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Abstract
Audiovisual interaction was found on the perception of   
frequency glide of linear sweep tones. The auditory and visual 
stimuli were designed to simulate the formant trajectories of 
the syllables that induced the McGurk effect. Linear sweep 
tones were used for the auditory stimuli. For the visual stimuli, 
moving spheres were used. The frequency glide was 
differently perceived depending on the sphere motion. The 
experimental results showed that the identification of linear 
frequency glide was significantly different between with and 
without the motion of the visual stimuli. An interesting result 
was that frequency-glide was perceived for a steady tone 
presented with the enlarging sphere.  Enlarging and shrinking 
motion of the sphere had strongest effect to enhance the 
perception of frequency glide. However, linear movement of 
the sphere did not show clear audiovisual interaction.

1. Introduction
The McGurk effect is an illusion perceived as the result of 
audiovisual interaction [1]. Studies have reported on various 
sets of phonemes in several languages that induce the McGurk 
effect [2, 3]. The effect of spatial frequency has been 
investigated for perceiving the McGurk effect [4]. Filtered 
motion pictures of the face speaking a syllable were used for 
the experiment. An analytical study has been reported using 
temporally gated stimuli [5]. The study analyzed the temporal 
distribution of the key of the McGurk effect. Other exploring 
experiments were carried out by combining audio and visual 
signal of different gender [6]. On the other hand, some studies 
analyzed the temporal audiovisual synchronization from the 
view point of audiovisual interaction [7, 8]. However, 
decomposing the McGurk effect into minimum elements of 
audiovisual interaction has not been reported up to the present. 
This may be due to the fact that the motion of articulation 
spreads across the entire face, and therefore, to extract the key 
feature related to the McGurk effect is extremely difficult. The 
auditory stimuli also include various spectro-temporal features. 

This paper analyzed the primitive element of audiovisual 
interaction focusing on the McGurk effect. Chapter 2 
describes how the auditory and visual stimuli were extracted 
from numbers of features in the audiovisual stimuli inducing 
the McGurk effect. Chapter 3 describes the experimental 
setup. Chapter 4 shows the experimental results. Chapter 5 
concludes this paper. 

2. Stimuli
Auditory and visual stimuli were carefully designed to 
simulate the primitive audiovisual features included in the 
syllables that induced the McGurk effect. 

Typical McGurk effect is perceived when an auditory 
stimulus /ba/ is presented with the visual stimulus /ga/. It is 
well known that listeners hear a syllable /da/ for the 
combination of these auditory and visual stimuli. These 
syllables are characterized by the trajectories of the first and 
second formants as shown in Fig. 1. Thus a frequency-
modulated tone or a couple of these tones is appropriate for a 
choice of auditory stimuli. This paper used linear sweep tones 
as the simplified formant trajectories. 

Preliminary experiment was conducted using a visual 
stimulus of a sphere moving toward right-and-up direction. 
Tested 17 tones included linear sweep tones, steady tones and 
complex tones composed of a couple of the sweep tones. The 
subjects were requested to answer the existence of frequency 
glide. Single sweep tones indicated most distinct difference 
between with and without motion in the visual stimulus. 

Another preliminary experiment was conducted changing 
the initial frequency of sweep tone; 500, 700, 1100, 1900, 
2500, 3500, 4000, 5000, 6000, 7000 Hz. The frequency glide 
ranged from -100 Hz to 100 Hz. The frequency change was 
linear. Based on this result, the initial frequency of 1900 Hz 
was chosen for the experiments reported in this paper.

The duration of the auditory stimuli should be comparable 
to that of the syllables which induce the McGurk effect. Thus 
the duration was fixed at 300 ms according to the result of 
preliminary experiments. 

Finally, the frequency glides of -5%, -3%, -1.5%, 0%, 
1.5%, 3%, and 5% were chosen. The initial frequency was 
fixed at 1900 Hz.  The frequency glide of 0% means a steady 
tone. The frequency change was linear on the linear 
frequency axis as shown in Fig. 2. Auditory stimuli were 
created by MATLAB. The initial and final 5 ms were tapered. 

Designing visual stimuli was more difficult. In previous 
studies investigating the McGurk effect, it was noted that 
various kinds of motion were involved when producing 
utterances of the syllable /ga/. Among them, however, mouth 
motion was considered to have the largest visual effect. Thus 
an enlarging or shrinking sphere was used in our experiments 
as simplified primitive motion simulating this mouth motion. 

A problem is how to design a motionless visual stimulus 
as the control. The black screen without any object can be 
considered as a candidate. However, if no object is presented 
on the display, the subject may listen to the auditory stimulus 
more carefully than in the case of gazing a moving object. 
This may exceedingly bias the experimental condition. Thus 
the picture of a motionless sphere was used as the control 
stimulus of the motion picture of a sphere. 

The total duration of audiovisual stimuli was 1000ms. 
The visual motion and tone sound began at 200 ms after the 
stimulus-initial. The motion and sound continued for 300 ms. 
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The final shape and position of the sphere was continued 
during the rest of the stimulus (500 ms). 

Figure 1: The first and second formant trajectories of 
syllables; /ba/, /da/ and /ga/. 

Figure 2: Auditory stimuli. The frequency axis is 
linear.

Figure 3: Visual stimuli. The arrows show the motion 
and are not displayed. 

3. Experiment
Auditory stimuli were diotically presented by electro-static 
headphones (STAX SR-  Signature) in an anechoic chamber. 
The background noise level was 22 dB(A). Auditory signals 
were digitally transmitted from a PC to a D/A converter via 
an optical fiber. The D/A converter and the headphone driver 
were connected via analog lines. The auditory stimuli were 
presented at the sound pressure of less than 70 dB(A) 

Visual stimuli were presented on a 17in Liquid-Crystal 
Display with a 16 ms response time. The visual objects were 
displayed so as to be projected in the central vision area of the 
subjects’ eyes. 

Subjects were requested to answer whether the frequency 
glide is upward or downward for each stimulus (2AFC).  The 
number of samples collected for each audiovisual stimulus 
was 20. 

Some paper reported that background noise enhanced the 
perception of the McGurk effect [9]; however, this paper did 
not use any signal or noise that made auditory stimuli unclear. 

4. Result
The colored bars in Fig. 4 show the proportion of perceiving 
upward-glide of frequency for all combinations of auditory 
and visual stimuli. The white bars show the proportion of 
perceiving downward-glide. The proportion should be 0.5 if 
no audiovisual interaction is induced. The proportions were 
significantly different among the visual stimuli. 

Figure 4: Proportions of perceived upward and 
downward frequency glides (colored bar and white bar, 

respectively). [p=0.0224] 

4.1. Enlarging sphere 

Figures 5 and 6 show the results using the enlarging sphere as 
visual stimulus. Figure 5 shows the comparison of the 
proportions of perceiving upward-glide between with and 
without enlarging motion of the sphere. The auditory stimulus 
was the 1.5%-upward-glide tone. The tone was fully 
perceived as upward-glide (colored bar) without motion of 
visual stimulus. With motion, however, 15% of the samples 
were perceived as downward-glide (white bar). The 
difference was statistically significant. 

Figure 6 shows the comparison of the proportion of 
perceiving upward-glide between with and without enlarging 
motion of the sphere. The auditory stimulus was the steady 
tone. The proportions of perceiving upward-glide and 
downward-glide were almost equal without motion of visual 
stimuli. However, the proportion of perceiving upward-glide 
was raised to 85% with enlarging motion of visual stimuli. 
The difference was statistically significant. 
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Figure 5: Comparison of the proportion of perceiving 
upward-glide between with and without enlarging 

motion of the sphere for the 1.5%-upward-glide tone. 
[p=0.0359]

Figure 6: Comparison of the proportion of perceiving 
upward-glide between with and without enlarging 

motion of the sphere for the steady tone. [p=0.0352] 

4.2. Shrinking sphere 

Figures 7 and 8 show the results using the shrinking sphere as 
the visual stimulus. Figure 7 shows the comparison of the 
proportion of perceiving upward-glide between with and 
without shrinking motion of the sphere. The auditory stimulus 
was the 1.5%-upward-glide tone. The tone was fully 
perceived as upward-glide without motion. However, 25% of 
the samples were perceived as downward-glide with motion. 
The difference was statistically significant. 

Figure 8 shows comparison of the proportion of 
perceiving upward-glide between with and without shrinking 
motion of the sphere. The auditory stimulus was the steady 
tone. The proportions of upward-glide and downward-glide 
were almost equal without motion. However, the proportion 
of upward-glide was raised with motion. The difference was 
not statistically significant. 

Figures 9 and 10 show the results for the 3%-upward-
glide and 5%-upward-glide tones. The p-value was slightly 
greater than 0.05 in Fig. 9; however, the effect of shrinking 
visual stimulus was clear. 

Figure 7: Comparison of the proportion of perceiving 
upward-glide between with and without shrinking 

motion of the sphere for the 1.5%-upward-glide tone. 
[p=0.0057] 

Figure 8: Comparison of the proportion of perceiving 
upward-glide between with and without shrinking 

motion of the sphere for the steady tone. [p=0.3259] 

Figure 9: Comparison of the proportion of perceiving 
upward-glide between with and without shrinking 

motion of the sphere for the 3%-upward-glide tone. 
[p=0.0659] 
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Figure 10: Comparison of the proportion of 
perceiving upward-glide between with and without 
shrinking motion of the sphere for the 5%-upward-

glide tone. [p=0.0359] 

4.3. Other results 

The 5%-downward-glide tone was fully perceived as 
downward-glide either with or without shrinking motion of 
the sphere. The 5%-downward-glide tone was also fully 
perceived as downward-glide either with or without linear 
motion of the sphere toward right-and-down. 

On the other hand, the 1.5%-upward-glide tone was fully 
perceived as upward-glide either with or without linear 
motion of the sphere toward right-and-up. The 5%-upward-
glide tone was also fully perceived as upward-glide either 
with or without linear motion of the sphere toward right-and-
up.

Figure 11 shows the combination of the 1.5%-upward-
glide tone and linear motion of the sphere toward right-and-
down. The proportion of perceiving as upward-glide 
decreased with motion. The difference was statistically 
significant.

The other audiovisual stimuli showed difference between 
with and without motion of the visual stimulus. However, the 
difference was not statistically significant. 

Figure 11: Comparison of the proportion of 
perceiving upward-glide between with and without 

linear motion of the sphere for the 1.5%-upward-glide 
tone. [p=0.0144]

5. Conclusions
Significant audiovisual interactions were found between 
primitive auditory and visual stimuli on the perception of 
frequency glide. These stimuli were created to simulate the 
elementary auditory and visual features of the syllables that 
induced the McGurk effect. Linear sweep tones were used for 
the auditory stimuli. Simple motions of the sphere were used 
for the visual stimuli. The perception of frequency glide was 
enhanced by the motion in the visual stimuli. The differences 
were significant when the 1.5%-upward-glide tone was used 
for auditory stimulus and the enlarging sphere or shrinking 
sphere was used for the visual stimulus.  The differences were 
also significant for the combination of the steady tone and the 
enlarging sphere. 

More careful design of visual stimuli is necessary for 
further analysis of audiovisual interaction. 
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