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ABSTRACT

In this paper a comprehensive theory of vowel reduction
is presented based on a large amount of experimental
data gathered by Van Bergem (1995b). The schwa, play-
ing a major role in the process of vowel reduction, is
often thought to be a vowel that is produced with a
‘neutral’ vocal tract. This view is shown to be wrong.
The schwa appears to be a vowel that is completely as-
similated with its phonemic context; its vowel colour can
vary widely. As a consequence, vowel reduction should
not be interpreted as centralization, but as contextual as-
similation. Two types of vowel reduction are discussed:
acoustic reduction and lexical reduction. These can very
well be interpreted as two intermediate stages in the
process of the sound change ‘full vowel —> schwa’.

1. INTRODUCTION

Speech is the most important means of human communi-
cation. Our view on speech is a functional one; we
believe that in general speakers strive to achieve optimal
transfer of messages with a minimal amount of articula-
tory effort. Of course, there are bounds to the tendency
for ease of articulation of a speaker. Recognition of the
message will be harder, as speech is articulated more
sloppily. On the other hand, listeners have several
information sources at their disposal to help them in
restoring acoustically fuzzy messages. Especially seman-
tic and pragmatic knowledge sources may play an impor-
tant role in this respect. A certain degree of sloppiness in
the articulation can thus be tolerated. The phenomenon
of vowel reduction, which is the subject of this paper, is
interpreted by us as a tendency towards ease of articula-
tion. Actually, we distinguish between two types of
vowel reduction: lexical reduction and acoustic reduc-
tion.

Lexical vowel reduction stems from linguistic
research and is defined as the substitution of a full vowel
with a schwa in specific words. An example of a Dutch
word in which this phenomenon can occur is the word
miNUUT (minute). The unstressed vowel in the first sylla-
ble of the word miNUUT (word stress indicated with capi-
tals) can be realized as a full vowel /i/, but also as a
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schwa /o/. In the latter case the schwa has become a
characteristic (generally accepted) part of the word and
therefore we call this phenomenon lexical vowel reduc-
tion.

Suppose a speaker has the intention to produce a full
vowel. This does not necessarily mean that a neatly
articulated full vowel will be realized. There appears to
be an enormous variability in ‘vowel quality’. Some
vowels are pronounced much more carefully than others.
Speakers are usually not aware of these differences in
pronunciation, and listeners normally do not notice the
variation. However, if several different vowels are seg-
mented from their natural context and presented to lis-
teners, it appears that some specimens are identified
much better than others (assuming that speakers intend
to produce phonologically ‘correct’” vowels). Another
way to demonstrate differences in vowel quality is
through a spectral analysis. This is often done by mea-
suring the steady-state formant frequencies of vowels
from normal speech utterances and comparing these with
formant frequencies of vowels pronounced in isolation
(which can be regarded as ‘ideal’ vowels). It appears that
the formant frequencies of some vowels from normal
speech are relatively close to their target position,
whereas the formant frequencies of other vowels have
shifted considerably away from their target position.
These formant shifts can partly be ascribed to coarticula-
tion effects: neighbouring sounds influence each other to
a certain extent because of limitations of the articulators.
However, the formant shifts are often much larger than
would be expected on the basis of coarticulation effects
alone. In such cases we speak of acoustic vowel reduc-
tion.

In the present paper we will summarize the thesis of
Van Bergem (1995b) dealing with vowel reduction and
we will integrate his experimental results to present a
comprehensive theory of vowel reduction. In the study
of Van Bergem three major experiments were carried out
(also published in [1}, [2], [3]). The first experiment
focused on the phenomenon of acoustic vowel reduction.
In the second experiment the schwa was thoroughly
investigated in order to determine its role in vowel
reduction. And the third experiment focused on the phe-
nomenon of lexical vowel reduction. These three exper-
iments will be briefly described in the following sec-
tions.
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2. ACOUSTIC VOWEL REDUCTION

In the first experiment the influence of sentence accent,
word stress, and word class (content words versus func-
tion words) was investigated. A list of sentences was
read aloud by 15 male speakers. Each sentence contained
one syllable of interest. This could be a monosyllabic
function word, an unstressed syllable of a content word,
or a stressed syllable of a content word. The same sylla-
ble occurred in all three conditions. An English example
would be the syllable can which exists as a function
word (an auxiliary verb), as an unstressed syllable in the
content word canteen, and as a stressed syllable in the
content word candy. By using identical syllables in such
triplets of words, coarticulation effects would be similar
for the vowel of interest (/&/ in the English example) in
all experimental conditions. In the actual experiment a
total of 33 triplets of Dutch words were used. Each word
was embedded in a short sentence, which might be for
the fictitious English example:

My sister can talk for hours
In our canteen they sell beer
| bought candy for my mother

All sentences were read twice, once with an accent on
the test word and once with an accent elsewhere in the
sentence. The place of the sentence accent was manipu-
lated by means of questions, which had been recorded in
advance. For example:

(What did you buy for your mother?)
i bought CANDY for my mother
(For whom did you buy candy?)

| bought candy for my MOTHER

After having read all the test sentences, the speakers
were asked to utter all the test syllables in isolation; the
vowels from these clearly articulated syllables were
defined as reference vowels.

Steady-state formant frequencies of all test vowels
were measured and compared to the formant frequencies
of corresponding reference vowels to establish the
degree of acoustic vowel reduction. It appeared that for-
mant frequencies of vowels were closest to their targets
for stressed syllables; the formant frequencies showed a
large deviation from the target values for vowels from
unstressed syllables and this deviation was even larger
for vowels from function words. The degree of acoustic
vowel reduction appeared to be less in accented words
than in unaccented words. We also investigated dynamic
changes in the formant tracks due to the experimental
conditions. It was found that formant tracks of reduced
vowels became flatter, which points to a decrease in
articulatory movements. And finally, we asked a group
of listeners to identify the segmented test vowels. As
might be expected, the number of vowel confusions
increased, when acoustic vowel reduction increased.

Where does acoustic vowel reduction stem from? A
plausible explanation would be that acoustic vowel
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reduction arises as a consequence of a relaxed articula-
tion in (linguistically) less important parts of a message
(unaccented words, function words, etc.). In this view of
articulatory economy the schwa, which is generally
regarded as the endpoint of the reduction process, would
require a minimal amount of articulatory effort. The
most widespread theory in this respect is that the schwa
is a vowel that is produced with a ‘neutral’ vocal tract (a
straight lossless tube). The neutral vocal tract is associ-
ated with a kind of resting position for the articulators. In
order to achieve articulatory economy when producing
vowels, people might have a tendency to more or less
approach this neutral position and this would be the
cause of vowel reduction. .
According to acoustic theory, the formant frequencies
of a schwa produced with a neutral vocal tract would
take a position in the centre of the vowel space. The
above mentioned view on vowel reduction thus predicts
a shift of formant frequencies of reduced vowels towards
the centre of the vowel space. For our data global
(average) shifts of formant frequencies of reduced vow-
els indeed showed such a centralization effect, but a
detailed analysis revealed that several vowels did not
centralize at all. In addition, after having studied a num-
ber of schwa realizations that occurred in the test sen-
tences of the speakers, we strongly questioned the idea
that the schwa is produced with a neutral vocal tract. It
looked as if the spectral features of the schwa were very
much dependent on the surrounding consonants. This
observation triggered the setup of a new experiment.

3. THE ROLE OF THE SCHWA

In the second experiment we systematically investigated
the acoustic properties of the schwa in various consonan-
tal contexts. Three male speakers read aloud a list of
nonsense words of the form C19C,V and of the form
VC10C,, in which the schwa occurred in an open sylla-
ble and in a closed syllable, respectively. In these non-
sense words C; and C, could be any of the consonants
/p, 4.k, £, 5,4, m, 0,1, 1, j, v/ and V was taken from the
vowel set /i, a:, u/. Consonants and vowels were system-
atically varied in all possible combinations. Formant fre-
quencies, measured at the centre of the schwas, showed a
considerable spread, especially F», dependent on the sur-
rounding consonants C; and C; and the vowel V. This
means that the schwa is strongly influenced by surround-
ing phonemes. We also studied the dynamics of Fj-
tracks of the schwas. Normally, Fj-tracks of vowels
show a certain degree of curvature, pointing to the Fp
target of the vowel. Our experimental results revealed,
however, that the F-tracks of the schwas were hardly
curved.

Based on these experimental results, the most impor-
tant conclusion of this investigation was that the schwa
is a vowel without articulatory target that is completely
assimilated with its phonemic context. Thus, in our inter-
pretation vowel reduction does not result in centraliza-
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1 from miljoen

u

O from bioscoop
u

Figure 1. Schematic picture of the reduction process for the full vowel /¥/ in the word milJOEN (/miljun/, million) to an /o/-
like schwa and for the full vowel /o/ in the word biosCOOP (/bijosko:p/, cinema) to an /1/-like schwa.

tion, but in a shift of formant frequencies to a schwa
position that can be almost anywhere in the vowel plane,
dependent on the phonemic context. The widespread
view that the schwa is produced with a neutral vocal
tract is not correct. This view is based on assumptions
about static articulatory positions, whereas in connected
speech the dynamics of articulatory gestures have to be
taken into account. According to us, a schwa production
should be seen as the most economical (direct) move-
ment from the preceding consonant to the following con-
sonant.

The strong contextual assimilation of the schwa can be
illustrated with the Dutch words MAjesteit (majesty) and
HEmel (heaven). The schwa in majgsteit (/ma:josteit/)
has an /1/-like sound and acoustic measurements confirm
that the formant frequencies of this schwa are close to
those of a target /i/. The schwa in the word hemel
(/he:mol/), on the other hand, has an /o/-like sound and
acoustic measurements confirm that the formant fre-
quencies of this schwa are close to those of a target /o/.
The rather extreme difference in the acoustic features of
these schwas can be ascribed to contextual assimilation.
The schwa in majesteit assimilates with the preceding /j/
and with the following /s/, whereas the schwa in hemegl
assimilates with the preceding /m/ and especially with
the following (velar) /I/. In fact, all schwas that are fol-
lowed by an /1/ in a closed syllable are /o/-like, as for
example in the Dutch words:

appel (/apal/, apple)
trommel (/tromal/, drum)
kabegl (/ka:bal/, cable)
diesel (/dizaV/, diesel)

So, dependent on the specific consonantal context, it can
sometimes be most economical to produce an //-like
schwa or an /o/-like schwa.

Thus, full vowels do not reduce to a ‘neutral’ schwa in
the centre of the vowel space, but to a schwa position
that is dependent on the consonantal context. So, based
on the /v/-like features of the schwa in /j-s/ context (as in
the word majesteit), it can be predicted that the full
vowel /o/ in the word biosCOOP (/bijosko:p/, cinema),
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which also occurs in /j-s/ context, reduces to an //-like
sound. And, based on the /o/-like features of the schwa
in /m-l/ context (as in the word hemegl), it can be pre-
dicted that the full vowel /i/ in the word milJOEN
(/miljun/, million) reduces to an /o/-like sound. The
reduction process for the words mifjoen and bioscoop is
schematically iltustrated in Figure 1. In order to verify
these predictions, the words miljoen and bioscoop were
included as test words in the third experiment.

4. LEXICAL VOWEL REDUCTION

The third experiment focused on the phenomenon of lex-
ical vowel reduction. In this experiment we wanted to
investigate to what extent listeners are able to unam-
biguously identify a vowel as a full vowel or as a schwa.
In addition, we wanted to investigate the influence of the
frequency of occurrence of words and the influence of
speaking style on lexical vowel reduction.

We asked 20 male speakers to read aloud a list of sen-

. tences. Each sentence contained one word of interest.

The speakers were also asked to read these words
without sentence context. In addition, the test words had
to be named by them through the presentation of pictures
(if possible). Each test word contained one specific
vowel in unstressed position that we wanted to investi-
gate. All test words from the conditions “words”,
“pictures”, and “sentences” were aurally presented to a
group of 20 listeners who were asked to identify the
vowel of interest in each test word. The vowel responses
of listeners were recoded into two broad categories: “full
vowel” or “schwa”. According to us, lexical vowel
reduction could occur in part of the test words, for
instance in the words miNUUT (/minyt/, minute), and
baNAAN (/ba:na:n/, banana). Especially for such words
we wanted to find out to what extent listeners were able
to unambiguously identify the test vowel as either a full
vowel or a schwa. In order to investigate the influence of
the frequency of occurrence of words on lexical vowel
reduction, words like baNAAN and miNUUT, that have a
relatively high frequency of occurrence, were matched
with words like baNIER (/ba:nir/, banner) and miNIEM
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(/minim/, marginal), that have a similar structure but a
much lower frequency of occurrence. And in order to
investigate the influence of speaking style on lexical
vowel reduction, we compared the conditions “words”,
“pictures”, and “sentences”.

The experimental results showed in the first place that
listeners often disagreed about the classification of test
vowels as either a full vowel or a schwa. This perceptual
ambiguity of vowel identity, which was also demon-
strated in our first experiment, is interesting with respect
to psycholinguistic theories of word recognition. Many
theories are, either implicitly or explicitly, based on the
belief that phonemes are recognized one by one and sub-
sequently concatenated to words. The commonly occur-
ring phenomenon of vowel reduction, that leads to
ambiguous vowel qualities, would surely hamper such a
strategy. An alternative theory, which is more plausible
in our view, is that entire words are recognized by an
immediate map of acoustic events with word templates
that were ‘trained’ with similar acoustic events. The
enormous variability in the acoustic realizations of vow-
els, which causes identification problems at the phoneme
level, can actually aid identification at the word level.
This is most apparent for minimal word pairs, such as
the (English) examples REbel and reBEL, that only differ
in the position of primary word stress. The presence or
absence of vowel reduction in either the first or the
second syllable can be an excellent cue for the proper
identification of these words. In general, vowels that are
subject to acoustic or lexical reduction can aid the iden-
tification of words, if listeners expect them to be
reduced. Furthermore, the distinction between acoustic
and lexical vowel reduction vanishes for the listener
when entire words are recognized, because the classifi-
cation of unstressed vowels is not required: Whether an
acoustically reduced full vowel or a schwa, the acoustic
pattern of the unstressed vowel will in either case more
or less match with the word template.

In the second place the experimental results showed
that the number of schwa responses was much higher for
vowels in words with a relatively high frequency of
occurrence. Apparently, some kind of articulatory wear
off occurs in words that are frequently used. And in the
third place the number of schwa responses increased, as
the speaking style became more casual. That is, the
smallest number of schwa responses occurred in the
condition “words”, followed by the condition “pictures”,
and the largest number of schwa responses occurred in
the condition “sentences”.

We also did an acoustic analysis on the test vowels. It
appeared that the number of schwa responses increased,
when the formant frequencies of vowels deviated more
from their target values. The prediction that the full
vowel /1/ in the word miljoen reduces to an /o/-like sound
and that the full vowel /o/ in the word bigscoop reduces
to an /1/-like sound (see section 3) was confirmed by
acoustic measurements.
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5. THE RELATION BETWEEN ACOUSTIC AND
LEXICAL VOWEL REDUCTION

What is the relation between acoustic and lexical vowel
reduction? In our view these phenomena are two inter-
mediate stages in the process of the sound change ‘full
vowel —> schwa’. A full vowel that is often subject to a
strong acoustic reduction in a particular word may be
confused with a schwa by listeners. In the next stage two
variant forms of the word occur: a variant form with a
full vowel and a variant form with a schwa (lexical
vowel reduction). At a certain point in time the variant
form with the schwa could become dominant and ulti-
mately it could remain as the only accepted form of the
word. Such a sound change appears to have taken place
in the Dutch word beTON (/baton/, concrete). This
French loan word was originally pronounced with the
full vowel /e:/ in the first syllable, but in modern Dutch
the only accepted form of the word is the one with a
schwa. Such a sound change can of course not occur in
languages such as Italian and Japanese, that do not
include the schwa in their phonological system.

Although the preconditions for the sound change ‘full
vowel —> schwa’ in several Dutch words are excellent,
the actual completion of the sound change is in our view
to a large extent blocked by the rather close correspon-
dence between Dutch vowel sounds and their ortho-
graphic representations. The Dutch schwa is almost
always represented by the character e. Only in some suf-
fixes, such as -ig and -elijk (krachtig, powerful; vrouweliik,
feminine), the schwa is represented by the characters i or
ij. The Dutch vowels /e/ and /e:/ are just as the schwa
represented by the character e. Therefore, they can much
more easily be replaced with a schwa (as happened in the
word beton) than for instance the /a:/ in the word
banaan. In English there are various characters to repre-
sent the schwa. For example, all underlined vowels in
the following English words are schwas: kangaroo,
microphone, cultural, secretary, generous. As soon as the
orthographic barrier in Dutch would be cleared, we
expect a spreading of schwa substitutions throughout the
entire lexicon. The growing influence of English on
modern Dutch might speed up this process.
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