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Abstract
The present paper investigated the event-related brain poten-
tial correlates of the processing of word stress related acous-
tic changes. We studied the processing of non-speech stimuli
containing similar intensity and f0 changes as speech stimuli in
a passive oddball paradigm. Contrary to our previous results
using speech stimuli with a trochaic stress pattern contrasted
with a iambic stress pattern, non-speech stimuli elicited a single
MMN component. This result was interpreted as showing that
the processing of stress information is based on speech specific
mechanisms, instead of solely acoustic mechanisms.
Index Terms: speech processing, word stress, ERP

1. Introduction
An important aspect of spoken language understanding is the
processing of prosodic features, which mark the boundaries of
utterances at different levels. Prosody, similarly to syntax, is
organized into a hierarchical structure, extending over larger
chunks of phonetic units. According to Nespor [1], the prosodic
structure includes the prosodic word, the phonological phrase
and the intonational phrase. The present paper investigates one
particular prosodic feature related to the prosodic words, that
is word stress. The importance of word stress is that stressed
syllables, as prominent parts of the speech flow, signal the be-
ginning of words, and thus contribute to the process of access-
ing the mental lexicon [2], [3]. If stressed syllables have such
an important role in the course of speech perception, then it is
crucial to understand how stressed and unstressed syllables are
discriminated by the human brain.

In order to study the processing and representation of
speech information, event-related brain potentials (ERPs) have
been proven to be a valuable tool. ERPs allow to examine the
real-time brain dynamics underlying the processing of linguistic
information [4], and make it possible to study speech perception
without necessary relying on conscious decisions of participants
which might invoke extra-linguistic processes.

One particular component, the Mismatch Negativity
(MMN) has been successfully applied for the investigation of
linguistic processes ranging from phoneme perception, [5], [6]
through word perception [7], to grammatical processing [8].
MMN is a negative going auditory ERP component having
maximal amplitude on the fronto-central electrode sites. MMN
is elicited by a rare deviant stimulus presented in a sequence of
frequent standard stimuli, and it usually appears 100-250 ms af-
ter the onset of auditory change [9]. MMN is a component that
can be elicited even if the participants are not paying attention
to the stimuli.

There are some studies showing that the MMN component
is elicited by changes in the stress patterns of words. Weber
et al. [10] demonstrated that the MMN appears both when a
trochaic pattern (stress on the first syllable) is occasionally re-

Figure 1: Grand average ERPs to standard and deviant speech
stimuli, and difference waves obtained in the previous study.

placed by a iambic pattern (stress on the second syllable), and
vice-versa, in the case of adults, as well as 5 months old infants.
Honbolygó et al [11], and Ylinen et al. [12] also obtained MMN
for changes in the stress patterns of words.

In our previous study [11], we have found two consecu-
tive MMN components to the deviant stimuli (see Fig.1), where
the stress was on the second syllable, instead of the first one
(in Hungarian stressed is always on the first syllable). At the
same time, the question arose if the ERPs found were the cor-
relate of the processing of phonological or acoustic features of
stress. Therefore in the present experiments we studied the pro-
cessing of non-speech stimuli having similar acoustic properties
as speech. We choose two acoustic properties known to corre-
late with stress: intensity and f0, and we tested if the these two
parameters having the same changes as in the speech stimuli
would elicit similar ERP responses. Our hypothesis was that if
stress processing is based solely on the processing of acoustic
information, then speech and non-speech stimuli with the same
acoustic changes would elicit similar ERP responses. If how-
ever stress processing is based on phonological features as well
then non-speech stimuli would elicit different ERPs.

2. Experiment 1.
2.1. Methods

Fifteen university students participated in the experiment (9
women), their age range was between 19-25 years (mean age:
21.5 years). All participants were right handed, and their hear-
ing level was in the normal range according to the audiometry
measurement preceding the experiment. They received a small
fee for the participation, and gave their written informed con-
sent before the experiment. The experiment was approved by
the Ethical Board of the Institute for Psychology of HAS.
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Figure 2: Acoustic properties of stimuli used in Experiment 1.
Solid line: standard, dashed line: deviant.

Experimental material consisted of two stimuli created by
extracting the intensity envelope curves of speech stimuli used
in the previous experiment [11] (two instances of the word
’banán’), using the Praat sound editor software. These en-
velopes were then applied to a sine-wave tone of equal length
to the original stimuli, having a frequency of 180 Hz, which is
close to the fundamental frequency of the original stimuli. As a
result, we obtained non-speech stimuli with gradually changing
intensities. The standard stimulus (modeling intensity changes
characteristic to the trochaic stress pattern) had larger inten-
sity at the beginning, and smaller in the middle, and the de-
viant stimulus (modeling intensity changes characteristic to the
iambic stress pattern) had smaller intensity and the beginning,
and larger in the middle (see Fig.2).

Stimuli were presented in a passive oddball paradigm, with
an SOA changing randomly between 730-830 ms. The prob-
ability of deviants was 20% (n=200). Stimuli were presented
binaurally via headphones, while the participants were watch-
ing a silent movie, and were instructed to ignore the stimuli.

EEG data were recorded with a 32 channel recording sys-
tem (BrainAmp amplifier and BrainVision Recorder software).
Ag/AgCl ring electrodes were mounted using an electrode cap
according to the 10% system at the following positions: Fp1,
Fp2, F9, F7, F3, Fz, F4, F8, F10, FC5, FC1, FC2, FC6, T9, T7,
C3, Cz, C4, T8, T10, CP5, CP1, CP2, CP6, P7, P3, P4, P8, O1,
O2, P9, P10. Pz was used as a reference, and the ground was at
position between Fz and Fpz. Contact impedances of electrodes
were kept under 10 kΩ, and data were recorded with a sampling
frequency of 500 Hz. During offline analysis, data were band-
pass filtered between 0.3-30 Hz (12dB/oct), and the Indepen-
dent Component Analysis (ICA) method was used to detect and
remove eye-movement artifacts without loosing data (see [11]).
Data were segmented time locked to the onset of standard and
deviant stimuli, from 100 ms before onset to 800 ms post onset.
Before averaging, an automatic artifact rejection procedure was
applied to segmented data that removed segments were the am-
plitude exceeded ± 80 µV. Finally data were re-referenced to
the average reference of all channels.

2.2. Results

ERPs elicited by the standard and deviant stimuli, and the dif-
ference waves obtained by subtracting the ERPs to the standard
from the ERPs to the deviant are shown on Fig.3. We can see
that the non-speech stimuli elicited three consecutive negativi-
ties at 250, 420 and 650 ms. At the same time, there was lit-
tle difference between the ERPs elicited by the standard and
deviant stimuli: the standard stimulus elicited a slightly larger

negativity at the first negative peak, and the deviant stimulus
elicited a slightly larger negativity at the second negative peak.

Figure 3: Grand average ERPs to standard and deviant stimuli,
and difference waves in Experiment 1.

In order to statistically analyze the ERP data, three 6x2
repeated-measures ANOVA with factors of Electrodes (F3, Fz,
F4, C3, Cz, C4) and Deviance (standard vs. deviant) were cal-
culated, based on the amplitudes of the negative peaks, obtained
by automatic peak detection in time windows of 100 ms, cen-
tered around the peak latencies. The criterion to select these par-
ticular electrode sites was the ERP components showed maxi-
mal amplitude on these sites.

For the 1st peak, the Electrodes (F(5,55) = 5.72, p < 0.01)
and Deviance (F (1,11) = 5.25, p < 0.05) main effects were sig-
nificant, but there was no significant interaction. The post-hoc
contrast analysis showed that the standard and deviant condi-
tions differed significantly on the central electrodes only, the
standard eliciting a larger negativity than the deviant. For the
2nd and 3rd peaks, only the Electrode main effects were signif-
icant (F(5,55) = 3.73, p < 0.01, and F (5,55) = 7,46, p < 0.01,
respectively).

3. Experiment 2.
3.1. Methods

Sixteen university student participated in the experiment (14
women). Their age range was between 18-41 years (mean age:
21 years). All participants were right handed, and their hear-
ing level was in the normal range according to the audiometry
measurement preceding the experiment. They received course
credit for the participation, and gave their written informed con-
sent before the experiment. The experiment was approved by
the Ethical Board of the Institute for Psychology of HAS.

Stimuli were created based on the stimuli of our previous
experiment [11]. We extracted the pitch contours from the stan-
dard and deviant speech stimuli using the Praat sound editor
software, and created two sine-wave tones that contained these
pitch contours. The re-synthesis of tones was accomplished by
the PSOLA algorithm built in Praat. As a result we obtained
two non-speech stimuli: the standard stimulus (modeling pitch
changes characteristic to the trochaic stress pattern) had a higher
f0 at the beginning, and a lower in the middle, and the deviant
stimulus (modeling pitch changes characteristic to the iambic
stress pattern) had a lower f0 at the beginning, and a higher in
the middle (see Fig.4).
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Figure 4: Acoustic properties of stimuli used in Experiment 2.
Solid line: standard, dashed line: deviant.

The procedure, and the EEG recording and analysis was the
same as in Experiment 1.

3.2. Results

As the ERPs elicited by the standard and deviant stimuli show
(Fig.5), two consecutive negative peaks were elicited at 250 and
450 ms. ERPs did not differ at the first negative peak, however
the deviant elicited a larger negativity at the second peak.

Figure 5: Grand average ERPs to standard and deviant stimuli,
and difference waves in Experiment 2.

In order to statistically analyze the ERP data, two 6x2
repeated-measures ANOVA with factors of Electrodes (F3, Fz,
F4, C3, Cz, C4) and Deviance (standard vs. deviant) were cal-
culated, based on the amplitudes of the negative peaks, obtained
by automatic peak detection in time windows of 100 ms, cen-
tered around the peak latencies. For the 1st peak, we found
only a significant Electrodes main effect (F(5,75) = 14.7, p <
0.01). For the 2nd peak, we found a significant main effect of
Electrodes (F(5,75) = 9.2, p < 0.01), and Deviance (F(1,15)
= 13, p < 0.01), but no interaction between the two. The post-
hoc contrast analysis demonstrated that the standard and deviant
conditions were significantly different on all 6 electrode sites.

4. Discussion
In the present experiments, we measured the ERP correlates of
the processing of stress related acoustical changes in the case of

non-speech stimuli. In Experiment 1 the processing of intensity
changes, in Experiment 2 the processing of pitch changes was
investigated. In the previous experiment using speech stimuli
[11], we obtained two MMN components related to the first and
second syllable of the words, when the iambic stress pattern was
compared to the trochaic stress pattern.

The present results showed that the processing of the inten-
sity difference modeling the stress patten changes in the case
of non-word stimuli, elicited a different ERP pattern: the only
significant difference was that the standard stimulus elicited a
larger negative peak than the deviant. This negative peak was
probably an N2 component, which amplitude followed closely
the acoustical properties of stimuli, because at the beginning,
the standard stimulus had a larger intensity than the deviant.
Therefore it seems that no change-detection related component
(i.e. MMN) appeared for the deviant stimuli.

The processing of pitch changes in the case of non-speech
stimuli also elicited different ERP patterns than the speech stim-
uli. Here, the deviant stimulus elicited a significantly larger neg-
ativity than the standard related to the second part of the stimu-
lus, and this negativity was considered to be an MMN compo-
nent. The latency of this MMN was close to the latency of the
second MMN obtained with speech stimuli.

Therefore it seems that none of the non-speech stimuli con-
taining similar stress related acoustic changes as the speech
stimuli elicited the first MMN, but the second MMN was
elicited in the case of pitch deviants. This is summarized on
Fig.6.

Figure 6: MMN amplitudes in the case of speech and two non-
speech stimuli.

From these results we can conclude that the first MMN ob-
tained only for speech stimuli may reflect speech specific pro-
cessing mechanisms, while the second MMN, obtained both
for speech and non-speech stimuli reflect acoustical process-
ing mechanisms. The nature of these mechanisms is unclear
however. One possible suggestion is that in the case of speech,
the iambic stress pattern elicits the change detection mechanism
at the beginning of the word, probably because already at that
point the word violates the phonological expectations about the
obligatory place of stress. This mechanism is missing in the
case of non-speech stimuli, and the differences in the acoustic
properties is processed only later. Furthermore, it seems that
the processing of intensity and pitch changes is dissimilar, as
changes in the intensity patterns do not elicit the MMN com-
ponent. This result is unexpected, because previous data have
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shown that intensity differences in tone pairs readily elicited the
MMN [13].

At the same time the present results may be indecisive con-
cerning the source of the first MMN obtained for speech stim-
uli. It might be that the f0 and intensity cues have a conjoint
effect during the processing of stress related acoustic informa-
tion, and the separate presentation of these cues might not be
sufficient for the detection of the lack of stress at the beginning
of the word. This suggestion could be tested using more com-
plex, multi-featured non-speech stimuli, e.g. sine-wave speech,
or low-pass filtered speech.

To conclude, it seems that the human brain readily pro-
cesses differences between stressed and unstressed syllables,
and this processing is not solely based on the acoustic prop-
erties of stress, but speech specific mechanisms play a role as
well. Further studies are needed to clarify the exact nature of
these stress processing mechanisms, and their neural basis.

5. Acknowledgements
This study was supported by the Hungarian Scientific Research
Fund (OTKA-NK 72465, PI: Valéria Csépe, and OTKA-PD
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