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Event-related potentials (ERPs) were utilized to study brain activity while subjects listened
to speech and nonspeech stimuli. The effect of duplex perception was exploited, in which
listeners perceive formant transitions that are isolated as nonspeech ‘‘chirps,’’ but perceive
formant transitions that are embedded in synthetic syllables as unique linguistic events with
no chirp-like sounds heard at all (Mattingly et al., 1971). Brain ERPs were recorded while
subjects listened to and silently identified plain speech-only tokens, duplex tokens, and tone
glides (perceived as ‘‘chirps’’ by listeners). A highly controlled set of stimuli was developed
that represented equivalent speech and nonspeech stimulus tokens such that the differences
were limited to a single acoustic parameter: amplitude. The acoustic elements were matched
in terms of number and frequency of components. Results indicated that the neural activity
in response to the stimuli was different for different stimulus types. Duplex tokens had signifi-
cantly longer latencies than the pure speech tokens. The data are consistent with the contention
of separate modules for phonetic and auditory stimuli.  2001 Academic Press
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INTRODUCTION

It has been proposed that there is a separate speech module specifically responsible
for the perception of speech sounds as opposed to nonspeech sounds. This phonetic
processor would operate in concert with a more general auditory/acoustic processor.
The Motor Theory of speech perception, as revised by Liberman and Mattingly in
1985, has as one of its two main claims that humans possess a biologically inherent
neurological module that is specialized to process speech (i.e., phonetic elements
such as consonants and vowels) which is separate from a more generalized auditory
module that processes auditory stimuli. This separate phonetic module analyzes the
variable speech input and uses this information to discern the speaker’s intended
articulatory gestures and accomplish speech perception. Liberman and Mattingly con-
tend that the phonetic module and the auditory module compete for acoustic cues.
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Whalen and Liberman (1987) further suggest that processing for the phonetic module
has priority over processing for the auditory module.

If a phonetic module exists that is separate from an auditory module in a meaning-
ful and verifiable manner, then it is likely to be instantiated in different patterns of
neural activity. Such differences may be found by examining event-related potentials
(ERPs), which can provide insight into the underlying neural events that occur as a
result of cognitive processing. ERPs have been used to investigate various aspects
of speech and language processing, although with somewhat varying results. Some
studies have found that linguistic stimuli, as opposed to nonspeech stimuli, evoke
different components of potentials (Ratliff & Greenberg, 1972), while others have
noted hemispheric differences based on the linguistic content of the stimuli (Neville,
1974; Hillyard & Woods, 1979; Molfese & Schmidt, 1983). Many studies have shown
a difference in latency, polarity, and/or amplitude of different components of an
event-related potential (Wall et al., 1991; Cohn, 1971; Ratliff & Greenberg, 1972).
However, the specific differences found in each study are not necessarily consistent
with each other. For example, Ratliff and Greenberg (1972) compared linguistic and
comparable nonlinguistic stimuli and found that the linguistic stimuli had shorter
latencies. Wall et al. (1991) compared tones, CV syllables, and isolated vowels and
found that the linguistic stimuli evoked a longer latency. Early studies that looked
at hemispheric processing differences for speech and nonspeech stimuli showed con-
flicting results (Tobin, 1968; Greenberg, 1970; Roth et al., 1970).

Although current research has dealt with most of these issues, inconsistencies in
these studies may be explained by several factors. First, most of these studies did
not control adequately for noncerebral artifacts, such as eye movement, which could
have contaminated the data. Second, most of the studies were limited in the amount
of information that could be gained because only a few electrodes were used. Third,
a problem with most (if not all) of these early studies is that the speech and nonspeech
stimuli were not matched in terms of such acoustical characteristics as frequency,
duration, number of formants, nature of frequency transitions, etc. This makes it more
difficult to ascertain differences on the basis of linguistic characteristics of the speech
stimuli vs. the nonspeech stimuli or the multiple acoustic differences that separate
the two classes of stimuli.

However, the nature of the stimuli used in duplex perception should avoid many
of these problems because they are matched in terms of both the number and nature
of their components. Duplex perception is a phenomenon in which the same acoustic
event evokes two different percepts, one that is speech and another that is nonspeech
(Mattingly et al., 1971), and a number of researchers contend that the occurrence of
duplex perception supports the idea of a phonetic processing module that is separate
from a general auditory processing module (Mann & Liberman, 1983; Liberman &
Mattingly, 1985; Whalen & Liberman, 1987, 1996).

One technique that has been used to produce duplex perception involves dividing
a CV syllable into two separate parts. One part represents the ‘‘syllable base’’ (includ-
ing the first two formant transitions and the steady-state portion of the vowel). The
second part represents the relatively short third formant transition that serves as a
critical cue to the consonant’s place of articulation. The syllable base, heard alone,
sounds like a relatively ambiguous syllable (e.g., as either [dɑ] or [gɑ]), but is heard
clearly as a speech sound. The transition, heard alone, is perceived as a ‘‘chirp.’’ In
earlier duplex perception studies (e.g., Rand, 1974; Mann & Liberman, 1983), the
syllable base was presented to one ear, and simultaneously the isolated third formant
transition for either [d] or [g] was presented to the other ear. Listeners heard two
simultaneous percepts: a [dɑ] or [gɑ], depending on which formant transition was
presented, and a tone glide. However, questions arise regarding the use of dichotic
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presentation of the stimuli and the resulting perceptions, such as exactly where and
when in the auditory pathway the stimuli are integrated and what other neural interac-
tions might be affecting the perceptions due to the nature of the stimuli (i.e., in terms
of the acoustic environment in which they are presented). Whalen and Liberman
(1987) created a form of duplex perception in which the acoustic input was held
constant, that is, both percepts (i.e., speech and nonspeech segments) occurred within
the same acoustic pattern. They were able to evoke duplex perception by increasing
the intensity of the third formant transition only in relation to the base. In other
words, the third formant transition and the base were not separated and presented to
different ears. Rather the tokens were whole and were presented to both ears simulta-
neously. When the two elements are combined under normal intensity levels, they
are heard as an unambiguous syllable, [dɑ] or [gɑ], depending on the nature of the
third formant transition. However, if the presentation level of the short transition is
increased, the listener begins to hear two percepts: the unambiguous syllable and the
tone glide. The claim that these two percepts were produced by two different proces-
sors is supported by the results of Mann and Liberman (1983), who found that the
discrimination functions for these two simultaneous percepts were very similar to
those produced separately for (1) the isolated transition and (2) the whole syllable
found by Mattingly et al. (1971), depending on which percept listeners were asked
to attend to. Presenting all parts equally to both ears avoids some of the problems
related to the dichotic presentation of duplex signals.

In Whalen and Liberman’s study (1987), they also used sinusoids to represent the
F3 transitions. This was done to reduce the likelihood that any linguistic information
could be obtained from the F3 transitions in isolation. These tone glides are composed
of a single frequency-changing sinusoidal component, unlike formants in natural
speech, which are complex combinations of different harmonics. Duplexity thresh-
olds (the lowest intensity level of the F3 transition at which both a syllable and tone
glide were detected) were determined for both syllables. Both parts of the signal were
presented to both ears, and when a token was presented that had the third formant
transition intensity increased, listeners simultaneously heard a tone glide and a whole
unambiguous syllable.

Whalen and Liberman maintain that since this duplex perception occurs when the
acoustic input is held constant, it cannot be attributed to any auditory interactions
arising from changes in acoustic context or to a shifting of attention between two
forms of an ambiguous signal. They argue for the existence of separate auditory and
phonetic modes of perception and claim that their results indicate that the phonetic
module has priority over the auditory module. Since a tone glide is not perceived
until the intensity of the third formant transition is increased relative to the base, they
surmise that the incoming signal is processed first in the phonetic module for its
linguistic information and that is why a syllable is heard without a tone glide. The
remainder is then forwarded to the auditory module for processing, at which point
a tone glide is heard.

Although claims of these duplex perception studies are not without criticism or
alternative explanations (e.g., Bailey & Hermann, 1993; Fowler & Rosenblum, 1990),
it seems clear that these behavioral data may provide relatively strong support for
the contention that different cognitive subsystems can be made to respond in different
ways to the same acoustic signal.

There has been no cohesive work that has exploited duplex perception while simul-
taneously observing the resulting brain electrophysiological activity. To examine this
issue, this study attempted to answer the following general question through the use
of ERPs and duplex stimuli: Is there neurological evidence supporting the existence
of separate cognitive processing modules (as proposed in the literature, Mattingly &
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Studdert-Kennedy, 1992), one devoted to the analysis of ‘‘nonspecialized’’ auditory
signals and one devoted to the extraction of linguistic information?

To avoid the limitations previously discussed, the methodology in this study sought
to: (1) Develop a highly controlled set of stimuli that represent equivalent speech and
nonspeech stimulus tokens such that the differences are limited to a single acoustic
parameter: amplitude. (2) Use these ideal stimuli in an ERP study to determine
whether they could be used reliably to elicit ERP differences. (3) Set the stage for
further studies by collecting data from not just one electrode site, but from a full
complement of electrodes, which would provide scalp topographical information.

In this study, brain ERPs were recorded while subjects listened to and silently
identified plain speech-only tokens, duplex tokens, and tone glides. The dependent
variables were the amplitude of the maximum excursion (peak) in microvolts and
the time of the maximum excursion in milliseconds relative to the onset of the stimu-
lus, also known as the latency of that peak. Several different questions were ad-
dressed: (1) Is there a significant difference in the ERP waveforms of speech-only,
nonspeech-only, and duplex stimuli in terms of their latencies? (a) Do listeners show
shorter latencies to speech-only tokens than to duplex tokens (e.g., [dɑ] vs. [dɑ] 1
tone glide; [gɑ] vs. [gɑ] 1 tone glide)? (b) Is there a significant effect of the consonant
differences alone on ERP latencies or amplitudes? (c) Are listener latencies signifi-
cantly affected by direction of frequency change when listening to the F3 transitions
alone? (2) Is there a significant difference in the ERP waveforms of speech and non-
speech stimuli in terms of their base-to-peak amplitudes?

Assuming the existence of a specialized phonetic module and assuming that the
operations of this module are neurophysiologically differentiable from those of gen-
eral auditory processing, then we might expect that the ERP latencies recorded while
listening to and identifying duplex tokens may be systematically different from laten-
cies associated with speech-only (plain) tokens or the tone glides.

METHOD

Stimuli

Stimuli were based on the tokens in Whalen and Liberman (1987) and represent synthesized versions
of the consonant–vowel (CV) tokens [dɑ] and [gɑ] 250 ms in total duration. The CV base, synthesized
using the cascade version of the Klatt synthesizer (Klatt, 1980), consisted of the first two formant transi-
tions, 50 ms in duration, and the steady-state portion of all three formants, 200 ms in duration. The
frequency of the F1 transition began at 279 Hz and changed to the vowel’s steady-state value of 765
Hz. The F2 transition started at 1650 Hz and fell to the steady-state value of 1230 Hz. The steady-state
frequency of F3 for the vowel was 2527 Hz. There was no stop release burst.

The two tone glides representing the F3 transitions for [dɑ] and [gɑ] were 50 ms in duration. The
[dɑ] tone glide transition changed from 2800 Hz at token onset to 2527 Hz at vowel onset. The [gɑ]
tone glide transition changed from 2018 Hz at token onset to 2527 Hz at vowel onset. The fundamental
frequency (F0) of the base began at 120 Hz and dropped linearly to 110 Hz by the end of the token,
which produced a more natural sounding speech token. The base and one of the transitions were combined
in a time-synchronous manner to produce a single stimulus token. These tokens were output directly
from the computer to headphones. The D-to-A conversion used 12-bit quantization, a 10-kHz sampling
rate, and a low-pass smoothing filter at 4.5 kHz. Subjects heard the tokens binaurally with an interstimulus
interval (ISI) of 1646 ms. The output level was calibrated at 75 dB.

The base, when presented in isolation, was heard as an ambiguous CV syllable (65% as [dɑ]). When
the transitions were presented in isolation, they were heard as nonspeech tone glides. When one of the
transitions was combined with the base at an amplitude equal to the base, the stimulus token was heard
unambiguously as the CV syllable corresponding to the slope of the F3 transition (i.e., as either the [dɑ]
or [gɑ]). When the level of the F3 transition was increased by 6 dB, both the appropriate CV syllable
and a tone glide were heard, simultaneously.
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Subjects

Twenty-one female subjects ages 19–39 years (mean age, 22.5 years) with at least a high school
education participated in this study. Undergraduate and graduate students who were majoring in speech
and hearing sciences or were enrolled in an introductory speech and hearing disorders course were
solicited to become subjects. Recently some evidence has been presented which suggests that brain
potentials in women fluctuate during their menstrual cycles (Johnston & Wang, 1991), although Fleck
and Polich (1988) found no relation between the P300 and the menstrual cycle. To control for this
possible fluctuation, subjects were tested during their menses. It is during this time frame that they would
have more similar hormone profiles (Dr. Elizabeth Kennard, reproductive endocrinologist, personal com-
munication, January 1992). Also, since many studies acknowledge that brain potentials can change
according to circadian rhythm (Broughton et al., 1988), subjects were tested within the same period
during the day, between 12:00 and 6:00 PM. By performing testing at the same relative time for each
subject, normal fluctuations in hormone levels and/or body function timing should occur similarly both
within and across subjects. All subjects had normal hearing in both ears, with pure tone air conduction
thresholds of 25 dBHL or better at frequencies of 500, 1000, 2000, 3000, and 4000 Hz. Subjects had
no history of head injury with an associated loss of consciousness and were taking no medication or
substance that is known to affect neurological functioning (e.g., antihistamines, etc.). They were tested
for handedness using a handedness inventory (adapted from Oldfield, 1971), and only those subjects
who were determined to be right-handed with no immediate family members (i.e., parents and siblings)
who were left-handed were chosen to participate. All subjects were native speakers of English. Three
subjects’ data could not be included in the study because there was too much artifact (i.e., ‘‘noise’’
caused by muscle movement, eye blinks, and other neurological activity) and no distinctive peaks could
be discerned.

Procedure

In order to control the subject’s attention and involvement during testing, a simple behavioral task
was included while the ERPs were being recorded: subjects were instructed to silently identify each
token as it occurred; there was no target stimulus token in any of the conditions. Using this type of task,
in which there is no decision to be made regarding a particular stimulus (as is done in some research
tasks, such as the typical oddball paradigm) ensures that neurological activity from other cognitive tasks
is not introduced into the signal. Electrophysiologic activity from subjects was monitored while subjects
performed the task. There were three types of comparisons that were subdivided into five conditions:
(1) [dɑ] vs. [dɑ] 1 tone glide; (2) [gɑ] vs. [gɑ] 1 tone glide; (3) [dɑ] vs. [gɑ]; (4) [dɑ] 1 tone glide
vs. [gɑ] 1 tone glide; and (5) [dɑ] tone glide vs. [gɑ] tone glide.

In Conditions 1 and 2, the two stimulus tokens presented differed only in terms of the presence or
the absence of the duplex tone glide. In Conditions 3 and 4, the stimulus tokens differed in terms of
initial consonant only, and in Condition 5, the stimulus tokens differed in terms of the onset and slope
of the tone glide. These five conditions were presented to each subject in the order listed above to reduce
subjects’ exposure to the tone glides as nonspeech tokens prior to their exposure to the tone glides within
the context of speech. Within each condition, there were 50 occurrences of the two token types, for a
total of 100 tokens presented in pseudorandom order.

Prior to testing, subjects participated in a training session. Subjects were also instructed to refrain
from making any eye movements or blinks or muscle movements during the test portion. To minimize
eye movement, subjects were asked to focus on a dot placed on a flat surface at eye level. A mean of
32 trials of 50 per subject were averaged to obtain waveforms, with a range of 10 to 49 trials.

Brain electrophysiological responses were obtained from 15 active gold cup electrodes placed on a
subject’s scalp, following the International 10-20 convention (Jasper, 1958), at Fz, Cz, Pz, F3, C3, P3,
F4, C4, P4, F7, T3, T5, F8, T4, and T6, each referred to linked ears. Fpz on the forehead served as a
ground. Eye movements and blinks were monitored via electrodes placed at the right external canthus
and above the left supraorbital ridge. The acceptable impedance level was 5 kOhm or below at each
electrode. The difference in interelectrode impedance levels was no more than 3 kOhm. The electrodes
were connected to a 20-channel electrophysiological data acquisition and analysis system (Brain Atlas,
Biologic Systems Corp.) that was used to collect and analyze the data.

Equipment

An AT&T Personal Computer was used which contained two 12-bit digital-to-analog (D/A) boards
(DT2801). Having two D/A boards allowed for four output channels, of which three were necessary
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FIG. 1. Schematic of the equipment setup.

for this study. One channel output the stimulus tokens directly to headphones (TDH-49) binaurally,
while two other channels each output a 5-V trigger pulse directly to the Biologic system (Fig. 1). The
trigger pulse directed the Biologic system to begin ERP collection and to store the data in different
memory banks, with all of the data for one stimulus type going to one memory bank and all of the data
for the other stimulus type going to another memory bank. In this way, the incoming raw EEG data for
each of the two types of stimulus tokens being presented in one condition could be summed and averaged
separately. Brain activity was collected for a 1024-ms epoch of data during the presentation of the
stimulus tokens. Collection began 128 ms prior to stimulus onset to obtain a prestimulus baseline. A
sampling rate of 256 samples per second was used. A bandpass filter was used with a bandwidth .3 to
30 Hz. A 60-Hz notch filter was in place to remove 60-cycle interference.

Artifact Handling

In order to insure that artifacts did not confound the results, several steps were taken to control for
them (Torello and McCarley, 1986): (1) use of additional electrodes to monitor eye movements, blinks,
and muscle activity (i.e., the electrodes around the eyes previously mentioned); (2) asking subjects to
minimize muscle and eye movement during the experiment; (3) having the experimenter also monitor
during the experiment (1) the signals from the additional electrodes and (2) watch subjects for blinks,
etc.; (4) having the computer automatically reject any EEG epoch containing artifact that exceeds 675
µV; and (5) use of the artifact detection electrodes as references during analysis to detect any possible
low-level artifacts.

Frequent rest periods were provided to facilitate data acquisition. By using these control procedures,
it is more likely that the ERP measures reflect relevant brain activity, rather than unrelated extracerebral
sources (Nunez, 1981).

Waveform Analysis

Subjects served as their own controls. For the present study, only one recording channel was analyzed,
Cz, because typically it has a high signal-to-noise ratio and is one of the most often used ERP sites in
the literature. Laterality data, therefore, are not included. All relevant waveforms were identified, polarity
was noted, and baseline-to-peak amplitudes and peak latencies were measured. Within each condition,
ANOVAs were performed on the amplitude and latency data.

After consulting the literature, it became evident that there is no previous ERP study that has used
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FIG. 2. Sample waveform referencing significant measurement points used in this study.

the type of stimuli used in this study. Therefore, there was no reference for the type of waveform that
might occur. Since the family of waveforms to expect for this type of stimuli was unknown, a set of
criteria was created to select and measure the waveforms. First, three pilot subjects’ waveforms were
viewed to get an idea of any common patterns that might exist. Then for the subjects used in the experi-
ment, the following criterion for waveform measurement was used: the amplitude values of all peaks
in the 128-ms prestimulus baseline was measured from peak to peak. These values were multiplied by
two. The highest of these values was used as the reference to which all poststimulus peaks were compared.
A poststimulus peak was considered salient if its baseline-to-peak amplitude was at least twice the value
of the prestimulus baseline amplitude, and the peak had to occur in at least 50% of the subjects. In this
study, the salient peaks occurred minimally in 60% of the subjects in any given condition. In addition,
all of the salient waveform peaks were exhibited in at least half of the subjects in every condition. The
baseline reference value had to be determined separately for each subject, based on each subject’s own
baseline amplitudes. If a maximum excursion amplitude did not change for several milliseconds (a broad
peak wave), then the average between the low latency at that level and the high latency at that level
was computed. If multiple peaks with the same amplitude occurred, the average between the first peak
latency and the last peak latency at that level was computed. All measurements were made by the experi-
menter. It should be noted that nonstandard nomenclature was used for labeling the peaks, i.e., the labels
used in this study (e.g., ‘‘P1,’’ ‘‘N1,’’ and ‘‘P2,’’ etc.) may or may not correspond to the standard peaks
identified as P100, N100, P200, P300, etc. in the ERP literature that examines cognitive responses to
auditory stimuli. The first positive peak that passed all the criteria of significance was labeled P1; the
first negative peak N1. The second positive peak was labeled P2, and the second negative peak N2, and
so on. Waveforms that had no discernible peaks or were contaminated with too many artifacts were
discarded. As mentioned before, three subjects were eliminated entirely from the analysis because there
was too much artifact (50% or more of the trials had been rejected as artifact), and each salient waveform
was seen in at least 60% of the subjects that were included in the analysis. Prior to measurement, all
waveforms first underwent baseline correction, which controls for low-frequency noise, using standard
software provided by Biologic. The prestimulus period was used as a baseline for this procedure. In
addition, each waveform was smoothed one time using a three-point smoothing algorithm (contained
in software provided by Biologic), which controls for high-frequency noise. Figure 2 provides a sample
waveform that shows significant measurement points.

RESULTS

This experiment produced much more data than can easily be presented within the
current context, but the most salient points will be addressed. Latency and amplitude
measurements were made at three points in the waveform, N1, P1, and N2, which
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TABLE 1
Mean Latencies and Amplitudes for Conditions 1 and 2

(Standard Deviations in Parentheses)

Syllable type

Syllable Plain Duplex Mean

N1 latencies [dɑ] 202 (10.5) 234 (9.2) 218 (9.9)
[gɑ] 204 (11.5) 234 (8.3) 219 (10.1)
Mean 203 (11.0) 234 (8.8)

P1 latencies [dɑ] 294 (10.6) 319 (11.6) 307 (11.1)
[gɑ] 292 (12.7) 319 (9.3) 307 (11.0)
Mean 293 (11.7) 319 (10.5)

N2 latencies [dɑ] 393 (29.3) 404 (20.4) 399 (24.9)
[gɑ] 378 (16.1) 407 (19.9) 393 (18.0)
Mean 388 (22.7) 405 (20.2)

N1 amplitude [dɑ] 211.7 (4.6) 213.8 (4.7) 212.8 (4.7)
[gɑ] 211.2 (4.9) 212.6 (5.5) 211.9 (5.2)
Mean 211.5 (4.8) 213.2 (5.1)

P1 amplitude [dɑ] 12.2 (3.7) 15.0 (6.4) 13.6 (5.1)
[gɑ] 9.8 (3.4) 10.4 (2.9) 10.1 (3.2)
Mean 11.0 (3.6) 12.7 (4.7)

N2 amplitude [dɑ] 27.0 (4.3) 25.8 (4.3) 26.4 (4.3)
[gɑ] 27.1 (3.8) 25.7 (6.4) 26.4 (3.4)

Mean 27.1 (4.1) 25.8 (3.7)

refer to the first negative peak, the first positive peak, and the second negative peak,
respectively.

As noted earlier, in both Conditions 1 and 2, listeners heard a plain speech-only
token with its duplex counterpart. Mean latencies and amplitudes are shown in Table
1. In general, the duplex stimuli for both [dɑ] and [gɑ] produced significantly longer
latencies than did the speech-only tokens. Two-way repeated measures ANOVAs
with the factors syllable type (speech-only and duplex) and syllable ([dɑ] and [gɑ])
showed significant main effects of syllable type for N1 (F(1, 15) 5 253, p , .001),
P1 (F(1, 16) 5 119, p , .001), and N2 (F(1, 14) 5 15.4, p , .001). The main
effect of syllable and the syllable type by syllable interaction were not statistically
significant for any of these three measures. The longer latencies that were found for
the duplex stimuli suggest that additional neural processing of some kind may be
involved when both a speech and a nonspeech percept are produced.

In general, there were relatively small effects on amplitude values in Conditions
1 and 2 (Table 1) as a function of the syllable type or syllable. Two-way repeated-
measures ANOVAs of the amplitude data showed a significant effect of syllable type
for N1 (F(1, 13) 5 5.1, p , .05) and P1 (F(1, 15) 5 5.3, p , .04) but not for N2.
Only P1 showed a significant main effect for syllable (F(1, 15) 5 21.9, p , .001)
and none of the syllable type by syllable interactions were significant.

Measures N1 and P1 are early components in the neural response and may be a
reflection of the subject’s attention to the stimuli (Picton & Stuss, 1984). The in-
creased amplitude of the F3 transition and the duplex nature of the percepts may
have made the duplex tokens more noticeable to the subjects.

In Conditions 3 and 4, subjects heard either the two speech-only tokens or the two
duplex tokens and the difference between the two tokens in each condition involved
a linguistic difference only ([dɑ] vs. [gɑ]). The mean latenciese and amplitudes ob-
tained in these conditions are shown in Table 2. The latencies of N1, P1, and N2
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TABLE 2
Mean Latencies and Amplitudes for Conditions 3 and 4

(Standard Deviations in Parentheses)

Syllable type

Syllable Plain Duplex Mean

N1 latencies [dɑ] 198 (8.4) 201 (10.7) 200 (9.6)
[gɑ] 231 (11.1) 234 (11.0) 233 (11.2)
Mean 215 (9.8) 218 (10.9)

P1 latencies [dɑ] 288 (10.0) 290 (13.8) 289 (11.9)
[gɑ] 316 (12.9) 319 (8.6) 318 (10.5)
Mean 302 (11.5) 305 (11.2)

N2 latencies [dɑ] 372 (23.0) 383 (17.1) 378 (20.1)
[gɑ] 403 (25.0) 441 (56.6) 422 (40.8)
Mean 388 (24.0) 412 (36.9)

N1 amplitude [dɑ] 213.5 (5.0) 210.6 (4.0) 212.5 (4.5)
[gɑ] 211.5 (5.1) 29.0 (4.1) 210.3 (4.6)
Mean 212.5 (5.1) 29.8 (4.1)

P1 amplitude [dɑ] 11.4 (4.1) 11.3 (3.3) 11.4 (3.7)
[gɑ] 11.2 (4.9) 11.0 (3.7) 11.1 (4.3)
Mean 11.3 (4.5) 11.2 (3.5)

N2 amplitude [dɑ] 25.4 (3.4) 26.0 (3.3) 25.7 (3.4)
[gɑ] 27.1 (1.9) 26.0 (2.2) 26.6 (2.1)

Mean 26.3 (2.7) 26.0 (2.8)

were again separately analyzed using two-way repeated measures ANOVAs with the
factors syllable type and syllable. There was a significant main effect of syllable type
for N2 (F(1, 7) 5 7.3, p , .03) but not for N1 or P1. Significant main effects of
syllable were found for N1 (F(1, 11) 5 118, p , .001), P1 (F(1, 11) 5 168, p ,
.001), and N2 (F(1, 17) 5 7.32, p , .03). None of the syllable type by syllable
interaction effects were significant.

Latency values were consistently longer for [gɑ] than [dɑ]. This result may indicate
that [gɑ] is less perceptually salient than is [dɑ], perhaps because of the use of syn-
thetic speech without any release bursts, each of which will reduce the naturalness
of the tokens. In fact, the majority of subjects reported more difficulty in identifying
[gɑ] than [dɑ].

Analysis of the amplitude measures indicated significant main effects of syllable
type (F(1, 10) 5 10.8, p , .01) and syllable (F(1, 10) 5 7.3, p , .03) for N1 only
(Table 2). None of the syllable type by syllable interactions were significant. As in
Conditions 1 and 2, differences in amplitude values were mostly not statistically
significant. Larger amplitude values of N1 for [dɑ] compared to [gɑ] may again
reflect the decreased salience of [gɑ].

In Condition 5, the two isolated tone glides/transitions were presented. While the
subjects’ task involved attempting to perceive a linguistic difference, actually it is
outside any speech context. The latencies and amplitude values obtained are pre-
sented in Table 3. One-way ANOVAs with the within-subject factor tone contour
(corresponding to the falling [dɑ] or rising [gɑ] transition) showed significant main
effects of latency for N1 (F(1, 12) 5 374, p , .001), P1 (F(1, 14) 5 64, p , .001),
and N2 (F(1, 10) 5 45.2, p , .001). For amplitude values, there was a significant
main effect for P1 (F(1, 14) 5 4.52, p , .052) but not for N1 or N2.

A tone contour effect is not unexpected, as these two tokens are auditorally quite
distinct. The increased latency for the [gɑ] transition is probably due to its greater
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TABLE 3
Mean Latencies and Amplitudes for Condition 5 (Standard Deviations in Parentheses)

Tone glide data

Measure [dɑ] Transition [gɑ] Transition Mean

Latency N1 189 (10.1) 222 (11.4) 206 (10.8)
P1 273 (20.1) 308 (16.7) 291 (18.4)
N2 368 (15.1) 407 (14.1) 388 (14.6)

Amplitude N1 211.8 (2.9) 29.2 (4.0) 210.5 (3.5)
P1 13.5 (7.0) 11.3 (6.3) 12.4 (6.7)
N2 23.9 (4.5) 24.7 (2.7) 24.3 (3.6)

extent of frequency change over time compared with [dɑ]. If there are two separate
perceptual components, then we might expect that the latency values for the duplex
token would be greater than those for the speech-only tokens or for the tone glide-
only tokens. Shown in Fig. 3 are the mean latencies obtained in all five conditions.
As can be seen, the duplex tokens show longer mean latencies for all three ERP
measures. One might predict that when subjects are forced to compare two tokens
within a single condition that differ in terms of both a linguistic distinction and a
nonspeech distinction (e.g., speech-only [bɑ] and duplex [gɑ]), even longer latencies
would occur. It could also be argued, however, that when both conditions change as
described above, a shorter latency would occur given that more information is avail-
able to make a distinction. This question requires an empirical answer. Unfortunately,
such a comparison was not included in the present study but will be examined in
later experiments.

DISCUSSION

There was considerable variability across subjects, especially in the amplitude val-
ues. Latency values were typically more consistent across subjects. Results indicated
that the neural activity in response to the stimuli was different for the stimulus types.

FIG. 3. Mean latencies obtained for N1, P1, and N2 across all five conditions.
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Duplex tokens had significantly longer latencies than the pure speech tokens. Ampli-
tude differences were mostly insignificant.

Results did demonstrate that the neural activity in response to the stimuli, as mea-
sured by the peak latencies, was different for the two stimulus types. When plain
speech-only tokens were compared with duplex tokens, the duplex tokens produced
longer latencies than did the plain speech-only. Even in Conditions 3 and 4, although
the syllable type difference was generally not significant, the mean latencies for the
duplex tokens were longer (see Table 2). These results appear to support Whalen and
Liberman’s (1987) hypothesis that the phonetic module first utilizes the information it
needs to identify the speech component and, after that processing is completed, the
remaining ‘‘extra’’ nonspeech information is then processed by the general auditory
module. Subjects did not report hearing a tone glide, that is, they heard only a CV
syllable, until the tone glide’s amplitude level was increased.

Even if the explanation for the latency differences is simply because linguistic and
nonlinguistic components have two different areas in the brain to which they must
go for processing, and coordinating these two processing sources in order to make
an identification of a stimulus takes longer, the data would be consistent with the
contention of separate modules for phonetic and auditory stimuli. We would argue
that these data do not support the claim that there is only a single unified cognitive
module that processes all auditory information because the speech-only and duplex
stimuli contained identical components and were equal in complexity.1

When duplex tokens are compared with each other and plain speech-only tokens
are compared with each other, respectively, the latency differences are a reflection
of the phonetically different initial consonants. In Conditions 3 and 4, the results
indicate that there generally was no overall main effect of stimulus type, but a strong
effect of syllable; [gɑ] produced longer latencies than did [dɑ] regardless of whether
it was the plain or duplex [gɑ].

When the two tone glides alone were presented there was a significant latency
effect related to the different tone contours. Subjects were able to differentiate one
tone glide from the other, although they did not consistently identify either tone glide
as being associated with their respective consonants (in the test they were to try to
identify these as [gɑ] or [dɑ]). It is unclear why the latencies would be longer for
the [gɑ] tone glide, although it is noted that the difference is in the same direction
as in Conditions 3 and 4.

The results can also be viewed in regard to the task requirements, which were
different among the conditions. In Conditions 1 and 2, subjects had a largely nonlin-
guistic task: to identify tokens that either did or did not contain a tone glide. In
Conditions 3 and 4, subjects had a largely linguistic task: to identify [dɑ] or [gɑ]
tokens. In Condition 5, subjects also had a linguistic task: to identify the tone glides
as either a [dɑ] or [gɑ]. These task differences were reflected in the results: for Condi-

1 Boatman, Lesser, and Gordon (1995) investigated auditory syllable discrimination, identification,
and comprehension by direct cortical electrical interference. Under electrical interference at specific
sites, auditory comprehension was selectively impaired, while syllable discrimination and identification
remained relatively intact. This finding indicates that processes responsible for syllable discrimination
and identification continue to operate despite impaired higher level processes. Boatman et al. suggest
that general auditory processing cannot adequately explain why the subjects were able to selectively
process acoustic–phonetic cues. Their data indicate that the neural resources subserving auditory speech
processing are distributed differently with respect to their hierarchical status. Although auditory discrimi-
nation was localized to a single cortical site, syllable identification and auditory comprehension, two
increasingly complex perceptual functions, were associated with additional sites, with comprehension
localized at all sites tested. These neuroanatomic differences suggest that additional neuronal resources
are required to support higher level auditory speech functions.
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tions 1 and 2, the factor stimulus type was significant in terms of latency values for
all ERP components and syllable was insignificant, while the opposite was true for
Conditions 3, 4, and 5.

Amplitude differences did not show any consistent and significant pattern and were
highly variable among subjects. From the amplitude data, there is no indication that
the processing of one type of auditory stimulus, be it speech or nonspeech, involves
any more or less neural activity than another.

Future research will concentrate on analyzing other electrode placements to gain
information regarding the topographical distribution of the two types of stimuli. Such
an analysis should provide insight as to the locations of the two modules or at least
information about the distribution of neural activity.
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