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Abstract

The functional organization of speech sound processing in the human brain and its unfolding over time are still not well understood.
While the N100 ⁄ N100m is a comparatively well-studied, and quite late, component of the auditory evoked field elicited by speech,
earlier processes such as those reflected in the P50m remain to be resolved. Using magnetoencephalography, the present study
follows up on previous reports of N100m-centred spatiotemporal encoding of phonological features and coarticulatory processes in
the auditory cortex during consonant–vowel syllable perception. Our results indicate that the time course and response strength of
the P50m and N100m components of evoked magnetic fields are differentially influenced by mutually exclusive place-of-articulation
features of a syllable’s stop consonant and vowel segments. Topographical differences in P50m generators were driven by place
contrasts between consonants in syllables, with spatial gradients orthogonal to the ones previously reported for N100m. Peak latency
results replicated previous findings for the N100m and revealed a reverse pattern for the earlier P50m (shorter latencies depending
on the presence of a back vowel [o]). Our findings allow attribution of a role in basic feature extraction to the comparatively early
P50m time window. Moreover, the observations substantiate the assumption that the N100m response reflects a more abstract
phonological representational stage during speech perception.

Introduction

Using magnetoencephalography (MEG), the N100m component of the
evoked field response to transient acoustic stimulation has been
demonstrated as an indicator of basic speech information processing in
the human auditory cortices (Diesch et al., 1996; Makela et al., 2003;
Obleser et al., 2003, 2004, 2006; Shestakova et al., 2004). This
evidence indicates that the N100m spatiotemporal organization in
response to different speech sounds encodes distinctive features
facilitating speech perception. However, as knowledge of preceding
activity during speech processing is limited, it has been suggested that
the N100m reflects a transitional processing stage between auditory
and abstract phonological representation of discrete speech sounds
(Kaukoranta et al., 1987; Diesch et al., 1996).

Consonant–vowel (CV) syllable stimuli have been used to investi-
gate the influence of phonological articulatory cues, such as voice
onset timing (VOT) and place-of-articulation, on the spatiotemporal
organization of the N100m (Simos et al., 1998; Gage et al., 2002;
Obleser et al., 2003). Obleser and colleagues investigated CV
processing using phonemes with concordant or conflicting places of
articulation. The N100m magnetic source parameters were used to
index the coarticulatory influence of front and back vowels on
preceding bilabial, alveolar and velar voiced stops. The authors
demonstrated that changes in the N100m source topography in

response to CV stimuli reflects the phonological features of the
phonemes which constitute the syllables, and differences in N100m
source localization were driven by the mutually exclusive places of
articulation in the vowel of the syllable. The authors also reported a
difference in N100m source orientation due to place-of-articulation
information in the stop consonant, as well as peak latency differences
which were thought to reflect coarticulatory effects of a back vowel on
preceding stop consonants (Obleser et al., 2003).
If N100m activity reflects processing attributable to such abstract

representational processes then it remains to be determined whether or
not earlier cortical activity is already sensitive to varying phonological
features in speech segments.
The objective of this investigation was to exploit the spatiotemporal

accuracy of MEG and study how coarticulation during CV processing
and the phonological features conveyed affect the spatiotemporal
parameters of the auditory middle-latency response (MLR) P50m
component. Acoustic features relevant to speech such as signal
periodicity, which varies between voicing contrasts, have been shown
to differentially affect peak P50m and N100m amplitudes (Hertrich
et al., 2000). Additionally, human intercranial electrical recordings
from Heschl’s gyrus and planum temporale indicate that categorical
voicing distinctions based on VOT are represented by evoked triphasic
activity analogous to the N30, P50 and N100 complex observed in
scalp recordings (Steinschneider et al., 1999).
We analysed source topography and peak latency of the P50m and

N100m components in order to examine the mapping of phonological
place features in the P50m time range, and to shed new light on earlier
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findings of feature mappings evident in the N100m. Two alternative
hypotheses are feasible and can be tested accordingly. (i) One
hypothesis would predict that P50m activity is insensitive to feature
configuration in CV syllables, thereby indicating that the N100m
component reflects the initial step of feature detection processing that
facilitates speech perception. (ii) Alternatively, based on previous
literature, we might expect P50m activity to also reveal differences
due to place-of-articulation changes in CV syllables, thus reflecting
early feature extraction in the auditory processing stream and
attributing a more intermediate role for N100m between basic auditory
and more abstract phonological processing.

Materials and Methods

Subjects

Twenty-three healthy right-handed German speakers (12 males;
25 ± 8 years) without history of neurological or otological disorders
participated in this study. The subjects consented to their participation
after they were completely informed about the nature of the study. The
Ethics Commission of the University of Münster approved all
experimental procedures, which were in accordance with the Declar-
ation of Helsinki.

Experimental design and stimulation

Stimuli consisted of six exemplars of four German CV syllables ([do],
[dø], [go], [gø]) each. The CVs combined front and back places of
articulation for voiced stops [d] and [g] with rounded vowels [ø] and
[o]. Instead of editing syllables from recordings of spoken words as in
Obleser et al. (2003), the stimuli in the current study were edited
recordings of isolated syllables articulated by a female speaker.
Stimuli were recorded with a Beyerdynamic (MCE-91, Heilbronn,
Germany) microphone on a DAT recorder (DA-P1; TASCAM,
Wiesbaden, Germany). From the 48-kHz digitized recording (EDI-
ROL UA-5, Köln, Germany) six exemplars of each syllable category
were cut out. All exemplars from each syllable category were cut into
200- and 350-ms portions containing the consonantal burst, the
formant transition and the steady-state vowel (Fig. 1a). The resulting
short and long sound files were separately normalized for peak
amplitude and faded out with 30- and 50-ms Gaussian ramps,
respectively. Mean pitch frequencies (± SD) across all 200-ms syllable
exemplars were 200.2 ± 11.8 Hz. In the steady-state vowel phase of
all 200-ms syllable exemplars, first formant frequencies ranged from
369 to 417 Hz for [o] and 313 to 395 Hz for [ø]. Second formant
frequencies ranged from 714 to 954 Hz for [o] and 1565 to 1918 Hz
for [ø]. Syllables with [g] displayed a longer VOT (28 ms) than those
with [d] (20 ms; t23 ¼ –4.1, P < 0.001). Voice onset time here is
defined as the difference in time between the release of a complete
articulatory constriction and the onset of quasi-periodic vocal fold
vibration (Zlatin, 1974). The stimuli were presented using Presentation
software (Neurobehavioural Systems, Inc., California, USA) in a
passive listening paradigm.
In order to account for the known difficulties in eliciting P50m and

N100m responses to the same degree, the P50m procedure was
adjusted to approximately half the length of time required to acquire
N100m data. In each procedure �600 stimuli were pseudo-randomly
arranged and separated by variable stimulus onset asynchrony (SOA).
For the P50m, 200-ms stimuli with 0.75–1.25 s SOA were used,
whereas for the N100m long (350-ms) stimuli with 1.6–2.0 s SOA
were used. Every subject listened to two such sequences. P50m and
N100m data were acquired on separate days for each subject, with

order of acquisition randomized across subjects. The schema in
Fig. 1b describes the procedures carried out for acquiring data for the
P50m and N100m components of the evoked auditory response.
Prior to the initial measurement, individual hearing thresholds were

determined bilaterally using 45-ms onset fragments of all syllable
exemplars. The same onset fragments were then used in a categor-
ization task where subjects had to identify syllables from onset
fragments in �50 trials. All stimuli were presented binaurally at an
intensity of 65 dB above sensation level. Binaural loudness was
slightly readjusted where necessary to ensure perception in the head
midline.

Data acquisition

Auditory evoked magnetic fields were recorded using a 275-channel
whole-head biomagnetometer (Omega 275; VSM Medtech Inc.,
Vancouver, Canada) in a quiet magnetically shielded room. The
subjects were seated comfortably in an upright seated position. They
were asked to remain alert and compliance was verified using video
monitoring. In order to control for changes in vigilance and constant
arousal, subjects watched a self-selected silent movie. Head motion
was monitored using three detection coils attached to the subject’s
forehead and ears. Subjects’ heads did not move > 10 mm during
either recording block. The magnetic field signals were filtered online
with 150-Hz low-pass and 50-Hz notch filters, and sampled at 625 Hz.

Intra-subject MRI-MEG registration

For each subject, T1-weighted MR images (256 1.4-mm slices with
512 pixels2 in-plane resolution) were acquired using a 3.0 T Philips
scanner (Gyroscan Intera; Philips Medical Systems, Best, the Neth-
erlands). Prior to acquisition, MRI-visible markers were positioned
over three anatomical landmarks: nasion and left and right ear canals.
The MRI was realigned such that horizontal slices were parallel to the
line passing through the anterior and posterior commissures. The
transformed MR image was used to align the coordinate systems of
MRI and MEG data. Subsequently, the MR image was transformed
into the stereotaxic Talairach coordinate system and a 3-D volume
representing the individual head shape was constructed. The three
anatomical fiducials were used to register digitized head surface points
and MEG sensor positions for each recording session with the
individual head shape. Thus, spatiotemporal modelling of MEG data
was carried out in a common stereotaxic space based on individual
anatomy.

Data reduction and analysis

For each of the four CV stimuli, 400 ms (100 ms pretrigger) and
800 ms (200 ms pretrigger) epochs of magnetic data for the P50m and
N100m, respectively, were averaged after artifact rejection (threshold
3.0 pT) and off-line noise correction. A DC offset correction was
applied based on the mean value obtained from the prestimulus
intervals. Subsequently, the averaged data were filtered using
3–150 Hz band-pass for the P50m (Yvert et al., 2001) and 30 Hz
low-pass for the N100m. For each dataset 64 MEG channels around
the signal RMS extrema in each hemisphere were selected for
evaluating the evoked fields. An equivalent single dipole (spatiotem-
poral model) was approximated to the magnetic field distribution
around the maximum (the rising slope) of the global field power at
30–80 and 90–120 ms after stimulus onset for, respectively, the P50m
and N100m components. The dipole location and orientation in each
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hemisphere were determined in a head-based Talairach coordinate
system with the origin set to the midpoint of the medial–lateral axis
(x-axis) between the left and right ear canals. Dipole estimates were
submitted to further analysis only if both the goodness of fit of the
estimated equivalent current dipole (ECD) field to the measured
magnetic field was > 90%, and the ECD was located within volumes
containing Heschl’s gyrus and planum temporale (Penhune et al.,
1996; Westbury et al., 1999).

ECD peak latency, amplitude and individual Talairach coordinates
were examined by repeated-measures anova with factors hemisphere
(left, right), place-of-articulation of syllable onset (front [d], back [g]),
and vowel (front [ø], back [o]). For adequate analysis of within-subject
place contrasts, subjects with acceptable bilateral ECDs in fewer than
three syllable categories were excluded. Statistical analysis was
performed with mixed-model anovas with restricted maximum
likelihood estimates separately for P50m and N100m data.

a

b

Fig. 1. CV stimuli spectrograms and stimulation presentation scheme. (a) Spectrograms (first 200 ms) of typical stimuli from all four syllable categories are
presented. Note the obvious differences in formant frequencies between [o]-containing (left column) and [ø]-containing (right column) CV syllables, as well as the
differences between [d] (top panel) and [g] (bottom panel) in shape of second formant transition. (b) P50m (top panel) and N100m (bottom panel) pseudo-
randomized stimulation sequences with modified stimulus duration and stimulus onset asynchrony to elicit P50m and N100m responses to the same degree.
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Results

Behavioural data

In the categorization task prior to MEG data acquisition, all subjects
readily identified all syllables from 45-ms onset fragments at a level
well above chance. Across 48 test items with four response options,
subjects responded in 80 ± 2.1% (Mean ± SEM) of trials correctly.
Significantly more perception errors occurred for the syllable [do] than
in any other category; subjects were thus more easily mislead into
perceiving [dø] upon hearing the initial [d] (18.7 ± 5.1%; P < 0.01,
Bonferroni-adjusted). This gave rise to an overall unequal distribution
of errors in syllable identification between consonants [d] and [g]
(18.7 ± 4.6%) and vowels [o] and [ø] (9.302 ± 4.6%).

MEG data

Prominent auditory evoked responses were obtained from all 23
subjects. Adequate and physiologically plausible bilateral single ECD
models accounting for the P50m activity were available in 18 subjects,
whereas only 12 subjects yielded acceptable ECD models for the
N100m response. Within this cohort, the average goodness of fit of
models to the magnetic data between place contrasts of the front [d]
(95 ± 0.3%) and back [g] (95 ± 0.2%) as well as the front [ø]
(95 ± 0.2%) and back [o] (95 ± 0.3%) did not differ significantly
(F < 1). Mean values of spatiotemporal ECD parameters displaying
dipole locations in Talairach space are shown in Table 1.

P50m peak latency and amplitude

As can be discerned from Fig. 2, P50m peak source strength and
latency were influenced by place of articulation. An enhanced P50m
response was observed for the presence of a front place of articulation
in either the onset or the vowel of a syllable: P50m source amplitude
was larger in response to syllables containing [d] (17.9 ± 2 nAm) and
[ø] (17.4 ± 2 nAm) than [g] (14.4 ± 2 nAm) and [o] (15.4 ± 2 nAm),
in both hemispheres. The effects of syllable onset (F1,109 ¼ 10.0,
P < 0.05) and vowel (F1,109 ¼ 6.0, P < 0.05) were both significant
and did not interact. The effects of the syllable’s place features did not
differ across hemispheres (F < 1), although peak amplitude was
generally larger in the left hemisphere (17.6 ± 2 nAm) than in the
right (14.6 ± 2 nAm; F1,109 ¼ 7.7, P < 0.01). Interestingly, P50m
peak latency was significantly affected by the syllables’ vowel,
peaking later for syllables containing the front [ø] (59.1 ± 3 ms) than
the back [o] (56.2 ± 3 ms; F1,109 ¼ 5.0, P < 0.05).

P50m source localization

For the contrast between syllables’ consonant place features we
observed a significant separation between P50m sources for front- and
back-voiced stops. In the mediolateral dimension P50m sources for
syllables containing the front [d] were located deeper than those with
the back [g] (F1,110 ¼ 4.0, P < 0.05). Figure 3 displays the grand
averaged source localization results for the evoked fields. The
topographic arrangement of P50m sources were similar in the two
hemispheres; the results in Fig. 3a thus show the data pooled across
hemispheres and displayed in Talairach coordinates of a 3-D volume
containing Heschl’s gyrus and planum temporale.
In short, P50m data indicate that the varying phonological place of

articulation in CV stimuli results in (i) stronger activity in response to
the front place category (i.e. syllables containing [d] or [ø]), (ii) a
delayed peak response to syllables containing the front [ø] vowel, and
(iii) orderly topographic arrangement of sources along the medial–
lateral axis driven by place-of-articulation features of a syllable’s onset
consonant.
As mentioned above, source localization was carried out in an

individual-subject stereotaxic coordinate system (i.e. Talairach space).
The resulting grand averaged dipole source locations in Talairach
space are shown in Table 1.

N100m peak latency and amplitude

Our observations of peak N100m source activity suggest a rather more
complex behaviour in response to the place features than the P50m.
For the peak N100m latency, we observed a left-hemispheric trend for
a latency shift towards a longer response to the back vowel
(hemisphere · vowel interaction, F1,63 ¼ 4.3, P ¼ 0.05). In the left
hemisphere, N100m latency was longer for syllables with the back
vowel [o] (103.1 ± 3 ms) than those with front [ø] (99.0 ± 4 ms).
Conversely, in the right hemisphere syllables with the back [o] elicited
an earlier N100m (93.5 ± 3 ms) than those with the front [ø]
(100.8 ± 4 ms; see Table 1). Post hoc comparisons (two-tailed t-tests)
of the vowel contrasts in the left and right (both |t| < 1) failed to reveal
any significant differences in timing of the N100m peak latency
between hemispheres.
There was also a pattern, mainly in the left hemisphere, in line with

previous accounts on vowel-dependent N100m latency as for the
entirely back [go] in Obleser et al. (2003), and as for back vowels in
general (e.g. [o], [u] in Poeppel et al., 1997; Roberts et al., 2000).
N100m peak amplitude was stronger in response to syllables
containing the back [o] (33.7 ± 3 nAm) than to those containing the

Table 1. Grand averaged equivalent current dipole spatiotemporal parameters for the P50m and N100m auditory evoked fields.

Medial–lateral Anterior–posterior Inferior–superior Latency (ms) Q (nAm)

Left Right Left Right Left Right Left Right Left Right

P50m
Front [d] –45.0 ± 1.6 46.7 ± 1.6 –20.2 ± 2.0 –19.7 ± 2.0 20.0 ± 2.2 16.2 ± 2.2 57.7 ± 3.1 58.3 ± 3.1 19.2 ± 1.8 16.5 ± 1.8
Back [g] –46.7 ± 1.6 49.8 ± 1.6 –20.7 ± 2.0 –18.6 ± 2.0 20.7 ± 2.2 15.4 ± 2.2 57.1 ± 3.1 56.6 ± 3.1 16.1 ± 1.8 12.7 ± 1.8
Front [ø] –44.9 ± 1.5 47.6 ± 1.5 –20.2 ± 2.0 –18.1 ± 2.0 20.9 ± 2.2 15.7 ± 2.2 57.9 ± 3.1 59.6 ± 3.1 18.8 ± 1.8 16.1 ± 1.8
Back [o] –46.7 ± 1.6 49.1 ± 1.6 –20.8 ± 2.0 –20.2 ± 2.0 19.7 ± 2.2 15.9 ± 2.2 56.9 ± 3.1 55.3 ± 3.1 16.4 ± 1.8 13.1 ± 1.8

N100m
Front [d] –41.0 ± 1.4 43.3 ± 1.4 –17.9 ± 2.3 –20.2 ± 2.3 16.0 ± 3.1 14.6 ± 3.1 100.4 ± 3.6 99.0 ± 3.6 31.3 ± 3.7 31.8 ± 3.7
Back [g] –40.6 ± 1.4 43.3 ± 1.3 –22.1 ± 2.2 –22.0 ± 2.2 16.4 ± 3.1 15.4 ± 3.1 101.8 ± 3.5 96.0 ± 3.5 28.7 ± 3.7 27.1 ± 3.7
Front [ø] –40.5 ± 1.4 44.2 ± 1.4 –19.1 ± 2.3 –21.7 ± 2.3 16.2 ± 3.1 15.4 ± 3.1 99.0 ± 3.7 100.8 ± 3.7 27.9 ± 3.8 23.7 ± 3.8
Back [o] –41.0 ± 1.3 42.3 ± 1.3 –20.9 ± 2.2 –20.5 ± 2.2 16.2 ± 3.1 14.5 ± 3.1 103.1 ± 3.4 93.5 ± 3.4 32.1 ± 3.5 35.2 ± 3.5

Values (mean ± SEM) are provided for each hemisphere, describing the mean values for the place-of-articulation contrasts between CV syllable’s consonants and
vowels. Source localization values are given in the standardized Talairach coordinate system (mm).
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front [ø] (25.8 ± 3 nAm). The main effect of vowel place-of-
articulation on N100m peak source strength was significant
(F1,65 ¼ 7.2, P < 0.01).

Results of the analysis of N100m temporal and amplitude source
parameters are shown in Fig. 2 alongside the results from the P50m
data.

N100m source localization

Similar to the effect of syllable onset place-of-articulation on P50m
source localization, the contrast between stop consonants also yielded
a rather small effect on N100m source topography. As can be seen in
Table 1, the grand averaged N100m dipole source locations in the
standardized Talairach coordinate system in response to syllables

containing the front [d] (–19.0 ± 2 mm) were more anterior than those
of syllables with the back [g] (–22.0 ± 2 mm), an effect approaching
significance (F1,65 ¼ 3.4, P ¼ 0.07).
In sum, N100m peak activity was differentially influenced by the

vowel place-of-articulation in CV syllables. N100m latency
appeared to be modulated differently between hemispheres, display-
ing a delayed peak in response to the back [o] in the left
hemisphere. The N100m peak response to syllables containing the
back vowel was also stronger: both findings mark a reversal of the
patterns observed for the earlier P50m activity in the vowel place
feature contrast (Fig. 2). We also observed a trend for N100m
topographical organization along the anterior–posterior axis, that is,
orthogonal to the arrangement of P50m sources observed in the
place contrast for syllables’ consonants, and in line with a series of
previous reports.

Fig. 2. Grand averaged temporal source parameters. (a) Differences in middle- and long-latency P50m and N100m field peak amplitudes. P50m peak activity was
significantly affected by both of the syllable’s place features, displaying an enhanced response to the front category (i.e. [d] and [ø]). N100m peak amplitude was
significantly increased to CV syllables containing the back [o] vowel. Note the reversal of activation pattern seen here in comparison to the peak P50m amplitude.
(b) Differences in peak latency were overall influenced by the syllables’ vowel place-of-articulation. P50m peak latency was prolonged for syllables containing the
back [o]. A more complex N100m peak latency behaviour was observed depending on the syllables’ vowel place-of-articulation. A marginally significant interaction
between factors vowel and hemisphere modified N100m peak latency. In the left hemisphere N100m latency was longer for syllables with the back vowel [o] than
those with front [ø], mirroring the pattern in the right hemisphere.

Evoked fields encode speech features 3159
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Discussion

In the present study we tested whether the topographic or temporal
source parameters of the auditory middle-latency P50m component are
influenced by place-of-articulation changes within (e.g. [gø] or [do])
and across (e.g. [go]–[do] or [go]–[gø]) CV syllables. We demonstra-
ted, for the first time, that varying phonological place-of-articulation
features in both the onsets and vowels of CV syllables elicits an
enhanced P50m response to the front place category (i.e. syllables
containing [d] or [ø]). We also observed a delayed P50m peak latency
in response to the front vowel [ø] as compared to the back [o], which
marks an interesting reversal of the latency patterns implied for the
N100m (Poeppel et al., 1997; Obleser et al., 2003; Eulitz et al., 2004).
Furthermore, the temporal source parameters of the P50m activity

were complemented by a noticeable topographic arrangement repre-
senting the different place features conveyed by syllable’s voiced stop
consonants, such that sources for syllables containing the front
alveolar [d] were located more medial than those with the back velar
[g]. This influence of speech sound features in the P50m time range
shows that the N100m time window is by no means the earliest stage
sensitive to such features. Instead, it could be reasonably suggested
that the N100m spatiotemporal encoding of distinctive features during
speech perception reflects a transitional processing stage between
auditory and abstract phonological representations of speech sounds
(Kaukoranta et al., 1987; Diesch et al., 1996). The present results
suggest place-of-articulation features do indeed have differential
influences on the time courses and topographies of the evoked P50m
and N100m responses.
In terms of peak amplitude, levels of neural activity were modulated

by place features. P50m amplitude varied as a function of place of
articulation in both the onsets and vowels, with stronger activity in
response to the front place category (i.e. syllables containing [d] or
[ø]). In contrast, N100m amplitude was modified by vowel place
information, displaying an attenuated response to the front [ø]

conveying a higher second formant frequency than the back [o]
(Fig. 1a). It has been suggested previously that the relative strengths of
the P50m and N100m are crucial in actively monitoring and detecting
changes in the incoming signal (Hertrich et al., 2000; Chait et al.,
2004). The modulation of neural response strengths observed in the
present study extends previous findings by providing evidence of
processing of different place features in CV syllables. It has long been
known that back vowels such as [o] become more front-like if
preceded by a front consonant such as [d] (Stevens & House, 1963).
Conceivably, the increased P50m response to the front category
reflects activity elicited by the enhanced spectral energy resulting from
the rapid transitions into coronal-like high second formants between
the front [d] and following vowels. The subsequent N100m response
is modulated relative to antecedent P50m activity, and an attenuated
P50m activation in response to a given place feature could result in a
correspondingly increased N100m response. Such a differential
modulation of P50m and N100m response strengths can result from
complex excitatory and inhibitory mechanisms in the auditory fields,
which have been shown previously to be involved in categorical
differentiation of voiced and unvoiced consonants in CV stimuli
(Steinschneider et al., 1994). Therefore it is plausible that different
place features in CV syllables result in different levels of excitation in
the time window between P50m and N100m activity.
P50m and N100m peak latencies were largely dominated by

place information from the vowels (Fig. 2b). Most interestingly, the
two components showed opposite patterns in response to vowel
features: P50m peak latency was markedly delayed in response to
the front vowel [ø] as compared to the back [o]. In contrast, a (left-
lateralized) latency shift as a function of place with longer latency
for the back [o] was seen in the N100m time window. The
modulation of N100m latency due to the place information in the
vowel observed in this study is in agreement with the suggested
coarticulatory effects of a back vowel on neighbouring phonemes
(Obleser et al., 2003).

Fig. 3. Schemata of grand averaged source localization results in standardized Talairach space for the middle- and long-latency P50m and N100m fields.
(a) Source localization results pooled across the two hemispheres for the place-of-articulation contrast between voiced-stop onsets [d] and [g] in CV stimuli. Front
and back place features in syllables’ consonants resulted in topographical differences with spatially orthogonal gradients for the P50m and N100m generators. P50m
sources distinctively coded onset features along the medial–lateral dimension where as N100m sources coded the same features distinctively along the anterior–
posterior dimension. (b) Cortical-space mapping between the hemispheres did not differ, although grand averaged syllable P50m (white) and N100m (black)
sources displayed minute anatomical separation on Heschl’s gyrus and planum temporale.
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Based on previous work demonstrating the dependence of the time
course of N100m on sound stimulus attributes such as frequency,
intensity and spectral complexity, it is thought that the N100m latency
encodes spectrotemporal information in sounds into the time domain
(i.e. chronotopy; Roberts et al., 2000). Looking at peak latency results
from P50m and N100m in conjunction, our findings corroborate the
idea of temporal information encoding to serve speech sound
discrimination (Roberts et al., 2000). However, a synoptic view of
P50m and N100m results calls for a refined version of any such
chronotopy hypothesis. The peak-to-peak interval between P50m and
N100m rather than the peaks themselves might reflect interesting
differences in the underlying speech processing steps talking place:
syllables with a front vowel elicit a short P50m-to-N100m peak
interval, whereas this interval is longer in syllables featuring a back
vowel. Although we cannot decide from the current study whether
such a difference in peak-to-peak intervals reflects a simple bottom-up
effect of the signal processing along the central auditory pathways, it
is plausible that such latency information (even if it is an epiphe-
nomenal by-product of the speech sound acoustics) is exploited by the
system to identify phonemes or syllables.

The topographic arrangement of middle- and long-latency compo-
nents of evoked magnetic fields (i.e. P50m and N100m, respectively)
was affected by place contrasts in the syllable onsets. Mutually
exclusive place information in the stop consonant resulted in
segregation of P50m generators along the medial–lateral dimension
and the trend for segregation for N100m generators along the
posterior–anterior dimensions, respectively.

The joint recordings of P50m and N100m show that the composite
influences of coarticulated features in syllables on the evoked brain
response are not fully understood. P50m and N100m neural generators
display minute spatial separation on Heschl’s gyrus and planum
temporale (Fig. 3b), with the P50m emerging probably from more
primary auditory areas and spreading out along a medial–lateral
dimension (Fig. 3a). Based on observations about magnetic fields
elicited by different vowels, Diesch et al. (1996) suggest that
simultaneous activity of two neural representations, one of them
auditory and the other one phonetic, might serve as a mechanism
underlying the spatial distribution of cortical sources. This simulta-
neous representational mechanism encodes auditory dissimilarity
determined along articulatory and acoustic continua characterized by
different vowels. The anatomical proximity of evoked responses in the
present study may be indicative of such a dual representational
mechanism. In this scenario P50m activity spreads out along a medial–
lateral dimension parallel to tonotopic maps in Heschl’s gyrus and
planum temporale (Pantev et al., 1988). Subsequent N100m activity in
secondary nonprimary auditory fields spreads out along a posterior–
anterior dimension and orthogonal to tonotopic maps in the auditory
cortex, as previously suggested (Diesch et al., 1996; Obleser et al.,
2003).

We observed such a trend towards an anterior shift in syllable
N100m source centre of gravity for the vowel change in [d] syllables,
similar to an analogous set of stimuli used in Obleser et al. (2003). The
topographical change in N100m sources due to the syllable’s onset
was evident in the Obleser study only as a subtle change in source
orientation rather than a displacement along the sagittal plane.
Therefore the authors concluded that onset-driven changes were
occluded by the prominent topographical change due to the syllable’s
vowel. Although we failed, strictly speaking, to replicate orderly
N100m source localization along a anterior–posterior gradient for
front and back vowels as reported in the Obleser study, the present
hints towards N100m source displacement along the sagittal plane due
to the feature change in the syllable’s onset follows the pattern seen in

a variety of MEG studies on speech sounds (Diesch et al., 1996;
Makela et al., 2003; Obleser et al., 2004). Such an effect would be
especially concordant with the recent report of orderly topographic
representation of phonological features of isolated consonants in
auditory cortex (Obleser et al., 2006).

Conclusion

Our data demonstrate that neural activity preceding the peak N100m
activity, that is, the temporal and topographical organization of the
middle-latency P50m component of the evoked magnetic fields, is
sensitive to place-of-articulation features of speech and their coartic-
ulatory processes. The new findings of feature sensitivity already
evident in the P50m time range, especially the mirrored mappings in
topography and latency, now allow tying of the N100m more closely
to subsequent higher-level and abstract representational processes.
Our observations substantiate reports that the N100m deflection

reflects an intermediate level of processing between an auditory and a
phonological representation serving rather abstract and integrative
processes of categorization and pattern matching during speech
perception, whereas the P50m might serve segmentation and feature
extraction, thereby facilitating speech perception as early as 50 ms
after signal onset.
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