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PARADIGM

BACKGROUND 

‣The original musical multi-feature (MuMUFE) paradigm was designed to investigate violations embedded 
in a musical context for six different features: pitch, timbre, intensity, location, rhythm, and slide deviants1,2 

‣The original MuMUFE paradigm has been instrumental in differentiating auditory processing according to  
e.g. musical ability3, practiced musical genre4, and hearing impairments in CI-users5,6 

‣This study: ‘proof of concept’ for a no-standard version7 of the MuMUFE (duration ~10 minutes)
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RESULTS (N = 17)

STIMULI (ALBERTI BASS)

third note by 30 msec compared with when it was expected.
The timbre used the ‘old-time radio’ effect provided with
Adobe Audition. The location deviant was generated by
decreasing the amplitude of the right channel up to 10 dB,
perceptually resulting in a sound coming slightly from a loca-
tion left centers (w70!). The loudness deviant was made by
reducing the original intensity by 6 dB and the pitch-slide
deviant by bending the pitch of two notes separated by two
semitones. Sounds (the individual tones) were amplitude
normalized. Each tone was in stereo, 44,100 in sample
frequency, and 200 msec in duration, having an ISI of 5 msec.

A pilot ERP study was conducted to optimize the deviants
by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).

Auditory stimuli consisted of a 20-min block. Participants
passively heard auditory sequences through headphones
(Sony MDR-7506, sound pressure level 50 dB above individual
threshold.). Their main task was to concentrate on a silenced
document film while sitting on a comfortable chair in a shiel-
ded chamber. Before EEG recording, participants answered

a background questionnaire consisting of questions about
their musical knowledge. After the EEG recording, the
Advanced Measure of Musical Audiation (AMMA) musicality
test was conducted to obtain an additional behavioral
measure of the musical skills of subjects (Gordon, 1989). The
AMMA test has been standardized with over 5000 American
students, with and without musical background. It lasts about
15 min and includes 30 pairs of short melodies, 10 with
a change in pitch (AMMA total score), 10 with a change in
rhythm and 10 unchanged. After hearing twomelodies played
by a piano synthesizer, subjects were requested to decide if

they were same or different during a 4-sec silent period. On
average, our subjects obtained a total raw AMMA score of 53.4
(SD¼ 6.4; range 43e68), a mean raw score for the tonal AMMA
of 26.4 (SD¼ 4.5; range 19e34), and a mean raw score for the
rhythm AMMA of 27.1 (SD¼ 2.8, range 24e34). These scores
are comparable with the ones obtained by non-musicians and

amateur musicians in previous studies (Schneider et al., 2002;
Seppänen et al., 2007). Thus, our subject sample did not differ
from normal levels of tonal and rhythmic skills.

2.3. EEG recording and data analysis

The EEGwas recordedwith a BioSemi ActiveTwo system. A 64-
channel cap based on 10/5 system was used with active elec-
trodes, with a sampling rate of 2048 Hz during recordings,
down-sampled for data analysis purposes to 512 Hz with

BDFDecimator software. Double-sided adhesive electrode
ringswereused to attach the electrodes to themastoidsbehind
the auricles and to the EOG (below the lower eyelid of the right
eye), and the reference electrodes were attached to the nose.

The EEG was offline filtered (bandpass 1e30 Hz). Epochs of
100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG

change exceeding #100 mV for more than 4 isolated channels
were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
approximating the Fz in the 10e20 system and the most
positive peaks at the mastoid electrodes (LM and RM) occur-
ring at the 100e200 msec post-stimulus period. These elec-
trodes were chosen on the basis of visual inspection and the
previous MMN literature, according to which the largest

negative MMN peak is typically obtained at Fz and the largest
reversed potential at the mastoid electrodes. The mean ERP
amplitudes to the deviant and standard waveforms in the
MMN latency window were then calculated as the average
voltage at the 40 msec period centered at the individual peak
latencies measured from Fz. To determine the significance of

Fig. 1 e Stimulus. “Alberti bass” patterns alternating between standard sequence and a deviant sequence played with piano
sounds. Patterns were periodically transposed to different keys and/or modality with an interval of 6 bars. Each tone was
200 msec in duration, with an SOA of 5 msec, yielding a tempo of approximately 146 beats/min. Comparisons were made
between the third note of the standard sequence and the third note of the deviant sequence.
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by a piano synthesizer, subjects were requested to decide if

they were same or different during a 4-sec silent period. On
average, our subjects obtained a total raw AMMA score of 53.4
(SD¼ 6.4; range 43e68), a mean raw score for the tonal AMMA
of 26.4 (SD¼ 4.5; range 19e34), and a mean raw score for the
rhythm AMMA of 27.1 (SD¼ 2.8, range 24e34). These scores
are comparable with the ones obtained by non-musicians and

amateur musicians in previous studies (Schneider et al., 2002;
Seppänen et al., 2007). Thus, our subject sample did not differ
from normal levels of tonal and rhythmic skills.

2.3. EEG recording and data analysis

The EEGwas recordedwith a BioSemi ActiveTwo system. A 64-
channel cap based on 10/5 system was used with active elec-
trodes, with a sampling rate of 2048 Hz during recordings,
down-sampled for data analysis purposes to 512 Hz with

BDFDecimator software. Double-sided adhesive electrode
ringswereused to attach the electrodes to themastoidsbehind
the auricles and to the EOG (below the lower eyelid of the right
eye), and the reference electrodes were attached to the nose.
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100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG

change exceeding #100 mV for more than 4 isolated channels
were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
approximating the Fz in the 10e20 system and the most
positive peaks at the mastoid electrodes (LM and RM) occur-
ring at the 100e200 msec post-stimulus period. These elec-
trodes were chosen on the basis of visual inspection and the
previous MMN literature, according to which the largest

negative MMN peak is typically obtained at Fz and the largest
reversed potential at the mastoid electrodes. The mean ERP
amplitudes to the deviant and standard waveforms in the
MMN latency window were then calculated as the average
voltage at the 40 msec period centered at the individual peak
latencies measured from Fz. To determine the significance of
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A pilot ERP study was conducted to optimize the deviants
by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).

Auditory stimuli consisted of a 20-min block. Participants
passively heard auditory sequences through headphones
(Sony MDR-7506, sound pressure level 50 dB above individual
threshold.). Their main task was to concentrate on a silenced
document film while sitting on a comfortable chair in a shiel-
ded chamber. Before EEG recording, participants answered

a background questionnaire consisting of questions about
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Advanced Measure of Musical Audiation (AMMA) musicality
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ringswereused to attach the electrodes to themastoidsbehind
the auricles and to the EOG (below the lower eyelid of the right
eye), and the reference electrodes were attached to the nose.

The EEG was offline filtered (bandpass 1e30 Hz). Epochs of
100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
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Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).
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passively heard auditory sequences through headphones
(Sony MDR-7506, sound pressure level 50 dB above individual
threshold.). Their main task was to concentrate on a silenced
document film while sitting on a comfortable chair in a shiel-
ded chamber. Before EEG recording, participants answered
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test was conducted to obtain an additional behavioral
measure of the musical skills of subjects (Gordon, 1989). The
AMMA test has been standardized with over 5000 American
students, with and without musical background. It lasts about
15 min and includes 30 pairs of short melodies, 10 with
a change in pitch (AMMA total score), 10 with a change in
rhythm and 10 unchanged. After hearing twomelodies played
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they were same or different during a 4-sec silent period. On
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rhythm AMMA of 27.1 (SD¼ 2.8, range 24e34). These scores
are comparable with the ones obtained by non-musicians and
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channel cap based on 10/5 system was used with active elec-
trodes, with a sampling rate of 2048 Hz during recordings,
down-sampled for data analysis purposes to 512 Hz with
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eye), and the reference electrodes were attached to the nose.
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100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG

change exceeding #100 mV for more than 4 isolated channels
were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
approximating the Fz in the 10e20 system and the most
positive peaks at the mastoid electrodes (LM and RM) occur-
ring at the 100e200 msec post-stimulus period. These elec-
trodes were chosen on the basis of visual inspection and the
previous MMN literature, according to which the largest

negative MMN peak is typically obtained at Fz and the largest
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The timbre used the ‘old-time radio’ effect provided with
Adobe Audition. The location deviant was generated by
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perceptually resulting in a sound coming slightly from a loca-
tion left centers (w70!). The loudness deviant was made by
reducing the original intensity by 6 dB and the pitch-slide
deviant by bending the pitch of two notes separated by two
semitones. Sounds (the individual tones) were amplitude
normalized. Each tone was in stereo, 44,100 in sample
frequency, and 200 msec in duration, having an ISI of 5 msec.

A pilot ERP study was conducted to optimize the deviants
by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).

Auditory stimuli consisted of a 20-min block. Participants
passively heard auditory sequences through headphones
(Sony MDR-7506, sound pressure level 50 dB above individual
threshold.). Their main task was to concentrate on a silenced
document film while sitting on a comfortable chair in a shiel-
ded chamber. Before EEG recording, participants answered

a background questionnaire consisting of questions about
their musical knowledge. After the EEG recording, the
Advanced Measure of Musical Audiation (AMMA) musicality
test was conducted to obtain an additional behavioral
measure of the musical skills of subjects (Gordon, 1989). The
AMMA test has been standardized with over 5000 American
students, with and without musical background. It lasts about
15 min and includes 30 pairs of short melodies, 10 with
a change in pitch (AMMA total score), 10 with a change in
rhythm and 10 unchanged. After hearing twomelodies played
by a piano synthesizer, subjects were requested to decide if

they were same or different during a 4-sec silent period. On
average, our subjects obtained a total raw AMMA score of 53.4
(SD¼ 6.4; range 43e68), a mean raw score for the tonal AMMA
of 26.4 (SD¼ 4.5; range 19e34), and a mean raw score for the
rhythm AMMA of 27.1 (SD¼ 2.8, range 24e34). These scores
are comparable with the ones obtained by non-musicians and

amateur musicians in previous studies (Schneider et al., 2002;
Seppänen et al., 2007). Thus, our subject sample did not differ
from normal levels of tonal and rhythmic skills.
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channel cap based on 10/5 system was used with active elec-
trodes, with a sampling rate of 2048 Hz during recordings,
down-sampled for data analysis purposes to 512 Hz with

BDFDecimator software. Double-sided adhesive electrode
ringswereused to attach the electrodes to themastoidsbehind
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eye), and the reference electrodes were attached to the nose.
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100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG

change exceeding #100 mV for more than 4 isolated channels
were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
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approximating the Fz in the 10e20 system and the most
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perceptually resulting in a sound coming slightly from a loca-
tion left centers (w70!). The loudness deviant was made by
reducing the original intensity by 6 dB and the pitch-slide
deviant by bending the pitch of two notes separated by two
semitones. Sounds (the individual tones) were amplitude
normalized. Each tone was in stereo, 44,100 in sample
frequency, and 200 msec in duration, having an ISI of 5 msec.

A pilot ERP study was conducted to optimize the deviants
by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).

Auditory stimuli consisted of a 20-min block. Participants
passively heard auditory sequences through headphones
(Sony MDR-7506, sound pressure level 50 dB above individual
threshold.). Their main task was to concentrate on a silenced
document film while sitting on a comfortable chair in a shiel-
ded chamber. Before EEG recording, participants answered

a background questionnaire consisting of questions about
their musical knowledge. After the EEG recording, the
Advanced Measure of Musical Audiation (AMMA) musicality
test was conducted to obtain an additional behavioral
measure of the musical skills of subjects (Gordon, 1989). The
AMMA test has been standardized with over 5000 American
students, with and without musical background. It lasts about
15 min and includes 30 pairs of short melodies, 10 with
a change in pitch (AMMA total score), 10 with a change in
rhythm and 10 unchanged. After hearing twomelodies played
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they were same or different during a 4-sec silent period. On
average, our subjects obtained a total raw AMMA score of 53.4
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are comparable with the ones obtained by non-musicians and
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ringswereused to attach the electrodes to themastoidsbehind
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eye), and the reference electrodes were attached to the nose.
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were separately averaged for the 6 types of deviant stimuli in
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groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG
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were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
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most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
approximating the Fz in the 10e20 system and the most
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perceptually resulting in a sound coming slightly from a loca-
tion left centers (w70!). The loudness deviant was made by
reducing the original intensity by 6 dB and the pitch-slide
deviant by bending the pitch of two notes separated by two
semitones. Sounds (the individual tones) were amplitude
normalized. Each tone was in stereo, 44,100 in sample
frequency, and 200 msec in duration, having an ISI of 5 msec.

A pilot ERP study was conducted to optimize the deviants
by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).
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ded chamber. Before EEG recording, participants answered

a background questionnaire consisting of questions about
their musical knowledge. After the EEG recording, the
Advanced Measure of Musical Audiation (AMMA) musicality
test was conducted to obtain an additional behavioral
measure of the musical skills of subjects (Gordon, 1989). The
AMMA test has been standardized with over 5000 American
students, with and without musical background. It lasts about
15 min and includes 30 pairs of short melodies, 10 with
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were omitted from the average. Isolated channels with
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contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
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third note by 30 msec compared with when it was expected.
The timbre used the ‘old-time radio’ effect provided with
Adobe Audition. The location deviant was generated by
decreasing the amplitude of the right channel up to 10 dB,
perceptually resulting in a sound coming slightly from a loca-
tion left centers (w70!). The loudness deviant was made by
reducing the original intensity by 6 dB and the pitch-slide
deviant by bending the pitch of two notes separated by two
semitones. Sounds (the individual tones) were amplitude
normalized. Each tone was in stereo, 44,100 in sample
frequency, and 200 msec in duration, having an ISI of 5 msec.

A pilot ERP study was conducted to optimize the deviants
by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
presented with the Presentation software (Neurobehavioral
Systems).

Auditory stimuli consisted of a 20-min block. Participants
passively heard auditory sequences through headphones
(Sony MDR-7506, sound pressure level 50 dB above individual
threshold.). Their main task was to concentrate on a silenced
document film while sitting on a comfortable chair in a shiel-
ded chamber. Before EEG recording, participants answered

a background questionnaire consisting of questions about
their musical knowledge. After the EEG recording, the
Advanced Measure of Musical Audiation (AMMA) musicality
test was conducted to obtain an additional behavioral
measure of the musical skills of subjects (Gordon, 1989). The
AMMA test has been standardized with over 5000 American
students, with and without musical background. It lasts about
15 min and includes 30 pairs of short melodies, 10 with
a change in pitch (AMMA total score), 10 with a change in
rhythm and 10 unchanged. After hearing twomelodies played
by a piano synthesizer, subjects were requested to decide if

they were same or different during a 4-sec silent period. On
average, our subjects obtained a total raw AMMA score of 53.4
(SD¼ 6.4; range 43e68), a mean raw score for the tonal AMMA
of 26.4 (SD¼ 4.5; range 19e34), and a mean raw score for the
rhythm AMMA of 27.1 (SD¼ 2.8, range 24e34). These scores
are comparable with the ones obtained by non-musicians and

amateur musicians in previous studies (Schneider et al., 2002;
Seppänen et al., 2007). Thus, our subject sample did not differ
from normal levels of tonal and rhythmic skills.

2.3. EEG recording and data analysis

The EEGwas recordedwith a BioSemi ActiveTwo system. A 64-
channel cap based on 10/5 system was used with active elec-
trodes, with a sampling rate of 2048 Hz during recordings,
down-sampled for data analysis purposes to 512 Hz with

BDFDecimator software. Double-sided adhesive electrode
ringswereused to attach the electrodes to themastoidsbehind
the auricles and to the EOG (below the lower eyelid of the right
eye), and the reference electrodes were attached to the nose.

The EEG was offline filtered (bandpass 1e30 Hz). Epochs of
100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG

change exceeding #100 mV for more than 4 isolated channels
were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
approximating the Fz in the 10e20 system and the most
positive peaks at the mastoid electrodes (LM and RM) occur-
ring at the 100e200 msec post-stimulus period. These elec-
trodes were chosen on the basis of visual inspection and the
previous MMN literature, according to which the largest

negative MMN peak is typically obtained at Fz and the largest
reversed potential at the mastoid electrodes. The mean ERP
amplitudes to the deviant and standard waveforms in the
MMN latency window were then calculated as the average
voltage at the 40 msec period centered at the individual peak
latencies measured from Fz. To determine the significance of

Fig. 1 e Stimulus. “Alberti bass” patterns alternating between standard sequence and a deviant sequence played with piano
sounds. Patterns were periodically transposed to different keys and/or modality with an interval of 6 bars. Each tone was
200 msec in duration, with an SOA of 5 msec, yielding a tempo of approximately 146 beats/min. Comparisons were made
between the third note of the standard sequence and the third note of the deviant sequence.
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semitones. Sounds (the individual tones) were amplitude
normalized. Each tone was in stereo, 44,100 in sample
frequency, and 200 msec in duration, having an ISI of 5 msec.
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by their salience, resulting in the parameter values used.
Randomization was performed in MatLab and stimuli were
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rhythm AMMA of 27.1 (SD¼ 2.8, range 24e34). These scores
are comparable with the ones obtained by non-musicians and

amateur musicians in previous studies (Schneider et al., 2002;
Seppänen et al., 2007). Thus, our subject sample did not differ
from normal levels of tonal and rhythmic skills.

2.3. EEG recording and data analysis

The EEGwas recordedwith a BioSemi ActiveTwo system. A 64-
channel cap based on 10/5 system was used with active elec-
trodes, with a sampling rate of 2048 Hz during recordings,
down-sampled for data analysis purposes to 512 Hz with

BDFDecimator software. Double-sided adhesive electrode
ringswereused to attach the electrodes to themastoidsbehind
the auricles and to the EOG (below the lower eyelid of the right
eye), and the reference electrodes were attached to the nose.

The EEG was offline filtered (bandpass 1e30 Hz). Epochs of
100 msec pre-stimulus and 400 msec post-stimulus periods
were separately averaged for the 6 types of deviant stimuli in
each condition and for the standard stimuli, divided into 6
groups preceding each deviant type. The mean voltage of the
100 msec pre-stimulus period served as a baseline for ampli-
tude measurements. The epochs including an EEG or EOG

change exceeding #100 mV for more than 4 isolated channels
were omitted from the average. Isolated channels with
exceeding range were interpolated. Only few channels were
contaminated in some subjects, and these were discarded.

First, the MMN peak latencies were measured from the
most negative peak in the deviant ERP waveform compared
with the standard waveform, at the frontal electrode
approximating the Fz in the 10e20 system and the most
positive peaks at the mastoid electrodes (LM and RM) occur-
ring at the 100e200 msec post-stimulus period. These elec-
trodes were chosen on the basis of visual inspection and the
previous MMN literature, according to which the largest
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MMN latency window were then calculated as the average
voltage at the 40 msec period centered at the individual peak
latencies measured from Fz. To determine the significance of

Fig. 1 e Stimulus. “Alberti bass” patterns alternating between standard sequence and a deviant sequence played with piano
sounds. Patterns were periodically transposed to different keys and/or modality with an interval of 6 bars. Each tone was
200 msec in duration, with an SOA of 5 msec, yielding a tempo of approximately 146 beats/min. Comparisons were made
between the third note of the standard sequence and the third note of the deviant sequence.
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Pitch-related mismatch negativity as 
an index of musical aptitude
Cecilie Møller1,2, Andreas Højlund3,4, Niels Chr. Hansen2,5, & Peter Vuust2

The Musical Ear Test (MET):

a short (52 trials), reliable, 
and easily accessible 
behavioural test of musical 
aptitude.5 Here, we used the 
melodic part of the test

Pitch discrimination thresholds (PDT):

estimated using a two-down, one-up 
adaptive staircase, AXB task, X = 523.25Hz, 
duration: 100 ms, SOA: 400 ms
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References
1 Spiegel MF, Watson CS. (1984) Performance on frequency discrimination tasks by musicians and non-musicians. J Acoust Soc Am.;76:1690–1695. doi: 10.1121/1.391605.
2 Micheyl C, Delhommeau K, Perrot X, Oxenham AJ. (2000) Influence of musical and psychoacoustical training on pitch discrimination. Hear Res.;219:36–47. doi: 10.1016/j.heares.2006.05.004. 
3 Novitski, N., Tervaniemi, M., Huotilainen, M., & Näätänen, R. (2004). Frequency discrimination at different frequency levels as indexed by electrophysiological and behavioral measures. Cognitive Brain Research, 20(1), 26-36.
4 Toiviainen, P., Tervaniemi, M., Louhivuori, J., Huotilainen, M., Saher, M., & Näätänen, R.(1998). Timbre Similarity: Convergence of neural, behavioral, and computational approaches. Music Perception, 16, 2, 223–241
5 Wallentin, M., Nielsen, A. H., Friis-Olivarius, M., Vuust, C., & Vuust, P. (2010). The musical ear test, a new reliable test for measuring musical competence. Learning and Individual Differences, 20(3), 188 196. 10.1016/j.lindif.2010.02.004
6 Møller, C., Højlund, A., Bærentsen, K. B., Hansen, N. C., Skewes, J. C., & Vuust, P. (2018). Visually induced gains in pitch discrimination: Linking audio-visual processing with auditory abilities. Atten Percept Psychophys (2018) 80: 999. doi:10.3758/s13414-017-1481-8
7 Mullensiefen, D., Gingras, B., Musil, J., & Stewart, L. (2014). The musicality of non-musicians: An index for assessing musical sophistication in the general population. PloS One, 9(2), e89642. 10.1371/journal.pone.0089642 

1 Department of Psychology, Aarhus University, Aarhus, Denmark; 2 Center for Music in the Brain, Aarhus University & The Royal Academy of Music Aarhus/Aalborg; 3 Center of Functionally Integrative 
Neuroscience, Aarhus University Hospital; 4 Interacting Minds Centre, Aarhus University; 5 Cognitive and Systematic Musicology Laboratory, School of Music, Ohio State University, Columbus, OH, USA

Conclusions
Using near-threshold pitch deviants in combination with an engaging task and an individualized analysis facilitated 
detection of MMN-behavior correlations. These results provide the first evidence of MET-MMNm correlations, and 
support the notion of the pitch-MMNm as an index of inter-individual differences in auditory and musical skills. 

Analyses and results

Behaviour

We asked: 

Can the pitch MMNm
be used as a tool to 

assess inter-individual
differences in auditory 

and musical skills? 

?

MEG 

Reaction time (RT) measures:

derived from a behavioural equivalent of 
the MEG paradigm using 700 ms ISI to allow 
time to respond to the pitch changes6

Elekta Neuromag Triux™ whole-head 306-channel MEG system
Sensor-space ERF analyses (FieldTrip), root-mean-square combined gradiometers only. 
MMNm = deviant – 3rd standard in a train
Individual MMNm amplitude = 20 ms windowed mean centered on individual peak, 100-200 ms post P1m. 

Correlations between behavioral measures and MMNm amplitudes in both hemispheres

MET(melodic)
r [lower, upper]

PDT
r [lower, upper]

Behavioural RT
r [lower, upper]

Gold-MSI, G
r [lower, upper]

MMNm amplitude,
left hemisphere

.383* [.098, .662] -.312* [-.527, -.047] -.448* [-.668, -.118] .181 [-.097, .469]

MMNm amplitude, 
right hemisphere

.083 [-.173, .308] -.135 [-.387, .134] -.199 [-.444, .066] .047 [-.263, .333]

MET(melodic) -.546* [-.663, -.428] -.424* [-.651, -.164] .651* [.469, .804]

Pearson correlation coefficients (r) with bootstrapped bias-corrected and accelerated (BCa) 95% confidence 
intervals (CI) in brackets, n = 44. * = r is statistically significant at α .05, as indicated by 95% CIs not including 0

r = -.312*, p = .039 r = -.448*, p = .002

r = .181, p = .238

A re-analysis focused on the 

auditory only condition

of an audiovisual

experiment
(Møller et al., in prep)

Pitch MMNm as a function of 

musically relevant behavioural measures 

r = .383, p = .010

n = 44 (15 musicians) 

Background
• Musicians excel in pitch discrimination1, 2 

• Behavioural performance is reflected in the MMN amplitude as evidenced by group level studies and by
within-subject responses to different levels of deviance magnitude3,4

• Studies are needed also on individual levels in order to validate the MMN as a tool for the assessment of 
individual differences in auditory and musical skills

Goldsmiths Musical Sophistication Index (Gold-MSI):

Factor G of the self-report questionaire assesses individual 
differences in general musical sophistication7

nonmusicians
prof. musicians
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CONCLUSION 

‣Both the original MuMUFE and the no-standard MuMUFE elicited reliable MMNms to all six features 

‣No significant differences between the two paradigms (when correcting for multiple comparisons)

http://www.cfin.au.dk
mailto:linahn@cfin.au.dk?subject=Re%20MMN%202018%20Poster

