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Previous MMN studies
The Mismatch Negativity (MMN) and its magnetic counterpart 
(MMNm) is a pre-attentive component on the EEG/MEG sig-
nal, peaking around 100-250 ms after auditory stimuli onset. Its 
presense is considered an objective meassure of the brain’s abil-
ity to detect deviants in a series of repetitive sounds1. The larger 
the deviant the larger the MMN amplitude. In an early MEG study 
by Sams et al. (1991)2 a mismatch response to audio-visual speech 
was generated from the auditory cortex despite deviants only in the 
visual stimuli. The complementary audio-visual situation was stud-
ied by Kislyuk et al. (2008)3 who showed that the MMN elicited in 
response to deviant speech sounds can be suppressed by simulta-
neous presentation of incongruent visual information. Several MEG 
and EEG studies have found musician enhancements for deviant 
detection within various aspects of musical sounds, e.g. timbre4, 
rhythm5, and pitch.6,7

What we want to know
Do musicians perform better than non-musicians on an auditory  ʌ
pitch discrimination task?

Can audio-visual presentation of a sound source diminish the ex- ʌ
pected differences in performance between musicians and non- 
musicians?

Does incongruent audio-visual presentation disturb participants   ʌ
ability to detect subtle pitch changes?

Are the hypothesised effects of visual stimuli presentation reflected  ʌ
in the auditory responses of the brain, as meassured with MEG?

Methods
Participants
20 musicians, 20 non-musicians.

Stimuli
 Auditory: A sequence of spectrally complex tones (fundamental + four harmonics) consisting of frequent standards at 528 Hz (q ) and infrequent devi-
ants at 532 Hz (  ) Each tone is 300 ms in duration with 300 ms interstimulus intervals, and presented binaurally through in-ear headphones.

 Visual: Congruent and incongruent images of a stylised xylophone are presented on a screen synchronously with the auditory stimuli. See figure 2 
and figure 3. In the 300 ms between tones an image is presented of the xylophone that only consists of blue bars (not shown here).

Task
Participants will be asked to press a button as soon as they hear a deviant tone. For every correct detection they will earn a small amount of money.

Data
 Behavioural: meassures of pitch discimination abilities, including reaction time.
 Neurophysiological: brain scanning will be undertaken using a Elekta Neuromag 306 channel magneto-encephalography scanner. Averaged event re-
lated fields, ERFs, will be calculated for each participant in each group, and each standard and deviant stimulus in each condition. The MMNm will be ob-
tained by subtracting the averaged standard ERF from the deviant ones.

Background considerations
Perception in everyday life is supported by several sensory systems. In neuroscientific stu-
dies on perception, however, participants are typically exposed to uni-sensory stimuli. In 
studies on differences between musicians’ and non-musicians’ auditory discrimination abili-
ties, participants are typically meassured on their ability to detect changes in musically rele- 
vant features such as pitch, rhythm and timbre.

In such experimental conditions, musicians 
may have advantages over and above 
those that relate specifically to auditory 
skills, because they are:

more trained in attending specifically  ʌ
to the acoustic characteristics of sound 
sources 

more familiar with the musical stimuli ʌ

presumably highly motivated to per- ʌ
form well on e.g. discrimination tasks

To non-musicians the experimental situation 
causes additional challenges unrelated to 
the task, as they are:

denied the multimodal information that  ʌ
form the basis of perception in everyday 
listening situations 

not used to making judgements and act- ʌ
ing on e.g. fine-grained pitch changes 

presumably unconcerned with their per- ʌ
formance on e.g. discrimination tasks
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With the present experiment in progress we aim to show that mul-
timodal information facilitates performance on an auditory task. On 
the basis of previous studies we expect the reverse to be the case 
when visual and auditory information are incongruent. Thereby we 
intend to highlight potential problems in drawing conclusions on au-
ditory perception solely based on studies that investigate the audi-
tory system in isolation. Besides such theoretical and methodologi-
cal implications, this study may gain insight into and develop the 
use of visual cues in music theory and performance, as well as in 
intervention methods for people with hearing impairments.

Design and hypotheses

Figure 1: Expected response to auditory deviants. We expect that the amplitude of the MMNm will dif-
fer between groups and between conditions as indicated by the different kinds of “greater-than” signs.
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Figure 2: Audiovisual stimuli. Auditory standards ( q ) are always matched with the corresponding visual im-
age (a), whereas the auditory deviants (  ) are matched with either a congruent (b) or an incongruent (a) image, 
depending on condition. See also figure 3.
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Figure 3: Paradigm. Examples of sequences of stimuli presented to participants in each condition. We are 
mainly interested in participants’ neural responses to the stimuli that are marked with a red ring. Refer to 
figure 2 for explanation of symbols.
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