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a b s t r a c t
Objective: This study focusses on the optimal paradigm for simultaneous assessment of auditory and
phonemic discrimination in clinical populations. We investigated (a) whether pitch and phonemic deviants presented together in one sequence are able to elicit mismatch negativities (MMNs) in healthy
adults and (b) whether MMN elicited by a change in pitch is modulated by the presence of the phonemic
deviants.
Methods: Standard stimuli [i] were intermixed with small, medium or large pitch deviants or with pitch
deviants of the same magnitude together with small and large phonemic deviants, [y] and [u], respectively.
Results: When pitch and phonemic deviants were presented together, only the large pitch and phonemic
contrasts elicited signiﬁcant MMNs. When only pitch deviants were presented, the medium and large
pitch contrasts elicited signiﬁcant MMNs. The MMNs, in response to the medium and large pitch contrasts, were of similar magnitude across the two contexts.
Conclusions: Pitch and phonemic deviants can be tested together provided the pitch contrast is relatively
large.
Signiﬁcance: A combined neurophysiological test of phonemic and pitch discrimination, as measured by
the MMN, is a time-effective tool that may provide valuable information about the underlying cause of
poorly speciﬁed phonemic representations in clinical populations.
Crown Copyright Ó 2009 International Federation of Clinical Neurophysiology. Published by Elsevier
Ireland Ltd. All rights reserved.

1. Introduction
A basic precursor of learning to read and spell is phonemic discrimination. If children are unable to perceive differences between
phonemes, it will be difﬁcult for them to develop phonemic representations that can be easily accessed (Manis et al., 1997). These
poorly speciﬁed phonemic representations, in turn, may lead to
deﬁcits in the ability to segment phonemes, and in learning the
relationship between graphemes and phonemes. Ziegler and
Goswami (2005) refer to this as the availability problem. Many
children with language-learning impairments (e.g., speciﬁc language impairment and dyslexia) suffer from the availability problem; that is, their language, reading and spelling problems result
from poorly speciﬁed phonemic representations that are not easily
accessible (Goswami, 2000; Tallal, 2004). Early detection of the
* Corresponding author. Address: Behavioural Science Institute, Radboud University Nijmegen, P.O. Box 9104, 6500 HE Nijmegen, The Netherlands. Tel.: +31
243612820; fax: +31 243616211.
E-mail address: n.davids@pwo.ru.nl (N. Davids).

availability problem in clinical populations is necessary for early
intervention by means of specialised training, with the purpose
of minimising future reading problems. The underlying cause of
the availability problem is still subject to debate (Ramus, 2001).
On the one hand, theories such as the phonological deﬁcit theory
state that the problem is primarily phonological in nature. According to this theory, the processing of non-linguistic information is
not affected. On the other hand, theories such as the magnocellular
theory suggest that poorly speciﬁed phonemic representations are
the result of a general (temporal) auditory deﬁcit, which is caused
by magnocellular deﬁcits of the auditory system. The magnocellular theory holds that linguistic as well as non-linguistic information processing is impaired. Whether children suffer from deﬁcits
in the processing of (non-)linguistic information can be tested by
means of an auditory or phonemic discrimination task. This study
focusses on the optimal test to assess auditory and phonemic discrimination in clinical populations.
Assessment studies have mainly used behavioural tasks in
investigating auditory and phonemic discrimination abilities in
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clinical populations (e.g., Tallal and Piercy, 1973). Most commonly,
participants listen to pairs of sounds or words and are instructed to
indicate by means of a verbal or motor response whether the
sounds or words are the same or different. To accomplish this
behavioural task, participants are required to be motivated and
attentive. Moreover, participants should be able to understand
the instruction as well as provide a verbal or motor response. Children from clinical populations, however, often show difﬁculties in
meeting these requirements, and may therefore perform worse on
a behavioural discrimination task than could be expected. As a consequence, proper assessment of word or sound discrimination in
clinical populations should include a passive task, in which no motor or verbal response, instruction or active attention is needed. A
suitable method for assessing the quality of auditory and phonemic
discrimination in a passive task is the recording of event-related
potentials (ERPs). An ERP is the averaged brain activity (measured
in microvolt) that is elicited in response to an event, such as a visual or an auditory stimulus.
An ERP component often used for investigating auditory discrimination in a passive task is the mismatch negativity (MMN),
ﬁrst described by Näätänen et al. (1978). In a typical MMN task, participants passively listen to a stream of standard stimuli that are
intermixed with rare occurrences of a deviant stimulus. When the
ERP of the standard stimulus is subtracted from the ERP of the deviant stimulus, the MMN can be observed as a peak between 100 and
250 ms after stimulus onset (for a review, see Näätänen et al.,
2007). The MMN has been shown to reﬂect the brain’s automatic response to an infrequent discriminable change in a stream of frequent auditory stimuli and can be elicited by changes in
frequency, intensity, spatial locus of origin, rise time, duration, phonetic structure and partial omission of an auditory stimulus (for an
overview, see Näätänen, 1992). It has also been shown to be sensitive to language-speciﬁc phoneme representations (Dehaene-Lambertz, 1997; Näätänen et al., 1997). One major beneﬁt of using the
MMN in testing auditory and phonemic discrimination is that
the ERP component can be elicited in the absence of attention to
the auditory stimuli; besides, no instruction or a motor or verbal response is required to elicit the MMN (Näätänen, 1992). To illustrate,
this ERP component has been shown to be suitable for measuring
the auditory discrimination abilities of preterm infants as well as
of coma patients (for an overview, see Näätänen, 1992, 2003).
Previously, the MMN has also been used to study whether children with language-learning impairments have problems with the
processing of linguistic and/or non-linguistic information (e.g.,
Alonso-Búa et al., 2006; Lachmann et al., 2005; Meng et al., 2005;
Schulte-Körne et al., 1998; Sharma et al., 2006; Uwer et al., 2002).
For example, Schulte-Körne et al. (1998) found that a group of dyslexic boys, around 12 years of age, showed signiﬁcantly attenuated
late MMNs to synthesised speech stimuli (/da/ vs. /ba/) compared to
a group of control children. However, tone stimuli (1000 vs.
1050 Hz) failed to show a group difference. The authors concluded
that dyslexics have a speciﬁc deﬁcit in processing speech, as opposed to non-linguistic information, such as acoustic tones. In a
study by Uwer et al. (2002), two groups of children with speciﬁc
language impairment (one with receptive and the other with
expressive language problems; 5–10-year-olds) were compared to
a control group matched on age, gender and handedness. Both these
groups with speciﬁc language impairment showed signiﬁcantly reduced MMNs to speech contrasts (/da/ vs. /ga/ and /ba/) compared
to the control group. No signiﬁcant differences in MMN amplitudes
were observed in the two clinical groups. In a non-speech condition
with a frequency (1000 vs. 1200 Hz) and duration (175 vs. 100 ms)
contrast, the three groups elicited similar MMNs. Here again, it was
concluded that children with speciﬁc language impairment do not
have problems with simple differences between tones, but have a
speciﬁc problem in discriminating speech stimuli.
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The traditional paradigm used for measuring the MMN is a passive oddball paradigm, where standard stimuli are intermixed with
one token of a deviant in one sequence (e.g., . . .-S-S-S-S-D-S-S-S-DS-. . .; Näätänen, 1995; Schröger, 1998). Either a truly passive paradigm is used in which participants receive no instruction or a passive paradigm in which attention is directed away from the
auditory stimuli, for instance, by showing a silent movie to the participants. Previous research has shown that ERP components can
be inﬂuenced by the degree of attention that is paid to the stimuli
(Clifford and Williston, 1993; Grimm et al., 2008; Rappaport et al.,
1990). When the purpose is to test both auditory and phonemic
discrimination in clinical populations, most studies used two different oddball series, one using tone stimuli and the other using
speech stimuli (Alonso-Búa et al., 2006; Lachmann et al., 2005;
Meng et al., 2005; Schulte-Körne et al., 1998; Sharma et al.,
2006; Uwer et al., 2002). However, in clinical populations, it is
important to obtain as much information as possible in a short test
session. Therefore, for practical reasons, it would be beneﬁcial to
use a passive oddball paradigm in which standard stimuli are
intermixed with multiple deviants in one sequence (e.g., . . .-S-D1S-S-S-D2-S-S-D3-S-. . .; Pettigrew et al., 2004). A great advantage
of such a paradigm, as compared to the classical paradigm with
one deviant stimulus, is that it does not require a lot of extra testing time, while more information about the quality of auditory discrimination can be obtained. Recent studies have provided
evidence for the usability of such a multi-deviant paradigm. They
have shown that, under speciﬁc circumstances, the testing of multiple deviants in a passive oddball paradigm elicit MMNs similar to
those elicited by a single deviant. For instance, Deacon et al. (1998)
compared MMNs elicited by pure tones that deviated in intensity,
frequency and stimulus-onset asynchrony (SOA) when each deviant was presented in a separate sequence (probability standard = 90%; probability deviant = 10%) to MMNs of all three
deviants presented in one sequence (probability standard = 70%;
probability of each deviant = 10%). They found that the MMNs in
the multi-deviant condition were similar in magnitude to the corresponding MMNs in the single-deviant condition. These results
have since been replicated by other studies (Molholm et al.,
2004; Näätänen et al., 2004). In addition, Grimm et al. (2008)
showed that in an active distraction paradigm with single and multiple deviants, phonemic changes elicited MMNs that were similar
in magnitude.
In using the MMN in a passive paradigm to assess whether phonemic discrimination is impaired, it is of interest to test different
phonemic contrasts as well as a pure acoustic contrast in one sequence. A test that includes these contrasts has several advantages.
First of all, testing multiple phonemic contrasts (e.g., a small and
large phonemic contrast) in one sequence provides information
about whether phonemic discrimination is fully developed or not.
Moreover, by testing acoustic processing as well as phonemic contrasts in one sequence, one obtains evidence whether a phonemic
discrimination problem is primarily phonological in nature, as
hypothesised by the phonological deﬁcit hypothesis, or is the result
of a general auditory deﬁcit, as proposed by the magnocellular theory. However, prior to proper use of such a paradigm with multiple
types of deviants in clinical populations, it is important to know
whether multiple phonemic deviants and an acoustic deviant (same
phoneme which differs on one acoustic dimension) in a multi-deviant design elicit MMNs in a normal population. Therefore, in the
present study, we tested healthy adults on a passive oddball paradigm with three deviants: two phonemic deviants and one pitch
deviant. To assess the inﬂuence of pitch magnitude in a multi-deviant design, different magnitudes of pitch deviants were used.
In this study, we investigated (a) whether phonemic and pitch
changes presented in one sequence are able to elicit observable
MMNs and (b) whether the MMN to pitch change is inﬂuenced
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by the presence of phonemic deviants in the same sequence. To answer the ﬁrst question, a pitch contrast was presented in one sequence with two phonemic contrasts. Ideally, all contrasts should
elicit observable MMNs; however, it is also conceivable that a ‘more
meaningful’ phonemic deviant suppresses a change detection of a
‘less meaningful’ pitch difference. In this scenario, a pitch deviant
could elicit an observable MMN when tested in a context where all
stimuli, standard and deviant, are tokens of the same phoneme (i.e.
with pitch variations only), whereas may fail to do so when the pitch
deviant is presented together with deviants which are tokens of different phonemes (phonemic contrasts), due to grouping of the pitch
deviant with the standard stimulus. To answer the second question
related to context effects, the MMNs elicited by the pitch contrasts
presented together with phonemic deviants in one sequence were
compared to the MMNs elicited by the same pitch contrasts presented together with pitch deviants only.
2. Experiment 1
2.1. Methods
2.1.1. Participants
Twelve native speakers of Dutch (nine female, three male) with
a mean age of 21 years (range 18–34 years) participated in the
experiment. All the participants were right-handed according to
an adapted version of the questionnaire by Oldﬁeld (1971) and

did not have any language, hearing or neurological disorders. The
paid participants signed an informed consent in accordance with
the Declaration of Helsinki.
2.1.2. Stimuli
The standard stimulus was a naturally produced [i] phoneme. A
total of ﬁve deviants were used: three pitch deviants and two phonemic deviants. The three pitch deviants were [i] sounds which
had a small, medium or large pitch difference with respect to the
standard [i]. The two phonemic deviants were naturally produced
[y] and [u], of which [y] constitutes a small phonemic difference
and [u] has a large phonemic difference with respect to the standard [i]. Fig. 1 shows the oscillograms of the standard as well as
the large pitch deviant and the small phonemic deviant, with the
pitch deviant differing from the standard only with respect to the
pitch contour (middle panels) and the phonemic deviant differing
with respect to the formant structure (lower panels). The standard
[i] and the deviants [y] and [u] were spoken by a native Dutch female speaker and digitally recorded (44.1 kHz, stereo) in a soundattenuated room using a Sennheiser ME62 microphone connected
to a Dell D610 latitude laptop running Sony Sound Forge, a sound
recording program. After recording, each stimulus was edited for
precise onset and offset using a speech waveform editor (Praat,
version 4.5.12). Stimuli were matched for total duration
(235 ms), intensity and pitch contour (falling from 280 Hz at
0 ms to 195 Hz at 235 ms). The pitch deviants were created by

Figure 1. Stimuli used in the current study. The top row shows the oscillograms, the middle row the pitch contour and the lower row the formant tracks. The left column contains
the pictures for the standard stimulus [i], the middle column for the large pitch deviant stimulus [i], and the right column for the small phonemic deviant stimulus [y].
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Table 1
Stimuli per context condition (Experiment 1).
Context condition

Standard

Small pitch + phonemic context
Medium pitch + phonemic context
Pitch-only context

[i]
[i]
[i]

Deviants
1

2

3

[i] Small pitch
[i] Medium pitch
[i] Small pitch

[y] Small phonemic
[y] Small phonemic
[i] Medium pitch

[u] Large phonemic
[u] Large phonemic
[i] Large pitch

manipulating the pitch contour of the standard [i] on a semitone
scale (small pitch contrast: 321–223 Hz; medium pitch contrast:
367–256 Hz; and large pitch contrast: 420–293 Hz). The stimuli
were presented at a comfortable hearing level, approximately
65 dB.
2.1.3. Pre-test stimuli
To test whether the small pitch contrast was discriminable, 12
native speakers of Dutch (seven female, ﬁve male; mean age of
23 years) were asked to perform an active oddball task. The standard stimuli [i] were presented with three deviants: small, medium and large pitch deviants [i] (7% per deviant; 40 tokens of
each deviant). The participants were instructed to press a button
with the right index ﬁnger when a deviant stimulus was presented.
The SOA between stimuli was 800 ms. The mean percentage correct responses to the small, medium and large pitch deviant were
60% (SD = 32%), 83% (SD = 18%) and 99% (SD = 2%), respectively,
which corresponded to a mean d0 of 2.98 (SD = 1.28), 4.01
(SD = 1.27) and 5.15 (SD = 0.96), given a false alarm rate of 9%
(SD = 11%). This pre-test shows that all pitch deviants were perceptually distinct from the standard stimulus, but that the largest contrast was the easiest to discriminate.
2.1.4. Design and procedure
The participants were tested individually while seated in front
of a computer screen in a soundproof, electrically shielded room.
Their electroencephalogram (EEG) was recorded while they were
watching a silent movie. The participants were asked to ignore
the auditory stimuli. The stimuli were played with Monitor Audio
speakers.
Stimuli were presented in a passive oddball paradigm with multiple deviants. Three different context conditions were created (see
Table 1). Each context condition consisted of one standard stimulus
and three deviant stimuli. In all context conditions, the standard
stimulus was an [i] phoneme. In the ﬁrst context condition, the
small pitch deviant was presented together with the large and
the small phonemic deviants ([y] and [u], respectively; henceforth:
Small Pitch + Phonemic Context). In the second context condition,
the medium pitch contrast was presented together with the two
phonemic contrasts (henceforth: Medium Pitch + Phonemic Context). In the third context condition, all deviants differed from
the standard only with regard to the pitch contour (henceforth:
Pitch-only Context).
For every context condition, the occurrence of each deviant was
10% (150 tokens of each deviant and 1050 standards). The SOA between stimuli was 800 ms, resulting in a 20-min duration of each
context condition. The deviants were presented in a pseudo-random order. The three context conditions were presented to each
participant. The order of the context conditions was counterbalanced between participants. Each context condition consisted of
four blocks and each block started with the presentation of 15
standard stimuli. The order of the blocks was counterbalanced between participants, who had a short break between blocks.

The electrodes were placed on standard electrode sites (F7, F3,
Fz, F4, F8, FC5, FC1, FCz, FC2, FC6, C3, Cz, C4, CP5, CP1, CP2, CP6,
P7, P3, Pz, P4, P8, O1 and O2). All electrodes were referenced to
an electrode placed at the tip of the nose. In addition, electrodes
were placed at the left and the right mastoid for re-referencing
during off-line analysis. To monitor vertical eye movements, electrodes were placed beneath and above the left eye. Horizontal eye
movements were monitored by electrodes placed on the left and
the right external canthi.
Signals were ampliﬁed with BrainAmp DC ampliﬁers, using a
bandpass ﬁlter from 0.016 to 200 Hz and a sample rate of
500 Hz. Impedances were kept below 20 kX for all electrodes.
The EEG and electro-oculogram (EOG) were recorded and digitised
using Brain Vision Recorder software (1.03, Brain Products, Gilching, Germany).
2.1.6. Data analysis
EEG data were re-referenced to the average of the left and the
right mastoid and ﬁltered with a 1- to 30-Hz zero-phase-shift
bandpass ﬁlter. An automatic ocular correction was performed
(Gratton et al., 1983). The signal was segmented in time windows
ranging from 200 ms before stimulus onset to 700 ms after stimulus onset and baseline corrected relative to a 100-ms pre-stimulus
interval. Segments with artefacts exceeding ±75 lV in any channel
were rejected for further analysis. The remaining segments were
averaged for each condition and for each participant. Difference
waveforms were calculated by subtracting the ERP to the standard
stimulus from the corresponding deviant stimulus. The EEG signals
were analysed using Brain Vision Analyzer software (1.05.0002,
Brain Products, Gilching, Germany).
Two statistical steps were performed. Firstly, we tested whether
the contrasts in each context condition elicited an MMN effect. This
was tested by means of a repeated-measures analysis of variance
(ANOVA) applied to the mean amplitude of the difference waves
at nine frontocentral electrodes in a time window of 50 ms centred
around the grand-averaged peak of the MMN, which was determined by visual inspection of the grand-averaged MMN at Cz.
The ANOVA included two within-subjects factors: Stimulus type
(two levels: standard and deviant) and Electrode (nine levels: F3,
Fz, F4, FC1, FCz, FC2, C3, Cz and C4). Secondly, we tested whether
context effects were present for the MMNs elicited by the small
and medium pitch contrasts (i.e., whether the pitch contrast was
inﬂuenced by the presence of the phonemic contrasts). This was
done by performing a repeated-measures ANOVA applied to the
mean amplitude at the frontocentral electrodes with three within-subjects factors: Context (two levels: for the small pitch contrast: Pitch-only Context, Small Pitch + Phonemic Context; and
for the medium pitch contrast: Pitch-only Context, Medium
Pitch + Phonemic Context), Stimulus type (two levels: standard
and deviant) and Electrode (nine levels). Greenhouse–Geisser correction for violation of sphericity assumption was applied when
appropriate (Greenhouse and Geisser, 1959).
2.2. Results

2.1.5. EEG recording
The EEG was recorded from 24 electrodes using the Acticap system with Ag/AgCl electrodes (Brain Products, Gilching, Germany).

Prior to making grand averages, we tested whether the number
of artefact-free trials varied over the different stimuli. However,
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this was not the case: a repeated-measures ANOVA showed that
the number of remaining trials (mean = 122 trials across all conditions) did not differ between the stimuli (F(3, 33) = 2.72, p > 0.05).
The grand-averaged difference waveforms at electrode Cz are presented in Fig. 2. This ﬁgure shows that the phonemic contrasts elicited large negativities, whereas the medium and large pitch
contrasts elicited smaller negativities with apparent shorter peak
latencies. The small pitch contrasts did not elicit any noticeable
negativity.
To answer our ﬁrst experimental question, we tested whether
the contrasts in each context condition elicited an MMN. In Table
2, the peak latency (measured at Cz) for each contrast in each
context condition is shown as well as the latency of the time windows with the corresponding mean amplitude across the nine
electrodes. Moreover, the F-values and their signiﬁcances for the
main effect Stimulus type and the interaction between Stimulus
type and Electrode are presented. In the Small Pitch + Phonemic
Context, no peak was found for the small pitch contrast; however,
both phonemic deviants elicited very clear MMNs (Fig. 2, top
row). Given the absence of a peak for the small pitch deviant,
no statistical test was performed for the contrast in this context
condition. For the small phonemic deviant, a signiﬁcant interaction between Stimulus type and Electrode emerged. The MMN
in this contrast was largest at the electrodes FC1, FCz and Cz.
For the large phonemic contrast, no signiﬁcant interaction between Stimulus type and Electrode was found. In the Medium

Pitch + Phonemic Context, no signiﬁcant MMN was obtained for
the medium pitch contrast, whereas signiﬁcant MMNs were
found for the small and large phonemic contrasts (Fig. 2, middle
row). No signiﬁcant interactions between Stimulus type and Electrode emerged. In the Pitch-only Context, only the medium and
large pitch contrasts elicited signiﬁcant MMNs (Fig. 2, lower
row). No signiﬁcant interaction between Stimulus type and Electrode emerged for any of the pitch contrasts in the Pitch-only
Context.
Secondly, we tested whether the small and medium pitch contrast elicited different MMNs presented in context with and without phonemic deviants. However, the small pitch contrast did not
elicit any signiﬁcant MMN in either the Pitch-only Context or the
Small Pitch + Phonemic Context. Therefore, a context effect of the
MMN was only tested for the medium pitch contrast. The negativities elicited by this contrast presented in the two different contexts are displayed in Fig. 3. A repeated-measures ANOVA
revealed that there was no signiﬁcant interaction between Context
and Stimulus type (F(1, 11) = 1.54, p > 0.05). This indicates that the
grand-averaged difference waveforms of the medium pitch contrast in the Pitch-only Context and the same contrast in the Medium Pitch + Phonemic Context did not differ statistically. For this
comparison, no signiﬁcant interaction between Context, Stimulus
type and Electrode emerged (F(8, 88) < 1, p > 0.05).
A visual inspection of the ERPs revealed that the negativity elicited by the medium pitch contrast peaked earlier than the MMNs

Figure 2. Grand-averaged difference waveforms (deviant-standard) at Cz for all contrasts per context condition in Experiment 1. Negativity is plotted upwards.

Table 2
Relevant time windows and MMNs per context condition (Experiment 1).
Contrasts per context condition

Peak latency at Cz (ms)

Time window (ms)

Amplitude (lV)

Stimulus type F(1, 11)

Stimulus type Electrode F(8, 88)

Small pitch + phonemic context
Small pitch
Small phonemic
Large phonemic

No peak
184
168

–
159–209
143–193

–
2.66
3.26

–
F = 24.29***
F = 27.16***

–
F = 4.21*
F = 3.07

Medium pitch + phonemic context
Medium pitch
Small phonemic
Large phonemic

150
182
160

125–175
157–207
135–185

0.32
2.56
3.05

F<1
F = 18.12**
F = 36.08***

F<1
F = 1.46
F<1

Pitch-only context
Small pitch
Medium pitch
Large pitch

130
128
126

105–155
103–153
101–151

0.63
0.75
1.72

F = 2.81
F = 5.64*
F = 8.89*

F = 1.62
F = 1.28
F = 2.45

Results of repeated measures ANOVA: *p < 0.05; **p < 0.01;

***

p < 0.001.
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Figure 3. Grand-averaged difference waveforms for the medium pitch contrast in the Pitch-only Context (dashed line) and Medium Pitch + Phonemic Context (solid line) in
Experiment 1. Negativity is plotted upwards.

elicited by the phonemic contrasts. In the Medium Pitch + Phonemic Context, the medium pitch contrast elicited a negativity that
had a peak latency of 150 ms at electrode Cz, whereas the small
and large phonemic MMNs at electrode Cz peaked at 182 and
160 ms, respectively. A peak latency analysis, consisting of a repeated-measures ANOVA with Bonferroni correction, conﬁrmed
that the medium pitch contrast differed signiﬁcantly from the
small phonemic contrast (F(1, 11) = 11.79, p < 0.05), but not from
the large phonemic contrast (F(1, 11) = 2.78, p > 0.05). The peak
latencies of the small and large phonemic contrast did not differ
signiﬁcantly from each other (F(1, 11) = 4.01, p > 0.05). This may
indicate that the medium pitch difference could be perceived
slightly earlier than the small phonemic difference.

3. Experiment 2
3.1. Methods
Twelve native speakers of Dutch (eight female, four male) with
a mean age of 21 years (range 18–24 years) participated in the
experiment. All participants were selected according to the same
criteria as in Experiment 1. They signed the informed consent in
accordance with the Declaration of Helsinki and were paid for
participation.
3.1.1. Stimuli
In this experiment, the standard [i] sounds, large pitch deviant
[i] and small [y] and large [u] phonemic deviants, as described in
Experiment 1, were used.

2.3. Conclusions

3.1.2. Design and procedure
The design and procedure were almost identical to Experiment 1,
except that we tested only one context condition, in which standard
stimuli [i] were presented with the large pitch deviant and the small
and large phonemic deviants ([y] and [u], respectively). This context
condition is called the ‘Large Pitch + Phonemic Context’.

Our experimental question was two-fold: (a) Is it possible to elicit MMNs to phonemic and pitch deviants when they are presented
in one sequence? (b) Are the MMNs to pitch deviants inﬂuenced by
the presence of phonemic deviants in the same sequence? With respect to our ﬁrst question, our results reveal that whereas the
small and large phonemic contrasts elicited MMNs, the small and
medium pitch contrasts did not. These results suggest that the
phonemic deviants suppress the detection of differences in pitch,
leading to the conclusion that pitch contrasts in the presence of
phonemic deviants are not able to elicit MMNs. If this is indeed
the case, the MMN elicited by a pitch contrast should be larger
when presented in context with pitch deviants than with phonemic deviants. However, the results relating to our second experimental question showed that while the medium pitch contrast
presented with pitch deviants elicited a statically signiﬁcant
MMN, this negativity did not differ statistically from the effect elicited by the same contrast presented in context with phonemic contrasts. These results suggest that the MMN elicited by the medium
pitch contrast was not inﬂuenced by the presence of the phonemic
deviants in the same sequence. Given these contradictory ﬁndings,
our experimental questions cannot be answered conclusively.
Therefore, we decided to conduct another experiment to test the
possibility that the pitch contrasts in the presence of phonemic
contrasts did not elicit MMNs simply because the pitch changes
were too small (as suggested by the results in the Pitch-only Context). In Experiment 2, we investigated whether the large pitch
contrast was able to elicit an MMN when it was presented in context with phonemic deviants.

3.1.3. EEG recording and analysis
Recording settings were identical to those used in Experiment 1.
To test whether all three contrasts in this context condition elicited
MMNs, a repeated-measures ANOVA was applied including two
within-subjects factors: Stimulus type (two levels: standard and
deviant) and Electrode (nine levels: F3, Fz, F4, FC1, FCz, FC2, C3,
Cz and C4). To test whether a context effect is present for the
MMN elicited by the large pitch contrast, the MMN elicited by this
contrast in the Pitch-only Context from Experiment 1 will be compared to the MMN of the large pitch contrast elicited in the Large
Pitch + Phonemic Context from Experiment 2 (see Table 3). This
is tested by means of a repeated-measures ANOVA of the mean
amplitude at the frontocentral electrodes, including a betweensubjects factor Context (two levels: Pitch-only Context of Experiment 1 and Large Pitch + Phonemic Context of Experiment 2) and
two within-subjects factors: Stimulus type (two levels: standard
and deviant) and Electrode (nine levels).
3.2. Results
A repeated-measures ANOVA revealed that the number of
remaining trials (mean = 136 trials across all stimuli) did not differ

Table 3
Large pitch contrast tested in two context conditions.
Context condition

Standard

Pitch-only context (Experiment 1)
Large Pitch + phonemic context (Experiment 2)

[i]
[i]

Deviants
1

2

3

[i] Small pitch
[i] Large pitch

[i] Medium pitch
[y] Small phonemic

[i] Large pitch
[u] Large phonemic
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Figure 4. Grand-averaged difference waveforms (deviant-standard) at Cz for all contrasts in the Large Pitch + Phonemic Context in Experiment 2. Negativity is plotted
upwards.

Table 4
Relevant time windows and MMNs for the Large Pitch + Phonemic Context (Experiment 2).
Contrasts

Peak latency at Cz (ms)

Large pitch + phonemic context
Large pitch
132
Small phonemic
174
Large phonemic
166

Time window (ms)

Amplitude (lV)

Stimulus type F(1, 11)

Stimulus type Electrode F(8, 88)

107–157
149–199
141–191

2.23
2.96
3.45

F = 39.16***
F = 67.09***
F = 51.47***

F = 2.58
F = 4.28*
F = 5.85**

Results of repeated measures ANOVA: *p < 0.05; **p < 0.01;

***

p < 0.001.

between stimuli (F(3, 66) = 1.36, p > 0.05). The grand-averaged difference waveforms at electrode Cz are presented in Fig. 4. This ﬁgure shows that all three contrasts elicited large negativities in this
context condition. The peak latency of the negativity elicited by the
large pitch contrast appears to be shorter than the peak latencies of
the effects elicited by the phonemic contrasts.
For the statistical analyses, we ﬁrst tested whether all three
contrasts in the Large Pitch + Phonemic Context elicited MMNs.
The peak latency (measured at Cz) and the latency of the 50-ms
time window for each contrast in the Large Pitch + Phonemic Context are shown in Table 4, as well as the mean amplitude across
nine electrodes. In addition, the F-values and their signiﬁcances
of the main-effect Stimulus type, and the interaction between
Stimulus type and Electrode are presented in this table. In the
Large Pitch + Phonemic Context, all contrasts elicited signiﬁcant
MMNs. A signiﬁcant interaction between Stimulus type and Electrode was obtained for the small and large phonemic contrasts.
The MMN effect for the small phonemic contrast was largest at
electrodes FC1, FCz, FC2 and Cz. The MMN effect for the large phonemic contrast was largest at electrodes FC1, FCz, FC2 and Cz.
Secondly, we tested whether there was a context effect for the
MMN elicited by the large pitch contrast. The MMNs elicited by
this contrast presented in the two different contexts are shown
in Fig. 5. A repeated-measures ANOVA showed that there was no
signiﬁcant interaction between Context and Stimulus type
(F(1, 22) < 1, p > 0.05). This indicated that the MMNs of the large
pitch contrast in the Pitch-only Context and the one elicited in
the Large Pitch + Phonemic Context did not differ statistically. For
this comparison, no signiﬁcant interaction emerged between Context, Stimulus type and Electrode (F(8, 176) < 1, p > 0.05).

Moreover, in the Large Pitch + Phonemic Context, the MMN of
the large pitch contrast (132 ms at electrode Cz) seemed to have
shorter latency than the MMNs of the small and large phonemic
contrasts (174 and 166 ms at electrode Cz, respectively). A peak latency analysis, consisting of a repeated-measures ANOVA with
Bonferroni correction, revealed that the MMN of the large pitch
contrast peaked signiﬁcantly earlier than the small and large phonemic contrasts (F(1, 11) = 25.45, p < 0.001 and F(1, 11) = 8.51,
p < 0.05, respectively). In addition, the latency of the large phonemic MMN was shorter than the small phonemic MMN
(F(1, 11) = 11.14, p < 0.05). This indicates that, in this experiment,
the large pitch contrast could be perceived earlier than both phonemic differences.
4. General discussion
The present study focusses on the optimal paradigm to test
auditory and phonemic discrimination by means of a passive task
using the MMN in clinical populations. Such a task may serve as
a means of investigating the presence and nature of the availability
problem in clinical populations and whether additional training
needs to be considered in the prevention of reading problems.
For time-efﬁciency purposes, it would be beneﬁcial to test different
magnitudes of phonemic changes, as well as a pure acoustic
change, simultaneously in one sequence. Therefore, we ﬁrst investigated in healthy adults whether both pitch and phonemic
changes were able to elicit MMNs when presented in one sequence
in a passive oddball paradigm. Experiment 1 showed that pitch
changes consisting of differences of approximately 2 and 5 semitones were not able to elicit MMNs when presented in a sequence

Figure 5. Grand-averaged difference waveforms for the large pitch contrast in the Pitch-only Context in Experiment 1 (dashed line) and Large Pitch + Phonemic Context in
Experiment 2 (solid line). Negativity is plotted upwards.
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with two phonemic deviants. The small and large phonemic contrasts were able to elicit MMNs. However, Experiment 2 showed
that the large pitch change consisting of a difference of 7 semitones
was able to elicit an MMN when it was presented in context with
phonemic deviants. Here again, the small and large phonemic contrasts elicited MMNs. These experiments show that when one pitch
and two phonemic deviants are presented in one sequence, the
phonemic contrasts are able to elicit MMNs. In contrast, pitch
changes in context with phonemic deviants are only able to elicit
MMNs when the difference in pitch is large enough (in our case seven semitones). If the pitch difference is too small (i.e., ﬁve semitones or less), no MMN is elicited when presented in the context
of phonemic deviants. Therefore, the most suitable MMN task for
testing whether the availability problem is present in children
from clinical populations is the one in which a large pitch contrast
is presented in combination with a small and large phonemic
contrast.
The fact that the smaller pitch changes did not elicit any MMN
was an unexpected ﬁnding. Our pre-test showed that the small and
medium pitch contrasts were discriminable at the behavioural level. Note that the just noticeable difference (JND) for pitch is usually below 10 cents (cf. Kaernbach and Schlemmer, 2008). Given
that 10 cents are 0.1 semitones, the ‘small’ pitch deviant of 2 semitones deviates by 20 JNDs from the standard. A possible cause of
the absence of an observable MMN for the small pitch contrast
may be that not all participants elicited an MMN. Individual data
indeed showed that half of the participants did not show MMNs
for the small pitch contrast, whereas for the large pitch contrast
nine out of 12 participants elicited MMNs, which were also larger
in amplitude. This means that a pitch difference, which is clearly
perceivable, does not necessarily elicit an MMN. This is in contrast
with what is often argued, namely, that an MMN arises to any discriminable contrast (Näätänen, 1995), but is in agreement with the
ﬁndings by Pettigrew et al. (2004), as well as what is argued by
Bishop (2007), revealing that easily discriminable changes often
do not elicit MMNs. It is striking that there is little literature about
when and why discriminable contrasts do or do not elicit MMNs.
This deﬁnitely needs further investigation as it will make the application of the MMN in (clinical) populations more efﬁcient. Furthermore, there are several studies that did ﬁnd observable MMNs to
pitch changes that were smaller than those used in the present
study. For example, in the study of Sams et al. (1985), MMNs were
elicited to simple tones with a pitch difference of about a quarter of
a semitone between the standard and deviant stimulus (1000 vs.
1016 Hz, respectively), while in our study the small difference in
pitch contour consisted of more than 2 semitones (280 vs.
321 Hz at the beginning to 195 vs. 223 Hz at the end). The difference between the Sams et al. study and ours is that the stimuli
used in the present study consisted of naturally produced phonemes containing a moving contour instead of a steady-state tone.
Possibly, stimuli containing moving contours are less able to elicit
MMNs, especially when small pitch contrasts are used. Future research is warranted.
Our second experimental question related to whether the
MMNs to pitch changes were inﬂuenced by the presence of phonemic deviants. This was investigated by comparing the MMN to
pitch change in context with phonemic deviants with the MMN
to the same pitch change in context with pitch deviants only. In
Experiment 1, the small pitch contrast did not elicit an MMN;
therefore, the context effect was only tested for the MMN elicited
by the medium pitch contrast. This MMN showed no context effect: the MMN by the medium pitch contrast in context with pitch
deviants only did not differ statistically from the negativity elicited
by the same contrast when it was presented together with phonemic deviants. However, the negativity itself was only statistically
signiﬁcant when it was presented together with pitch deviants
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and not when it was presented with phonemic deviants. These
two ﬁndings were conﬂicting. Therefore, the issue was further
investigated in Experiment 2. This experiment showed that the
large pitch contrast elicited statistically signiﬁcant MMNs both in
context with phonemic deviants and in context with pitch deviants
only. These MMNs, in turn, did not differ from each other. Thus, for
the large pitch change, no context effect of the MMN was present.
Based on these results we can conclude that the ‘less meaningful’
pitch contrasts are not suppressed by the presence of the ‘more
meaningful’ phonemic deviants in the same sequence. This is in
accordance with earlier studies, revealing that the presence of multiple deviants does not inﬂuence the MMNs to meaningless stimuli
in a passive oddball paradigm (Deacon et al., 1998; Grimm and
Schröger, 2007; Molholm et al., 2004; Näätänen et al., 2004) or
to meaningful stimuli in an active distraction paradigm (Grimm
et al., 2008). According to our results, these ﬁndings can be extended to the MMNs to meaningful stimuli when a passive oddball
paradigm is used. However, the absence of a context effect of the
MMN only stands when the acoustic difference is relatively large.
In contrast to the studies mentioned above, our results seem to
indicate that pitch changes can be (subtly) affected by the presence
of phonemic changes: the medium pitch contrast only elicited a
statistically signiﬁcant MMN when it was presented with other
pitch deviants and not when it was presented with phonemic deviants. This subtle inﬂuence disappeared for the large pitch contrast
that elicited MMNs in both contexts. It seems that the larger the
pitch contrast, the smaller the context effect.
It should be mentioned that the negativities elicited by the
pitch contrasts had shorter latencies than the MMNs elicited by
the phonemic contrasts. This has also been found in a study by
Maurer et al. (2003) where pitch differences (1000 vs. 1030 Hz
and 1060 Hz) elicited MMNs with shorter peak latencies than
phonemic contrasts (/ba/ vs. /ta/ and /da/), although this was
not tested statistically. However, Corbera et al. (2006) found the
reversed pattern: their frequency contrast (500 vs. 550 Hz) elicited MMNs with longer latencies than their phonemic contrast
(/o/ vs. /e/). Apparently, in our study, the differences in pitch
could be perceived slightly earlier in time than the differences between the phonemes. Owing to the shorter latency of the pitch
MMNs and the fact that we did not compare the ERPs of physically identical pitch stimuli to compute the pitch MMNs, an overlap with increased N1 amplitudes may have occurred. This is a
result of the N1, which reﬂects acoustic characteristics of the
sounds, being diminished when a stimulus is presented more often (i.e. to standard stimuli) compared to when the stimulus is
presented occasionally (deviant stimuli). However, any overlap
between N1 and MMN should not affect our results concerning
context effects of the pitch MMNs. Consider that the critical comparison used to determine context effects of the pitch MMNs involves identical contrasts (i.e. the ERP of the same pitch deviant
minus the standard stimulus) in either pitch-only or phonemic
deviant context. This means (a) that a potential overlap between
MMN and N1 would be identical across contexts, and (b) that the
increased N1 effect between the contexts remains constant. This
rules out the possibility that the context effects were modulated
by the differential N1 effects.
Our ﬁndings indicate that auditory and phonemic discrimination abilities may be efﬁciently assessed at a neurophysiological level in clinical populations by measuring MMNs in a passive oddball
paradigm with pitch and phonemic contrasts presented in one sequence. Using this paradigm, in a relatively short task (20 min),
information can be obtained about whether clinical groups suffer
from a deﬁcit in phonemic discrimination and if this is caused by
a general auditory deﬁcit or a more specialised deﬁcit related to
phonemic processing. However, our results show that a necessary
prerequisite for using such a multi-deviant paradigm is to use an
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acoustic change that is clearly perceptual in nature. Future research into the most advantageous acoustic changes will contribute a ﬁnal piece to the puzzle called ‘the optimal paradigm’ for
neuropsychological assessment of auditory and phonemic perception abilities in clinical populations.
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