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Abstract. We studied spontaneous brain activity that relates to perceptual switching by using EEG. 
Five subjects participated in the study. The subjects sat in a quiet room and looked at the screen in 
front of them during the whole experiment.  We measured whole-head EEG in three conditions of: 1) 
presentation of Necker cube and button press immediately after perceptual switching, 2) presentation 
of two cubes in alternate shifts and button press immediately after the replacement, and 3) presentation 
of blank screen and self-paced button press. We extracted spontaneous EEG from 2 sec before to 1 sec 
after the button press for further analysis using Fourier transform. We observed enhanced delta wave 
activity (0.5-4 Hz) in the frontal region in all of the subjects both in perceptual switching (condition 1) 
and physical switching (condition 2) (159±3.26 ％ and 132±3.49 ％ increase in condition 1 and 2 
above, respectively, compared to that in condition 3). Our results revealed that both perceptual and 
physical switching increase frontal delta wave activity, suggesting that the activity might play an 
important role in perceptual switching. 
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1. Introduction 
 Necker cube or Rubin’s vase/face have been known as an “ambiguous figures” that have two or 
more distinct interpretations. When the ambiguous figure is presented continuously for a period of time, 
we experience spontaneous switching to the alternative interpretations. As this occurs without any 
changes in the figures themselves, the perceptual switching phenomena are suitable to study the 
neuronal activity associated with perceptual processes. 
    Prolonged presentation of the Necker cube induces the delta wave (0.5-4 Hz) between 250 and 125 
ms before the button press, which indicates subjects’ perceptual switching [UÈmmuÈhan _IsËogÆ lu-
AlkacË et. al., 1998]. Their study aims to increase the signal quality of perceptual switching related 
potentials. Nakatani and Leeuwen [2005] found that frequent switchers showed characteristic occipital 
alpha and frontal theta band activity. They also found a gamma band synchronization between frontal 
and parietal areas correlated with perceptual switching. They studied the relationship between 
perceptual switching in the Necker cube and long-distance transient phase synchronization in EEG.                                          
 If there exist some brain regions that process perceptual switching, they should be activated under 
both condition of perceptual switching of ambiguous figures and physical switching of two different 
figures. In this study, we studied spontaneous brain activity that relates to perceptual switching with 
presentation of the Necker cube or physical switching of two cubic figures, to determine the brain 
regions that correspond to perceptual switching regardless of internal or physical replacement of 
objects by using EEG. 

2. Methods 
Subjects 

Five subjects (five male, aged 20-24 years) with normal or corrected-to normal vision participated in 
this study. 
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Visual stimulus and experimental task 
Visual stimulation was presented on a screen located 1 m away from the subjects. The experiment 

consisted of three conditions of: 1) presentation of Necker cube and button press immediately after 
perceptual switching, 2) presentation of two cubes in alternate shifts and button press immediately after 
the replacement, and 3) presentation of blank screen and self-paced button press (Fig. 1). Figures were 
presented for 2.5 min in condition 1 and 2, and blank screen was presented for 4 min in condition 3. 
During the experiment, figures were presented as a white line-drawing on a black background. 
Subjects were instructed to look at the fixation point at the center of the screen, but were not forced to 
fixate their view. 
 

 

EEG measurement 
We used a 14-channel system(Neurofax; Nihon Kohden).The EEG electrodes were attached to O1, 

O2, Pz, P3, P4, Cz, C3, C4, Fz, F3 and F4 in accordance with the international 10/20 system. 
Reference and ground electrodes were attached on the ear and forehead. Electrooculogram (EOG) was 
also recorded. The signals were amplified and band-passed at 0.1-120 Hz. Signals were digitized with 
a sampling rate of 500 Hz and stored on the hard disk of a PC. 

 
Data analysis 
The recordings were manually checked for artifacts from eye movements and amplitude exceeding 

±100 μV were excluded for the further analysis. We extracted spontaneous EEG from 2 sec before to 1 
sec after the button press for further analysis using Fourier transform. The statistical analysis of the 
difference between the responses were carried out by analysis of variance (ANOVA) test for repeated 
measures with three factors, condition 1,2 and 3. 

3. Results 
All the subjects show strong delta band (0.5-4 Hz) activity at Fz, F3 and F4 under the condition 1 and 

2 as shown in Fig. 2. Figure 3 shows the averaged time-frequency representation of power recorded at 
P3 under condition 1. The mean power of delta activity was 159±3.26 ％ and 132±3.49 ％ above in 
condition 1 and 2, respectively, when compared to that in condition 3 (Fig. 4). There was a significant 
effect of conditions on the delta power (F(2,8)=13.052, p<0.01). Post-hoc multiple comparison 
revealed that the delta powers in the condition1 and 2 were significantly larger than that in the 
condition 3 (condition1: p<0.01, condition2: p<0.05), respectively. 
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Figure 1. Visual stimuli in experiments 

Figure 2. Topographic representation of the delta, theta, alpha and beta band brain 
activities during 2 s before to 1 s after the button press (condition1, Subject A). 
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4. Discussion 
The present study aimed to determine object perception-induced typical brain activity. Our results 

revealed that both perceptual switching and physical switching induce frontal delta wave activity 
around 1 s before the button press responses. Since there were significant differences of delta wave 
power between condition 3 and others, the enhanced delta power might not be associated with 
readiness potential for button press. Our experiment confirms previous research showing that Necker 
cube representation induces delta band activity [Işoğlu-Alkaç U et al. 1998, 2000], but our results 
further revealed that the similar pattern of oscillatory activation also occurs when subjects perceive 
physical switching of objects (condition 2). Getting together, this delta wave activity might reflect the 
conscious perception of switching objects regardless of the visual input. 

In summary, our result suggested both internal and external perceptual switching enhances frontal 
delta activity. Further study using other types of ambiguous figures is needed to confirm whether the 
enhanced frontal delta activity is specific in the perceptual switching. 
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Figure 4. The mean power of delta activity in frontal region (all subjects).  
Asterisks indicate statistically significant differences between sessions (p<0.05, n=5). 
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Figure 3. Averaged time-frequency representation of power
at P3 (Subject B). Subject pushed the button at 0 ms. 
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