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ABSTRACT 

Continuous temporal changes in environmental situations in everyday life can be 

segmented, in the perception process, into events. In this study, we examine whether 

contextual segmentation affects visual perception. Fodor and Bever (1965) discovered 

the temporal synchronization effect on speech perception of contextual segments in 

spoken language. We converted Fodor’s auditory paradigm into a visual task by 

converting the auditory streams into visual streams, and the brief sounds into brief 

visual flashes. The detection of a similar temporal synchronization effect would strongly 

support the perception of a visual stream as the context of the visual event. We 

conducted two experiments using movies with natural scenes and edited scene segments 

to examine whether an explicit movie segment had a temporal synchronization effect on 

flash timing and whether changes in the action context had a similar effect. The results 

showed that the visual stream could be perceived within contextual segmentation. 

 

Key words: event perception, synchronization, visual context 

 



 

INTRODUCTION 

We can view our day-to-day experiences as a series of various events. An 

“event” can be interpreted as a fixed period during which a particular situation prevails; 

it may span a few seconds, a few minutes, or even a longer duration. However, the 

world around us does not stop; situations constantly change in a gradual manner. 

Therefore, an “event” or the “segmentation of an event” can be explained as the 

cognitive process of understanding the context of the environmental situations in the 

brain. In other words, we should have a segmentation process in our brain that can 

translate seamless continuous temporal information into a context of events. 

The contextual segmentation of complex information, which is known as the 

chunking mechanism, was studied with regard to language recognition and verbal 

learning (Gobet, Lane, Croker, Cheng, Jones, & Pine, 2001). Previous studies suggested 

that contextual segmentation in perception and memory developed by learning or 

repetition in order to recognize complex information. Studies from the visual domain 

showed that chunking in chess-piece positions is important for the recognition and 

learning of part of the game of chess (Gobet & Simon, 1996). Studies of event 

perception showed that the contextual structure was essential for procedural learning 

(Zacks & Tversky, 2003). Further, neuropathology studies reported that Alzheimer’s 

patients faced difficulties in performing event segmentation tasks and that this could be 

related to a less appropriate recognition and memory (Zacks, Swallow, Vettel, & 

McAvoy, 2006). Previous visual event studies suggested that contextual segmentation 

mechanisms might have played an important role in the recognition of visual streams, 

for example, in a language recognition process. 

Studies of movie perception reported how a visual segmentation of a time 

sequence affected physiological activities. Moreover, these studies showed that when 

we perceive an event or scene segmentation in visual streams, brain activity (Hasson, 

Nir, Levy, Fuhrmann, & Malach, 2004; Kurby & Zacks, 2008), pupil diameter (Beatty 

& Lucero-Wagoner, 2000), and the frequency of saccades and eye blinks are affected 

(Swallow & Zacks, 2004; Nakano, Yamamoto, Kitajo, Takahashi, & Kitazawa, 2009). 



Previous studies reported the automatic synchronization of physiological activities with 

the viewing of a specific scene or boundary of scene change. Visual sequence might be 

perceived and recognized by contextual event segmentation. However, the contextual 

segmentation effect on visual perception has hitherto not been studied in detail. 

Fodor and Bever (1965) studied the contextual segmentation effect on auditory 

perception with regard to spoken language recognition. They revealed the time 

distortion caused by the contextual segments in spoken language. They used the sound 

stimulus of a recorded speech with another short sound (the sound of a click) to 

examine contextual time distortion. The experiment consisted of detecting the clicking 

sound inserted into the speech. The experiment revealed that the perceptual timing of 

the clicking sounds (which corresponded to time perception) shifted to the boundaries 

of grammatical segments in the speech. In addition, Gregory (1978) reported that the 

perceptual synchronization effect was also produced by clicking sounds in the syllable 

segments of music. 

Did segments of visual stream also lead to the perceptual synchronization effect? 

In this study, we simply converted Fodor’s auditory paradigm into a visual one. The 

auditory stream (speeches) was converted into visual streams (movies of natural scenes), 

and the brief sounds (clicks) were converted into brief visual flashes. If a similar 

temporal synchronization effect were detected in the visual stimulus perception task, it 

would strongly support numerous studies that reported visual event segmentation. In 

contrast, if the effect was not detected, the temporal synchronization effect might have 

been specifically produced by the contextual segmentation of the auditory spoken 

language. The visual event might either be perceived as music recognition, or might be 

distinguished from auditory perception properties. 

The purpose of our experiments was to detect whether or not there was a 

contextual segmentation effect on visual perception. In Experiment 1, we used movies 

of natural scenes with an edited scene segment, and examined whether an explicit movie 

segment produced a temporal synchronization effect on the flash timing. In Experiment 

2, we examined whether the change in the action context led to the temporal 

synchronization effect. We used three movies that showed an action by an individual, 

without any edited segments. We found that the visual stream could be perceived within 



contextual segmentation, for example, as the perceptual mechanism in spoken 

languages. 

 

EXPERIMENT 1 

In Experiment 1, we used many short movies of natural scenes from daily life. In 

these movies, more than one item (e.g., human, animal, vehicle, etc.) moves across the 

screen. Although each movie showed a continuous change in motion, no significant 

event occurred in these scenes. We combined two scenes each from the total, and 

created the movies and included a scene change as a visual segment. We examined 

whether the explicit segment of two scenes produced a temporal synchronization effect 

on the visual stream and flash timing. 

 

METHOD 

Participants 

There were nine participants, all of whom were unaware of the purpose of the 

study. All participants had normal or corrected-to-normal vision. 

Stimuli and apparatus 

The stimuli were presented on a CRT monitor (25 Hz frame rate). The visual 

stimuli were movies that comprised two natural scenes and a brief presentation of two 

white bars at the top and bottom of the movie frame. 

The movies were presented at about 4.0 deg width and 3.0 deg height at a 

center-fixation position on a black background (0 cd/m2). Each of the presented movies 

comprised two scenes that switched randomly. Every scene was from a common 

everyday situation, and involved moving items such as people, animals, vehicles, 

machines, or a combination of these. The motion of the items in each scene was 

continuous, such that there was no significant change that could be considered as a 

visual segment. Therefore, only the scene change in the movie could be perceived as an 

artificially created explicit visual segment. The total number of frames was 63, so that 

the total duration of the movie was 2520 ms (63 frames × 40 ms/frame). The scene 



changes occurred randomly from the 24th to the 40th frames. During the movie 

presentation, two white bars (80 cd/m2) were inserted above and below the movie for 

one frame (40 ms), which was randomly chosen from the timing around the scene 

change (all the -6 to +6 frame timings from scene segment, and -16, -10, +10, +16 

frame timings). -16, -10, +10, +16 flash-timing trials were used for catch trials. In the 

catch trial the timing of the flash was far from the timing of a scene change. If the 

flashes always occurred closer to the scene segment, the participants might recognize 

the relationship between the flash and the scene segment. To eliminate a procedural bias 

around scene segment, we randomly inserted the catch trial in the experiment. These 

brief visual flash bars substituted for probe target stimuli to examine the 

synchronization of visual perception in the explicit visual segment. Since the flash bars 

did not overlap with the movie, the movie scene at the flash frame could be perceived 

entirely (see Fig. 1). 

 

Procedure 

The subjects were seated at a distance of 57 cm from the visual display in a dim 

ambient light condition. Throughout each trial, they were fixated on a white point at the 

center of the screen. Fig. 1 depicts an experimental procedure of each trial, which 

comprised two phases. The trial began by pressing the start button. At first, in the 

viewing phase, the participants viewed the movie with a flash frame at random timing. 

After the viewing phase, the participants reported the flash timing by a selection phase. 

In the selection phase, one scene frame in all the screened movie frames was presented. 

The participants could view a forward or backward scene frame by pressing the 

respective keys. They were instructed to report their perceived time when the white 

flash frame occurred, by adjusting the movie frame to the flash timing recalled by them. 

The selection was determined by pressing a button for the selected frame scene. Six 

trials were repeated randomly for each flash timing (17 possible frames); thus, there 

were a total of 102 trials for each session (17 timings × 6 trials = 102 trials). The movie 

scenes presented were different for each trial. 

 



RESULTS 

Fig. 2 shows the proportion of the perceived flash timings. We calculated the 

ratio (called “selection ratio”) of the frequency of a particular frame being chosen to the 

actual frequency of the flash having been presented in the frame. Since the flash 

occurred six times for each frame, the ideal observer would select that frame six times 

and the selection ratio would be one. Fig. 2 depicts the selection ratio as a function of 

the movie frames averaged for nine subjects. 88.9% of all the frame selection was in a 

range of ±6 frame error from the physical flash timing; further, 85.1% of these 

selections reported a perceived flash timing in a range of –6th to +6th frame. The 

selection ratio showed a prominent peak at the -1st and 0th frame timings; in other 

words, the participants tended to report that the flashes occurring around the scene 

change led to the perception of synchronization to the scene segment. A repeated 

measures ANOVA supported the following observation: there was a significant 

difference between the selective ratios for the last frame of the first scene (-1st frame) 

and the first frame of the second scene (0th frame), and other frame timings (p < .01). 

The selection ratio suggested that the participants reported the occurrence of the flash 

close to the timing of the edited scene segment of the movie. 

 

DISCUSSION 

Experiment 1 showed the peculiarity of frame selection related to the scene 

segment. The results implied that the flash timing was perceived to synchronize with the 

segment of visual stream. These results were similar to previous event perception 

studies and supported the model that indicated perceptual event segmentation. 

The results of Experiment 1 might be interpreted as a visual analogue of the 

temporal synchronization effect of the auditory click in speech segmentation in Fodor’s 

language study (Fodor et al., 1965). In Gregory (1978), Fodor’s auditory paradigm was 

applied to examine music recognition. This study reported that the temporal 

synchronization effect was also produced by the click sound in the syllable segment of 

the music. In the present experiment and in Fodor’s recent paradigm, participants 

reported the timing of a brief stimulus (e.g., click, flash) by recognizing the stream 



sequence (e.g., speech, movie). In other words, the participants could perceive or could 

refer to the segment during the answering phase. Therefore, it remained unclear whether 

the timing of the brief stimulus was perceived at the contextual segment of the stream or 

whether the participant’s report tended to be influenced by the contextual segment 

during the answering phase. 

To clarify this issue, in Experiment 2, we used movies that showed a continuous 

scene with/without a contextual segment. The movie depicted an actor’s movement, and 

the movie segment was motion change. In addition, we examined the synchronization 

effect on perceiving the reversed-motion movie. If the synchronization effect was 

related to the selective bias, the effect appeared to be similar to that in the first movie. 

 

 

EXPERIMENT 2 

In Experiment 2, we presented two movies of natural scenes of an actor’s 

movement in three experimental conditions. In both movies, the actor walked across the 

movie frame. In the flat-condition movie, the actor walked on a flat floor before the 

camera, from left to right. The walking motion was a continuous repetitive motion, 

which can be considered as a motion sequence without any substantial change. In the 

other movie, the actor’s motion was almost the same as in the walking movie, except 

that the floor in this movie included an elevated platform. In the first-half of this 

gap-walking movie, the actor walked in the same manner as in the flat-walking movie. 

In the next half, the actor changed his movement from walking to stepping up because 

the elevation of the plane floor was changed by the platform. The actor continuously 

walked on the elevated platform in the second half of the movie. However, the walking 

motion and position showed sequential discontinuity during the stepping movement 

over the gap between the floor and the platform. We examined whether the changing 

context of action produced the temporal synchronization effect on the flash timing. To 

compare the contextual effect on perception with selective bias, we also examined the 

occurrence of the synchronization effect on the perception of the gap-walking movie in 

a time-reversed condition. 



 

METHOD 

Participants 

There were seven participants, all of whom were unaware of the purpose of the 

study. All participants had normal or corrected-to-normal vision. 

Stimuli and apparatus 

The stimuli were presented on a CRT monitor (100 Hz frame rate). The visual 

stimuli were movies of natural scenes and a brief presentation of two white bars at the 

top and bottom of the movie frame. 

The movies were presented in the same manner as in Experiment 1. In this 

experiment, the movies were in black-and-white and each frame had almost the same 

luminance (about 62 cd/m2). The total number of frames was 63 frames, such that the 

total duration of the movie was 2520 ms (63 frames × 40 ms/frame). We used the three 

types of movie conditions (flat/gap/reversed-gap) for the human motion of an actor 

walking on a flat floor or a floor with a gap (Fig. 3). In the first movie, in which the 

floor was flat, the actor’s horizontal position changed from left to right since he was 

walking. In this case, the motion was considered to be a repetitive and a continuous 

sequence without any substantial change. In the second movie, the actor’s motion was 

mostly the same as that in the flat-floor movie, except that the floor of this movie had a 

gap for the elevated platform. Under these conditions, the actor walked toward the 

platform (from the 1st to 32nd frames), stepped on the platform (from the 32nd to 44th 

frames), and walked on it until the end of the movie. In short, the actor’s motion 

changed at approximately the 38th frame of the movie sequence. In the time sequence 

of the movie, the scene of stepping on a platform might be regarded as a segment of the 

situation, in a context. In the reversed-gap condition, the gap-condition movie was 

presented in a time-reversed condition. The walking speed of the actor in all the movies 

was natural. 

In each trial, two white bars were inserted above and below the movie (40 ms) 

for a frame randomly chosen from even-numbered frames between the 10th and 42nd 



frames. 

 

Procedure 

The experimental procedure of each trial was mostly the same as that in 

Experiment 1, except for the flash timing in the viewing and selection phases. In the 

viewing phase, the flash appeared at the random timing for an even-numbered frame. In 

the selection phase, participants could select their perceived flash frame from all the 

even-numbered frames in the movie. Six trials were repeated randomly for each flash 

timing (17 possible frames); thus, a total of 102 trials were conducted for each session 

(17 timings × 6 trials = 102 trials). The movie condition (flat/gap/reversed-gap) was 

fixed for each session, and the order of the condition was counterbalanced among 

subjects. 

 

RESULTS 

Fig. 4a depicts the selection ratio as a function of the movie frames averaged 

over seven subjects. In the flat condition, the selection ratio did not differ from the ideal 

line. However, in the gap condition, the selection ratio exhibited a prominent peak at the 

38th frame timing; in other words, the participants tended to report that the flash 

occurring around the 38th frame scene was synchronized to this scene. In the 

reversed-gap condition, a similar significant peak was not found. Fig. 4b shows an 

image of the 38th frame of the gap-condition movie. An ANOVA with repeated 

measures was performed; the results supported the following observation: there was no 

significant main effect of the condition (F[2, 12] = .44, p = .63); however, the main 

effect of the relative timing (F[16, 96] = 5.34, p < .01) and the interaction (F[32, 192] = 

2.43, p < .01) were significant. Post-hoc Tukey’s HSD tests indicated that the selection 

ratio of flash perceived at the 38th frame timing was significantly higher in the gap 

condition than in the other conditions. The selection ratio suggested that in the gap 

condition, the participants perceived the occurrence of the flash close to the timing of a 

particular scene of the movie. 



 

DISCUSSION 

Experiment 2 showed the various results of flash perception with regard to the 

three movies depicting natural scenes. In the gap condition, flashes around the 38th 

frame were perceived as being at the 38th frame. However, in the flat condition, this 

flash synchronization effect was not observed for any frame. The 38th frame in the gap 

condition might have had a peculiar factor that differentiated it from the other scenes of 

the movies. What was the visual factor of this special frame that caused the temporal 

distortion? Two possible aspects of the factors may explain the peculiarity of this frame. 

One aspect was the spatial saliency of the frame, such that only the 38th frame of the 

gap-condition movie showed a peculiar difference in visual factors (e.g., luminance, 

color, pattern, etc.) than the remaining frames. If the 38th frame of the gap-condition 

movie included salient visual space information, the same effect was also found in the 

26th frame of the reversed-gap-condition movie. The total movie length was 63 frames, 

such that 38th frame scene in the gap condition was the same scene as in the 26th frame 

in the reversed-gap-condition movie (63 + 1 - 38 = 26). However, in the reversed-gap 

condition, the synchronization effect was not found at the 26th frame or at any other 

frame. The perceived flash timing was constant for the perceived reversed condition of 

the gap movie. Moreover, the luminance or color was almost constant for all the frames 

in the gap-condition movie. Therefore, our results implied that the temporal 

synchronization effect was not produced by the frame visual-space saliency. 

The other aspect of the possible factors was temporal saliency, that is, contextual 

saliency in the time sequence of the frames in succession. In the flat-condition movie, 

the actor’s position and posture were continuously changing, but the repetitive walking 

motion might have no salient temporal difference in the sequence. However, in the 

gap-condition movie, the actor’s motion changed at around the 38th frame. In the time 

sequence of the movie, the scene of stepping over the elevated platform might be 

considered as a segment of contextual situation. In this context, the 38th frame in the 

gap condition was when the actor lifted his foot to place it on the elevated platform. In 

this experiment and in Fodor’s recent paradigm, the participants reported the timing of a 

brief stimulus (e.g., click, flash) by recognizing a stream sequence (e.g., speech, music, 



movie, etc.). In other words, the participants could perceive or refer to the segment 

during the answering phase. If the participants’ reports tended to be influenced by the 

contextual segment during the answering phase, the 26th frame in the reversed-gap 

condition (the same as the 38th frame in the gap condition) would also have led to the 

temporal synchronization effect on perception. However, in the reversed-gap condition, 

the scene-specific synchronization effect was not significant around the 26th frame. 

Therefore, the peculiarity of the scene-specific synchronization effect was determined 

by the context of the visual stream. The results suggested that the spontaneous 

segmentation of the ongoing visual stream would distort the perception of time around 

the segment of the visual context. 

 

GENERAL DISCUSSION 

 
Automatic contextual segmentation on visual perception  

In this study, we examined how a change in the visual sequence (segments and 

contexts of movies) influenced the recalled timing of another transient event (visual 

flash). We converted Fodor’s auditory paradigm to the visual domain, and examined 

whether or not visual change in a movie sequence would lead to the perceptual 

synchronization effect, similar to the effect produced by a segment of the spoken 

language. 

The results of Experiment 1 indicated the temporal synchronization of a flash 

during the perception of a change in the visual scene. A flash around the timing of a 

visual segment of the natural scenes would partially be perceived to have occurred at the 

same time. This effect implied that the visual sequence would be perceived by 

segmenting the sequence in the context of a visual event, for example, as the contextual 

perception of a spoken language. Brain-imaging studies showed that brain activity was 

facilitated at certain times of the segment of event scenes during the viewing of a film 

(Hasson et al., 2004; Kurby & Zacks, 2008). Moreover, the pupil diameters and 

frequency of saccades and eye blinks of the viewers also automatically increased, 

relative to the scene segment (Beatty & Lucero-Wagoner, 2000; Swallow & Zacks, 

2004; Nakano et al., 2009). The result of Experiment 1 supported that these automatic 



physiological changes were related to the perception of event segmentation. 

Previous studies indicated that this automatic segmentation process of a visual 

time sequence into short event scenes might play an important role in the recognition of 

a subsequent visual sequence (Baldwin, Baird, Saylor, & Clark, 2001; Parish, Sperling, 

& Landy, 1990; Zacks & Tversky, 2003). However, the contextual segmentation effect 

on visual perception has not been extensively studied. Moreover, previous studies 

examined the automatic synchronization of the visual context and physiological 

activities by presenting films with several edited scenes. A visual sequence might be 

perceived and recognized by segmenting the sequence using an explicit effect of an 

edited scene in movies. In other words, physiological activities might be influenced by 

the artificial editing effects of film creators. In Experiment 2, we examined whether the 

change in the action context led to the perceptual synchronization effect. We used 

movies of a continuous motion by a person, without any edited scene segment, and 

found that the contextual segments of the visual stream also produced the temporal 

synchronization effect on visual perception. The results suggested that a visual stream 

could be perceived within contextual segmentation, for example, as a perceptual 

mechanism in spoken languages. 

Further studies are required to determine what an event, or the contextual 

segment of an event factor, would be in a visual sequence. However, our present study 

indicates that the temporal synchronization effect and Fodor’s experimental paradigm 

are useful for clarifying the nature of event perception. 

 

Interaction between studies of the chunking mechanism in language learning 
and studies of the visual event perception 

Recent studies have reported the learning effect of chunking mechanisms on 

digits, letters, or action sequences (Kleinberg & Kaufman, 1971; Slak, 1970; Mandler, 

1967; Sakai, Kitaguchi, & Hikosaka, 2003; Feigenson & Halberda, 2008). These 

studies reported that complex information sequences can be recognized by learning and 

repetition of the information. These reports implied that complex sequences were 

segmented into smaller simple units by repetition, learning, or the use of other 

contextual knowledge or perceptual similarities. The chunking mechanism would play 



an important role in the recognition of complex information sequences. Additionally, in 

a language study, Fodor et al. (1965) suggested that the temporal synchronization effect 

on speech perception was produced by contextual segments in spoken language. To 

consider these suggestions, it is possible that the contextual language segmentation 

process and its effect on the temporal synchronization of auditory perception were 

constructed by learning or repetition of language in daily life. In this study, we applied 

the procedure of Fodor’s temporal synchronization paradigm, reported in language 

studies, to visual perception studies. Visual event perception studies reported that 

several physiological changes became synchronized with the edited scene changes of 

movie streams (Hasson et al., 2004; Kurby & Zacks, 2008; Beatty & Lucero-Wagoner, 

2000; Swallow & Zacks, 2004; Nakano et al., 2009). Compared with contextual 

language segmentation and learning studies, not just edited scene changes but also 

contextual semantic changes in vision might be perceived as visual segments, such as 

chunking mechanisms in speech. Our present findings of the temporal synchronization 

effect on visual perception imply that not only language information but also visual 

streams are automatically segmented into short contextual units in perception. 

On the contrary, the present study in visual perception supports previous 

suggestions of the chunking mechanism in language and the other human learning 

studies referred to above. Firstly, our present study implies that the temporal 

synchronization effect would be influenced by learning or repetition such as the 

chunking mechanism. In the second experiment, participants observed the same visual 

stream in natural and in time-reversed conditions. Interestingly, we could not find the 

temporal segmentation effect on perception in the time-reversed stream. The results 

suggested that contextual segmentation was produced only during the perception of a 

usual or well-learned visual stream. Our study implied that the contextual segmentation 

would relate to learning and recognition of context. The present findings supported the 

previous suggestions of language studies and visual event studies. Secondly, the present 

study suggested that the temporal synchronization effect would be produced in a 

perceptual process. In recent studies using Fodor’s paradigm, it has remained unclear 

whether the perceived timing of a brief stimulus was attracted to the perceived timing of 

the contextual segment of a stimulus stream or whether the participants tended to select 



the contextual segment during the selection phase. As a result of the second experiment, 

we could not find the scene-specific synchronization effect if the movie frames were 

presented in time-reversed condition in the viewing phase. Because the scenes presented 

in the selection phase was the same in both natural and time-reversed conditions, the 

results suggested that the temporal synchronization of a flash and a contextual segment 

was processed in visual perception. The present study implied that the spontaneous 

segmentation of the ongoing visual stream distorted the perception of time around the 

segment of the visual context. Our present study in visual perception supported the 

previous suggestion of the contextual synchronization effect on auditory perception. 

Interaction between studies of chunking mechanism in language learning and 

studies of event perception will clarify the learning mechanism of processing contextual 

information. Our present findings of the temporal synchronization effect on visual 

perception implied that changing sequential information was automatically segmented 

into short contextual scenes in perceptual process. This automatic segmentation 

mechanism in perception would be consistent with our experience in daily life. For 

example, in real life, we can abstract a large multi-parallel experience into a simple 

series of events. Also, we can recognize a seamless event sequence from abstract scenes, 

such as the recognition of the continuous plot of a film from a few cut scenes.  

Elucidating the properties of the automatic segmentation mechanism would 

contribute to understanding how people perceive and recognize the context of a 

sequential stimulus stream. The previous study reported on the temporal 

synchronization effect on auditory perception (Fodor et al., 1965; Gregory, 1978). We 

also found a similar effect on visual perception in the present study. These studies imply 

that people might recognize the context of a visual stream by interpreting the change 

into a language. Or, on the contrary, the automatic visual segmentation might be a basic 

non-symbolized contextual cording underlying a linguistic processing. We are going to 

examine the temporal synchronization effect in cross-modal studies (e.g. a click sound 

within a visual stream, a flash within a speech) to elucidate the relationship between 

automatic contextual segmentation in each modality. If the temporal synchronization 

effect is not found in the cross-modal experiment, the contextual segmentation might 

process within each modality. If the effect is found in cross-modal stimuli, it is possible 



that visual and auditory information is gathered into a unified context of multi-modal 

information.  
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Figure Legends 

Fig. 1. The experimental procedure of each trial comprised two phases. First, in the 

viewing phase, the participants viewed the movie with a flash frame at random timing. 

The movie involved two combined natural scenes, such that there was a scene segment 

in each movie. After the viewing phase, participants reported the flash timing by a 

selection phase. In the selection phase, the participants were instructed to report their 

perceived time when the white flash frame occurred by adjusting the movie frame to the 

flash timing recalled by them. 

 

Fig. 2. The selection ratio as a function of the movie frames averaged over nine subjects. 

Since the flash occurred six times for each frame, an ideal observer would select that 

frame six times and the selection ratio would be one. The selection ratio showed a 

prominent peak at the -1st and 0th frame timings; in other words, the participants tended 

to report that the flashes occurring around the scene change led to the perception of 

synchronization to the scene segment. 

 

Fig. 3. The three conditions (flat/gap/reversed-gap) of movie sequences showing the 

walking movements of an actor. In the flat-condition movie, the actor continuously 

walked on a flat floor from left to right; this was considered as a motion sequence 

without any substantial contextual segment. In the gap-condition movie, the actor’s 

motion was almost the same as in the previous movie, except that the floor in this movie 

had a gap for an elevated platform; this was regarded as a movie that included a 

contextual segment during the stepping movement over the gap. In the 

reversed-gap-condition movie, the gap-condition movie was presented in a 

time-reversed order for control. 

 

Fig. 4. (a) The selection ratio as a function of the movie frames averaged over the seven 

participants. Since the flash occurred six times for each frame, an ideal observer would 

select that frame six times, and the selection ratio would be one. The selection ratio 



exhibited a prominent peak at the 38th frame timing in the gap condition; in other words, 

the participants tended to report that the flash occurring around the scene change 

seemed to be synchronized with a particular frame of the gap-condition movie. This 

synchronization effect was not observed when the frames of the movie were presented 

in a reversed order. (b) The image of the 38th frame in the gap-condition movie. The 

38th frame was at the time of the actor stepping on the elevated platform. This frame 

influenced the flash timing in the gap-condition movie; however, this was not observed 

for the reverse-gap-condition movie. 

 


