spatial cognition.

6.4.2 Endogenous versus exogenous perceptual changes activate the 
task-positive and deactivate the task-negative networks

When comparing bistability to replay, we found increased activity within frontoparietal regions. This 
result is in line with previous studies (Kleinschmidt et al., 1998; Knapen, Brascamp, Pearson, van Ee, 

Figure 6.6: 3D views of slightly inflated left and right hemispheres 
displaying the results for the contrast Bistable figures (orange-yel-
low) > Replay (blue). The color bar depicts Z-scores.

Table 6.1: Neural activation during perception of bistable figures contrasted with replay conditions.

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Region localization Hemisphere MNI Coordinates  Z score P values (FWE-cor) 

   x y z   

Figural > Geometrical   

Occipital Inferior occipital gyrus R 39 -79 -11 4.55 <0.001 

  L -30 -91 -11 5.40 <0.001 

Geometrical > Figural   

Parietal Superior parietal lobule R 21 -55 55 4.87 0.001 

(Bistable Geometrical > Replay Geometrical) > (Bistable Figural > Replay Figural) 

Parietal Superior parietal lobule R 33 -43 58 4.70 0.001 

(Bistable Figural > Replay Figural) > (Bistable Geometrical > Replay Geometrical) 

 -         

MNI, Montreal Neurological Institute, units are in millimeters, L, left, R, right.  L, left, R, right. 
Cluster threshold, p < 0.05, FWE corrected. 
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& Blake, 2011; Sterzer & Kleinschmidt, 2007): the involvement of a frontoparietal network in bistable 
perception is fairly well established, even though its role is still debated. It has been suggested that this 
network initiates alternations between percepts in a top-down manner (Leopold & Logothetis, 1999; 
Sterzer, Kleinschmidt, & Rees, 2009; Sterzer & Kleinschmidt, 2007; Weilnhammer et al., 2013).

However, this notion has recently been challenged. Instead, frontal and parietal regions may respond to 
both the gradual transitions between bistable percepts and replay images (Knapen et al., 2011), or reflect 
ongoing internal monitoring of perceptual state (Frāssle, Sommer, Jansen, Naber, & Einha¨user, 2014).

Previous studies have distinguished between a task-positive and a task-negative network (e.g. Fox et al., 
2005). The task-positive network is usually active during goal-directed cognitive tasks and increased 
demands of attention, while the task-negative network shows deactivation for such tasks. Task-positive 
activations are typically observed in bilateral parietal and frontal regions, while core task-negative re-
gions include the precuneus, the posterior cingulate cortex, and medial frontal regions. During bistable 
perception, we found increased activation in the lateral parietal and frontal regions, and deactivations 
in the middle frontal cortex, the lingual gyrus, the cuneus, and the precuneus. This pattern of results 
largely overlaps with the proposed task-positive and task-negative networks, respectively. The impli-
cation of the task-positive network during bistability suggests increased attentional demands. Bistable 
perception may require more cognitive resources than replay in the sense that the brain maintains 
two equally likely interpretations of a stimulus that alternate over time. Attentional demands could 
increase due to sustained monitoring of sensory experience during bistable perception compared to re-

Table 6.2: Activation differences between geometrical and figural bistability

 
 
 
 
 
 
 
 
 
Region localization Hemisphere MNI Coordinates       Z score P values (FWE-cor) 

   x y z   

Figural > Geometrical   

Occipital Inferior occipital gyrus R 39 -79 -11 4.55 <0.001 

  L -30 -91 -11 5.40 <0.001 

Geometrical > Figural   

Parietal Superior parietal lobule R 21 -55 55 4.87 0.001 

(Bistable Geometrical > Replay Geometrical) > (Bistable Figural > Replay Figural) 

Parietal Superior parietal lobule R 33 -43 58 4.70 0.001 

(Bistable Figural > Replay Figural) > (Bistable Geometrical > Replay Geometrical) 

 -         

MNI, Montreal Neurological Institute, units are in millimeters, L, left, R, right.  L, left, R, right. Cluster 
threshold, p < 0.05, FWE corrected. 
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Figure 6.7: 3D view of cerebellum activations for Bistable figures > Replay, left is left. The color bar depicts Z-scores.



play (e.g. Frässle et al., 2014). We conclude that 
bistable perception activates general perceptu-
al and task-related networks. This may primarily 
reflect a higher attentional demand required for 
monitoring endogenously than exogenously in-
duced perceptual transitions.

6.4.3 Increased cerebellar activity 
during bistable perception

When comparing bistability to replay, several ar-
eas in the cerebellum showed increased activity. 
To our knowledge, only a few previous studies 
have found cerebellar activity related to bistable perception (Frässle et al., 2014; Raemaekers, van der Schaaf, 
van Ee, & van Wezel, 2009; Sterzer & Kleinschmidt, 2007). The cerebellum has traditionally been associat-
ed with motor control and been shown to be involved in tasks such as finger tapping (Grodd, Hülsmann, & 
Ackermann, 2005). Since we included a replay condition that required the same sequence of key-presses as 
the bistable condition, we find it unlikely that the cerebellum activations merely reflect the motor task. Nev-
ertheless, we cannot exclude that some of the differences in brain activity are related to subtle differences 
between the two conditions.

The cerebellum consists of 10 lobules, which can be grouped as follows: the anterior lobe (lobules I-V), 
the posterior lobe (lobule VI-IX), and the flocculonodular lobe (X). Overall, the anterior lobe appears 
to be more involved in sensorimotor tasks, while the anterior lobe is more involved in emotional and 
cognitive tasks (Stoodley & Schmahmann, 2009). We found more cerebellar activity during bistable 
perception than during replay in the posterior lobe (left lobule VI/Crus I and right lobule VIII). It is 
therefore possible that the increase of activity in the cerebellum during bistable perception is related 
to cognitive differences in stimuli processing. Recent studies have shown that the posterior lobe of 
the cerebellum is involved in attention and spatial tasks such as mental rotation (Ito, 2008; Stoodley & 
Schmahmann, 2009). It has also been demonstrated that the posterior part of the cerebellum supplies 
temporal information to the frontoparietal network in visual attention tasks (O’Reilly, Mesulam, & 
Nobre, 2008). In our study, it is similarly possible that the cerebellum was involved in timing of the 
bistability, either by triggering or detecting the alternating visual percepts.

6.4.4 No evidence for the involvement of conflict-monitoring  
brain regions

In a recent study, two other types of bistability were also defined and compared (Ishizu & Zeki, 2014). 
This study included intra-categorical bistable stimuli that alternated between percepts of the same 
category, and cross-categorical bistable stimuli that alternated between two different categories. In 
this study, the intra-categorical images included both figural (e.g. face-face reversal) and geometrical 
images (e.g. the Necker cube), while the cross-categorical reversing images were all figural in nature 
(e.g. face-body and face-object reversal). Ishizu and Zeki (2014) found increased activation in regions 
associated with conflict monitoring such as the anterior cingulate cortex (ACC), the superior temporal 

Figure 6.8: 3D views of slightly inflated left and right hemispheres 
displaying the results for the contrast Figural > Geometrical (or-
ange-yellow) and Geometrical > Figural (blue). The color bar depicts 
Z-scores.
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gyrus (STG), and the superior frontal gyrus for cross-categorical but not for intra-categorical stimuli. 
This was ascribed to a categorical conflict for the cross-categorical reversals.

In contrast, we did not observe any activity in the ACC, STG, or the other regions associated with conflict 
monitoring during figural bistability. This was unexpected because our geometrical images were 
essentially also intra-categorical in nature and our figural images also belonged to the cross-categorical 
type. Therefore, there may be other reasons for this difference in results. First, it is difficult to see why 
cross-categorical conflicts would require more intense monitoring than geometrical or intracategory 
conflicts. Second, an alternative explanation for the engagement of the conflict-monitoring brain 
regions relates to the response task and not the bistable perception per se. In the cross-categorical trials, 
subjects had to respond with a specific key assigned to each type of percept (face-body, face-object, 
body-object), and therefore the key assignments changed between each trial. Furthermore, subjects 
had to press the same key again to indicate that the bistable percept had reached stability. In the intra-
categorical trials, subjects also had to alternate between two keys, but both were assigned to the same 
percept category (e.g. face-face). The cross-categorical trials may therefore have been more demanding 
than the intra-categorical trials in terms of response selection. This explanation is consistent with the 
ACC typically being involved in action selection and control (Botvinick, Cohen, & Carter, 2004), and may 
also explain the absence of the ACC activation in our experiment. Nevertheless, our experimental design 
to some extent also suffered from the same limitation as the one by Ishizu and Zeki. In our experiment, 
subjects had a specific key-assignment for figural stimuli while they themselves could assign one key 
to one perspective and one key to the other for geometrical stimuli. However, the task did not change 
throughout the experiment in our design and may therefore have required less response monitoring. 
Furthermore, we always contrasted bistability with replay where subjects performed a comparable task, 
where Ishizu and Zeki (2014) did not use a replay condition. The use of a replay condition makes our 
results less sensitive to task differences between stimuli types.

6.4.5 Limitations

We observed relatively short intervals between bistable percepts with a median of 1.8 s. Since the 
data were acquired with a TR of 4.32 s, several switches between bistable percepts could occur within 
a single volume acquisition. Due to the low temporal resolution and the fast flips between percepts, 
I have excluded any event-related results from this article. However, I report the results comparing 
bistable flips with replay flips in a supplementary section, which should be read bearing these 
acquisition limitations in mind.

In the present study, we did not enforce fixation during the trials. We chose unconstrained viewing 
because eye movements appear to be naturally involved in bistable perception (Einhäuser, Martin,   
König, 2004;  Glen,  1940).   However, differences in eye movements between conditions could influence 
the results. This limits the conclusions that can be drawn from the activity we find in the task-positive 
network when comparing bistability and replay. These frontoparietal activations, within the task-
positive network, could both be related to attention and eye movements, especially since it has been 
shown that saccadic eye movements and shifts in attention are associated with similar neural networks 
(Corbetta, 1998). To our knowledge, there is no specific reason to believe that geometrical and figural 
stimuli evoke different eye movements but, at the same time, it is a possibility that we cannot exclude. 
However, we find it implausible that eye movements alone caused the differences in brain activation 
between geometrical and figural perception.



Finally, it has been shown that a replay condition with a transition period between the alternating 
images better reflects the perceptual experience for binocular rivalry and ambiguous motion stimuli 
(Knapen et al., 2011).  In the pilot experiment, we investigated whether the participants were able to 
maintain two percepts simultaneously or perceived an overlap. Since this was not the case, we chose to 
use instantaneous changes in the replay condition. However, it is possible that some bistable stimuli, 
such as binocular rivalry, involve a longer and more gradual transition between percepts compared 
to the stimuli used here. Nevertheless, having a brief transition period in the replay condition would 
probably have made the perceptual experience closer to the bistable condition.

6.5  Conclusion
In summary, we propose that bistability, like other visual phenomena, can best be described as an interplay 
between monitoring sensory input within attentional circuits, and processing individual perceptual 
states within more specialized regions. The processing of individual states varies depending on the type 
of bistable stimuli with which geometrical bistability is associated in the parietal cortex, while figural 
bistability and replay are associated with activity in ventral occipitotemporal cortical regions.
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