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Speech Perception Takes Precedence over 
Nonspeech Perception 

Some components of a speech signal, when made more intense, are heard simulta- 
neously as speech and nonspeech-a form of duplex perception. At lower intensities, 
the speech alone is heard. Such intensity-dependent duplexity implies the existence of a 
phonetic mode of perception that takes precedence over auditory modes. 

0 NE THEORY OF SPEECH PERCEP- 

tion holds that there is a biological- 
ly distinct system, or module, spe- 

cialized for extracting phonetic elements (es- 
pecially consonants -&d vowels) from the 
sounds that convey them (1 ). The percepts 
produced by this module are immediately 
phonetic in character; accordingly, they 
stand apart from auditory percepts that are 
composed of standard dimensions such as 
pitch, loudness, and timbre. There is, then, 
no first-stage auditory percept, as most oth- 
er theories of speech suppose (2 ) ,  and hence 
no need for a subsequent stage in which the 
auditory tokens are matched to phonetic 
prototypes and thereby made appropriate 
for further processing as language. Indeed, 
as the experiments reported here show, it is 
the phonetic module that has priority, as if 
its processes occurred before, not after, 
those that vield the standard dimensions of 
auditory perception. 

Consistent with the existence of a distinct 
 honet tic mode is the observation that a 
particular piece of sound can evoke radically 
different percepts, depending on whether or 
not it engages the phonetic module. Consid- 
er, for example, acoustic patterns sufficient 
for synthesizing on a computer the syllables 
"da" and "ga" (Fig. 1, top). The three 
formants reDresent resonances of the vocal 
tract and have, at their onsets, frequency 
sweeps called transitions. These transitions 
last approximately 50 msec and reflect the 
way in which the resonances change as the 
tongue and jaw move from the consonant to 
the vowel. Normally, the perceived distinc- 
tion between "da" and "ga" depends on 
many acoustic variables; as seen in Fig. 1, 
however, it can be made to depend only on 
differences in the transition b f  the &ird 
formant. Thus, in the context of the syllable, 
these transitions become crucial to the pho- 
netic percept. In isolation (Fig. 1, boitom 
right), however, they are heard as the glis- 
sandi or differently pitched "chirps" that 

would be expected on the basis of pspcho- 
acoustic considerations. These two ways of 
perceiving the formant transitions--one 
phonetic, the other auditory-are strikingly 
different: there is no hint of chirpiness in the 
"dam or "ga," and no "da"-ness or "ga"-ness 
in the chirps. Moreover, the transitions are 
discriminated differently depending on the 
mode in which they are perceived (3 ) .  

Under special circumstances, the transi- 
tions can simultaneously evoke the phonetic 
and auditoql percepts. This effect, called 
duplex perception, occurs when the third- 
formant transition is presented by itself to 
one ear, while the remainder of the pattern, 
called the base (Fig. 1, bottom left), is 
presented to the other. Listeners then simul- 
taneously hear a chirp (in the ear to which 
the transition is presented) and the syllable 
"da" or "gas (in the other ear), as deter- 
mined by the transition. These simultaneous 
percepts, and the different discrimination 
functions they yield, are nearly the same as 
those produced separately by the isolated 
transitions and the whole syllable (4). 

Since duplex perception occurs in re- 
sponse to a fixed acoustic pattern and results 
in two simultaneous percepts, it cannot be 
attributed to auditory interactions arising 
from changes in acoustic context or to a 
shifting of attention between two forms of 
an ambiguous stimulus. Further, that the 
"da" or "ga" is perceived to be entirely in 
one ear, even though the critical transition is 
presented only to the other, indicates that 
the incorporation of the transition into the 
base is an integration at the perceptual level, 
not a "cognitive" afterthought that deliber- 
ately combines what had initially been per- 
ceived as separate. Thus the phenomenon of 
duplex perception provides support for the 
view that there are distinct phonetic and 
auditory ways of perceiving the same 
(speech) signal. At the same time, however, 
it raises the question of why, in the normal 
case, the components of speech are not 

the "da" or "ga" not  normally accompanied 
by the chirp? 

Relying on considerations of plausibility 
and simplicity, Mattingly and Liberman (5) 
proposed that the phonetic module pre- 
empts the phonetically relevant parts of the 
signal before making the remainder available 
to auditory processing. This proposal 
seemed plausible because, in contrast to the 
indefinitely large set of acoustic events that 
occur, phonetic events form a natural class 
that is defined by its correspondence to the 
acoustic results of specialized movements of 
the articulatory organs. The proposal was 
simple because the veql processes of phonet- 
ic perception remove from the signal all 
evidence of those phonetic events and thus 
preclude such (parallel) processing as would 
cause them to be perceived yet again as 
chirps. This preemptiveness is similar to the 
~recedence described above. which we have 
here demonstrated directly with a new and 
somewhat simpler version of a duplex phe- 
nomenon (6). 

Our procedure differs from that used pre- 
viously in that the two parts of the signal are 
not divided between the ears but are pre- 
sented equally to both. Duplexity is pro- 
duced (in both ears at once) by changing the 
intensity of the transition relative to the 
base. At relatively low intensities, the transi- 
tions senTe only their expected phonetic 
function. At higher intensities, however, the 
transitions continue to make their phonetic 
contribution but simultaneously evoke non- 
speech chirps. On the basis of these obsenla- 
tions, which we made initially in pilot ex- 
periments, we tested the following general- 
izations. 

1) In isolation, neither transition sounds 
like "da" or "ga." 

2) In syllabic context, the transitions will, 
at some intensity, evoke nonspeech chirps, 
establishing a duplexity threshold. 

3) Above the duplexity threshold, the 
chirps can be matched to those evoked by 
the transitions in isolation. 

4) Both below and above the duplexity 
threshold, the transitions appropriately de- 
termine whether the syllable is heard as "da" 
or "ga." 

The stimuli were the same as those repre- 
sented in Fig. 1, except that the &rd- 
formant transitions were not frequency 
bands excited by a fundamental (as were the 
formants of thk base) but rather time-vary- 
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ing sinusoids that follow the center frequen- 
cies. Such sinusoidal transitions combine 
with the formant-synthesized base to make 
coherent phonetic percepts, in this case "da" 
and "ga." The sinusoids have the advantage, 
for our purposes, that in isolation they 
produce whistles, which were more easily 
discriminated than the chirps and also less 

The base syllable was created with a soft- 
ware formant synthesizer; the sinusoids 
were created with another software svnthe- 
sizer designed for the generation of pure 
tones. From a set of input parameter values 
representing frequencies and amplitudes, 
each synthesizer calculated a digital wave- 
form that was then turned into sound 
through a digital-to-analog converter. The 
base was synthesized in one computer file 
and the two sinusoidal transitions (one 
modeled after "d" and one after "g") in two 
other files. The base and one transition 
could then be output through synchronized 
digital-to-analog channels, separately atten- 
uated, and electronically combined for pre- 
sentation through headphones as a single 
sound to subjects. The base was presented at 
a fixed intensity of 72-dB sound-pressure 
level. 

Eleven young adult speakers of English 
(six female and five male) with no reported 
hearing problems were tested in separate 
sessions. None knew anything about the 
composition of the stimuli or the purpose of 
the experiment. One subject did not per- 
ceive in a duplex fashion at the intensity 
levels available and therefore was excluded 
from all analyses. 

Initially, subjects were asked to identify 
the sinusoidal transitions as "da" or "ga." 
Twenty repetitions of each were presented 
in random order. The subjects' responses are 
shown in Table 1, task 1. (For all tests, there 
was no significant difference between the 
responses to the "d" and "g" stimuli, so that 
only the combined percentages are report- 
ed.) Most subjects identified one whistle or 
the other as "da" and held to that consistent- 
ly. Some happened to identify the correct 
one; others were just as consistently wrong. 
One (subject 9)  simply called all the whistles 
"da." Overall, identification accuracy did 
not differ significantly from chance [t(9) = 

1.221. 
To find the intensity at which the sinu- 

soids in syllabic context evoked nonspeech 
whistles in addition to "da" or "ga" (the 
duplexity threshold), we had thesubjects 
adjust the attenuator that controlled the 
intensity of the sinusoid until the whistle 
was just audible. This was done three times 
for each sinusoid. The mean duplexity 
thresholds for all subjects, expressed in rela- 
tion to the steady state of the third formant, 

were -6.4 dB (SD, 5.0 a) for the "da" Table 1. Correct performance (in percent) on the 
skusoid and 0.0 (SD, 4.9 a) for the four main tasks (results from 40 trials per sub- 

ject). Task 1, identification of isolated sinusoids as 
"ga" sinusoid. This difference in duplexity ccd" or c'gx; task 2,  match of duplex to isolated 
thresholds, which was found for all ten sinusoids; task 3, identification of syllables as "da" 
subjects, is consistent with the fact that, in or "ga" below duplexity threshold; task 4, identi- 
isolation, the udax sinusoid (the one with fication of syllables as "dam or "ga" above duplex- 

the lower duplexity threshold) was the loud- iv 
er of the two. Sub- Task Task Task Task 

To ensure that the whistle comoonent of iect 1 2 3 4 
the duplex percept was comparable to the 
whistle of the sinusoid in isolation, we per- 
formed a matching test. On each trial, three 
stimuli were presented: first one sinusoid in 
isolation, then either of the two sinusoids in 
syllabic context, and finally the other sinu- 
skid in isolation. Each sinusoid occurred 
with the syllable 20 times, matching the first 
sinusoid or the last an equal number of 
times. The sinusoid in the syllable was pre- 
sented at 6 dB above the duplexity threshold 
for "ga." Subjects judged whether the du- 
plexly perceived whistle was more like the 
isolated whistle that oreceded or followed it. 
Subjects were able ;o make this judgment 
accurately well above the level of chance 
[t(9) = 5.50, P < 0.001; Table 1, task 21 
(7). 

To test whether the sinusoids reliably 
determined how the syllable was perceived 
below the duplexity threshold, we set them 
4 dB below the "dam duplexity threshold and 
presented 20 repetitions of each in random 
order. Subjects were to identify the conso- 
nant as "dm or "g." Again, they did so at a 
level well above chance [t(9) = 8.88, P < 
0.001; Table 1, task 31. 

It remained, then, to determine whether 
the sinusoids continue to provide phonetic 
information even when they also evoke 
whistles. For that purpose, we set the sinu- 
soids at 6 dB above the higher ("ga") du- 
plexity threshold and performed another 
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identification test. Subjects' identifications 
were no less accurate above the duplexity 
threshold than below it [t(9) = 32.60, P < 
0.001; Table 1, task 41. 

Thus, at lower levels of intensity, the 
sinusoids provide the basis for the perceived 
distinction between "da" and "ga"; at higher 
levels, they serve this same phonetic purpose 
but also evoke nonspeech whistles. As we 
found from our own listening, the phonetic 
information is provided over a range of 
approximately 20 dB below the duplexity 
threshold (8); the whistles, which are of 
course barely audible at the duplexity 
threshold, become louder as the intensity of 
the sinusoid is increased. These results show 
that processing of the sinusoid as speech has 
priority, thereby defining what we mean by 
precedence of the phonetic module. 

Unlike the earlier version of a duplex 
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phenomenon (5), which required that the 
transitions and the remainder of the pattern 
be presented to different ears, the one re- 
ported here puts all parts of the pattern 
equally into both ears. It thereby avoids 
such complications of interpretation as may 
arise with dichotic stimulation and so makes 
more straightforward the inference that du- 
plex perception reflects distinct auditory and 
phonetic ways of perceiving the same stimu- 
lus. Beyond that, the results obtained with 
the new form of the duplex phenomenon 
support the hypothesis that the phonetic 
mode takes precedence in processing the 
transitions, using them for its special lin- 
guistic purposes until, having appropriated 
its share, it passes on the remainder to be 
perceived by the nonspeech system as audi- 
tory whistles. Such precedence reflects the 
profound biological significance of speech. 
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Precipitation Fluctuations over Northern Hemisphere 
Land Areas Since the Mid-19th Century 

An extensive array of measurements extending back to the mid-19th century was used 
to investigate large-scale changes in precipitation over Northern Hemisphere land 
areas. Significant increases in mid-latitude precipitation and concurrent decreases in 
low-latitude precipitation have occurred over the last 30 to 40 years. Although these 
large-scale trends are consistent with general circulation model projections of precipi- 
tation changes associated with doubled concentrations of atmospheric carbon dioxide, 
they should be viewed as defining large-scale natural climatic variability. Additional 
work to refine regional variations and address potential network inhomogeneities is 
needed. This study attempts to show secular precipitation fluctuations over hemispher- 
ic- and continental-scale areas of the Northern Hemisphere. 

C LIMATOLOGISTS HAVE FOCUSED AT- 
tention on the surface air tempera- 
ture record (1,2) because of concern 

over the potential climatic effects of increas- 
ing C 0 2  and other radiatively active trace 
gases in the atmosphere. Virtually all com- 
puter models of the climatic effects of in- 
creased C 0 2  indicate that significant in- 
creases in temperature will occur as C 0 2  
levels rise (3); some evidence indicates that a 
small increase may have already taken place 
(4). However, a change in temperature is 
not the only consequence of increasing C 0 2  
levels. Major changes in the hydrological 
cycle (for example, in evaporation and pre- 
cipitation rates) are likely to have regional 
and global effects (5, 6), and such changes 

may be of profound social and economic 
significance (7). General circulation models 
(GCMs), which have been applied to the 
problem of the effect of increasing C 0 2  
levels on climate, do not give an unequivocal 
picture of how precipitation might be ex- 
pected to change (5, 8). 

Nevertheless, some conclusions are rea- 
sonably well established. For example, with 
a doubling of C 0 2  levels, global mean pre- 
cipitation rates increase in all GCM models 
by 3 to 1 1 % (5) .  However, the geographical 
distribution of the change in precipitation 
rate is not the same in all models. Even the 
simulation of the precipitation rate for pre- 
sent-day conditions may be significantly in 
error for certain regions (5, 8). Because of 

these problems, projections of the potential 
effects of increased concentrations of C 0 2  
on precipitation distribution have been giv- 
en less credence than projected changes in 
temperature. However, certain generaliza- 
tions can be made. The larger the increase in 
temperature projected by the GCMs, the 
larger the increase in simulated (global) 
precipitation rate. Precipitation increases are 
generally predicted poleward of 30" to 35"N 
and 30" to 35"s and in the immediate 
vicinity of the equator (5"N to 5"s). In the 
intervening zone, the results are more vari- 
able, but a tendency for a decrease in precip- 

- - 

itation rate in one or more seasons is gener- 
ally apparent. 

To assess the significance of any projected 
climatic change, the historical record of vari- 
ability must be examined so that the predict- 
ed conditions can be placed in a longer term 
perspective. Many studies of large-scale tem- 
perature variations over the last 100 to 130 
years have been made (2), but relatively little 
attention has been paid to large-scale 
changes in precipitation (9). We report on 
precipitation fluctuations over continental 
regions of the Northern Hemisphere since 
the mid- to late 19th century and then 
compare the observational record with 
GCM projections of changes expected with 
increases in greenhouse gases. 

Previous studies of large-scale changes in 
precipitation have been hampered by the 
lack of a database that is geographically and 
temporally extensive. Moreover, method- 
ological problems related to the high spatial 
variability of precipitation make it difficult 
to construct indices that are not dominated 
by precipitation in areas with either very 
high or very low amounts of precipitation 
(10). We used a comprehensive set of pre- 
cipitation station data that includes long- 
term records from continental regions of the 
Northern Hemisphere (11 ). Few precipita- 
tion data exist for open ocean areas, and data 
for the continental areas of the Southern 
Hemisphere are limited geographically. 
Therefore, we have focused on continental 
regions of the Northern Hemisphere (12). 

Because of the nonuniform distribution 
of long-term precipitation stations, the data 
were gridded to avoid unduly weighting 
regional and hemispheric averages by small 
areas with many long-term records. In view 
of large spatial variations in precipitation, 
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