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In his classic book, The Sctence of Musical Sounds, Dayton C. Miller
(12) began his chapter on “Physical Characteristics of Vowels” with
the following statement: “The vowels have been more extensively in-
vestigated than any other subject connected with speech”.

If Miller could make that statement, some 45 years ago, what might
be said today? In the 1960s we look on his work as that of a pioneer,
probing into a whole new era of acoustic investigation of speech. Even
0, almost half a century later, there remain many unanswered questions.

The acoustic study of nasalized speech has a much shorter history than
the study of vowels, and a correspondingly more limited literature. There
have nevertheless been a number of attempts to search out and to
describe the characteristic changes in the acoustic signals of speech,
especially vowels, that result when speech is nasalized. A detailed review
of these studies is outside the scope of the present discussion. However,
one generalization that can be made from the acoustic studies of na-
salization is of central interest; that is, that the data do not provide the
basis for a simple, unequivocal, and definitive description of the acoustical
effects of nasalization. On the contrary, variability and inconsistency ap-
pear to be the rule. The results reported by one investigator are frequently
not, corroborated by the data from another study, and the changes in the
acoustic signal that appear to characterize nasal resonance under one set
of conditions cannot be found for other subjects or for a different sample
of speech. Thus, Dickson (3) stated that his study “...emphasizes the
variability in the acoustic characteristics of nasality from person to per-
son” and he adds that “It would seem that nasality can be specified in
many ways depending upon the specific configurations of the oral, pharyn-
geal and nasal cavities”.

In a later study, Kent (9) varied the coupling between oral and nasal
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FIGURE 1. Example of specially prepared obturator for experimentally varying
the coupling between the oral and nasal branches of the vocal cavity transmission
system. After Kent (9).

portions of the vocal tract and analyzed the spectral characteristics of
vowels produced with different degrees of coupling. To control the vari-
ation in coupling, she utilized cleft palate subjects who had been success-
fully treated with obturators. The coupling was varied by providing
several diameters of holes through the posterior portions of specially
constructed obturators in the manner shown in Figure 1. Although Kent
was able to show that this variation in coupling was accompanied by
the expected increase in nasality, as perceived and rated by listeners,
she could not demonstrate an associated, consistent variation in spectral
characteristies.

Thus, we are presented with a state of affairs which appears to be
quite confusing and highly unsatisfactory. At first glance, nasalization
would seem to be a relatively simple phenomenon. Physiologically, it
is related to a simple valving action which controls the coupling
between the pharyngeal-oral portion of the vocal tract and the nasal
cavities. Since the nasal cavities cannot be varied in shape and volume,
there has been a tendency to assume that they have relatively constant
characteristics as an acoustic resonator or transmission system. Accord-
ingly, it has seemed reasonable to suppose that changing this coupling
should result in relatively simple and predictable variations in the acous-
tic output of the system. To compound the assumption that nasalization
is a relatively simple matter, the perceived change in the quality of
speech, usually termed nasality, seems quite clear and predictable. That
is, there seems to be a perceptual quality that has been called nasality
which one hears as being qualitatively very homogeneous, irrespective
of variations in associated conditions, such as different speakers, different
vowels, variations in pitch, et cetera.

However, attempts to analyze the acoustical signal which mediates
between the physiological event and the perception have failed to yield
the simple type of variation in signal characteristics that the foregoing
analysis would lead one to expect. How can this be so?

Let us look first at the relationship between physiological events and
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acoustical effects. Intuitively, it seems reasonable to assume that a
straight-forward, causal relationship must exist between vocal tract
modification and acoustical variations. In fact, no other assumption
makes sense. The acoustical signal is generated by the physiological
events and must, therefore, be determined by them. Beyond this, how-
ever, the specific nature of the acoustic changes that we expect as a
result of specified variations in physiological events depends on our
assumptions concerning the particular nature of these cause and effect
relations; that is to say, on our understanding of the relevant theory.

At the time when significant experimental work seeking to develop
a more exact acoustical description of nasalized speech was getting
underway, in the decade of the 1930s, our knowledge of the acoustic
theory of speech production was still in a relatively undeveloped state.
Nevertheless, such theoretical notions as were then current played an
important role in shaping the character of this research—for example,
in the choice of dimensions to be observed or measured, in the design
of experiments and the control of experimental conditions, and in the
interpretation of data. I think it is fair to say that a considerable heri-
tage from the theoretical concepts of that time has persisted to the present
and still influences our thinking, especially concerning the acoustic
effects to be expected from nasalization. It should be useful therefore to
give some attention to an examination of these theoretical ideas, how
they came to be developed, what their implications are, and how they
are to be evaluated in the light of current knowledge. Because the theo-
retical concepts with which we are concerned are an offshoot of the
acoustic theory of vowels, we shall necessarily give some attention to
the development of vowel theory.

It has long been known that the spectral distributions of vowels are
characterized by frequency regions in which the sound energy is more
intense than in adjacent portions of the spectrum. These regions of energy
concentration have been believed by most investigators, from D. C. Miller
(12) on, to be the result of selective transmission of the vocal cavity
system. Figure 2 illustrates this point. At the top of the figure is a graph
representing an approximation of the frequency spectrum of the laryngeal
tone which constitutes the input to the vocal cavities. Down the left side
of the figure are mid-sagittal, cross-sectional views of the vocal cavity
configurations for three different vowels. On the right are the corre-
sponding output spectra for the three vowels. The transformation which
converts the vocal cord spectrum, shown at the top, to the particular
spectrum associated with each vowel, as shown on the right, results
from the resonant characteristics of the particular vocal cavity shape
for that vowel.

The same relations may be stated symbolically as in the following
equations:
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(1) P(f)v, = S(f)-T(f)os
(2) P(fyv: = 8(f)-T(f)v
(3) P(f)on = S()-T(f)vn

P(f)vy, P(f)vs, and P(f)v, represent frequency spectra of the output
acoustic pressure signals corresponding to the vowels Vi, Vg, and V.. S(f)
represents the frequency spectrum of the vocal cavity input signal that
results from the glottal vibration. It should be noted that it is assumed to
be constant; that is, that it does not change as the vowel is varied.
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FIGURE 2. Illustrating that the spectral distribution of energy in a vowel is
primarily dependent on the vocal cavity configuration for the particular vowel. Each
of the acoustic spectra shown along the right side of the figure represents the output
of the vocal cavity configuration paired with it when the cavities are, in each case,
excited by a constant laryngeal tone whose spectrum is shown at the top of the figure.



384 Curtis

T (f)ve, T(f)vz, and T (f)v, are the vocal cavity transfer functions, or
transmission characteristics, which operate on S(f) to produce the output
spectra P (f)v1, P(f)va, and P (f)v,, respectively.

As previously indicated, the ideas summarized in Figure 2 and the
foregoing equations are the rudiments of vowel theory that have been
known and generally accepted for a long time. Any such theory must be
considered to be very primitive, however, until it can state with some
exactness the relationship between the cavity dimensions that are char-
acteristic for a particular vowel and the transmission characteristic
that is associated with it. That is to say, the theory must be able to spec-
ify the relation between vocal cavity dimensions (lengths, cross-sec-
tional areas, volumes, et cetera) and the transmission characteristics
of the vocal tract, expecially the resonant and antiresonant modes of
the cavity system.

Prior to 1950, a number of attempts were made to solve this problem
by assuming that the oral-pharyngeal portion of the vocal cavity system
can be likened to a double Helmholtz resonator; that is, a system con-
sisting of a pair of interconnected bottle-shaped cavities (I, 2). For
some vowels, this double cavity model appears quite reasonable, since
the tongue forms a bulge which divides the total oral-pharyngeal tract
into two relatively separated volumes, and the lips form a tube-like
opening to the outer air. The resonant modes of such a system are
readily found if one can specify the dimensions exactly.

However, no attempt to apply the double Helmholtz resonator model
to real cases of vowel production has been more than partially success-
ful.! In the early period of the acoustic study of nasalized speech, how-
ever, it was the most current and well-developed idea. A related notion
that also had considerable currency in the pre-1950 period conceptualized
the vocal cavities as a set of functionally independent, simple (that is,
single-tuned) resonators. This view considered that there was a simple
resonator in the vocal cavity system associated with each region of
energy concentration of the output acoustic spectrum of a vocal sound.
This idea was given considerable impetus by the studies of Lewis (10)
and Lewis and Tuthill (71). These investigators showed that, after
making allowance for reasonable assumptions concerning the nature of
the glottal spectrum, curves representing simple resonators could be
fitted with reasonably small error to the spectral peaks, or conecentrations
of energy, which they found in their vowel spectra. Although this notion
of a set of simple, functionally independent resonators was not usually
carried to the point of attributing particular spectral energy concentra-
tions to specific vocal cavities, the assumption of a relation between
cavities and simple resonators was clearly implied. Hence, if a particular
vowel spectrum showed three regions of energy concentration, it was

1 For more extended discussion of this point. see Dunn (4) and Stevens and House

(13).
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inferred that the vocal tract system for that sound consisted of three
functionally independent cavities, one to account for each of the resonant
modes whose influence seemed to be evident in the vowel spectrum.

The concept of the nasal cavities as one of the set of simple, inde-
pendent resonators constituting the complete vocal tract was no more
than a logical extension of the foregoing ideas concerning vocal resonance.
The logical consequence of this model of nasal resonance with respect
to the nasalization of vowels can be demonstrated diagrammatically
as shown by Figure 3. The block diagram represents the major divisions
of the voice producing system. Although the diagram is essentially non-
committal, so far as theoretical ideas are concerned, it indicates a division
between a posterior cavity and an anterior cavity (the pharyngeal and
oral cavities respectively) and shows the possibility of variable coupling
to the nasal cavities. To make this diagram fit the theory that we have
been discussing, we need only to specify that each cavity acts as a
simple resonator, and that the characteristics of each cavity as a reso-
nator are essentially independent of its coupling to the other cavities.
That is to say, the resonant modes of the system response are determined
by the uncoupled resonant frequencies of the individual cavities. In
addition, the nasal cavities are presumed to represent a resonator having
fixed characteristics. Presumably the response characteristics of the
nasal system may include either antiresonant modes, which would tend
to cancel energy radiation in a particular frequency region, or resonant
modes that would tend to produce a concentration of energy in a partic-
ular region of the spectrum. In either case the change in the acoustic
spectrum that would be expected to result from nasalization would be
presumed to result from a simple addition of the fixed transmission
characteristics of the nasal cavity system to the transmission character-
istics for the non-nasalized version of the particular speech sound then
being uttered. A symbolic representation of this concept of nasalization
is shown by the following equations.

(4) P(f)v1, non-nasalized = S(f)-T(fHvs
(5) P(f)v,, slight nasalization = S(f)-T()v,- KiN(f)
(6) P(f)v,, greater nasalization = S(f) - T(f)v;- KN (f)

Equation (4) for the non-nasalized vowel (v1) may be compared to
equations (1), (2), and (3). To symbolize the effects of nasal resonance
in equations (5) and (6) a nasal transmission characteristic N(f) is
shown. This is assumed to be a fixed factor. However, its contribution
to the output spectrum varies with the value of the coupling factor, K,
which is presumed to change in proportion to the opening of the velo-
pharyngeal port.

The concept of nasal resonance that has just been reviewed is, I think,
a fair statement of the theoretical assumptions that were widely accepted
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at the time investigators first began to analyze the spectral characteris-
tics of nasalized sounds as a means of searching out the resonance prop-
erties of the nasal cavities. Guided by this view, investigators searched
for peaks in the spectra of nasalized vowels which could be interpreted
as evidence of the fixed nasal resonance characteristics that the theory
predicted. Alternatively, they searched for gaps or valleys in the spectral
envelopes of nasalized vowels which could be interpreted as evidence
of nasal antiresonances.

This turned out to be a frustrating task. Although comparisons be-
tween the spectra of nasalized sounds and their non-nasal counterparts
usually showed differences, they were most often not the sort of differen-
ces that one’s theoretical assumptions had prepared him for. Even with
relatively small numbers of carefully selected subjects, who were highly
cooperative, and who were thoroughly practiced in producing the experi-
mental variations required by the research design, and even though the
experimental conditions were controlled with the greatest care, the data
very seldom gave clear and consistent indications of a set of constant
resonance properties that could be associated with a fixed resonance
theory of nasalization. As larger numbers of subjects were studied, and
the data from additional experiments became available for comparison,
the apparent inconsistency and lack of agreement became greater, rather
than less. Several experiments appeared to find indications of a low
frequency mode, having a frequency in the range of 250 to 300 Hz. In
a few studies, there was an indication of an antiresonance approximately
an octave higher in frequency. These were the only resonance character-
istics that seemed to appear with any consistency, and frequently even
these could not be demonstrated from spectra of sounds that had been
produced with substantial coupling between oral and nasal tracts.

Several plausible reasons may be advanced for this seemingly un-
satisfactory state of affairs. Among these are: a) the very real fact of
individual differences which must always be taken into account with
respect to data on human subjects; b) the problem of observing the iso-
lated effects of variables operating in a complex process; and ¢) the rela-
tively poor resolving power of spectrographic methods of acoustical
analysis. There are, thus, reasons why it is difficult to design and carry
out ideal experiments on real cases, and why we can expect that compari-
sons -among the data and interpretations of various investigators will
show some measure of variability and even disagreement. In the present
instance, however, these reasons do not appear to be sufficient to explain
the disparity between theory and data that has been noted. Thus, the
data suggest a need to question the adequacy of the theoretical model
and the relevance of the predictions based on it.

While these apparently puzzling data were accumulating, investigators
concerned with the general area of speech analysis and synthesis con-
tinued to search for a more satisfactory general theory of vocal resonance.
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Previous note has been taken of the several attempts that were made to
apply a double Helmholtz resonator model to real cases, and of the fact
that these attempts served mainly to point up the shortcomings of this
model. A breakthrough came with the publication of H. K. Dunn’s classic
paper (4) which for the first time not only proposed an acoustical theory
of vowel resonance based on a quite different model than that of Helm-
holtz resonators, but which applied this model to real cases with con-
siderable success. Instead of attempting to analyze the vocal tract as
a system of bottle-shaped resonators, Dunn chose an acoustical model
that approximated the shape of the vocal tract as a series of cylinders
connected in tandem. He solved for the resonances of such a system
by applying dynamical analogies from electrical transmission line theory.
Since 1950, Dunn’s approach has been developed and elaborated by a
number of other investigators, most extensively by Fant in his book,
The Acoustic Theory of Speech Production (5). This approach has be-
come the standard theoretical framework for work on speech analysis and
synthesis. It has been successfully applied to the solution of problems
involving consonants as well as vowels, and to both periodic and aperi-
odic speech sounds. By means of electrical networks derived from Dunn’s
model, or an elaboration thereof, very natural speech has been synthe-
sized, and such electrical vocal tracts have been utilized as analogue
computers to explore physiological-acoustical relations in speech articu-
lation that are not readily amenable to investigation with real subjects.

One of the very important differences between the acoustic transmission
line theory as developed by Dunn, Fant, and others, and the earlier
Helmholtz resonator ideas is concerned with the extent to which indi-
vidual cavities, or segments, of the complete vocal tract system may be
considered to have resonance characteristics of their own, so to speak;
that is, resonant or antiresonant modes which are related only to the
dimensions of those cavities and which are affected slightly, if at all,
by interaction with other portions of the system. Stated somewhat dif-
ferently, this point concerns the extent to which the resonant modes of
the complete system can be associated with the uncoupled frequencies
of individual cavities, rather than considered to be determined by an
interdependence of the various portions of the complete system. Many
have interpreted the Helmholtz resonator model to imply that the un-
coupled frequencies of the individual cavities were the modes of the
system; thus, that the system could be considered as a set of independent
simple resonators. Although Fant has shown that this is, in fact, an
incorrect interpretation, there is no doubt that the Helmholtz resonator
model emphasized the importance of individual cavities and de-empha-
sized interaction with the remainder of the system. Quite the opposite
is true of the transmission line theory.

With respect to the resonance effects to be expected when speech is
nasalized, certain implications of the transmission line model are rela-
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tively obvious. In particular it seems clear that the widely held idea of
invariant nasal cavity resonant modes is not consistent with a theory
which stresses the importance of cavity interdependence in the determi-
nations of system resonance modes. For example, since the cavity dimen-
sions will vary radically from vowel to vowel, one should not expect
that coupling in the nasal cavities will produce the same spectral result,
irrespective of the vowel being nasalized.

However, despite the success of the transmission line theory, it appears
to have had relatively limited impact on thinking concerned with the
resonance properties of the nasal cavities. There have been notable
exceptions. Fant (5) devoted an entire chapter to nasalization, in which
he presents a very complete analysis of the resonance effects of the
nasal cavities together with data from the investigation of real subjects,
as well as results developed by means of an electrical vocal tract analogue.
House and Stevens (8) investigated both nasalized vowels and nasal
consonants by means of an electrical vocal tract analogue that had
been developed at the Massachusetts Institute of Technology. Their
data clearly show the interaction of nasal resonance characteristics with
the variations in vocal cavity shaping required for different vowels.
Nevertheless, a major share of present day discussion concerned with
resonance characteristics of the nasal cavities still seems to assume a
model consisting of a system of simple, essentially independent resona-
tors. For example, the literature on speech and voice disorders still
frequently contains references to “nasal resonance” in a context which
seems to imply that there are constant nasal resonance characteristics
which are independent of the remainder of the vocal cavity system.
Another example is provided by recent spectrographic studies of the
acoustical effects of nasalization, which have had as a primary purpose
the search for invariant effects associated with nasalization, again
reflecting the influence of the older theoretical model rather than the
relatively clear implications of transmission line theory (3, 7).

Figure 4 presents graphs borrowed from Fant (§) which will serve to
illustrate the point that nasal resonance is not correctly described by a
set of invariant spectral parameters. The two graphs shown in the upper
half of the figure are calculated spectrum envelopes for two vowels,
/i/ and /e/. These curves were obtained by means of an electrical
analogue of the vocal tract under conditions of no coupling between the
networks representing the oral and nasal tracts. The curves in the
bottom half of the figure show the effects of coupling in the network
representing the nasal cavities in a particularly interesting way. In
each graph, separate spectral envelopes are shown to indicate the
energy-frequency distribution of the sound radiated from the mouth
and from the nares. Although the degree of coupling is the same for
both vowels, the effects are quite different. The level of energy radiated
from the mouth is reduced in both cases, especially in the low frequency
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region, due to the division of energy between the mouth and nose tracts,
but the reduction of mouth radiation is much greater for /i/ than for
/e/. It should also be noted that the spectral peak associated with the
first formant of both vowels shows an upward shift as a result of coupling.
Again, this effect appears to be greater for /i/, where the shift appears
to be approximately 100 Hz in extent. In both vowels the spectral
envelope shows a broadening of the contour in the viecinity of this
peak, which results from the increased damping due to coupling in the
highly damped nasal cavities. It may also be noted that the shapes
of the spectral envelopes reflecting the nasal transmission are different
for the two vowels. The frequency location of the first spectral peak is
clearly vowel dependent, approximately 350 Hz for /i/ and nearly
500 Hz for /e/. Also, high frequency portions of the spectrum envelopes
for the nares output differ in detail, and the amplitudes of nasal
transmission are clearly different for the two vowels; the nares output
for /i/ is as much as ten dB greater than for /e/ in the vicinity of the
first spectral peak.

The system output for the nasalized vowel is, of course, the combina-
tion of these separate outputs. The spectral envelopes for the combined
mouth and nasal outputs are shown in Figure 5 by the dashed lines
and contrasted to the spectra for the non-nasal vowels shown by the
solid lines. Once more, the point to be emphasized is the difference be-
tween the two vowels. Clearly the change in spectrum resulting from
nasalization is considerably different for /i/ than for /e/. Finally, it
should be remarked that this is not an isolated nor an extreme case. In
fact, the particular selection of vowels used in the illustration probably
minimizes these variations, since both are front vowels, and the vowel
dependence of the changes associated with nasalization would doubt-
less have appeared greater if a back vowel and a front vowel had been
compared.

As previously mentioned, the interdependence of nasal cavity reso-
nance effects and vocal cavity configurations for different vowels had
also been shown by the data from the study by House and Stevens
(8). Figure 6 shows spectral envelope curves which they obtained by
means of the MIT electrical vocal tract analogue. With this device
they could control the coupling to the nasal cavities in exactly graduated
steps, and the several curves on each graph show the effects of thus
varying the nasal coupling. It should be noted on the first set of
curves, showing the spectral changes associated with increasing nasaliza-
tion of the vowel /i/, that not only does the general level of the curve
change with increasing nasalization, but the location of resonance peaks
shifts and changes radically. The second set of curves, shown on the
lower part of Figure 6, illustrates the same points in the case of the
vowel, /o/; once more it should be noted how much the effects differ from
one vowel to another. Thus, the resonance characteristics of nasaliza-
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FIGURE 5. Computed spectrum envelopes illustrating the effects of nasal coupling
on total system output of the vocal mechanism for two vowels, /i/ and /e/. Vowel
dependence of the nasal coupling effects should again be noted. Adapted from Fant
(8).

tion are shown to change radically with both degree of coupling and
vowel configuration.

The conclusion from the foregoing discussion seems self-evident. An
adequate theoretical model for vocal resonance gives little reason to
predict that nasalization will lead to invariant changes in the acoustic
spectra of speech. On the contrary, the spectral changes which are to
be expected will depend very considerably on what is happening in
other portions of the vocal cavity system. If one accepts this con-
clusion, the apparent inconsistency and lack of invariance in the data
concerning the acoustic effects of nasalization are not mystifying. This
lack of invariance is in fact consistent with theory and should have been
expected.

Finally, let us consider the relationships between nasalization con-
sidered as an acoustic phenomenon and the perception of the voice
quality variation that may be called nasality. In an introductory
statement mention was made of the fact that nasality, as a perceptual
phenomenon, appears to have a kind of unity, despite the variations in
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the physical stimuli that give rise to it. How can this be? If the physical
characteristics of nasalization vary so greatly, how can they act as
stimuli for a quality change which always sounds so much the same?
This is an intriguing question and one that needs far more discussion
than can be given to it in this article.

It is probably relevant that there is an increasing amount of evi-
dence indicating that the recognition of auditory signals which have a
linguistic reference appears to involve a different kind of perception
process than is required by the discrimination experiments of classical
psychoacoustics, Flanagan (6). In the latter case one is required to
make a discrimination between two acoustic stimuli which differ along a
single, unidimensional continuum (frequency or intensity). The per-
ception of speech, on the other hand, appears to involve a classification
process in which multidimensional stimulus patterns covering a sub-
stantial range of variations are assigned to absolute categories. An
attempt to represent this difference symbolically is shown in Figure 7.

The expressions in the upper part of the figure represent the rela-
tionships assumed in the discrimination experiments of classical psycho-
acoustics. A given stimulus is clearly and consistently related to a
particular perceptual response. A change in the stimulus can be expected
to give rise to a related change in the perception, provided only that
the change is greater than the difference limen for that stimulus
dimension. It should be noted that the variation in this instance is
relatively simple and unidimensional.

Categorical perception as symbolized in the lower part of Figure 7
appears to be much more complex. To interpret the expressions in
Figure 7, it should be noted that the symbols for the stimuli, shown
in parentheses, represent ranges in values for three different stimulus
dimensions, §’,8”, and 8. The first item in the top line (8’3 — 1) should

A. Simple, unidimensional relationship between stimuli and corresponding per-
ceptual responses.

Sy —’Pl, Sz—)Pz, S; — P;
if Sl > S2, then Pl > P2
lf S1 < Sz, then P1 < Pz
if S1 = Sz, then P1 = P2

B. Categorical relationship between complex, multidimensional stimulus patterns
and corresponding perceptual categories.

Sy — 8'0) + (8”3 — 8”6) 4+ (8”5 — 8”1,) — P category #1
(8’11 — 8's) + (8”1 — 8"3) + (8”5 — 8";) — P category %2
87 — 8% + (8”1 — 8"12) + (8" — 8™) — P category #3

FIGURE 7. Symbolic representation of two types of perceptual processes: A.
Simple, unidimensional relationship between stimulus magnitude and magnitude of
corresponding perceptual response. B. Complex relationship between multidimensional
stimulus patterns and perceptual categories. The latter case seems more nearly like
that for recognition and identification of linguistically related stimuli, such as speech.
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be read as the range of values for stimulus dimension are between
S’1 and S'10, and similarly for the other S terms. This type of perception
involves recognizing that a complex pattern of stimuli belongs to a single
category. The pattern may be multidimensional and each significant
stimulus dimension may vary over some range without changing the
classification assigned to the percept. Presumably we learn to make
such categorical judgments as we learn to speak and as we learn to
decode the speech of others. It can be shown that the acoustic stimuli
corresponding to speech sounds, or syllables, or words are such multi-
dimensional patterns. Such speech segments appear to be perceived in a
categorical fashion. The perceptual response tends to be absolute and
invariant despite very considerable ranges of variation in the stimulus
dimensions composing the patterns.

Nasality, which is a quality variation associated with speech per-
ception, may be a case involving such categorical perception. A good deal
of work remains to be done in the area of the perception of language stim-
uli, and to date no one has been able to propose a satisfactory and compre-
hensive theory of speech perception. However, it is relevant to this dis-
cussion that if nasality is perceived categorically, in a fashion that seems
to be characteristic of other stimuli having a linguistic reference, the clear
recognition of nasality as something sharply contrasting with non-nasality
does not require that the associated stimulus pattern be essentially uni-
form and invariant. Hence, the perceptual character of nasality cannot be
taken as an indieation of physical constancy.

Summary

The discussion presented here has sought to reconcile some apparently
anomalous relationships between the physiological, acoustical, and per-
ceptual phenomena associated with the nasalization of speech. It has
attempted to show that, if viewed from an appropriate theoretical
perspective, the complexity of the acoustical effects is not inconsistent
with the apparent simplicity of the physiological event. It also appears
probable that the perception of nasality as a unitary, categorical re-
sponse can be explained even though the corresponding acoustical
stimuli may be a rather variable set of complex, multidimensional
patterns. The discussion has sought also to show that a complex,
multidimensional variation in the acoustic characteristics associated
with nasalization is to be expected from the currently most acceptable
theory of vocal resonance.

reprints: Dr. James F. Curtis
Department of Speech Pathology
and Audiology

University of Iowa

Towa Ctty, Iowa 52240
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