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Abstract
MMN is an ERP component that reflects preattentive discrimination between a recurring
standard sound and a deviating sound. MMN is
frequently used in infant studies focused on
speech development since its elicitation does
not require the attention of the child. The
general ability of infants to discriminate speech
sounds is gradually specialized towards
discrimination of phonetic contrasts in their
mother tongue. The aim of the present study
was to examine if an MMN response is elicited
by naturally varying speech stimuli (/ti/ and
/ki/) and if this response is stronger for the
speech sound that infants typically produce at
this age (/t/). An EEG experiment with an
oddball paradigm was designed. Participants
were 19 infants (9-mo). An MMN-like negative
response to deviants compared to standards
was found, however it was not statistically
significant. No significant interaction effect
was found for MMN and type of deviant
stimulus. Variation in the standard stimuli may
have contributed to the lack of effect. It is also
possible that the infants already were equally
competent in discriminating both speech
sounds, which may account for the small
difference between the deviant waveforms.

Introduction
Mismatch negativity (MMN: Näätänen,
Gaillard & Mäntysalo, 1978) is an ERPcomponent frequently studied with EEGrecordings. MMN is elicited by discriminable
changes in an otherwise uniform stream of
stimuli (Näätänen, Gaillard & Mäntysalo,
1978) and is usually studied in oddball
paradigms (first used by Squires, Squires &
Hillyard, 1975). The auditory MMN response
is elicited by changes in frequency or
amplitude for sinusoidal sounds (Sams et al.,
1985; Ford & Hillyard, 1981) and to changes in
complex sounds, such as speech sounds
(Pakarinen et al., 2013). The MMN response is
the result of a comparison process in the brain,
between a memory trace formed by the

recurring stimuli and a deviating sound
(Näätänen, 1990). For adults, the MMN latency
is typically 100–200 ms (Näätänen, Gaillard &
Mäntysalo, 1978, 1978; Näätänen & Alho,
1997) whereas it is longer in infants (250–450
ms) (Cheour et al., 1998; Conboy & Kuhl,
2011). Its distribution is generally strongest at
fronto-central sites (Čeponiene et al., 2004).
MMN is particularly appropriate for infant
studies considering it is elicited by unattended
stimuli (Näätänen, 1991), in comparison to
other behavioural methods such as head turning
techniques and high-amplitude-sucking.
Late difference negativity (LDN) is another
ERP component that has been linked to sound
change processing in MMN studies (Čeponiene
et al., 2004; Alho et al., 1992), with a peak
latency of 350–500 ms (Korpilahti et al., 2001).
Typical speech development in children
follows a certain pattern where dental and
bilabial sounds (e.g. /t/, /d/, /b/ and /p/) are
produced early. Velar speech sounds (e.g. /k/
and /g/) are typically produced later (e.g.
Locke, 1983; Lohmander, Olsson & Flynn,
2011; McCune & Vihman, 2001). Newborns’
competence to discriminate phonetic contrasts
of their mother tongue improves during their
first year at the cost of a more general ability to
discriminate phonetic contrasts from virtually
any language (Kuhl et al., 2006). EEG studies
have revealed that the MMN response to nonnative speech sounds is attenuated and the
response to native speech sounds increases by
the time the infant is 12 months old (Cheour et
al., 1998).
The present study will focus on 9-month-old
infants’ discriminatory ability by measuring
MMN in response to naturally produced speech
sounds. The aim of the study is to see if there is
an auditory MMN elicited in response to dental
and velar consonants respectively and further to
examine whether there is a difference between
the MMN waveform for the two deviating
stimuli. It is plausible that the MMN response
would be stronger for when the dental
consonant serves as a deviant, considering
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9-month-old infants typically can produce
dental sounds. The idea would be that
production facilitates discrimination.

Method
Participants
The participants were 19 healthy infants (10
female; m=9 months, 14 days; sd=9.16 days).
All participants' mother tongue was Swedish
and four came from bilingual homes (Italian,
Finnish, Japanese, and Serbian).
Letters with information about the study
were sent to 200 randomly selected families
accessed from the National Swedish address
register, based on the infant’s date of birth (preterm infants were not excluded). Informed
consent was obtained from all caregivers and
the study was conducted with the approval of
the local ethical committee (Dnr 2011/95531/1). The participants received a diploma for
their participation.
Stimuli and experimental design
The Swedish CV syllables /ti/ and /ki/ were
pronounced by a native Swedish speaking
female and recorded in an anechoic chamber.
The syllables were produced in a standard
sentence (Jag sa /x/ till de andra) multiple
times with deliberately varied stress patterns in
order to acquire naturally varying speech
sounds. The speech sounds were manually
edited in Wavesurfer (ver. 8.4.2.9) and 18
stimuli were chosen for the experiment (9 /ti/;
9 /ki/). An oddball paradigm design was used
with two blocks of stimuli. The speech sound
/ti/ served as standard (p = 80%) and /ki/ as
deviant stimuli (p = 20%) in one of the blocks
(dev/ki/). /ki/ served as standard (p = 80%) and
/ti/ as deviant (p = 20%) in the other block
(dev/ti/). The order in which the blocks were
presented was randomized for every subject,
with an interstimulus interval (ISI) of 600 ms.
The deviant stimuli occurred at pseudorandom
order but was always preceded by at least two
standard stimuli. Each block was initiated with
12 standard stimuli and consisted of 60 deviant
and 240 standard stimuli. The total length of
the experiment is 12.4 min.
Procedure
The participants were seated in the caregivers’
lap on a chair placed approximately 70 cm
from a computer screen in a sound-attenuated
room. A children’s TV-program (In The Night
Garden, BBC) was used as a source of
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distraction
during
the
experiment.
Loudspeakers (NuForce S-1) were placed on
each side of the screen, through which the
auditory
stimuli
was
presented
at
approximately 60–70 dBA. E-Prime 2.0 was
used to run the experiment.
A HydroCel Geodesic Sensor Net (128
channels) was used. During recording vertex
reference was used and impedance was held
below 50kΩ for most channels. EGI hardware
and software (Electrical Geodesics, Inc.) were
used during recording.
Processing of data
Analysis of data was performed with Net
Station 4.2, using a bandpass filter set to 1–40
Hz (FRI). Epochs of 800 ms including a
200 ms pre-stimulus period were separately
averaged for the standards and deviants
respectively. Segments and channels were
rejected when exceeding 200 µV in the relevant
channels and data was re-referenced to
mastoids. The mean voltage of the pre-stimulus
(200 ms) period served as baseline. A grand
average file was created for all subjects, after
omitting four participants due to noisy data.
Based on visual inspection a time-window of
150–300 ms was chosen. The MMN parameters
were computed from the difference waveform
by subtracting the grand average standardstimulus ERP from the grand average deviantstimulus ERP.
Statistical analysis
A multivariate ANOVA (2 × 2, repeated
measures) was performed on the average data
for the frontal electrode Fz (11), with the
variables deviant stimuli, standard stimuli and
the two blocks (dev/ti/, dev/ki/), respectively.

Results
The deviant stimuli elicited an MMN response
(peak 150–300 ms), and a later negativity at
500–600 ms, measured at electrode Fz (see
Figure 1). Another early ERP that was elicited
(peak 80–100 ms) can be seen for the average
waveform for the deviant stimuli, as seen in
Figure 1. There is a small observable difference
in the average waveform depending on block
type (dev/ki/ vs. dev/ti/) at 150–300 ms,
measured at electrode Fz, as seen in Figure 2.
The ANOVA (2x2) showed an insignificant
MMN effect ( , = 2.615, p < s0.05, ns.), and
an insignificant interaction between the two
blocks ( , = 0.171, p < 0.05, ns.), see
Figure 3.
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Figure 1. Auditory ERPs measured at frontal (Fz).
The average waveform to the standard stimuli
(thick line), deviant stimuli (dotted line), and the
MMN shown as a difference wave (thin line). The
time window is one epoch (800 ms).
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Figure 2. Auditory ERPs measured at frontal (Fz).
The average waveform to the deviant stimuli from
the blocks dev/ti (thick line) and dev/ki/ (dotted
line). The time window is one epoch (800 ms).

Figure 3. There is an observable difference in
amplitude (µV) depending on stimulus type
(standard vs. deviant) for both blocks, however not
statistically significant. There was no observable
interaction effect between MMN and block type.

Discussion
The aim of the present study was to examine
the discriminatory ability for dental and velar
sounds in 9-month-old infants. The primary
purpose was to see if an MMN response was

elicited for the speech sounds /ti/ and /ki/. The
results indicate a negativity similar to the
MMN component, with a latency of 150–300
ms. However, the ANOVA indicated no
significant effect of stimulus type (standard vs.
deviant). The insignificant result might be
related to the fact that the number of
participants was relatively low as well as some
of them being omitted due to noisy data.
A prerequisite of MMN elicitation is that a
memory trace of the standard stimuli has been
formed. It is likely that this neural
representation is weaker when using varying
complex sounds, as was the case in this study.
Furthermore, previous studies have suggested
that MMN amplitude is higher for tone stimuli
than for more complex linguistic stimuli
(Korpilahti et al., 2001). Nevertheless, it is of
importance to study the MMN response to
naturally produced speech sounds with varying
characteristics since it is more applicable to
non-experimental contexts.
Moreover, this study aimed to analyse
whether there is a difference in amplitude
between the two waveforms elicited by the
deviant stimuli. The results showed no
significant interaction effect with MMN. The
average waveform representing the block
dev/ti/ is slightly more negative, for the time
window 150–300 ms. Even if this is in line
with the hypothesis of the study, the results are
not significant, and hence cannot confirm it.
The infant’s native language specialization
during its first 12 months results in a greater
competence in discriminating mother tongue
contrasts (Cheour et al., 1998). The infants in
this study are 9 months old, and it is plausible
that, contrary to our hypothesis, they are
already equally competent in discriminating the
two speech sounds /t/ and /k/.
Due to the participants’ young age,
movement artefacts were difficult to avoid
completely, which is the case in any infant
study.
The negativity with a 500–600 latency of has
the characteristics of the ERP-component LDN,
which has been suggested to reflect automatic
stimulus change detection, primarily in
children, (Alho et al., 1992), however the
function of LDN is still unclear. Other studies
have suggested that the LDN reflects a later
stage in sound processing (Čeponiene et al.,
2004). This response however has not been
further statistically analysed in this study.
The early negative component with a peak
around 80–100 ms is apparent in the deviant
19
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but not the standard waveform. This response
has previously been related to the neuronal
refractory period, not associated with the MMN
(Walker et al., 2001).
Studying infants’ discriminatory ability by
measuring MMN provides interesting insights
in language development. Variation in the
speech stimuli is essential when studying
phonetic contrasts rather than acoustic
differences. Possibly the present study pushed
this variability too far.
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