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Abstract. Magnetoencephalography was used to examine whether a multisensory change-detection 
system for the conjunction between a visually based prediction and an incoming sound, which was 
recently tested for incongruent pitch, can detect changes in other physical sound features as well. 
Following an animation in which a musical key moved downward with either a red or green light cue, 
a sound that was designed to be congruent or incongruent with the cue in terms of either frequency, 
intensity, or duration was presented to subjects. For every type of incongruity, when subjects predicted 
an incoming sound based on a visual cue, we detected an early signal from the bilateral supratemporal 
auditory areas similar to the mismatch responses, which are considered to reflect the outputs of a 
unimodal change-detection system. Although the activation sources for these signals were too close to 
separate, the present results clearly suggest that the multisensory change-detection system has multiple 
channels for physical sound features, and that such detection is presumably achieved by the creation of 
a visual trace that functions as a template for each physical feature of a probable sound in the 
supratemporal auditory areas.  
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1. Introduction 
Mismatch negativity (MMN) or its neuromagnetic counterpart, mismatch field (MMF), is known to 

reflect the output of an early auditory change-detection system [Näätänen et al., 2007]. This signal is 
automatically evoked from the bilateral supratemporal auditory areas for deviations in any physical 
feature, such as frequency, duration, and intensity [Rosburg, 2003], that violate regularities of previous 
frequently heard sounds (e.g., A1, A1, A1, A1, A2, …). Similar signals have also been reported in the 
visual modality (e.g., V1, V1, V1, V1, V2, …), evoked for deviations of various visual features, such as 
color, spatial frequency, and form [Pazo-Alvarez et al., 2003].  

The change-detection system is engaged not only in unisensory cases but also in the case of 
multisensory cues. It was recently reported that when there are two inputs from visual and auditory 
modalities in a repetitive manner, a signal similar to MMF is evoked for a sound that has a different 
pitch from the one predicted from a prior visual position cue (e.g., V1A1, V2A2, V2A2, V1A1, V2A1, …) 
[Aoyama et al., 2006]. Despite this discovery of multisensory functioning of the system, however, it is 
still unclear if the system can detect changes in multiple physical features as in the unimodal cases.  

In this study, we hypothesized that similar signals to MMF would also be evoked for sounds that 
have either unexpected duration or intensity with prior visual cues if the multisensory change-detection 
system has multiple channels for physical features. To test this hypothesis, we measured early 
neuromagnetic responses for such visual-auditory patterns using magnetoencephalography (MEG). 

2. Material and Methods 

2.1. Subjects 

 Seven healthy subjects (all males in their twenties) participated in all the experiments as volunteers. 
Informed consent was obtained after the explanation of the details of the experimental procedure. 
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Experimental protocols were approved by the Ethics Commission of Tokyo Denki University as well 
as the Ethics Committee of Keio University’s Faculty of Science and Technology. 

2.2. Stimulation 

Audio-visual combination stimuli were delivered to the subjects. For the visual stimuli, an 
animation was played, in which a musical key moved downward with either a red or green light cue, as 
shown in Fig. 1. A key movement took 300 ms to reach the bottom, at which time either a congruent or 
incongruent auditory stimulus was presented. The key remained in the down position for 150 ms and 
then returned to the initial position immediately. In one-tenth of the trials (P = 0.1), the size of the 
fixation point was changed during the key presses. As the auditory stimuli, two kinds of tone bursts 
that differed in either frequency (1000/1250 Hz), intensity (90-/80-dB sound pressure level), or 
duration (100/50 ms) were used. The default values were 1000 Hz, 90 dB, and 100 ms, and only one of 
these was variable in each condition (e.g., frequency condition: 1000/1250 Hz, 90 dB, and 100ms). 
The two tones in each pair were designed to correspond to the red and green cues, as shown in Table 1.  

All four combinations of paired stimuli were presented. The red and green congruent pairs (CPs: 
CP1 and CP2, respectively) were presented more frequently (P = 0.45 each) than the incongruent pairs 
(IPs: IP2 and IP1, respectively) (P = 0.05 each), although the frequencies of red/green and either 
high/low, large/small, or long/short were equal. Pairs were delivered 1000 times pseudo-randomly with 
the stimulus onset asynchrony of 1100 ms for each condition. In order to avoid subject fatigue, there 
was a break of 30 s after every 250 presentations. In each break, visual-auditory correspondences were 
switched (e.g., CP1: a 1000-Hz tone with a green cue). 

 
 

 
Figure 1. Details of a visual-auditory stimulus. First, an animation was played, in which a musical key moved 

downward with either a red or green light cue. The key movement took 300 ms to reach the bottom, at 
which time either a congruent or incongruent sound was presented. The key remained in the down 
position for 150 ms and then returned to the initial position immediately. 

 

Table 1. Visual-auditory paired stimuli used in each condition. 

 CP1 CP2 IP1 IP2 

Visual 
Auditory (F) 

Red 
1000 Hz* 

Green 
1250 Hz 

Green 
1000 Hz* 

Red 
1250 Hz 

Visual 
Auditory (I) 

Red 
90 dB* 

Green 
80 dB 

Green 
90 dB* 

Red 
80 dB 

Visual 
Auditory (D) 

Red 
100 ms* 

Green 
50 ms 

Green 
100 ms* 

Red 
50 ms 

P 0.45 0.45 0.05 0.05 

CP, congruent pair; IP, incongruent pair; F, frequency condition; I, intensity condition;  
D, duration condition; *default values in the other two auditory conditions 
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2.3. Procedure 

Subjects were asked to perform two types of tasks with the same stimuli: (1) a prediction task in 
which subjects attempted to predict an incoming sound as soon as a color cue was presented and to 
count the total number of IPs; (2) a non-prediction task in which subjects did not predict the associated 
sound but rather attempted to count the total number of size changes of the fixation point. After 
training for each task, neuromagnetic data were recorded with a whole-cortex MEG system that has 
300 axial gradiometers (PQ2440R, Yokogawa Electric Corp., Japan). The sampling rate was 625 Hz 
and the analogue recording passband was 0.03–200 Hz. The order of six experiments was 
counterbalanced across subjects. 

2.2. Analysis 

Trials contaminated with artifacts of eye-movements and blinks were rejected. The collected data 
were averaged from 400 ms before to 400 ms after the auditory onset. The offset was removed based 
on an interval of 100 ms before the visual onset, and the averaged data were digitally low-pass filtered 
at 40 Hz.  

Subsequently, the root-mean-square (RMS) differential waveforms for each hemisphere were 
obtained by subtracting the averaged magnetic fields for CP1 and CP2 from those for IP1 and IP2 for 
each channel: 
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where B(i)
STIM(t) denotes the magnetic field of channel i for the stimulus pair. This subtractive operation 

cancels out the intermingled influences of different tones (high/low, large/small, and long/short) and 
different key positions (right/left), as well as task-relevant influences [Teder-Sälejärvi et al., 2002], and 
isolates the non-linear differential component specific to the visual-auditory incongruities. For the 
distinct early components observed in the averaged waveforms, equivalent current dipoles (ECDs) 
were estimated at their peak latencies, using a two-dipole model. ECDs that satisfied the criterion of a 
goodness-of-fit more than 85% were accepted. 

3. Results 

3.1. Behavioral Results 

After each recording, we confirmed that all subjects complied with the instructions. During the 
prediction task, the accuracies of the reported numbers of IPs were 98 ± 5%, 94 ± 3%, and 96 ± 5% 
under the frequency, intensity, and duration conditions, respectively; during the non-prediction task, 
the accuracies of the reported numbers of size changes of the fixation point were 98 ± 4%, 97 ± 6%, 
and 97 ± 4% under each condition. These values were not significantly different from each other. 

3.1. MEG Results 

The MEG responses to the auditory stimuli, following the visual cues, showed an early bilateral 
auditory deflection N1m peak at about 100 ms after the auditory onset in all subjects in all the auditory 
conditions (N = 7). Under the intensity and duration conditions, the strengths of N1m for CP1, which 
have louder or longer auditory parts, were larger than those for CP2, regardless of the performed tasks 
(t6 = 1.3–3.1, paired t-test). Moreover, only during the prediction task, the strengths of N1m for IP1 
and IP2 were increased (t6 = 3.0–7.2, p < 0.05) with a delay of peak latencies (t6 = 4.1–9.3, p < 0.01) 
compared with those for CP1 and CP2, respectively.  

To evaluate the increase for IP1 and IPs, RMS differential waveforms, or the incongruity-specific 
responses, were calculated, and are shown in Fig. 2. Distinct peaks, termed D1, were observed 
bilaterally within 100–200 ms after the auditory onset (frequency condition, N = 6; intensity condition, 
N = 4; duration condition, N = 4). During the non-prediction task, such activity was not recognized. 
The peak latencies of D1 were longer than those of N1m for CPs (t5,3 = 5.1–15.4, p < 0.01). The 
latencies and intensities of N1m in the original waveforms and those of D1 in the differential 
waveforms during the prediction task are summarized in Fig. 3.  

As for the activation sources of N1m, ECDs were located within the bilateral supratemporal 
auditory areas in every condition, regardless of the increase for IP1 and IP2 (N = 7). Fig. 4 shows the 
sources of N1m for CP1 and IP1 during the prediction task. Although the differences of ECD locations 
under each auditory condition did not reach a significant level, the ECDs under the frequency 
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condition in four subjects tended to shift towards the inferior frontal regions relative to those under the 
intensity and duration conditions (N = 4). 

4. Discussion 
In this study, an early signal similar to MMF [Näätänen et al., 2007], termed D1, was bilaterally 

recognized for visual-auditory incongruities in every auditory condition during the prediction task, 
which appeared as the enhancement of N1m for IPs with a slight delay of peak latency in the averaged 
waveforms. Although the strength of N1m was correlated with sound intensity and duration, D1 
generation in the different waveforms, independent of their effects, was confirmed quantitatively.  

 
 

 
Figure 2. Incongruity-specific responses. Root-mean-square (RMS) differential waveforms were obtained by 

subtracting the averaged waveforms for CP1 and CP2 from those for IP1 and IP2 for each hemisphere. 
Distinct peaks, termed D1, were observed bilaterally within 100–200 ms after the auditory onset in 
every auditory condition. 

 

 

Figure 3. Peak latencies and intensities of N1m in the original waveforms and those of D1 in the differential 
waveforms during the prediction task. The generation of D1 for each auditory condition was 
confirmed quantitatively by the increased strengths of N1m for IP1 and IP2 with a delay of peak 
latencies compared with those for CP1 and CP2. 

Prediction task Non-prediction task 

147



 

Figure 4. Activation sources of N1m for CP1 and IP1 during the prediction task. The estimated equivalent 
current dipoles that are superimposed on the individual magnetic resonance images are shown. They 
were located in the bilateral supratemporal auditory areas in each auditory condition.   

 
Since the behavioral results assure the achievement of a functional prediction/non-prediction design of 
the paradigm and the proper task performance of the subjects, D1 is considered to have resulted from 
sounds that differed from expectations in a single physical feature. 

Consistent with a previous study that detected D1 in the frequency condition [Aoyama et al., 2006], 
the ECDs for every N1m under every auditory condition were located in the bilateral supratemporal 
auditory areas, regardless of the stimulus pairs. This demonstrates that D1 also originated from these 
areas, which were also similar to MMF [Näätänen et al., 2007; Rosburg, 2003]. Although the 
activation sources for D1s were too close to separate, the tendency of ECDs in the frequency condition 
to shift towards an anterior region was recognized. Taking all these results into consideration, it is 
concluded that the multisensory change-detection system has multiple channels for physical sound 
features that correspond to different neural substrates, as in the case of unisensory MMF system.  

How does such a multisensory change-detection system work? One possible explanation from the 
characteristics of D1 is that the modulation of supratemporal auditory areas by visually based sound 
prediction involves the creation of a visual trace, which would function as a template for each physical 
feature of a probable incoming sound. By comparing the template with each feature of the actual 
incoming sound, various types of feature changes in visual-auditory patterns are presumably detected 
in the early stages of auditory processing. 

5. Conclusions 
This study detected early signals in the bilateral supratemporal auditory areas for incongruent 

conjunctions between visually based sound prediction and various features of incoming auditory 
stimuli, including frequency, intensity, or duration. Because of the presence of these signals, we 
conclude that such a multisensory change-detection system has multiple channels for auditory features, 
as in the case of the unisensory MMF system. 
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