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1. Introduction: Setting the Theoretical Frame-
work

Language serves two main functions: a cognitive and a communicative function. The
functions of linguistic components are subordinate to these main functions (Dressler
2002: 92f). The work at issue deals with acoustic phonetics and phonology, whose
functions are subordinate to the communicative function of language'.

The contribution of phonology and phonetics to serving the communicative
function is not as straightforward as the contribution of the other linguistic components,
e.g. discourse. In fact, these other components serve the communicative function in the
most indirect way (Dressler 2002). This does not, of course, diminish the importance of
phonetics and phonology for the communicative function. Within the framework of
Natural Phonology, it is the role of prelexical phonological processes to “merge
conceivable sounds into the phoneme inventory of each language” and “to govern the
phonotactics of phonemes” (Dressler 1984: 30) of a given language or language
variety”. In line with Baudouin the Courtenay, the phoneme is defined as sound
intention. This implies that phonemes are “fully specified, because they could not be
intended otherwise” (Dressler 1984: 32). The semiotic model elaborated by Dressler
(1980, 1984, 1985) gave the basis for the distinctive function of phonemes and features
(“the signantia of a sign should be distinguishable” 1984: 35). These language-specific
fully specified and distinctive sound intentions and the language-specific phonotactics

are, of course, pronounceable and perceivable for the speakers of a given language or

Whether phonology serves the cognitive function as well is discussed in Dressler (2002).
The phoneme inventories and, consequently, their sequential orders might differ within
the varieties of one language, e.g. the phoneme inventory of Standard Austrian German
differs from the phoneme inventory of Austrian dialects (see Dressler & Wodak 1982,
Moosmiiller 1987, 1991).
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language variety. In principle, as soon as the phoneme inventory is established’, the
speaker is able to execute the communicative function in — from a phonological point of
view — the most reliable way, namely in form of a biunique relationship between
phoneme and phonetic output, i.e. “between signans and signatum” (Dressler 1984: 36).
However, in order to ensure correct perception of the intended phoneme sequence,
various adaptations are necessary. For example, lip protrusion of a rounded vowel has to
start in the preceding consonant in order to make protrusion audible (Maeda 1999,
Vaxelaire et al. 2003). Since speech is planned in terms of auditory targets (Guenther et
al. 2006, Perkell et al. 2006), such processes are absolutely essential and, consequently,
obligatory. The majority of processes are, however, language-, language variety-, or
even speaker-specific. Anticipatory lip protrusion, for example, might affect even more
preceding segments than just the immediately preceding consonant (see 5.1,
Moosmiiller 2007b). However, by applying anticipatory lip protrusion, motor
complexity is increased (Van der Merwe 1997, Theron 2003), because lip protrusion is
not related to the preceding phonemes (provided these are specified as unrounded).
Therefore, one might ask why speakers abandon the biunique relationship and apply —
from a cross-linguistic perspective — all sorts of processes? Why do French speakers
apply anticipatory lip protrusion and, by doing so, not only increase motor complexity,
but also risk distinctiveness (e.g. détour vs. de tour)? Why do Standard Austrian
German speakers prefer to restrict anticipatory lip protrusion to the immediately
preceding consonant? Given the language-specific and often speaker-specific
application of processes, the answer can hardly be found in either enhancement of
pronounceability or enhancement of perceptibility. However, languages have pre-
ferences about which processes they apply under which conditions, and which they
suppress. Phonology and phonetics, together with the remaining linguistic components,

therefore play a decisive role in distinguishing languages or language varieties from

Le., first language acquisition is completed and the speaker has no speaking or hearing
disorders.
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each other. The smaller the sociological entity of speakers, the greater the distinctive
role of phonology and phonetics. A non-native speaker is immediately detected,
especially by his or her inability to apply the proper language-specific processes. The
same holds for speakers of different varieties. This distinguishing function is directly
related to the communicative function.

The important role of phonetics and phonology in serving the communicative
function of language becomes most obvious when the situational aspect is more
explicitly emphasized. Studies both on sociophonology and sociophonetics unanimously
prove that neither the frequency of occurrence of processes, nor the nature of the
processes applied, is left to chance. The phonology and phonetics of a language, or of a
variety, informs the listener to a large extent, not only about the regional and the social
background of a given speaker, his or her age and sex, but also about the emotional
state, the attitude of the speaker towards the listener(s), and his or her discursive
intentions. Therefore, both the application and the non-application of a process have
implications, and consequently, phonetics and phonology have to be conceptualised

within a wider framework.

1.1. The socio-pragmatic foundation of phonology and
phonetics

Language is used by human beings to organize, maintain, or change their social life
(both via communication and cognition). Therefore, “it is best described and understood
as a system of goal-directed actions within its social frame (Dressler & Moosmiiller
1991: 136). Most, if not all, investigations on speech behaviour came to the conclusion
that speech behaviour differs according to the situation in which a specific interaction
takes place. Speakers talk differently in formal speech situations and casual speech
situations. It is assumed that in casual speech situations, speakers can feel more at ease

and therefore are allowed to exert less effort while speaking; the result of this is less
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clear speech. Implicitly, such a top-down analysis assumes that with an increasing
informality of the situation, speakers gradually approach the rest position. This would
further imply that in an informal speech situation, articulators are moved with less effort
and removed from the neutral position as little as possible. Therefore, with an increasing
informality of the speech situation, more and more processes which ease articulation
(assimilations, reduction, deletions) are applied, reflecting the speaker’s wish to
economize the movements of his or her articulators as often and as much as possible.

However, what would happen if a speaker “strained” him- or herself in a cosy get-
together with friends and spoke as if he or she had to take an exam or to apply for a job?
This person would be laughed at, i.e. the speech behaviour of this person would be
sanctioned. Therefore, a casual speech situation does not evoke processes which ease
articulation (less economy or cost), but it evokes ‘“casual speech processes”, i.e.,
processes that are expected and defined as adequate in a casual speech situation.
Speakers know very well how to behave in diverse speech situations, and, in case they
don’t, e.g. if they are confronted with a situation they are not acquainted with, they feel
insecure and mix up processes (e.g. politicians demonstrating the common touch.).
Therefore, in a casual speech situation, a person speaks the way it is expected from her
or the way she thinks it is expected from her, but not according to a principle of least
effort. Speech behaviour, in any situation, is highly regulated by mostly unwritten
norms.

The top-down approach is reflected in phonetic and phonological theories which
assume that speech behaviour is an activity which has to balance the needs of the
speaker and the needs of the listener. In this concept of balancing, however, the needs of

the speaker are implicitly or explicitly’ defined as trying to exert as little effort as

Lindblom (1983, 1990) compares the activity of speaking with the activity of cleaning a
window. However, the difference is evident for any sociolinguist: speaking is a direct
social activity, whereas window cleaning is not (there is no social interaction between the
cleaner and the window). Therefore, the act of speaking is conducted by other principles
than the act of cleaning a window.
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possible while speaking. Since, on the other hand, the hearer should understand what
the speaker wants to say, the speaker has to find a middle way; the speaker has to
balance his or her laziness with the willingness of the listener to understand what he or
she is saying. In such a dichotomous concept, speaker and listener are conceived as
antagonistic (“tug of war” — Lindblom 1990). The intention of the speaker, in this

concept, is to deviate as little as possible from a neutral vocal tract configuration.

“[...] that unconstrained a movement tends to default to a low-cost form of behavior.
Accordingly, when an /i/ is produced without a bite-block, a tongue gesture is invoked that
deviates little from a neutral configuration (,economy’).” (Lindblom 1990: 417)

Unfortunately, the speaker has to move the articulators, otherwise the other person
would not understand what he or she wants to tell him or her. I will show in 6.4 that the
result of such an attitude from the side of the speaker is by no means an increased
application of processes of ease of articulation, but, on the contrary, a very unsystematic
application of all sorts of processes. Moreover, articulatory analyses emphasize the high
precision with which we move our articulators (Wood 1982, Mooshammer 1998, Hoole
& Mooshammer 2002), a tug of war attitude on the side of the speaker could never
result in high articulatory precision.

Therefore, a dichotomous concept, in which the speaker’s needs are in contra-
diction to the needs of the listener, is wrong. The results of discourse analysis work
vividly show that in speech situations, speakers are highly interested in being listened
to, that they even interrupt others in order to speak themselves, that they try to draw
attention to themselves, and that they want to be evaluated positively by the listeners,
both as concerns content and form”.

Processes usually classified as ease of articulation are, in fact, responses to
sequences excluded by prelexical processes (see 1.2), e.g. the widespread process of

nasal assimilation, where the nasal consonant assimilates to the place of articulation of

This is, of course, a highly shortened account of social interaction; the reader is referred
to sociolinguistic literature for a thorough picture of how social interaction works in its
multiple facets. The presentation suffices, however, to show that the speaker’s intention is
not guided by a principle of least effort.
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the following consonant (in English, for example, “im+possible”, Italian
“im+possibile”, or German “un+moglich” (impossible) etc.). These sequences are
caused by morphology. The “difficulty”, which has arisen through a prelexically
excluded combination of phonemes (alveolar + bilabial), is eliminated by a prelexical
process in English and Italian®, and by a postlexical process in German. A similar
treatment can be observed for /s#[/ sequences in German, e.g. /haos#[ue/ “Hausschuhe”
(slippers). These processes aim at restoring a “pronounceable” sequence in the given
language, whereby “pronounceability” is defined by the prelexical processes of a given
language. These processes, which repair the sequential order of a language, are not
restricted to informal speech situations.

The situation where the nasal and the preceding consonant are separated by a
vowel, as in /tragen/ “tragen” (to carry) etc., is slightly different. In order to meet the
same condition as above, the vowel has to be deleted first. In Standard Austrian
German, vowel deletion is restricted to less formal speech situations. Consequently,
nasal assimilation experiences the same situational restrictions’. But as soon as the
vowel is deleted, the nasal has to be assimilated.

Casual speech processes therefore have to be kept apart from processes which
repair disallowed phoneme combinations. The latter are independent of the speech
situation and cannot be classified as casual speech processes. Casual speech processes
serve other principles. In Austrian German, a typical process often seen as ease of
articulation is the spirantization of lenis plosives in the intervocalic position. In the
intervocalic position, /b, d, g/ can become /B, 0, y/, as in [a:fa] “aber” (but), [lacda]

“leider” (unfortunately), or [herye] “hege: 1% P.” (to take care). Since the air can flow

Italian also has postlexical processes for sequences, e.g. “un bacio” (a kiss), which might
even further assimilate to “um masu” in Sicilian (Hyman 2001). The same process might
occur in English “non#basic”.

In the Bavarian variants of German, including Standard Austrian German, vowel deletion
between two nasal consonants (e.g. /[vimen/ “schwimmen” (to swim)) is supressed. This
corroborates the assumption that process application is not primarily lead by ease of
articulation.
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continuously in the case of the fricative, instead of being stopped during the occlusion
phase, this process can be analyzed as assimilation to the surrounding vowels which
also allow the air to flow continuously. However, there is no evidence that a fricative in
the intervocalic position should be easier to produce than a plosive, or that assimilation
itself eases articulation. Therefore, what happens by means of this process is a
diminution of the figure-ground contrast (Dressler 1984, 1996), by signalling the
interactional situation (casual) or the prosodic position (weak)®. The application of
processes obeys semiotic (Dressler 1984, 1985, 1996) and socio-pragmatic (Dressler &
Moosmiiller 1991) principles other than an alleged low cost principle from the side of
the speaker. Speech behaviour and variability, i.e. process application, are defined by
the interactional situation, which again is defined by the social norms set up by the
members of the speech community (see 1.3). The extent of the figure-ground contrast
lies in the definition of a given interactional situation and only marginally in the sphere
of influence of the speaker, who is allowed some individual latitude in process
application. A speaker will at first assess a given speech situation and then adequately
apply or suppress — as good as he or she can’ — processes.

Output variability lies within the domain of postlexical process application or
suppression. On the postlexical level, the phonology of a language provides its users
with a set of phonological processes which have to be applied or suppressed, according
to the demands of a given situation. In the same way as prelexical processes, which
form the phoneme inventory of a given language, postlexical processes are universal in
character, in the sense that they are “a latent invariable of human language” (Dressler
1979: 259), but language specific in application. Postlexical processes are phonetically

motivated, in the sense that they either enlarge or diminish the figure-ground contrast in

Adequately, Dressler (1984) substituted the terms ,,fortition and ,lenition” by fore-
grounding processes and backgrounding processes, respectively.

This restriction refers to the speaker’s ability to deal with different speech situations. A
speaker’s unwillingness to behave according to the norms of a given situation has to be
considered and included as well (e.g. covert prestige).
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a given interactional situation. The phonetic plausibility of postlexical processes has
often been misinterpreted as ease of articulation. Yet, a speaker of German who
suppresses the process of fronting of back vowels in alveolar context is not worse off
than a speaker of English who applies this process. I.e., the suppression of the process
does not pose an extra difficulty for the articulators of the speakers of German,
otherwise they would not suppress it. It has been suggested that this process does not
apply in languages which have front rounded vowels in their phoneme inventories, as
e.g. German, French, Chinese (Oh 2002). However, in Cantonese, this process led to a
neutralization of front rounded vowels in alveolar contexts (Flemming 2001), a fact that
points to the application of this process despite the existence of front rounded vowels. In
Standard Austrian German, as will be shown in 6.2, the application of this process is
restricted to formal speech tasks in strong prosodic positions, a result which challenges
the assumption that this process serves ease of articulation. Therefore, many ways for
treating back rounded vowels in alveolar contexts can be observed cross-linguistically,
and all of them are functional. It is, in any case, the phonology of a language or a
language variety which decides which processes apply, and not the surrounding
segments.

In the framework presented here, inertia, either from the side of the speaker or his
or her speech organs, plays a marginal role. If these assumed antagonistic forces (clarity
vs. ease) were decisive, no systematicity with respect to situational variability would be
found, since any speaker would have different needs as regards his or her “economi-
zation” of speech gestures'’. Speakers of one and the same social group are, however,
quite consistent as concerns their speech behaviour, their application or suppression of
processes, and their definition of the speech situation. Therefore, the concept of
antagonistic forces is one-dimensional insofar as it does not consider different speaker —

listener constellations, and, consequently, different interactional situations. Speech

10 Since vocal tracts differ individually.
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behaviour is, however, largely determined by the interactional situation, and the
speakers are not interested in economizing their speech, but in carrying out a
successful'' interaction.

To ensure a successful interaction, speech behaviour is listener-oriented, and the
phoneme is, therefore, to be conceptualized as a perceptual entity (Dressler 1979: 267).
The speaker adjusts his or her articulatory configurations in such a way that the desired
acoustic output is ensured. This implies that the speech chain is planned' (see also

Perkell 1997, Donegan 2002), and that none of our output realizations are left to chance.

1.2. The phonological system

In Natural Phonology, the phonological system of a language consists of 1) prelexical
processes, which constrain the number and combination of phonemes, 2) the phonemes,
defined as sound intentions, and 3) postlexical phonological processes, which transfer

the phoneme into the final phonetic output (Dressler 1984). The processes are

“mental substitutions which systematically but subconsciously adapt our phonological
intentions to our phonetic capacities, and which, conversely, enable us to perceive in others’
speech the intentions underlying these superficial phonetic adaptions.” (Donegan & Stampe
1979: 126)

Processes are defined as responses to phonetic difficulties (Donegan & Stampe 1979:
136). However, only a minority of the processes existing in a language result from an
irreconcilability of the phonological intention and the capability of the articulators. As
concerns the prelexical processes, which are responsible for the phoneme inventory and

the possible combinations of the phonemes in a given language, the selection of

From a phonetic and phonological point of view, an interaction is successful, when the
intended sequence of phonemes and their phonological processes are conveyed in a way
that the listener is able to decode the perceived sequence and their processes. It does not
include that, from a relationship-oriented point of view, the interaction is successful as
well.

According to Schiitz (1962), any plan includes empty slots. These are responsible for
psychological variables, e.g. attention or stress, which lie outside social and phonological
intentions, but co-determine phonetic performance (Dressler & Moosmiiller 1991: 136).
The same holds for the consumption of drugs (Kiinzel et al. 1992).
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phoneme combinations is language-specific. Therefore, what is difficult in one language
need not be difficult in another one. For example, Tashlhiyt Berber exposes sequences
of up to eight voiceless obstruents, as in “tftktstt” (you sprained it — fem, Ridouane
2002), a sequence which is not allowed in Germanic languages. Consequently, it is not
justified to speak of processes as answers to phonetic difficulties, unless one defines a
phonetic difficulty as language-specific. Language-specific phonetic difficulties do not
exist; any child can learn any language as his or her mother tongue. Therefore, it is
better to speak of language-specific preferences, which, once acquired, pose no
difficulties on the speaker of the respective language. On the postlexical level,
“difficulties” might occur when, superficially, combinations of sounds turn up which
are excluded by prelexical processes in the given language, e.g. voiced obstruent +
voiceless pause, leading to an assimilation of the voiced obstruent to the pause in
German (better known as final devoicing), or voiceless plosive + voiced fricative, a
sequence which is caused by the reduction of “that is all”"* to “that’s all” in English,
leading to the devoicing of /z/. Again, any language might respond differently to a
sequence which is excluded on the prelexical level. A speaker of Albanian might rather
voice the plosive than devoice the fricative in the sequence “that’s all”. The majority of
postlexical processes are responses to the requirements of the interactional situation
(e.g. the consecutive steps of nasal assimilation and consonant deletion in Standard
Austrian German: /ha:ben/'* > [haibm] = [habm] = [ham] = [ham] < [em] depend
on the degree of formality of the speech situation and the prosodic strength). Therefore,
one should be very cautious in alleging ease of articulation or better pronounceability in
a process, where, in most cases, postlexical processes serve figure-ground principles

determined by the interactional situation. The speaker'’, as long as he or she is

Example from Donegan & Stampe 1979.
The sequence bilabial plosive and alveolar nasal consonant is excluded in Standard
Austrian German, therefore, the intermediate step *[ha:bn], resulting from vowel

deletion, is no observable surface realization.
This holds, of course, only for speakers with no speech or hearing disorders and for
children who have completed the acquisition of their language.
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acquainted with the demands of a given interactional situation, acts, independent of
whether a given sequence is “difficult” to pronounce or not, according to the demands
of the interactional situation and according to the processes available in his or her
language'®.

It has been argued, in line with Natural Phonology, that the speech chain is
planned. This plan contains all the fully specified information about the phonemic string
plus the adaptations required for a successful interation'’. The adaptations performed
are the postlexical processes which give the phoneme the ultimate shape. As soon as
language acquisition is completed, the processes not suppressed for a given language or
language variety start to become a habit. Due to this habit, speakers are not aware of
many of the processes they apply or suppress. It is therefore argued, also in Natural
Phonology, that some processes apply in a fairly or even fully automized way.
However, to apply processes automatically would imply that the speakers have no
control over their plans and the execution of their plans. Having no or little control over
one’s plans and the execution of one’s plans would never result in fluent speech'.
Therefore, processes are habituated, and it is rather difficult to get rid of one’s habits.
To apply and suppress different processes from the ones acquired in first language
acquisition is trained — with speaker-specific success — in second language acquisition.
A similar situation arises when speakers try to use a different variety from the one
learned (e.g. dialect and standard). Speakers also become aware of their processes when
speech production is hampered (e.g. by a bite-block) or when a sudden error occurs (see
6.4.).

Therefore, under normal conditions, the wish to convey a thought verbally, its

planning, and the execution of the plan is intended by the speaker. The intention

For example, sequencing vs. blending of articulatory gestures defined as conflicting.

Van der Merwe (1997) distinguishes the linguistic-symbolic planning, including phonolo-
gical planning, motor planning, and motor programming.

As is the case with persons suffering from speech motor disorders, persons consuming
drugs, or simply, persons whose attention is lowered (tiredness).

11
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comprises both phonology and phonetics. Since both the phoneme and the final product
of the phoneme are intended, the target has often been confused with the phoneme (see
6.1). The difficulty keeping phonetics and phonology apart has occupied phonological
theory ever since Baudouin de Courtenay disunited phonetics into “Anthropophonik”
and “Psychophonetik” (see Héusler 1976), and still tempts linguists to give up the
distinction between phonetics and phonology (e.g. Port to appear). I will show in 6.3
that a phonological analysis is indispensible for a thorough understanding by which
principles the final appearance of an utterance is lead (see also Moosmiiller 2007a).

In order to avoid confusion, both a phonetic and a phonological analysis have to
be performed. An output realization is, in any case, the result of the application of
postlexical processes which more or less modify the phoneme. Where the output
realization is identical with the phoneme'’, no process is applied. Therefore, the
application of no process is included in the plan (one could also speak of a zero
process). Our knowledge about processes allows us to backtrace a phonetic output to its
phoneme.

What then, is a phoneme? According to the most cited definition of Baudouin de

Courteney, it is

“eine einheitliche”, der phonetischen Welt angehorende Vorstellung, welche mittelst
psychischer Verschmelzung der durch die Aussprache eines und desselben Lautes erhaltenen
Eindriicke in der Seecle entsteht = psychischer Aquivalent des Sprachlautes. Mit der
einheitlichen Vorstellung des Phonems verkniipft sich (associiert sich) eine gewisse Summe
einzelner anthropophonischer Vorstellungen, welche einerseits Articulations-Vorstellungen,
andererseits aber akustische Vorstellungen, d. h. Vorstellungen gehorter oder im Gehort-
werden begriffener Resultate jener physiologischen Arbeiten, sind.“ (Baudouin de Courtenay
1895/1984: 65)

Whereas talking is impermanent, the phoneme is not. According to this definition, the
phoneme is a mental imprint (“Eindriicke in der Seele”) which is altered according to

our phonetic habits:

19 For example in sustained vowel production tasks.

Later on, Baudouin de Courtenay replaces “einheitlich” (uniform) with “stindig”
(permanent) (Hausler 1976: 61).

12
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“...zwingen uns unsere phonetischen Gewohnheiten, wie auch allgemein-menschliche
Bedingungen phonetischer Verbindungen, die Aussprache der beabsichtigten Verbindungen
ein wenig zu dndern...” (Baudouin de Courtenay 1895/1984: 75)

Why these alternations (that is how Baudouin de Courtenay termed processes) occur,
stays a puzzle for him (“Diese Thatsache aber bleibt, was ihre Ursache betrifft, vorder-
hand ritselhaft” 1895/1984: 76).

The phoneme defined as sound intention is to be conceived differently from the
intended target. The phoneme is not only an intended sound, it is also distinctive, and it
works as a mental representative for the phonetic outputs associated with it via
processes. The phoneme itself is the output of prelexical processes which are applied in
a way that phonemes of a given language also perform a distinctive function. As will be
argued in 3.1 and 4.4, an overcrowding of palatal vowels is averted in Standard Austrian
German by the suppression of the prelexical process which merges constriction
locations in the front area of the vocal tract. Consequently, Standard Austrian German
distinguishes pre-palatal and palatal vowels in the front region. According to the
requirements of the interactional situation and the prosodic position of the phoneme, in
the case of Standard Austrian German vowels, postlexical processes change the degree
of constriction, the length of constriction, the configuration of the lips, but they never
change the location of the constriction®'. The phonetic outputs might, as is well-known,
overlap acoustically, because different articulatory configurations might lead to the
same acoustic output. Each output can, however, be traced back unambiguously to its
phoneme via our knowledge of processes. Therefore, it is vital for correct perception
that we reanalyse the processes which determine a given phonetic output.

What does the phoneme look like? According to Dressler (1984), the phoneme is
fully specified. It is usually taken for granted that a phoneme corresponds to an
idealized pronunciation. This makes sense, since, besides the function of making up
words (Donegan & Stampe 1979: 129), the phoneme should also be distinguishable

from other phonemes, and the contrastive ability of phonemes decreases in weak

2 Except in case of a sound change in progress, see 4.4.1.
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prosodic positions or in interactional situations which demand a small degree of figure-
ground contrast. Therefore, it is justifiable to assume that a phoneme corresponds to the
pronunciation in a highly formal setting in stressed position (e.g. a reading task). Since,
within this framework, the phonetic output is guided by the demands of the interactional
situation, the phoneme is to be defined perceptually via the acoustic parameters with
conclusions to be drawn on articulation, if possible. Since different articulatory
configurations might result in identical or nearly identical acoustic outputs, it is the
acoustic output that counts in an interactional situation, and not the articulatory
configuration behind it.

Given the high variability dependant on the interactional situation together with
the required figure-ground contrast, the phonological process is of high relevance for
the analysis of a given phonetic output. Only the phonological process ensures an
unambiguous trace back of a phonetic output to its underlying representation. Figure 1.1
gives an F1, F2, F3 plot over time of two examples of the vowel /e/, one in a strong
prosodic position, the other one in a weak prosodic position, and one example of the
vowel /e/, in strong position. The F2 of the unstressed /e/ has more resemblance with
the F2 of the stressed /e/ than with the stressed /e/, the mental representative of the
unstressed /e/. The F1 correctly goes with the stressed /e/, whilst the F3 shows hardly
any differences between the three examples.

Models which deny phonological processes (e.g. Keating 1990) face a confusing
situation: does this unstressed vowel belong to /e/ (correspondence of F1) or to /e/
(correspondence of F2)? However, both speakers and listeners know that in the
unstressed position, the constriction degree is widened and the constriction length is
shortened for /e/, leading to a lowering of F2, whereas the degree of lip opening is not
changed. Therefore, due to the phonological process, both speaker and listener will

unambiguously trace the unstressed vowel back to its phoneme /e/.
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Figure 1.1: Spectral change over time of F1, F2, and F3 of the vowel /e/ from the token “Beet”
(patch), blue lines, the vowel /e/ of the token “Bedeutung” (importance), turquoise
lines, and the vowel /e/ of the token “besser” (better), red lines. Speaker sp127,
sentence reading task. No time alignment has been performed.

1.3 Standard Austrian German

Standard Austrian German is, in the same way as any standard language, both a regional
and social variety, which is, contrary to the other varieties of a given speech
community, accepted by the majority of the members of the speech community to
function as the standard language. Standard languages are the result of political
unification processes (Barbour & Stevens 1990) and depend to a larger extent on
political borders than on dialect borders (Reiffenstein 1983). Therefore, standard
language’s function is to separate a given language from other languages (across

borders) and to unify the varieties of a given language within borders (Dittmar 1997)*.

2 Dittmar (1997) also names prestige and reference for correctness as functions of a

standard language.
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This unifying function is often misconceived as a production criterion, i.e. the standard
language is assumed to have no regional characteristics in order to be able to fulfill its
unifying function. Apart from the fact that within such a framework the standard
language is allowed to show social characteristics, since standard languages are usually
spoken by the elites of a given speech community, supraregionality is in most cases
unrealistic, given the regional diversities in most political entities. Therefore, in
historically grown standard languages, the standard language is either the result of a
counterbalance of the political and cultural elites, as e.g. in Dutch (Haar 2001), or the
variety of those holding the political power, see e.g. Queen’s English (Schréder 2001).
Or, the standard language is completely left to the social elites, irrespective of their
regional background, as is the case for Dansk (Zynt-Dyhr 2001). Modern Standard
Albanian, a young standard, is primarily based on the Tosk variety favoured by the
political powers of the time. However, counterbalancing strategies of the social and
cultural elites can be observed as well (Moosmiiller & Granser 2006). Therefore, a
standard language is neither supraregional nor suprasocial in production, it is however,
supraregional in acceptance.

Dittmar (1997) names six criteria® necessary for defining a variety as a standard;
of these, Standard Austrian German lacks the first, the written codification. Especially
Coulmas (2000) emphasises the necessity of a codified reference variety for the
development of a standard language. Nevertheless, the great majority of Austrians hold
the opinion that an independent standard exists for Austria, and they are, moreover,
quite consistent in what this standard variety looks like (Moosmiiller 1991). Assessment
tests performed by Moosmiiller (1991) reveal that the phonology of Standard Austrian
German is based on the Middle Bavarian varieties and is spoken by the educated people

with a social background of the upper and middle social classes. Regionally, the

23 . . . . . . . .
The six criteria are: written codification, supraregional spread and acceptance, usage in

formal contexts, difference to everyday usage, sanctions in case somebody does not know
the standard language, and high prestige.
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standard is located in the large cities, i.e. Vienna, Linz, and Salzburg. These varieties
are accepted as supraregional. The samples of the educated people of the South
Bavarian varieties are recognized and accepted as “supraregional” as long as they lack
South-Bavarian characteristics. Otherwise, they are attributed a high social status, but
without supraregional acceptance. These results hold for people of Middle-Bavarian and
South-Bavarian varieties and for all social classes™.

Therefore, Standard Austrian German lacks processes attributed to Standard
German (separating function), e.g. vowel deletion between nasal consonants, it lacks
South-Bavarian characteristics, e.g. suppression of r-vocalization or diphthongization of
stressed, constricted vowels, and it lacks salient dialectal input switch rules®. Middle-
Bavarian dialectal processes are allowed in the prosodically weakest positions, e.g. I-

vocalization in function words.

For a detailed discussion see Moosmiiller (1991).
2 See Dressler & Wodak (1982), Moosmiiller (1987, 1991) for the interaction model of
dialect and standard and for examples of input-switch-rules.
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2. Methods and Data

2.1. Speakers and Material

Three female and three male speakers of Standard Austrian German were asked to act as

speakers. According to the results presented in Moosmiiller (1991) on Standard

Austrian German, the speakers were chosen according to the following criteria:

= Variety: middle Bavarian
= Region:
¢ At least one parent was brought up in Vienna®®
¢ The speakers themselves were brought up in Vienna
» Educational background:
¢ At least one parent has an academic education
¢ The speakers themselves have either an academic education or a

school-leaving certificate?’.

According to these criteria, the following speakers were chosen:

= Speaker sp082”®: University professor, female, 40 years®
= Speaker sp129: University professor, female, 49 years

= Speaker sp180: Statistician, female, 26 years

= Speaker sp012: Researcher, male, 36 years

= Speaker sp126: Architect, male, 46 years

26

27
28

29

Vienna was chosen for practical reasons, and not because the author holds the opinion
that Standard Austrian German is solely spoken in Vienna (see 1.3 and Moosmiiller
1991).

Depending on the age of the speaker.

The database of Standard Austrian German is sorted chronologically: speakers with a
lower number have already participated in previous projects and were willing to give their
time once more for this venture.

At the time of recording (2002/2003).
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= Speaker sp127: Student, male, 20 years

Open interviews were carried out with the speakers in a sound proofed room (labeled
‘spontaneous speech’). The interview contains data about social and educational
background, the region the speakers and their parents were brought up, and a conver-
sation on topics which arose in the course of talking. The interview comprises
approximately 20 minutes of speech. After that, the speakers were asked to read a list of
72 sentences, twice (see Appendix).

It is generally agreed that speech behaviour changes with respect to the speech
situation. However, in the current investigation, the speech situation stayed the same,
1.e. speakers were recorded in the same sound proofed room. Therefore, it was decided
not to refer to different “speech situations”, but rather to different “speaking tasks” in
connection with the current data. If appropriate, when general statements or remarks are
made, the term “speech situation” is used as well.

In a separate session, two speakers (sp012 and sp180) were also asked to read a
list of bisyllabic logatomes in a carrier sentence (“Er hat sich PVPe™ genannt.” — “He
called himself bebe.”). The first (stressed) syllable of each logatome changed with
respect to vowel and consonantal environment. 14 phonological vowels were assumed:
,1,y,Y,e, ¢, 8, e, u,u,0,9,da, a. Plosives were chosen as consonantal environment:
/b, p, d, t, g, k/. For each vowel pair ([+constricted] and [—constricted]), 12 different

consonantal environments were produced, according to the following pattern:
“Er hat sich bebe genannt ™"
“Er hat sich bepe genannt*
“Er hat sich bebbe genannt”

“Er hat sich beppe genannt”

This list, presented on index cards in randomised order, was read twice.

30
31

P = plosive, V = vowel.
The first two items (“bebe” and “bepe”) are supposed to yield the [+constricted] vowel
/e/, the second two items (“bebbe” and “beppe”) the [—constricted] vowel /e/.
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The speech material thus obtained was digitised at 22.050 Hz, 16 Bit with the

workstation STx (http://www.kfs.oeaw.ac.at).

2.2. Measurements

In total, approximately 11.000 vowels were analysed. The vowels were segmented
manually. In the case of preceding voiceless segments, the first positive zero crossing or
the end of aperiodicity was determined as the start of the vowel. The last full period
similar to the preceding ones, or the start of aperiodicity was determined as the end of
the vowel. Figure 2.1 gives an example for segmentation of a vowel in a fricative —
plosive context. The cursors in the spectrogram window are positioned at the start and
the end of the vowel. The waveform zoom window (left upper panel) at position 0°
ensures the exact positioning at the first positive zero crossing, referring to the left
cursor position. The segmentation served as a duration measurement as well.

Formant frequency candidates were extracted by means of a Linear Prediction
Coding (LPC) algorithm such as published by Markel & Gray (1976). At a sampling
frequency of 22.050 Hz, a 46 ms long gliding Hanning window was applied with an
overlap of 95%, using 26 coefficients and providing sufficient measurement points for
fast formant transitions and short signal segments. Fundamental frequency
measurements were performed by means of an autocorrelation method (SIFT:

Simplified Inverse Filter Tracking), synchonized with the formant frequency analysis.

32 . . . .
Not to be confused with the cursors (crosses) in the waveform zoom window, which are

positioned to measure the duration of the period, with the values displayed in the left
column at the bottom.
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Figure 2.1: Spectrogram of the item “siebe” (sieves: PL). Speaker sp127, sentence reading task.
Bottom panel: fundamental frequency. Next panel from bottom: waveform
window. Third panel from bottom: spectrogram window. Left upper panel:
waveform zoom window. Right upper panel: amplitude spectrum window.

Where preceding sonorant consonants (nasals and liquids) occur, segment borders were
determined by simultaneous spectrogram, waveform and amplitude inspection. Vowel —
liquid sequences were not analyzed, because, in the case of a subsequent lateral, the
transition from vowel to the lateral is usually long and the change takes place
monotonously; therefore, no meaningful segment border can be found. Additionally,
speaker specific handling of the sequence would render inconsistent segmentation and,
consequently, incomparable data. In the sequence /Vr/, the trill is vocalized under
certain conditions (see Moosmiiller 1991) in German, leading to a diphthongal
movement. In the same way as in the sequence /VI/, no meaningful segment border can
be found. Moreover, in an unstressed position, this diphthong might be

monophthongized. Figure 2.2 captures two items; the sequence “stern” from the item
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“Sternzeichen” (star sign) and the item “dieser” from the sequence “dieser Kopf” (this

head).
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Figure 2.2: Spectrogram of the sequence “stern” from the item “Sternzeichen” (star sign) and
the item “dieser” from the sequence “dieser Kopf” (this head). Speaker sp129,
sentence reading task. Bottom panel: fundamental frequency. Next panel from
bottom: phonetic transcription. Third panel from bottom: waveform window.
Fourth panel from bottom: spectrogram window. Left upper panel: waveform zoom

window. Right upper panel: amplitude spectrum window.

Cursors mark the onset of the phonetic realization of the sequence “er” respectively™".
The waveform zoom window and the amplitude spectrum window refer to the left
cursor in the spectrogram window. In both cases, the trill is vocalized. The sequence
“er” from the item “Sternzeichen” is in a stressed position and is realized as a
diphthong; this is clearly indicated by the movement of the formants. The second

sequence “er” from “dieser” is in an unstressed position; therefore, the diphthong is

33 The thick grey bar in the spectrogram window marks the border between “stern” and

“dieser”.
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monophthongized, realized in this case as /e/**. Especially in the weak prosodic
position, Standard Austrian German shows a strong tendency towards monophthonizing
both phonological diphthongs and diphthongs derived from phonological processes (for
an analysis of Austrian German diphthongs, see Moosmiiller 1997b, ¢, Vollmann &
Moosmiiller 1999, Moosmiiller & Vollmann 2000, 2002).

The sequence lateral — vowel might cause some problems as well (see Figure 2.3).
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Figure 2.3: Spectrogram of the item “liebe” (dear: ADJ). Speaker sp127, sentence reading task.
Bottom panel: fundamental frequency. Next panel from bottom: waveform
window. Third panel from bottom: spectrogram window. Left upper panel:
waveform zoom window. Right upper panel: amplitude spectrum window.

Usually, the segment border between lateral and vowel is detectable by a higher
amplitude for the vowel and, for some speakers, by a plosion at the point where the
tongue is adjusted for the vowel. However, sometimes, the transition is quite

monotonous; in these cases, an inaccuracy of = one period is accepted. Figure 2.3 gives

3 There are many possibilities for realizing the phonetic output of the monophthongization
process, even within one speaker’s output (see Moosmiiller 1997a).
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an example of a monotonous change of formant frequencies. The period in question is
put between the two cursors in the spectrogram window. The position “0” in the
waveform zoom window refers to the left cursor in the spectrogram. The period in
question does not enter the analysis. Vowel — semivowel, semivowel — vowel, and
vowel — vowel> sequences were not analyzed for the same reason as put forward for
vowel — liquid sequences.

From the vowels selected for analysis, F1, F2, F3, F0O, and duration measurements
have been performed. Depending on the duration of the vowel, the measurement
procedure described above rendered 20 — 150 measurements per vowel. This data was
exported for further statistical analysis. Except where otherwise mentioned, the formant
frequency contour of the whole vowel was analysed (i.e., transitions enter into the mean
values). This method was chosen because vowels, especially when short, often expose
no steady state portion. Therefore, an analysis relying solely on the steady state portion
or the vowel midpoint would not produce reliable results. Figure 2.4 gives an example
of a vowel with no steady state portion for F1 and F2: formants monotonously move
from the bilabial plosive to the velar plosive (see also Chapter 5). The vowel in question
is displayed between the two cursors in the spectrogram window. The waveform zoom
window and the amplitude spectrum window refer to the right cursor position in the

spectrogram.

3 For an analysis of quasi-homorganic vowel — vowel sequences in Austrian German see

Moosmiiller (1999).
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Figure 2.4: Spectrogram of the sequence “Grabe ge-” from the sequence “Grabe getragen” (fig.,
die out: PT). Speaker sp127 sentence reading task. Bottom panel: fundamental
frequency. Next panel from bottom: waveform window. Third panel from bottom:
spectrogram window. Left upper panel: waveform zoom window. Right upper

panel: amplitude spectrum window.

If necessary, formant frequency traces were corrected or aligned to the correct order.
Figure 2.5 presents the calculated formant frequency movement and alignment in an
uncorrected form. As concerns the vowel /i/ (between the cursors), the respective
formants have been identified correctly. However, the movement of F3 is interrupted for
quite a substantial part of the total duration of the vowel. STx provides several

possibilities for editing and correcting.
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Figure 2.5: Spectrogram of the item “Kies” (gravel) where formants are not corrected. Speaker
sp012, sentence reading task. Bottom panel: fundamental frequency. Next panel
from bottom: waveform window. Third panel from bottom: spectrogram window.
Left upper panel: waveform zoom window. Right upper panel: amplitude spectrum

window.

In the present case, a value for F3 at 327.18 s was estimated and entered. Subsequently,

the data points were joined. The result of the correction is presented in Figure 2.6:
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Figure 2.6: Spectrogram of the item “Kies” (gravel) with F3 corrected. Speaker sp012, sentence
reading task. Bottom panel: fundamental frequency. Next panel from bottom:
waveform window. Third panel from bottom: spectrogram window. Left upper
panel: waveform zoom window. Right upper panel: amplitude spectrum window.

It is well known that measurement problems arise when two formants start to approach
each other. Especially some [+ constricted] vowels might be affected by convergence:
F1 and F2 for /u and o/, F2 and F3 of /y and e/. In this study, the respective formant
frequency was estimated where possible and, if no estimation was possible, the vowel
was discarded from analysis. In Figure 2.7, the left cursor is placed at the vowel
midpoint of the vowel /o/ of the item “Sohn” (son). The waveform zoom window and
the amplitude spectrum window refer to the left cursor position. It can be seen from the
amplitude spectrum window that F1 and F2 converge; therefore, this vowel was not

included in the analysis.
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Figure 2.7: Spectrogram of the item “Sohn” (son). Speaker spl29, sentence reading task.
Bottom panel: fundamental frequency. Next panel from bottom: phonetic
transcription. Third panel from bottom: waveform window. Fourth panel from
bottom: spectrogram window. Left upper panel: waveform zoom window. Right

upper panel: amplitude spectrum window.
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3. Interpretation of formant measurements

In the same way as vocal tract shapes differ individually, articulatory configurations
expose individual differences as well. Many studies on articulation report speaker-
specific articulatory settings for either the same phoneme or sequence of phonemes (see
e.g. Kuehn & Moll 1976, Perkell 1997, Perkell et al. 2002, Tabain et al. 2004, Pouplier
et al. 2004, McGowan 2004, Brunner et al. 2005, Perkell et. al 2006). However, due to
the non-linear relation between articulatory configurations and the acoustic
consequences of these configurations, these differences need not affect the acoustic
output. A study of Fant’s nomograms reveal that different articulatory configurations
might render the same formant frequency values. A study of Steven’s quantal theory
exposes that, on the horizontal dimension from front to back, the extent to which
formant frequency values change depends on where the constriction is located.

Therefore, it is necessary to discuss what the acoustic data are able to tell us.

3.1. The traditional F1/F2 representation

To date, vowels are frequently represented in a two-dimensional F1/F2 chart (for
German see e.g. Jorgensen 1969, Kohler 1998, for Austrian German livonen 1987b) and
interpreted with respect to the first two formants. Figure 3.1 gives such a representation

for speaker sp012 of Standard Austrian German:
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Figure 3.1: F1/F2 plot of the vowels of Standard Austrian German spoken by speaker sp012,

logatome reading task.

This chart looks quite symmetrical, it suggests, however, a neutralization of /i/ and /e/,
of /y/ and /@/, of /u/ and /o/ and of /a/ and /a/ on the F2 scale, and nearly a neutralization
of /i/ and /1/ on the F1 scale. A similar observation can be made for speaker sp180, as

becomes evident from Figure 3.2:
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Figure 3.2: F1/F2 plot of the vowels of Standard Austrian German spoken by speaker sp180,

logatome reading task.

Moreover, in the upper part of the vowel space, the vowels are located quite closely

together on the F1 scale. Similar results have been obtained for Danish (Ejstrup &

30



Vowels in Standard Austrian German

Hansen 2003), German®® (Kohler 1998), and Fering (Bohn 2004). Ejstrup & Hansen
(2003) propose a sound change in progress, and Bohn (2004), in comparing the vowel

spaces of Southern British English, North German, Danish and Fering, asks

“whether the uneven distribution of vowels in the vowel space is a general feature of
languages with large vowel inventories, or whether we are dealing with a Sprachbund
phenomenon of Fering, North German and Danish, which are spoken in neighboring and
overlapping geographical areas. “ (Bohn 2004: 165)

It will be argued that the traditional F1/F2 space insufficiently represents vowels®’,
especially if we have to deal with large vowel systems. Since the frequently cited
investigation of American English vowels performed by Peterson & Barney (1952),
many studies on vowels conclude that the first two formants are the most important
acoustic parameters for vowel quality distinction (Harrington & Cassidy 1999:60) and,
consequently, sufficient to represent the vowels of a given language or language variety.

The convention of representing the formant data of vowels in an F1/F2 plot goes
back to Joos (1948) who demonstrated the relationship between the F1/F2
representation and the concept of the vowel quadrilateral, as well as showing that F1

and F2 are negatively correlated with vowel height and backness respectively.

“A brief glance at this diagram shows that the correlation between articulation and vowel
color is (at this stage in the investigation) astonishingly simple. Although the vowel samples
have here been placed on the chart strictly according to acoustic measurements (made from a
phonograph record!), the diagram is practically identical with the classical ‘tongue position’
chart. ... Of course the scales of these diagrams were deliberately set up so as to enhance the
resemblance of the acoustic chart to the tongue-position chart. For the directions in which the
two scales run—toward the left and downward, contrary to usual graphical practice—the
reason was that this puts [i] at top left, [u] at top right, and [a] at the bottom, to agree with
the usage of the International Phonetic Association, and for this no apology is needed.” (Joos
1948: 53)

The concept of the vowel quadrilateral in turn goes back to Hellwag (1781, cited in

Stratka 1978), who represented the vowels in an isosceles triangle according to the

36 The speakers of the Kiel Corpus come from the north-western part of Germany. The

variety spoken has been termed “Northern Standard German” by Wesener (2001).

This is nothing new and has e.g. been pointed out by Pols et al. (1969). Jergensen (1969)
plotted the vowels in an F1/F2’ (effective F2 which takes F3 into account) space, but this
did not enhance the discrimination of front rounded and unrounded vowels, therefore he
returned to the traditional F1/F2 space. See also Pfitzinger 2005 for a critique.
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placement of the highest point of the tongue. This vowel triangle has undergone many
changes and took many shapes®®, till it ultimately resulted in a quadrilateral with a
perpendicular line for the specification of the back vowels and a line with an obtuse
angle for the front vowels (Handbook IPA 1999). It did not escape Joos’ notice that the
IPA vowel quadrilateral does not exactly reflect articulatory tongue positions drawn
from X-ray data and he drew the conclusion that the IPA representation is actually an

acoustic one:

“Comparison of Figs. 26, 27, and 28 leads to a very interesting tentative conclusion. It
appears that the classical or IPA tongue-position quadrilateral rather more closely resembles
the acoustic vowel quadrilateral than it resembles the Carmody X-ray tongue-position
quadrilateral. ... It should be noted that nowadays the IPA chart officially has an articulatory
shape but an acoustic shape.” (Joos 1948: 54)

Joos (1948) has especially pointed out the discrepancy in the spacing of [i], [e], and [€]
between the articulatory and the IPA chart. The focus later turned to the representation

of back vowels in the diverse vowel charts:

“Mais aucune de ces figures ne correspond, dans sa partie postérieure, a la réalité.” (Stratka
1978: 440).

Regardless of whether one takes the highest point of the tongue or the constriction
location as a reference point, /o/ is articulated further back than /u/ (see e.g. Stratka
1978, Wood 1979, Pétursson 1992% Ladefoged & Maddieson 1996, Fant 2001). From
the point of view of constriction location, /u/ is the only vowel that can be described as
velar; the rest of the back vowels have their constriction in the pharyngeal region. The
IPA Handbook circumnavigates this problem by defining the intermediate vowels
auditorily:

“Specifically, two fully front vowels [e] and [e] are defined between [i] and [a] so that the
differences between each vowel and the next in the series are auditorily equal; and similarly,
two fully back vowels [o] and [o] are defined to give equidistant steps between [a] and [u].
The use of auditory spacing in the definition of these vowels means vowel description is not

3 Though discarded since long in phonetics, Hellwag’s vowel triangle persists in other

scientific areas, as becomes obvious from the following example: “According to the
position of the tongue in the oral cavity vowels are devided into high (i, u), central (e, 0)
and low (a) — the so-called Hellwag triangle.” (Jindra et al. 2002: 91).

Pétursson proposes a vowel trapezoid which meets the fact that [a] is located further back

than [o], which again is further back than [u] (Pétursson 1992: 45).
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based purely on articulation, and is one reason why the vowel quadrilateral must be regarded
as an abstraction and not a direct mapping of tongue position.” (Handbook IPA 1999: 11f)

A half articulatorily and half auditorily based representation causes a confusing
situation; consequently, Ladefoged & Maddieson (1996) define the classical vowel

quadrilateral auditorily, with reference to acoustic mapping (F1 plotted against F2-F1):

“The acoustic representation corresponds more closely to the auditory phonetic description
in terms of height and backness than the articulatory plots in figures 9.2-9.4.....Recognition
that the placement of vowels on an auditory chart such as the one in figure 9.1 [the
traditional vowel quadrilateral] is supported more readily by acoustic than by articulatory
measurements does not mean that articulatory scales can be discarded in the phonetic
description of vowels.” (Ladefoged & Maddieson 1996: 285)

Lindblom (1986) emphasizes three facets in defining the vowel space for a language:
the articulatory stage, the acoustic stage, and the auditory stage. In the theory of
adaptive dispersion (TAD; Liljencrants & Lindblom 1972, Lindblom 1986, 2003, Diehl
& Lindblom 2004), the focus is directed towards the acoustic-auditory mapping. This
theory is based on the concept that “distinct meanings must sound different” (Lindblom
2003) and that consequently, the dispersion of vowels in the “available phonetic space”
(Diehl & Lindblom 2004) meets the principle of maximal contrast (Liljencrants &
Lindblom 1972, Lindblom 1986). Liljencrants & Lindblom (1972) tested this
hypothesis by first defining the shape of a universal vowel space. Secondly, the
perceptual contrast between any two vowels was measured. To measure the perceptual
contrast, euclidean distances between the formant frequencies in Mel units were
calculated. For reasons of simplification, formant frequencies were restricted to two

. . 40
dimensions, M; and M,’

. Thirdly, on the basis of intervowel distances, optimal vowel
inventories were created. For inventories of up to six vowels, the predicted systems
were identical to those of the preferred vowel inventories. For larger inventories, too

many high vowels were predicted. Modifications of this early model (Lindblom 1986,

M,’ =F, corrected to reflect the spectral contributions of F3, in Mel units.
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Diehl et al. 2003) yielded better results, nevertheless, the results remain unsatisfactorily,
especially for larger vowel systems®'.

In the Liljencrants & Lindblom (1972) model, a two-dimensional representation is
favoured, a three-dimensional auditory-perceptual space has been proposed by Miller
(1989) who transformed the measurements of FO, F1, F2, and F3 into log frequency
ratios and plotted them as points in a three dimensional space. The vowels of each
category were enclosed in three dimensional target zones. Miller (1989) analysed the
nine monophthongal vowels of American English and could, by this method, create nine
non-overlapping target zones which account for 93% of the data.

This method has also been applied to German and Greek vowels (Jongman et al.
1989). The zones created could differentiate the five vowels of Modern Greek with
100% accuracy, and the fourteen vowels of German with 94% accuracy. Jongman et al.

(1989) conclude:

“In general, it would seem advantageous for a given language to have vowels that are
maximally distinct acoustically (see, for example, Liljencrants & Lindblom 1972; Stevens
1972; Lindblom 1986) for reasons of communicative efficiency. Greek provides an example
with its five vowels being quite far from each other in APS. Interestingly, five-vowel
inventories similar to that of Greek are much more frequent than any other type of vowel
inventory....The vowel spaces of German and American English are much more dense. It
seems that the larger the vowel inventory, the more peripheral the location of the extreme
vowels (...), relative to vowels of languages with smaller inventories.” (Jongman et al. 1989:
2391).

An interesting approach is presented by Carré (1996). He modelled vowels by a
stepwise deformation of the acoustic tube (front to back constriction and labial
command) and plotted the results in an F1/F2 plane, whereby F1 is on the abscissa and
F2 on the ordinate. With this representation, he seemingly approached greater

articulatory realism. The location of the constriction arises from a combination of F1

4l Liljencrants & Lindblom (1972) and Lindblom (1986) offer various explanations for the

unpredictability of vowel systems, especially that vowels systems are not determined by
perceptual contrast alone. They do, however, not consider the possibility that perception
of contrast is language-specific and, therefore, learned. Recent studies prove a connection
between a speaker’s perceptual acuity and his or her production of contrasts (see e.g.
Perkell et al. 2004, 2006). Moreover, diachronic changes of vowel systems are not
incorporated in the model either.
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and F2; a maximally high F1 combined with a low F2 indicates a constriction location
with the lowest X, from the glottis. This would denote the pharyngeal constriction
location for the vowel /a/. The other dimension captured by this representation is
labialisation: a maximally low F1 and a maximally low F2 denote a labial back vowel
whilst the labial front vowels exhibit a lower F1 and F2 than their respective unrounded
cognates. In this approach, /e/ and /ce/ can be represented as a back or as a front vowel.
Similar results have been obtained by Boé€ et al. (1992) for /ce/. For this vowel, “the
vocal tract most resembles a cylindrical tube” (1992: 35), and “the area functions reveal
two approximately equal and symmetric minima around Xc_g42 =5cmand Xco =11 cm”
(1992: 36). As concerns the unrounded vowel, it is /a&/ rather than /e/ which is described
as having a narrowing just above the glottis (Fant 1980 = 2004, Wood 1979, Fant &
Béavegard 1997). Fant & Bavegérd (1997) illustrate that this vowel can be considered
either as a front vowel with a wide constriction area or as an extreme back vowel. Two

typical versions for this vowel are (from: Fant & Bavegard 1997: 7, Fig. 7):

I X A, F1 F2 F3
Front configuration 4 cm 6 cm’ 648 1595 2450
Back configuration 13.5cm 2 em’ 654 1588 2452

In Figure 3.3, the data presented in Figure 3.1 are plotted in the same way as proposed

in Carré (1996):

2 X ¢ = constriction coordinate from the glottis.

X, = constriction coordinate from the incisors, A, = constriction area
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Figure 3.3: F1/F2 plot of the vowels of Standard Austrian German as proposed in Carré (1996),
speaker sp012, logatome reading task.

In this model, the labial command always results in a lower F1 for the labial vowel.
This does, in fact, not hold for the front labial vowels, as can be seen from Figure 3.3
and as has also been exemplified by Wood (1986). It seems that constriction location is
not accurately modelled either, since F3 also substantially contributes to the

determination of constriction location, especially in the /i/ and the /u/-vowels.

The non-linear relationship between acoustic data and articulation, as shown above for
the vowel /a&/, was also known to Joos (as well as the non-conformity of the IPA vowel
quadrilateral with the X-ray data) — “Two vowels might sound different and yet have the
same two formants (...), but the reverse is not possible: if the formants differ, the
sounds are not alike” (1948: 61) — however, despite his observations he seemed to have
been fascinated by the possibility of correlating F1 and F2 with tongue height and
backness respectively. Up to date, vowels are represented in a two-dimensional, mostly
F1/F2 plane and interpreted in the way proposed by Joos (see e.g. Lindblom 1986,
Disner 1986, McRobbie-Utasi & Starks 2001, Nowak 2006). For small vowel systems,
or better, for vowel systems whose most peripheral constriction location on the front
end of the vocal tract is indeed the hard palate, as stated in the IPA Handbook, the
correlation of F2 and backness can be upheld as long as the degree of constriction is

sufficiently small, preventing acoustic coupling of the front and the back cavity as well
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as possible. This holds generally for the so-called “tense” vowels, i.e. /i/ and /e/, in
vowel systems which lack front rounded vowels. As soon as the cavities are coupled
through widening of constriction degree, F2 becomes more a function of constriction
degree than of backness (Carré 2004, Beckman et al. 1995, Hoole 1999). In other
words, a lowering of F2 in front vowels does not necessarily point to a centralization or
retraction of the constriction location, nor does a rising F2 value of the back vowels
necessarily point to a centralization or fronting of the constriction location, as the
concept of Joos suggests and as has been assumed in many studies. If this concept of
centralization were adopted for Standard Austrian German, /i/ of speaker sp129 in
Figure 3.4 would have a more retracted tongue position with respect to /e/, an

interpretation that is definitely wrong.
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Figure 3.4: F1/F2 plot of the vowels of Standard Austrian German spoken by speaker sp129,
sentence reading task.

A brief look at the mean values of F3 of /i/ and /e/ (Table 3.1) reveals that /i/ has, on the
contrary, a more fronted constriction location than /e/. As soon as the constriction
location transgresses the critical point of about 2/3 of the vocal tract length, a shift in
cavity affilitation of F2 and F3 takes place, which causes F2 — now associated with the
cavity behind the constriction — to drop or at least to stay constant and F3 — associated

with the cavity in front of the constriction — to rise substantially (see e.g. Fant 1970,
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2004, Stevens 1999, Johnson 1997, Badin et al. 1990, Gay et al. 1992). This shift in
cavity affiliation is responsible for the equal or higher values of F2 for /e/ in Figures

3.1, 3.2 and 3.4 and might also be responsible for the same results in Iivonen (1987b).

Fig.3.1 Sp012 | Fig. 3.2 Sp180 | Fig3.4 Sp129|liv. men | liv. women
lil lel /il lel /il lel lil lel /il lel

F1 269 315 240 335 357 367 234 | 326| 261 386

F2 2074 | 2092 2533 | 2566 2374 | 2458 | 2287 | 2256 | 2738 2712

F3 3263 | 2797 3410 | 3189 3113 | 3001 | 3103 | 2818 | 3423 3276

Table 3.1: Median** values for F1, F2 and F3 for the speakers represented in Figure 3.1
(sp012), 3.2 (sp180) and 3.4 (sp129) and mean values of F1, F2 and F3 for the data
presented in livonen 1987b.

Assuming F3 to be a quarter wavelength resonance of the front cavity for /i/ and F2 to
be a quarter wavelength resonance of the front cavity for /e/, the calculated constriction
locations would be 2.7 and 4.2 cm from the incisors respectively for speaker sp012, and
2.6 and 3.4 cm from the incisors respectively for speaker sp180, distances which are in
accordance with the measurements presented in Fant (2001) for Swedish vowels.
Therefore, for the front vowels, Standard Austrian German discerns two constriction
locations, and this result cannot be accounted for by a traditional F1/F2 representation.

As concerns the negative correlation of F1 with vowel height”, physiological
realism is not met either, since e.g. the tongue has in most cases a higher position for /a/
than for /o/ and even /o/ (Wood 1987, Bohn et al. 1992, Hoole & Kiihnert 1996, Hoole
& Mooshammer 2002).

Apart from the fact that an F1/F2 representation cannot capture articulatory
adjustments in a satisfactory way, it additionally suggests that vowel articulation is
gradual, i.e. a vowel can be articulated anywhere within the defined extreme points of

the vowel quadrilateral. This is exactly the position the Handbook of the IPA takes:

4 The median has been chosen in order to meet the high standard deviation of F3 for sp129,

which is caused by the less formal task of reading sentences as compared to reading
logatomes. For sp012 and sp180, there are hardly any differences between mean values
and median, whereas for sp129, F3 shows substantial differences.

“ Kohler (1998) uses “openness” as correlate with F1.
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“Since the vowel space is continuous, it is a matter of chance whether a vowel in a language
exactly coincides with one of the reference points symbolized on the quadrilateral. In
particular, languages may use vowels which are similar to, but not as peripheral as, the
reference points indicated by the cardinal vowels.” (Handbook IPA 1999: 13)

This statement leads to the question whether constriction locations of vowels are
discrete or whether any location of the vocal tract is exploited for forming a

constriction.

3.2. Constriction locations for vowels: discrete or
gradual?

“The classical vowel model, originally introduced by Bell in 1867 (4) and modified into
various versions by other authors, is characterized by the class of central vowels. The model
was designed around the single resonance theory, according to which the upper surface of
the tongue narrows the mouth channel locally in order to delimit the buccal cavity and tune
its natural resonance. Bell postulated a configurative aperture that “may be shifted to any
part of the back or front of the palatal arch” (p. 71). He held that the horizontal and vertical
position of the tongue arch relative to the roof of the mouth set the size a location of this
aperture, so that the natural resonance of the mouth cavity would rise progressively as the
tongue moved from low to high at the back, central and front locations in turn.” (Wood
1987: 53)

This model acts on the assumption that tongue movements are gradual and constrictions
can, therefore, take place anywhere on the roof of the mouth. Since a constriction can
take place anywhere, central vowels are incorporated into this model. However,
investigations based on x-ray studies suggest three or four discrete places of constric-
tion*, according to the respective classification. Stratka (1978) classifies the vowels in
three categories: alveolar vowels, which include the i-vowels, the y-vowels, the e-
vowels, ¢ and schwa, pharyngeal vowels, which include the a-vowels, the o-vowels, ce,
nasalized e, €, a, o, and schwa®’ and velar vowels, which include the u-vowels.

The x-ray studies performed by Wood (1979, 1982) on several languages yielded
4 prominent constriction locations: a palatal one, a velar one, an upper pharyngeal one

and a lower pharyngeal one. These tongue gestures are available for both vowels and

46 The highest point of the tongue as reference point is abandoned.

The schwa appears twice, because this vowel can either take a constriction in the
pharyngeal or in the front region.
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consonants (Wood 1996): as far as the central vowel is concerned, Wood states: “The
articulation of so-called central vowels obviously needs clarification” (Wood 1991b:
64). Fant (2001), on modeling Swedish vowels, assumed 3 areas of constriction:

e a “front” region of XC48 located less than 4 cm from the teeth

e a“mid” region at coordinates between X, =4 cm and X, =7 cm and a

e a “back” region at X, greater than 7 cm. (Fant 2001: 45f)

The region of midvowels was designed to provide a suitable transition between the very
different front and back regions (Fant 2001), which is necessary for sequences like e.g.
[ja], where a neutral state is involved but not completely reached (Lin & Fant 1989). For
the Swedish vowels, with the exception of [u] at X, = 6.5 cm from the teeth (Fant 2001)
and the neutral vowel [9] at X. = 6.4 cm from the teeth (Fant & Béavegard 1997), no
vowel was found well in the mid-range. The central vowels [i] and [e] have moved
towards the front and the back respectively. The constriction location for [i] is even
more front than the one for [i] (X, = 2.8 cm vs. X, = 3.1 cm from the teeth respectively),
and [e] has its location near [0] (X, = 8.8 cm vs. X, = 8.2 cm respectively) (Fant 2001).
On the whole, Fant’s results are in agreement with the constriction locations spotted by
Wood (1979).

Russian is described as having a high central vowel [i] as well. The area
function® created in Fant (1980 = 2004) shows a constriction at about the same location
as for [1] which is, however, wider and shorter. The difference between [i1] and [i] lies in
the specific cavity affiliation of the first and second formant: in [i], F2 is affiliated with
the cavity behind the constriction and F3 with the cavity in front of the constriction,
whilst in [#], the cavity affilitations are reversed, F2 is affiliated with the cavity in front

of the constriction and F3 with the cavity behind the constriction.

48
49

X. 1s the constriction coordinate.
It has to be considered that an area function is not in itself an articulatory parameter (Boé
etal. 1992, Wood 1991a)
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In the same way as in Fant (2001), schwa-vowels are described as either front or

back vowels by Stratka:

“Pour la voyelle 9, la langue semble pouvoir se placer, selon les idiomes et les locuteurs,
d’un co6té ou de I’autre de la limite entre les voyelles alvéolaires et les voyelles pharyngales.
En anglais le o apparait tantot alvéolaire, tantot pharyngal (...), tandis que dans d’autres
langues, il est plutdt pharyngal: ainsi en allemand (...), en catalan (...), en bulgare (...), en
chinois (...), et peut-étre aussi en frangais (...).” (Stratka 1978: 450)

The so-called “indeterminate” vowel of Bulgarian, which is often denoted as /o/ is
described as exposing the same low pharyngeal tongue body gesture as /a/, but with a
small mouth opening (Wood & Pettersson 1988, Wood 1996). The vowel is therefore
characterized as “close pharyngeal”.

It seems that constriction locations in the mid range of the vocal tract are avoided
and that at least phonological central vowels have an active constriction gesture either in
the front or in the back of the vocal tract. Given the high and context-independent
variability of both phonemic and allophonic “’central vowels” (e.g. Eastern Arrernte, see
Ladefoged & Maddieson 1996, or Albanian, see Granser & Moosmiiller 2002, Moos-
miiller & Granser 2003, 2006), it has been proposed that central vowels are not
specified for constriction location (Bates 1995) and can consequently take either a front
or a back configuration. Schwartz et al.’s (1997) evalutation of the UPSID phoneme
inventory concludes that phonemic “/o/ is a “parallel” vowel which exists because of
intrinsic principles (probably based on vowel reduction) different from those of other
vowels” (p. 251) and does not seem to interact with other vowels. As a consequence, its
presence or absence should not modify the structure of the vowel system. This seems to
be the case in Québécois, where the schwa has merged with [ce] (Martin 1998).

The observation that allophonic schwa vowels exhibit a high level of context-
dependency (van Bergem 1994, Bates 1995) and that they are more readily assimilated
(e.g. in Danish, Jensen 2001) or deleted (Gheg variety of Albanian, Camaj 1969) than
other unstresssed vowels, led to the concept that schwa vowels are vowels without a

target (van Bergem 1994) or that they are vowels with an active gesture that is
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overlapped by the gesture of the following full vowel (Browman & Goldstein 1992).
However, Héla (cited after Stratka 1978) could show that the schwa in English has
either an alveolar or a pharyngeal constriction. More recent studies (Gick et al. 2000,
Gick 2002) could prove a pharyngeal constriction for American English schwa. In
sequences where adjacent phonemes exhibit conflicting articulatory targets (e.g. a
tongue root advancement followed by a retraction of the tongue root), the tongue passes
through a neutral space, rendering a schwa-vowel (Lin & Fant 1989, Gick & Wilson
2001, 2005). But the concept of targetless schwa cannot be completely abandoned:
Davidson & Stone (2003) could demonstrate that in cases where phonotactically illegal
consonant clusters have to be dissolved, the tongue does not coarticulate with the
epenthetic/excrescent™ schwa, but with the following consonant. However, an

excrescent schwa is perceived. They conclude:

“the production of the preceding consonant....it has been shown that speakers’ tongue
motion during their production of /zC/ sequences is not consistent with movement toward a
schwa target.” (Davidson & Stone 2003)

These examples demonstrate that a vowel’' can, in principle, be articulated without a
target. However, where a constriction is intended for the production of either an
epenthetical schwa, an allophonic schwa or a phonemic central vowel, it seems to be
located either in the front part of the vocal tract, or in the pharyngeal region. Therefore,
it might be useful to differentiate between a “neutral vowel (configuration)” and a
“schwa-vowel”.

Since the central region of the vocal tract does not seem to be a preferred target
for a constriction for vowels, it can be assumed that the tongue does not move gradually
from front to central or from back to central, but that the tongue aims at discrete

locations for the articulation of vowels. Consequently, changes in formant frequencies,

Davidson & Stone (2003) differentiate between “epenthetical schwa”, i.e. a schwa having
a target, and “excrescent schwa”, i.e. vowel without target.

! It might be perhaps confusing to name a truly excrescent vowel “schwa”.
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especially F2 changes, do not point to a shift in constriction location, and the concept of

“centralization” does not meet articulatory realism.

3.3. The acoustic-articulatory relationship

Paradoxically, it was also Joos (1948) who pointed at the non-linear relationship
between acoustic output and articulatory adjustments (i.e. different articulatory
adjustments can trigger the same acoustic output). In 1972, Stevens put forward his
widely discussed “quantal theory of speech”. This theory not only gives evidence for
the non-linearity of articulatory-acoustic mapping, but also links these observations to
perception. Stevens (1972, 1989) found three zones — a palatal, a velar and a pharyngeal
zone — , where vowel spectra are relatively insensitive to small displacements in
constriction location, whereas in other regions of the vocal tract, small displacements
render drastical spectral changes. These detected stable areas, which are in good
congruity with the results of Wood (1979), ensure not only a relative stability of the
formant frequencies with respect to displacements in constriction location, but
constrictions in these areas additionally induce a narrow spacing of two spectral peaks,
which — according to Stevens — lead to perceptual enhancement.

For example, the location of constriction for the low vowels is situated in the
lower pharyngeal region. The low vowels strive either for a proximity of F1 and F2 with
a constriction located about 7 — 9 cm from the glottis rendering the back vowel /a/, or
for a proximity of F2 and F3 with a back cavity length of about 4 cm rendering the front
vowels /a, &/.

For the non-low front vowels, this perceptual enhancement is achieved through
narrow spacing of F2 and F3, or F3 and F4. In varying the length of constriction (5 cm

vs. 6 cm), Stevens in both cases observes

“a broad maximum of F, for configurations having a back-cavity length in the range 6.5 to 9
cm. In this region where F, is a maximum, this formant is relatively close to F;. When the
constriction is even farther forward, F3 becomes close to F,4, while F, remains relatively high.
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The exact location in the maximum in F, and the distance between the formants in this
cluster of F,, F;, and F; depend on the length and cross-sectional area of the constriction
between the tongue dorsum and the hard palate. When the length of the back cavity de-
creases to the left of the F, maximum in Fig. 8, there is a substantial decrease in F,, and F,
becomes quite sensitive to changes in 1,°*.” (Stevens 1989: 11)

The non-low back vowels are usually accompanied by lip-rounding. The reason for
rounding is to bring F1 and F2 closer together as would be the case without rounding.
Furthermore, rounding ensures a greater degree of freedom as concerns the placement

of the constriction location:

“Another potential advantage of using a rounded configuration for non-low back vowels is
that F2 passes through a minimum value as the position of the tongue body constriction is
displaced along the upper pharyngeal and velar region of the vocal tract (...). When the
tongue body is in this position that yields a minimum F2, both F1 and F2 are relatively
insensitive to changes in the constriction position. Thus the precision with which the
constriction must be located to give a stable and low value of F2 is relatively lax.” (Stevens
1999: 290)

Contrary to Wood (1979), who discerns an upper pharyngeal and a velar constriction
location for the /o/ and /u/ vowels respectively, Stevens (1989) unifies this area for

acoustic reasons:

“The figure™ shows a broad minimum for F, over a range of length of the back cavity. F, is
within 100 Hz of its minimum value for 1; between 2 and 7.5 cm. Within this range of 1;, the
spacing between F; and F, is 400-500 Hz, and, while F; does not achieve a maximum value,
it varies by only about 80 Hz.” (Stevens 1989: 13)

For the /u/-vowels two constriction locations are generally reported: a front configura-
tion with X, at about 6,5 cm (with a low F2 and a low F3) and a back configuration with
X, at about 10 cm (with a higher F3 and occasionally higher F1) (see Bo¢ et al. 1992,
Fant & Bévegard 1997, Wood 1979 on Southern British). The back configuration of the
/u/-vowels has its constriction near /o/ (X; = 11 cm according to Fant & Bévegard
1997). This range of possible constriction locations for the /u/-vowels justifies a
unification of Wood’s velar and upper pharyngeal regions. The fact, however, that this
whole range is a quantal region, does not mean that the whole region is exploited for

constrictions. For the /u/-vowels, two locations have been spotted so far. This leaves the
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1, = back cavity length.
i.e. the nomogram calculated for the configuration of a non-low back rounded vowel. 1, =
back cavity length.
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question of whether constrictions are intended in the region which separates the upper
pharyngeal region for the /o/ and occasionally the /u/-vowels from the velar region for

the /u/-vowels.

“Published nomograms give the magnitude of a formant shift that can be attributed to a
gesture, although the three-parameter models [...] are difficult to understand in gestural
terms, as they are really models of the area function, and not of the manceuvres that created
it.” (Wood 1991a: 215).

Steven’s quantal theory implies that articulation strives for a maximum of freedom in
the positioning of the articulators. This implication is in contradiction with Wood
(1982) who proved that all vowels are articulated with precision. Wood’s results as
concerns articulatory precision have been confirmed by Hoole & Mooshammer (2002)
in their work on German vowels and by Boé et al. (1992) for American English vowels.
Therefore, the observation of acoustically stable regions need not necessarily imply that
the whole of this stable region is utilized in production. Given the observed precision in
vowel articulation, it is at least just as comprehensible that speakers utilize the
possibility of varying the acoustic output by the means of small displacements of the
articulators. The Distinctive Region Model (DRM; Mrayati et al. 1988, Carré & Mody
1997, Carré 2004) makes use of the principle of creating a maximum acoustic contrast
between two sounds for a minimum area deformation (Carré 2004: 230). This, on first

view, is the exact opposite of the quantal theory:

“...it has to be noted that a characteristic of stability in the articulatory-acoustic relation is
the exact opposite of the characteristic of least effort, and thus of efficiency.” (Carré 1996:
434)

The Distinctive Region Model (DRM) is based on the sensitivity analysis of formant
frequencies in vocal tract constriction (Fant & Pauli 1974). The distinctive regions are
specified by the zero-crossings of the sensitivity function of a specific formant.
Dependent on how many formants are incorporated into the model, the vocal tract is
divided in either 2, 4 or § distinctive and symmetrical regions of unequal length. The

constriction is located preferably in the middle of each region in order to produce the
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most distinctive formant transitions. This also means that the vocal tract is quantal in its
nature.

It has been put forward that the DRM model implicitly assumes that a linear
relation between articulation and acoustic output exists (Bo¢ & Perrier 1990). Linearity
is, however, more a goal of the model than an assumption; the constriction locations are
placed at the midpoints of each region, where transversal displacements guarantee
maximal formant frequency changes, so as to optimize the principle to achieve maximal

contrast with minimal area deformation (least effort principle):

“An important property of the model is that variation in the values of the regions’ cross-
sectional areas around the uniform-tube configuration generates maximal formant frequency
variations. In other words, if we look for places in the vocal tract having the best modulation
of formant frequencies around the uniform configuration, and the largest dynamics of these
modulations, these places are around the midpoints of the regions. Nonlinearities and
saturations occur only near the borders of the vocalic space.” (Carré & Mrayati 1991: 436f)

Areas of stability, in this model, are not exploited in production. In order to examine
whether areas of stability are exploited or not, one has to know which area functions
result in an identical acoustic output. Atal et al. (1978) introduced the concept of fibers,
which defines vocal tract shapes with identical acoustic properties. The authors

conclude:

“Large changes in the shape of the vocal tract can be made wihout changing the formant
frequencies. These changes are consistent with the hypothesis that compensatory articulation
is a possibility—that is, different people can produce the same sound with different vocal-tract
shapes.” (Atal et al 1978: 1555)

Although “an area function is not in itself an articulatory parameter” (Boé€ et al 1992:
29, but see also Wood 1991a), it is possible to derive to a certain extent vocal tract
adjustments from the speech signal (Boé et al 1992, Ladefoged et al. 1978). Boé et al.
(1992) reduced the possible area functions to meaningful configurations and could
classify 7 out of 10 vowels uniquely. The vowels [i, e, a, y, o, o] show a relatively
precise control of the constriction location and of constriction degree. [i, y, €] show a

strong constraint and maintain a small constriction degree (A, < 1 cm?). The vowels [g,
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@, ce] exhibit a large variation in constriction degree (from 0.2 cm” to 4.0 cm?). The

authors conclude:

“The parameters X., A. and A; thus seem to be good candidates for use in inversion
procedures. It must be noted though that the precision of control necessary for each
parameter depends on acoustic sensitivities, which vary according to the vowel under
consideration (...). Thus [i] requires precise control of X, but no precision at all for A;. The
case of [u] is different, requiring a very small and accurate lip opening, but granting more
latitutde for A..” (Boé€ et al. 1992: 36)

Again, the degree of freedom guaranteed for either A; in [i] or A. in [u] need not be
reflected in actual articulatory adjustments. On the contrary, Wood (1982: 46) could
show that A is precisely controlled in the front vowels: the jaw opening is smaller than
8,9 mm for the i-vowels, but greater than 8,9 mm for the e-vowels. These results were
confirmed by Hoole & Mooshammer (2002).

Regions of stability, which in principle allow for a certain degree of freedom of
articulatory adjustments, exist. Given the high degree of precision in the articulation of
(vowel) phonemes, it is not quite clear what their function is. In quantal theory, regions
of acoustic stability are separated by regions of acoustic instability, and these natural
boundaries define the opposition between distinctive features (Stevens 2003). The
boundary, e.g. between [+back] and [-back] vowels, occurs at a location where F2 is
near the lowest frequency of the subglottal system and the interaction between the sub-
and supraglottal resonances cause discontinuous jumps in the spectrum (Stevens 2003).
This is certainly a conclusive explanation for the rough division of [+back] and [-back]
vowels. Such a natural boundary is not always provided by quantal theory however (e.g.
within the front region). On the contrary, quantal theory predicts a high stability of the
vowel /i/. This has already been confuted by Abry et al. (1989). The current investiga-
tion reveals that in Standard Austrian German, the /i/ vowels are located exactly at or
slightly before such a natural boundary where formant frequencies converge and a slight
displacement of the tongue position or a reduction in constriction length causes a

considerable change in formant frequency values, especially F3. Therefore, the stability
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of the /i/-vowels only holds for languages which do not expose a high amount of front
vowels, including front rounded vowels. like e.g. English.

Acoustic stability is, therefore, not necessary for the creation of vowel systems
(see also Lindblom 2003), although a positive correlation between the locations of
vowels from a small vowel inventory and the regions of stability might be observed.
Yet, the vowels of smaller vowel inventories are articulated with no less precision than
the vowels of greater inventories (Jongman et al. 1989, Flege 1989). l.e. the potential
freedom of movement is not exploited in small inventories either. As soon as the
number of vowels exceeds the number of the most frequent vowel system in the
languages investigated so far (Maddieson 1984, Ladefoged and Maddieson 1996),
namely five, further locations or adjustments have to be exploited in order to gain
distinctiveness. Jaw opening, for example, can be combined with constriction degree in

such a way that four distinct vowels can be produced (Wood 1982):

i/ n/ /el /el
open — - + +
constricted + - + -

A displacement of the constriction location is not necessary for the creation of these
four phonemes. Standard Austrian German, however, discerns eight phonemes in the
front region. As has already been pointed out by Wood (1982, 1986), languages with
front rounded vowels exploit an additional pre-palatal region to differentiate the /i and
y/-vowels from the /e and e/-vowels, and this pre-palatal region is highly sensitive to
small articulatory displacements. Therefore, the more vowels that have to be discerned,
the more problems they pose for vowel models.

Regions of acoustic stability might be useful in allophonic variation, in order to
guarantee perceptual invariance. However, Stevens’ regions of stability only refer to
constriction locations and not to degree of constriction. Allophonic variation affects the
degree of constriction rather than the constriction location, and variation in constriction

degree renders a monotonic change in formant frequency values (Gay et al. 1991, 1992,
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Carré 2004). The overshoot and undershoot simulations performed by Gay et al. (1991,
1992) clearly show that shifts in perception for /i/ were more dependent on A, than on
X, and shifts in perception for /u/ were highly dependend on A,. Therefore, it can be
concluded that quantal regions neither serve the creation of phonological oppositions
nor are exploited in allophonic variation. Consequently, one can ask, what are they good
for?

Inter-speaker differences in articulation have been documented in many
investigations. It is assumed that these inter-speaker differences render different
acoustic output. E.g. Apostol et al. (1999) report inter-speaker differences which are
caused by speaker specific strategies used to control the speech apparatus. In the
production of the vowel /a/, one of their speakers exposed a short back cavity and a long
constriction zone, whereas the other speaker had a short constriction, but a rather long
back cavity. These articulatory differences are of course reflected in the acoustic output,
which excelled by a higher F2 for the first speaker. In a similar way one speaker had a
long front cavity in the production of the vowel /i/, whose quarter-wavelength resonance
is F2, whereas the other speaker had a very short front cavity, but a long constriction
zone (Apostol et al. 1999: 446).

Maeda (1991), however, reports that articulatory variability was higher than
acoustic variability in the production of French /a/ for pdte (pastry) vs. /a/ for a (PREP.,
to) (two vowels which have merged acoustically in some modern French variants).
Whereas formant frequencies measured at the center of the vowels were quite similar,
articulatory differences could be observed: the jaw was clearly open during the vowel
/a/, whereas during the vowel /a/ the jaw was at an average position. The vowel /a/
exhibited a falling pattern (i.e. a fronting gesture) of the tongue dorsum position, the
vowel /a/ indicated a peak (i.e. backing followed by fronting). These results indicate not

only that a considerable articulatory variability for the same vowel exists, but also, and
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more importantly, that articulatory gestures are applied in a way that compensates
articulatory differences in order to produce invariant acoustic patterns.

The most obvious differences in vocal tract shape is that between children,
women and men. These differences should lead to different formant frequency values.
However, despite the difference in vocal tract length, F1 and F2 of the vowel /u/ and F3
of the vowel /i/ of women are very similar to those of men (Fant 1980=2004). Fant
states that differences in perceptually important formants are minimized by

compensations.

“Differences in perceptually important formants may thus be minimized by compensations in
terms of place of articulation and in the extent of the area function narrowing. Such
compensations are not possible for all formants and cannot be achieved in more open
articulations. The great difference in F2 of [i] is in part conditioned by the relatively short
female pharynx but can in part be ascribed to the retracted place of articulation.” (Fant 2004:
44).

The differences in vocal tract shape between men and women are of course an extreme
example, but even here compensatory strategies can be observed. Between the sexes,
slight differences in vocal tract shapes have to be assumed, and these slight differences
may be compensated. Regions of stability ensure or facilitate such compensations. From
this perspective, it makes sense that constriction locations are less sensitive to small
displacements, whereas displacements in constriction degree yield monotonous changes

in formant frequencies.
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4. Vowel inventory and features

Descriptions of the vowel inventory (without diphthongs) of Standard German set the
number of vowels at between 17 (Wiese 1996), 16 (Jorgensen 1969, Wurzel 1970,
UPSID, see Simpson 1998, 1999, Kohler 1999), 15 (Moulton 1962, Sendlmeier 1985,
livonen 1987a, b), 14 (Heike 1961°*, Rausch 1972) and 8 vowels (Becker 1998). The
reason for this inconsistency in range lies in the different views of the status of the
schwa and long /ei/. Jorgensen (1969), Kohler (1999) and UPSID assume a mid-central
schwa. Wiese (1996) additionally assumes a phonemic status for /e/, the vowel resulting
from r-vocalization. The descriptions with more than 15 vowels all include the long

/> in their analysis. Moulton (1962) rejects the long /et/, but includes a mid-central

/et
schwa. livonen (1987a) includes the long /€i/, but assumes no mid-central schwa. In his
analysis of Standard German, /e:/ nearly merges with /e/. In Northern German, however,
/el/ merges with /e/ (Heike 1961, Jorgensen 1969, Kloeke 1982). All analyses of
Standard German assume two a-vowels, a long and a short one. Becker (1998) assumes
only 8 vowels; these can, however, appear as long or as short vowels, according to their
position in the syllabic structure. The open vowels, according to his analysis, differ with

respect to duration, the closed and mid vowels with respect to centralization;

consequently, the short /e/ and /4/°® merge.

> Heike (1961) regards the division of sounds into “vowels” and “consonants” as

inadequate, and prefers to distinguish “Kernphoneme” (nucleus phonemes) and
“Satellitenphoneme” (satellite phonemes).

see Becker (1998) for a thorough overview of the analytical status and historical
development of long /e!/.

Becker (1998) assumes a different quality for short and long /e/ and therefore adopts the

symbol /a(:)/ for the long vowel (1998: 23). Nevertheless, this qualitatively different
vowel merges with the short /e/ (1998: 163).
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For Standard Austrian German, the phonemic position of the schwa need not be
discussed, since a mid central schwa exists neither phonetically nor phonologically””.
As concerns /ei/, livonen (1987b) still assumes this vowel to be a part of Standard
Austrian German, although it strongly approaches /ei/. In the current investigation, /e!/
has totally merged with /ei/, therefore it can been discarded as a phoneme. As a starting
point, the phoneme inventory of Standard Austrian German is assumed to consist of the

following 14 (underlined) vowels:

bieten birten Hute hy:te spuken Ipuken
bitten biten Huatte hyte spucken Jpuken
beten be:ten Hobhle hg:le Mode mo:de
betten beten Hoélle heele Motte mote
Schall Jal Schal Jaid

Phonemically, these vowels are very unevenly distributed. A counting of all phonemes
in spontaneous speech over all speakers resulted in a predominance of front unrounded
vowels. The front rounded vowels hardly play any role, and the back rounded vowels

occur relatively rarely as well (see Figure 4.1):

35,00

30,00

25,00 -

20,00 -

%

15,00 +

10,00 A

5,00 -

0.00 1 | —
i vowels y vowels e wowels 0 vowels u vowels o vowels a vowels
‘I all speakers 23,34 1,72 31,54 0,38 8,41 10,11 24,49

Figure 4.1: Occurrence (in %) of the vowel pairs in spontaneous speech, pooled over all
speakers and all prosodic positions.

o7 For example, in pre-tonic /e/ of the prefix “ge-“, none of the speakers produces formant

frequency values that would justify the assumption of a schwa.
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Figure 4.1 reveals that the /e/ — vowels dominate the Austrian German vowel system,
followed by the /i/ — vowels and the /a/ — vowels. Dividing the vowels according to two
stress levels, the /e/ — vowels, with 21.9%, lose their predominant position for the
stressed vowels and are relegated to the third place after the /a/ — vowels and the /i/ —
vowels (with 26.3% and 25.5% respectively). In unstressed positions, however, they
come first and, with 34.4%, outclass the /a/ — vowels and the /i/ — vowels by more than
10% (24% and 22.7% respectively). The /u/ — vowels and the /o/ — vowels are evenly
distributed over stress positions: 9.8 % and 8% for the /u/ — vowels in stressed and
unstressed positions, and 11.7% and 9.6% for the /o/ — vowels.

The 14 vowels are usually discriminated according to the following distinctive

features:
Tongue height [+high]: /i1, 1, yi, Y, ui, U, o1, o/ vs. /el, €, @i, &/ vs. /a, ai/
Tongue position [£front]: /i, 1, yi, Y, €, €, @, e, a/ vs. /ui, U, 01, 0, ai/
Lip position [£round]: /ui, U, 01, 0, Vi, Y, @, &/ vs. /ii, 1, ey, €, a, a
Tenseness [ttense]: /i1, yi, ei, @i, uy, o, av vs. /1, v, €, &, U, 0, a/

The last of the four categories has been and still is the subject of extensive controversy.
First of all, it is not quite clear what the exact articulatory correlates to tenseness should
be. Is it tenseness of the vocal tract walls, or tenseness of lip articulation triggering a
more spread or more protruded articulation of the tense vowels as compared to the lax
vowels? Is it tenseness of the tongue, resulting in a tighter constriction and a longer
constriction area for the tense vowels as compared to their lax counterparts? Or does
tenseness correlate with settings of the pharyngeal region, resulting in an advancement
of the tongue root as has been described for several African languages like Igbo
(Ladefoged 1964), Akan (Tiede 1996), Degema (Fulop et al. 1998), Maa (Guion et al.
2004)?

The observed opposition might also be the result of distinctive jaw position, the

tense vowels being more closed than their lax counterparts. In this case, the feature
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[+tense] would have to be substituted for the feature [+closed], as proposed by Stevens
(1999).

A further opposition is evident from the distribution of the so-called tense vs. the
so-called lax vowels: tense vowels are described as long, and lax vowels as short. The
relevant distinctive feature could, therefore, also be a temporal one, namely [+long]
(Hertrich & Ackermann 1997).

A brief look at the orthographic representation of items with tense or lax vowels
shows that items with tense vowels are represented as a sequence of vowel + consonant,
whereas items with lax vowels are represented as vowel + double consonant. This
graphemic representation has historical roots and reflects the fact that Classical Middle

High German made use of ambisyllabic consonants.

4.1. The feature [ttense]: brief historical outline

A comprehensive historical outline of the opposition, its change and results, both in
Standard German and two German dialects (Alemannic and Bavarian), has been given
by Ronneberger-Sibold (1999). It will be summed up here briefly, since the results of
her discussion shed light on many of the manifold observations made in vowel
production.

Classical Middle High German made use of a three-way opposition as concerns

the stressed syllables:

schale schale Schalle
/Jailo/ /fa.lo/ /Jal.la/
shell, dish inflected form of schal, stale to resound (inflected form)

With respect to prosodic length, two short syllables were equivalent to one long
syllable, therefore, schale /[a.lo/ was equivalent in length with /[ai/ in schale and with

/[al./ in schalle (each consisting of two moras). These durational equivalences were an
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important element of Old High German and Middle High German quantifying poetry;
therefore, it was concluded that the distinctive feature was a temporal one.

This Middle High German three-way opposition was reduced to two-way
oppositions, but in different ways for different variants:

In some Alemanic variants, the geminates were given up: schalle merged with
schale. Two types of open syllables were left: /[a:-/ in Schale (shell, dish) with a long
vowel and /[al.-/ in schalle (to resound, inflected form) and schale (stale, inflected
form) with a short vowel.

The reduction of oppositions was not as simple in the non-Alemanic variants.
Firstly, in Standard German and in the Central and North Bavarian variants, the Middle
High German items of the type /[a.lo/ with a short open syllable were given up. Items of
this type merged either with the type /[ailo/ — a long open syllable — or with the type
/[al.la/ — a closed syllable. Therefore, as oppositions two types remained: /[a:lo/ and
/[al.la/. The result was syllabic isochrony: all stressed syllables were two moras long.

This syllabic isochrony has been retained in Central and North Bavarian with an
additional constraint concerning obstruents: a long vowel is followed by a lenis
consonant, e.g. Feder (feather) [ve:de] and a short vowel is followed by long or fortis
consonant, e.g. Vetter (cousin) [vete], [vedde] or [vette], consonant and vowel forming
a structural unit (see also Bannert 1977 for a thorough discussion of isochrony in
Bavarian dialects). In this context, it is of interest that Swedish, Norwegian and
Icelandic show the same sort of 'complementary quantity' (Schaeffler et al. 2002).

In Standard German, where all geminates were degeminated, the short vowels
remained. The former closed syllables became open and the contrast between short and
long vowels has been enhanced by a co-occuring contrast of quality. The Bavarian
constraint of a vowel — consonant combination is, therefore, not found in Standard
German. In this variant, all four possible combinations of vowels and consonants are

found:
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Long vowel + lenis plosive Mieder (bodice) /mi:der/
Long vowel + fortis plosive Mieter (tenant) /mitter/
Short vowel + fortis plosive Mitte (middle) /mite/
Short vowel + lenis plosive Widder (ram) /vider/

In Standard German, vowel + consonant do not form a structural unit. Ronneberger-
Sibold concludes, supported by her analysis of the pronunciation of lexical creations,
that the assumption of ambisyllabic consonants, and consequently the assumption of a
closed syllable in items like schalle, has no evidence in Standard German. Standard
German and the Alemanic dialects have to be analysed with what Ronneberger-Sibold
describes as the plain model, i.e. the stressed syllables both in Schale (shell, dish) and
schalle (to resound, inflected form) are open, the former containing a long vowel, the
latter a short vowel. The ambisyllabic model, which requires syllabic isochrony, makes
sense in an analysis of Central and North Bavarian dialects, where, at least in many
variants, ambisyllabic consonants can be observed (for a more detailed discussion see

Ronneberger-Sibold 1999).

4.2. Temporal Analysis

4.2.1. Isochrony in Standard German

As can be seen from the above analyses, the morae-counting structure of Classical
Middle High German has developed in different ways in diverse variants of German,
resulting in two main groups: those preserving isochrony and those giving up isochrony.

Standard German, as has been discussed in Ronneberger-Sibold (1999), belongs
to the group that has given up isochrony. Instead, stressed syllables have either a long or
a short vowel, without any structural constraints as concerns the following consonant.
Moreover, Standard German has changed the quality of the short vowels, in this way
maintaining, or better, enhancing distinctiveness. Jessen et al. (1995) showed that the

distinction of vowel quality (based on F1 and F2 measurements) is maintained in both
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stressed and unstressed conditions for the non-low vowels; vowel duration, however, is
statistically significant only in stressed vowel conditions, but not in unstressed
conditions. As concerns vowel duration, the low vowels behave in the same way as the
non-low vowels (distinctive in stressed positions, not distinctive in unstressed
positions), but show no difference in vowel quality. Jessen et al. (1995) conclude that
the low vowels contrast in quantity, whereas the others contrast in quality. Their
findings are in agreement with earlier studies (Ramers 1988, Iivonen 1984, Kohler
1995%). A later study based on the Kiel Corpus also corroborate these results (Kohler
1998). The perceptual experiments conducted by Sendlmeier (1981) proved the
relevance of temporal information for the vowel pairs /a, a/, /1, ei/, /v, ¢/ and /u, oy/. In
order to discriminate these pairs, temporal information was used by listeners in
Sendlmeier’s study, whereas for the discrimination of the remaining pairs, spectral
information was applied. Nevertheless, on the basis of these experiments, Sendlmeier
(1981, 1985) concludes that a primary quantitative opposition can without doubt be

assumed for the pair /a, a:/, whereas for the vowel pairs /1, ei/ and /u, o/,

“scheint es ebenfalls gerechtfertigt, eine phonologisch relevante Quantititsopposition zu eta-
blieren. Die die Differenzierung unterstiitzende Funktion eines vorhandenen Qualitdtsunter-
schiedes spielt fiir diese Vokalpaare jedoch eine wichtigere Rolle als bei den beiden A-
Lauten.” (Sendlmeier 1985: 194)

For the remaining pairs, spectral information was used for discrimination. Sendlmeier’s
results corroborate the hypothesis of Bennett (1968) on German and English, that the
importance of duration is inversely proportional to the distance in quality a certain
vowel pair exhibits: i.e. the smaller the distance in quality, the higher the importance of
duration. An additional test on a pair of back, unrounded vowels [y] and [ux], which
occur neither in German nor in English, revealed that German subjects used primarily
spectral information for discrimination. Sawusch (1996), in his study on the perception
of the vowels [g] vs. [@:] in “head” and “had”, could show that duration becomes an
identifying cue when other sources of information were made ambiguous. The results of

Strange & Bohn (1998) on the perception of North German vowels can be interpreted in
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the same way: listeners discriminated tense and lax vowel pairs much better when
temporal information was additionally available in the silence center stimuli’®. The
vowel chart presented in Sendlmeier (1981: 302) only displays spectral differences in
one dimension (either F1 or F2) for those vowels, which were judged primarily for
duration, whereas the other vowels, which were judged on the basis of spectral
differences, differ for both F1 and F2.

In Swedish, a language which also discerns long/tense vs. short/lax vowels
(Schaeffler & Wretling 2002), on the other hand, listeners contrast the vowel pairs /ii/-/1/
and /o:/-/o/ primarily on the basis of durational information, whereas they use additional
spectral information for the pair /ai/-/a/ (Behne et al. 1999). Schaeffler & Wretling
(2002), who compared long and short /a/ in Northern Swedish dialects, proved the
hypothesis that stronger quality differences only go along with minor durational
differences and vice versa for some dialects.

No spectral information is used for the discrimination of long and short vowel
pairs in Japanese (Behne et al. 1999), although vowel duration is not robust across
speech styles (Kozasa 2002) and spectral differences can be observed (Hirata &
Tsukada 2004). In discriminating long vs. short vowels in Japanese, listeners make use
of word/vowel ratios, which proved to be very stable across speech styles (Hirata 2004).

Therefore, the primary feature contrasting vowel pairs in a given language can
either be a temporal or a spectral one. The respective other — secondary — feature might
or might not be made relevant, when the other either fails to convey the required
opposition or starts to become neutralized. Perception tests reveal that Japanese and
Swedish contrast their vowels along a temporal dimension. The primary contrastive
feature therefore is [+ long]. In English and German, on the other hand, listeners
primarily use spectral information to contrast the vowels. Vowel duration only becomes

relevant when spectral information is blurred. Therefore, it can be concluded that

o8 The main aim of the Strange & Bohn (1998) study was to test the relevance of dynamic

information in the perception of coarticulated vowels.

58



Vowels in Standard Austrian German

duration is only an accompanying, secondary feature. The same conclusion is drawn by
Strange & Bohn (1998) for the high and mid vowels. The low vowels are treated
differently. However, the results presented in Sendlmeier (1981) reveal that the
relevance of temporal information does not depend on vowel height, but rather on the
amount of spectral information available. This strongly points towards neutralization of
certain vowel pairs, especially the low vowels. It can be assumed, in line with the
historical analysis presented in Ronneberger-Sibold (1999), that durational contrasts are
remnants of a former temporal organization. Therefore, it is argued that German
contrasts its vowels with respect to quality, resulting in a vowel set of 13 vowels.
Instead of assuming a different feature for the low vowels, /ai/ and /a/ have been
neutralized in this analysis. The results presented on the Standard Austrian German

vowels will provide additional evidence for such an analysis.

4.2.2. Isochrony in Central Bavarian

According to Ronneberger-Sibold (1999), the Central and North Bavarian dialects
maintain isochrony with the segmental constraint that a long vowel has to be followed
by a lenis plosive and a short vowel has to be followed by a fortis plosive. The
isochrony of the structural units “vowel+consonant” has been tested by Bannert (1977)
and Ronneberger-Sibold (1999).

It is not the objective of the current investigation to test isochrony in the diverse
variants of Central Bavarian. However, since the interaction between Standard Austrian
German and Central Bavarian dialects (in particular the Viennese dialect) is quite
strong, vowel and consonant durations of one Bavarian Dialect speaker (Upper Austria,
region of Wels) have been analysed. This speaker was asked to read the same list of
sentences as the Standard Austrian German subjects. A significant negative correlation
(r=-0.5, p=0.00) was observed. However, comparing the vowel and plosive durations,

isochrony was observed for the group’s long vowel + lenis plosive and short vowel +
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fortis plosive (see Figure 4.2), but not for the group’s long vowel + fortis plosive and
short vowel + lenis plosive. No statistically significant differences in duration were
observed for the group’s long vowel + lenis plosive and short vowel + fortis plosive.
These results corroborate the hypotheses of Bannert (1977) and Ronneberger-Sibold
(1999). The other pair lacks isochrony, because long vowel + fortis plosive and short

vowel + lenis plosive are not possible combinations in Central Bavarian.

|
short vowel + lenis 98,17 &\\\\\\\Vzo 17:
long vowel + fortis 126,35 &\\ 99,56\\§§ 29 52

l closure
g VvoT
\\\\\ ‘ IBEE
short vowel + fortis 60,28 \\\\ 118,03\\\\21,40
:\. Y \ BN

SERRNN
48,06M)6,04
L :'\\\lil

0 50 100 150 200 250 300

0O vowel

long vowel + lenis 152,29

7

Figure 4.2: Duration of vowel, closure of the plosive and VOT of 54 bisyllabics, p182,
sentence reading task.

In spontaneous speech, though, no isochrony can be observed. Long vowel + lenis
plosive and short vowel + fortis plosive durations differ significantly and, most
interestingly, the combination short vowel + fortis is longer than the combination long

vowel + lenis plosive (see Table 4.1).
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Spontaneous speech Long vowel + lenis Short vowel + fortis n t p
plosive plosive

Total duration (ms) 123.7 187.1 | 33| 4.62| 0.00

Plosive duration (ms) 36.0 111.5 ] 33| 12.89 | 0.00

Table 4.1: Mean durations of the total duration of vowel + plosive and of the duration of the

plosives alone, and the statistical results. Speaker182, Central Bavarian, spontane-
ous speech.

Table 4.1 reveals that the duration of the plosive is responsible for the difference
between the two vowel + plosive combinations. Long and short vowels do not differ to
a statistically significant degree. Consequently, absolutely no correlation can be found

between vowel duration and plosive duration (r = 0.16, p = 0.32): see Figure 4.3.

120 * .

80

plosive duration (ms)

40 .

T T T T T
30 50 70 90 110 130 150 170
vowel duration (ms)

Figure 4.3: Plosive duration against consonant duration, speaker spl182, Central Bavarian,

spontaneous speech.

Isochrony, for this speaker, is restricted to the very formal task of reading sentences. In
spontaneous speech, durational aspects are reserved for other — overall timing —
functions, and no longer serve to discriminate vowels or vowel + consonant
combinations.

It has to be emphasized that these few measurements are not meant to reflect the
situation of temporal organization of Central Bavarian vowels and consonants. Rather,

they are meant to indicate that the existence of isochrony is not as secure as assumed,
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and that further durational measurements on larger corpora, and especially on
spontaneous speech, have to be performed in order to answer the question of whether

quantity plays a distinctive role in Central Bavarian.

4.2.3. Isochrony in Standard Austrian German

Standard Austrian German has a difficult position. On the one hand, it models itself on
Standard German, where all possible vowel + consonant combinations are conceivable.
On the other hand, in phonology and prosody, it has Bavarian roots and is strongly
connected with Central Bavarian.

In order to test whether the distinctive feature usually labeled as [+ tense] in
Standard German has to be analysed as outlined above in Standard Austrian German,
the durations of vowel, closure of the following plosive, and VOT of bi-syllabics in
stressed positions have been measured. All four possible combinations of vowel +
plosive have been investigated:

e Long vowel + lenis plosive: type: Liebe (love), Grabe (grave: old DAT) —
bilabial, Lieder (songs), Made (maggot) — alveolar, Tiger (tiger), Lage
(circumstance) — velar.

e Short vowel + fortis plosive: type: Lippe (lip), doppelt (double) — bilabial,
bitte (please), Ratte (rat) — alveolar, Hecke (hedge), Hacke (hoe) — velar.

e Long vowel + fortis plosive: type: Siepe (family name), Hupe (horn) —
bilabial, bietet (offer, infectional form), rate (guess, inflectional form) —
alveolar, Ekel (disgust), Luke (hatch) — velar.

e Short vowel + lenis plosive: type: Krabbe (crab) — bilabial, Widder (ram),

— alveolar, Egge (harrow) — velar.

110 tokens per person of the types described above of the sentence reading task of one
female speaker (sp180) and one male speaker (sp127) have been analysed. Performed t-

tests proved no statistically significant differences with respect to vowel duration (in
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ms) and VOT between spl127 and sp180. However, statistically significant differences
with respect to closure duration were observed. Therefore, the results have not been
pooled together.

The results obtained for the Standard Austrian German speakers resemble those
obtained for the Central Bavarian speaker: there is a significant negative correlation
between vowel duration and plosive duration (r = -0.41, p = 0.00 for speaker sp180 and
r =-0.58, p = 0.00 for speaker spl127), i.e. vowel duration does not increase with de-
creasing plosive duration. However, in the same way as for the Central Bavarian
speaker, isochrony can be observed for the categories “long vowel + lenis plosive” and
“short vowel + fortis plosive”. The remaining two categories do not, however, fit into
this pattern (see Figure 4.4 and 4.5). Conducted t-tests proved no statistically significant
differences between the durations of the categories “long vowel + lenis plosive” and
“short vowel + fortis plosive” for both speaker sp180 (n = 70, t = 1,36, p = 0.09) and
speaker sp127 (n =70, t = 0.003, p = 0.50)’.

In the same way as for the Central Bavarian speaker, isochrony is no longer
present in spontaneous speech. Durations of the categories “long vowel + lenis plosive”
and “short vowel + fortis plosive” differ considerably, and the category “short vowel +
fortis plosive” is again longer than the category “long vowel + lenis plosive”, as

becomes apparent from Tables 4.2 and 4.3.

» The category “short vowel + lenis plosive” shows no statistically significant differences

either. Therefore, it is mainly the category “long vowel + fortis plosive” which does not
fit. However, the former category plays only a marginal role in the lexicon of German,
whereas the latter category is, from a quantitative point of view, highly important.
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Figure 4.4: Durations (mean values in ms) of vowel, closure and VOT of 110 bi-syllabics,
speaker sp180, sentence reading task.
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Figure 4.5: Durations (mean values in ms) of vowel, closure and VOT of 110 bi-syllabics,

speaker sp127, sentence reading task.

64



Vowels in Standard Austrian German

Spontaneous speech Long vowel + lenis Short vowel + fortis | n p
plosive plosive

Total duration (ms) 139.9 201 | 21| 3.25| 0.00

Plosive duration® (ms) 46.1 1455 | 21| 7.85| 0.00

Table 4.2:

plosives alone, and the statistical results. Speaker sp180, spontaneous speech.

Mean durations of the total duration of vowel + plosive and of the duration of the

Spontaneous speech Long vowel + lenis Short vowel + fortis | n P
plosive plosive

Total duration (ms) 147.6 183.4 | 23| 2.36| 0.01

Plosive duration (ms) 47.6 1219 | 23| 829 | 0.00

Table 4.3:  Mean durations of the total duration of vowel + plosive and of the duration of the

plosives alone, and the statistical results. Speaker sp127, spontaneous speech.

Once again, no statistically significant correlation can be found between vowel duration
and consonant duration (r = 0.01, p = 0.93 for speaker sp180 and r = -0.29, p = 0.09 for
speaker sp127).

These results reveal several things. Firstly, the Central Bavarian roots of Standard
Austrian German become apparent. Secondly, since the adoption of non-Bavarian
combinations (especially the “long vowel + fortis plosive” combination) did not lead to
isochrony, isochrony is a consequence of the combination type and rather than an
indication of an underlying temporal organisation. The results point to an independent
treatment of vowel and plosive durations. The logical conclusion is that the speech
chain is modelled phoneme by phoneme, as has already been pointed out by many
researchers (e.g. Wood 1996, 1997, Lindblom & Sussman 2002). Thirdly, and perhaps
most importantly, the observed temporal organisation of some vowel + plosive
combinations is restricted to the sentence reading task. This might indicate that
rhythmic patterning depends strongly on the speaking style (as becomes apparent

anyway from a comparison of e.g. poetical recitations and spontaneous speech).

60 It should be noted that in Standard Austrian German, the “fortis” and “lenis” plosives are

not differentiated according to VOT. VOT can be present in those plosives that are
generally labeled as “fortis”, whereas those plosives which are labeled as “lenis” can be
deleted or spirantized or articulated as approximants (but see Moosmiiller & Ringen 2004
for a detailed discussion).
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Therefore, an assumption that Standard Austrian German would level out the
differences in vowel length by adjusting the length of the following plosive is not
justifiable. Consequently, for Standard Austrian German, a temporal analysis based on a

durational compensation of vowel + consonant can be discarded.

4.2.4. VVowel duration in Standard Austrian German

It has been argued in 4.2.1 that vowels in Standard German contrast in quality, with
duration being an accompanying feature reflecting the historical development. I.e. the
[+tense] vowels are long and the [-tense] vowels are short. Antoniadis & Strube (1984),
in their analysis of logatomes read by North German speakers, found out that long
vowels were at least twice as long as their short counterparts. livonen (1987b) arrived at
similar results for Standard Austrian German. He compared vowel duration in read
monosyllabics between speakers of Austrian Standard (mostly from Vienna) and
speakers of East Central German (from Halle) and found out that the duration of all
vowels was 32% higher for the Austrian speakers than for the German speakers.
However, the durational ratio between ascribed long/tense vs. short/lax vowels was
about the same between the two regions, namely 2.2 (Iivonen 1987b: 326). This ratio
suggests a high correlation between the feature [+tense] and duration, with the [+tense]
vowels being at least twice as long as the [—tense] vowels. It has to be noted that the
results are based on reading a list of monosyllabic words.

Duration, however, is composed of a certain number of periods and consequently
contains information about fundamental frequency. From a psychoacoustic point of
view, at least 8 periods are necessary for the perception of pitch®'. In order to guarantee
pitch perception in short vowels, the number of periods should be adapted to these
perceptual needs. Such adjustment can, but need not, be accompanied by a rise in FO,

since — from a long to a short vowel — only the number of periods and not necessarily

o I thank Werner Deutsch for pointing out this highly relevant connexion.
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the duration of the periods undergo changes in the first place. Therefore, it is not
surprising that absolutely no correlation can be observed between vowel duration and
FO0, whereas a high correlation can be found between vowel duration and the number of
periods. This result holds for logatome reading task, the sentence reading task, and

spontaneous speech. Table 4.4 gives the correlation coefficient r for all speakers:

r Logatomes Reading Spontaneous Logatomes | Reading | Spontaneous
NoP/ms NoP/ms NoP/ms ms/FO ms/FO ms/FO

Sp012 0.96 0.87 0.94 0.16 0.02 0.07
Sp180 0.94 0.84 0.89 0.30 0.23 0.11
Sp082 - 0.89 0.83 - 0.22 0.11
Sp129 - 0.91 0.92 - 0.17 0.22
Sp126 - 0.92 0.96 - 0.15 0.12
Sp127 - 0.85 0.96 - 0.25 0.17

Table 4.5: Correlation coefficient r for NoP/ms and FO/ms for three speaking tasks, stressed

vowels, all speakers. Statistically significant results (p < 0.05) are in bold.

The number of periods (henceforth NoP) does not contain any information about FO and
can therefore be taken as a pure durational measure®’. Given the high correlation
between duration (in ms) and the number of periods, it can be concluded that the longer
a segment, the more periods it contains. Since fundamental frequency is hardly affected
by a truncation of periods, the number of periods renders more exact results than
traditional duration measurements.

The results on NoP display a high dependency on the speaking task. In the
logatome reading task, speaker sp180 discerns long and short vowels, i.e. vowels
termed as “tense” have a higher amount of NoPs than the vowels labeled “lax” (27 vs.
14, n =313, t=22.58, p = 0.00). The vowel /a/ is differentiated for NoP as well (27 vs.
14,n=47,t=10.74, p = 0.00). Duration, therefore, coincides with tenseness. Figure 4.6
shows the results of a cluster analysis for speaker sp180, which groups long/tense

vowels and short/lax vowels into two clusters:

62 In the chapters 3.2.2 and 3.2.3, NoPs could not be calculated, because no periodic signal

is available in the closure phase of unvoiced plosives.
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Figure 4.6: Cluster analysis for number of periods of long/tense and short/lax vowels in
stressed positions, speaker sp180, logatome reading task. All short/lax vowels are
grouped in the left box, all long/tense vowels in the right box.

It can be seen from the lengths of the vertical lines (indicating the distances to the other
cluster members®) in Figure 4.6, that the distances among the long/tense vowels are
much higher than the distances among the short/lax vowels. Again, for speaker sp012;
vowels labeled “tense” have a higher amount of NoP than vowels labeled “lax™ (18 vs.
9,n=273,t=36.18, p = 0.00), the vowel /a/ is differentiated for NoP as well (18 vs. 9,

n=236,t=17.24, p=0.00). Figure 4.7 shows the cluster analysis for speaker sp012.

63 The distances, of course, contain no information about NoP.
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Figure 4.7: Cluster analysis for number of periods of long/tense and short/lax vowels in

stressed positions, logatome reading task, speaker sp012.

For the other two tasks, the sentence reading task and the spontaneous speech task, the
discriminatory ability of duration decreases step by step, till it finally stops fulfilling
this function in unstressed positions (see Table 4.5 and 4.6: the results of the logatome

reading task are repeated for better comparison):
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Speaker sp180 NoP V “tense” NoP V “lax” n t p

Logatome reading task 27 14 | 313 | 22.58 | 0.00
Sentence reading task stressed 22 151341 | 9.19| 0.00
Spontaneous speech stressed 16 13 | 185 | 3.32| 0.00
Sentence reading task unstressed 11 12 | 446 | -2.82 | 0.00
Spontaneous speech unstressed 9 10 | 349 | -1.23 | 0.11
Table 4.5: Mean number of periods for tense and lax vowels, and statistical results for 3

speaking tasks and 2 prosodic positions, speaker sp180.

Speaker sp012 NoP V “tense” NoP V “lax” n t p

Logatome reading task 18 91273 | 36.18 | 0.00
Sentence reading task stressed 14 8 |375| 12.20 | 0.00
Spontaneous speech stressed 9 6| 83| 3.69| 0.00
Sentence reading task unstressed 6 6 | 441 | -3.52 | 0.00
Spontaneous speech unstressed 5 51 96| -0.17 | 0.43
Table 4.6: Mean number of periods for tense and lax vowels, and statistical results for 3

speaking tasks and 2 prosodic positions, speaker sp012.

These results also hold for the remaining speakers. It should be noted, that in the
unstressed position, the situation is reversed: the “tense” vowels are somewhat shorter
than the “lax” vowels, as is indicated by the negative t-value. This inversion is
sometimes statistically significant, sometimes not. But the statistical significance is not
important in this case, since a parameter which is reversed under certain conditions
cannot make up a meaningful feature. As a summary, the NoP ratios for each person

under each condition can be read from Table 4.7.

NoP Ratio Logatomes Reading Spontaneous Reading Spontaneous
stressed unstressed unstressed unstressed

Speaker012 1.94 1.67 1.48 1.13 1.02
Speaker180 1.99 1.47 1.25 1.13 1.06
Speaker126 - 1.50 1.14 1.22 1.18
Speaker127 - 1.51 1.43 1.04 1.06
Speaker082 - 1.39 1.19 1.19 1.02
Speaker129 - 1.80 1.32 1.09 1.06
Table 4.7: NoP ratio of tense/lax vowels grouped over all speakers according to speaking

tasks and prosodic position.
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It becomes evident from Table 4.7 that the NoP ratio, and consequently the NoP, are a
function of speaking tasks and prosodic position, i.e. the more informal the speaking
task and the weaker the prosodic position, the less differences can be observed between
tense/long and lax/short vowels with respect to NoP®!. In reading logatomes, tense/long
vowels are nearly twice as long as their lax/short counterparts. The results presented in
Iivonen (1987b) give a still higher ratio, namely 2.2. Given the dependence of the ratio
on speech style and prosodic position, the higher ratio observable in livonen’s study is
the result of a still more formal speech style: a list of isolated monosyllabics vs.
bisyllabic logatomes in carrier sentences®.

It has been observed in many languages, including Standard German (Antoniadis
& Strube 1984, Strange & Bohn 1998) that duration depends on vowel height and is
considered to be a phonetic universal (Maddieson 1997). However, this could not be
observed in Standard Austrian German. In the two reading tasks, one-way ANOVA
rendered statistically significant differences between the vowels (“tense” and “lax”
vowels treated separately), in spontaneous speech. Only speaker spl127 and speaker
spl80 show statistically significant differences for both vowel groups, and speaker
sp126 only for the “lax” vowels. The crucial point, however, is that the /a/ vowels do
not expose the highest number of periods. Exactly which vowel shows the highest
number of periods, differs from speaker to speaker (/o/ and /a/ for speaker sp082, /y/
and /u/ for speaker sp129, /u/ and /a/ for speaker sp180, /y/ and /ce/ for speaker sp012,
/a/ and /a/ for speaker sp126, /y/ and /a/ for speaker sp127 in the sentence reading task,
see Table 4.8). Though statistically significant, no meaningful order can be worked out.
Table 4.8. gives an overview of the mean number of periods in the sentence reading task

for all speakers:

64
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The same result was achieved by Strange & Bohn (1998) for Northern German.

Eberhard Zwirner and his colleagues, who performed large-scaled regional investigations
on vowel durations, found out that in the east and southeast of the German language area
the durational ratio was only 1.1, whereas the ratio continously increases to the west and
the north and finally arrives at 2 in Bremen (Zwirner 1962, cited after Sendlmeier 1985).
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Number of periods Sp082 Sp129 Sp180 Sp012 Spl126 Sp127

/i/ 18 18 18 11 12 14
Iyl 23 30 22 21 16 24
/e/ 21 20 22 14 15 17
o/ 23 23 24 16 15 20
/a/ 20 18 22 12 17 17
ha/ 21 19 28 15 16 18
/o/ 24 21 25 17 17 19
N/ 12 10 15 7 8 9
Iy/ 15 10 14 8 9 11
le/ 16 11 13 9 11 11
/oe/ 17 13 17 9 11 12
/a/ 18 12 18 9 12 13
ol 15 13 16 9 7 11
o/ 13 9 14 8 10 11

Table 4.8:  Mean NoP for all speakers, broken down for vowel type, sentence reading task.

The temporal patterns (in NoPs) observed for Standard Austrian German vowels
continue a development that is already evident in Standard German. In Standard
Austrian German, the contrastive power of NoP monotonously decreases with
decreasing formality and prosodic strength. Moreover, no durational differences
between high and low vowels can be observed; NoP ratios of the low vowels pairs are
not bigger than the ratios of the high vowel pairs, i.e. the contrastive power of NoP is
not any better for low vowels than for high vowels. From this it follows that a separate
feature [+ long] to discriminate the low vowels is not justified. It can be concluded that

duration has no contrastive function in the Standard Austrian German vowel system.

4.2.5. Duration and Laxness

In 4.2.4 it has been argued that duration is not a distinctive feature in Standard
Austrian German. The historical analysis presented in Ronneberger-Sibold (1999)
supports this analysis: since isochrony has been given up in Standard German, the

quality of the former short vowels changed, i.e. the short “tense” vowels became “lax”.
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From these historical facts it is often assumed that “lax” vowels and vowel shortening

have something in common. Fischer-Jorgensen (1990) argues for such analysis:

“...the fact that only the short vowels have become lax in these Germanic languages also
supports an interpretation of the historical development of these vowels as a reduction.”
(Fischer-Jorgensen 1990:108).

Such an interpretation would imply that a) lax vowels become tense when lengthened
and b) tense vowels become lax when shortened.

Arguments against mingling vowel quality with durational phenomena have
already been propounded in Wood (1982: 157, see also Pulleyblank 2003). Wood’s
basic counterargument is the fact that long lax vowels (/e/ and /oi/ as e.g. in the
Viennese Dialect, see Dressler & Wodak 1982, Moosmiiller 1987) and short tense
vowels exist (again e.g. in the Austrian dialects, see Dressler & Wodak 1982,
Moosmiiller 1987). Hoole et al. (1994) found out that, in dependence on speech tempo,
it is especially the nucleus of tense vowels that is substantially contracted in fast speech
styles, whereas the nucleus of lax vowels is hardly affected at all (52.3% vs. 12.5%
shortening of the respective nuclei). However, vowel opposition is neither neutralized
across speech tempi (Mooshammer 1998), nor across stress modi (Jessen 1993, Jessen
et al. 1995). Since duration is not contrastive in Standard Austrian German, i.e. both
short and long vowels are found in each category, it can easily be tested whether vowel
quality changes in dependence on vowel duration.

Vowel quality has, for this test, been defined as a change in the mean®® value of
one of the first three formant frequencies. Correlation coefficients r have been
calculated for NoP and one of the first three formants. The one-way ANOVA showed
no significant differences between the results of the six speakers. Therefore, only the

results of speaker sp012 are presented in Table 4.9 to provide the overall results.

66 The mean value of each formant frequency is the result of the dynamic change over time

of the vowel under consideration, i.e. formant transitions enter into the mean value.
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Vowel category | Variability Coefficient NoP | r: NoP/F1 | r: NoP/F2 | r: NoP/F3
6/ 34.39 0,26 0.43 0.88
/ce/ 21,39 0.57 0.22 0.19
Iyl 48,97 0.26 0.17 0.48
1Y/ 34.19 0.52 0.76 0.52
/u/ 42.30 0.18 0.25 0.06
o/ 33,29 0.02 0.28 0.34
/o/ 28.29 0.36 0.11 0.02
/a/ 42.08 0.06 0.23 0.06
/i/ 36.64 0.06 0.45 0.56

n 31.59 0.36 0.16 0.17
/el 33.81 0.27 0.31 0.10
le/ 34.74 0.07 0.03 0.13
/a/ 32,78 0.49 0.03 0.19
/a/ 29.72 0.56 0.10 0.39

Table 4.9: Variability coefficient of NoP and correlation coefficient r for NoP/F1, F2, and F3
for each vowel. Statistically significant results (p < 0.05) are in bold. Speaker

sp012, sentence reading task, stressed position.

As becomes evident from Table 4.9, although the variability of NoP within each
category is very high (see variability coefficient), the quality of the vowel does not
change in dependence of NoP. This resistance to durational changes also becomes clear
from the within category variability of the first three formants (see Table 4.10).

It can be seen from Table 4.10 that the variability coefficient for each formant is
substantially smaller than the variability coefficient for NoP. From these results it can
be concluded that in the stressed position, vowel quality is preserved within each vowel
category, despite substantial variability in vowel duration. Moreover, it can be
concluded that — contrary to the assumption proposed in Jakobson & Halle (1961/2002%)
— vowels labeled as “lax™ are not mere attenuated variants of their tense counterparts,

but autonomous phonemes with separate articulatory settings.
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Vowel Variability Variability Variability Variability
category Coefficient NoP | Coefficient F1 Coefficient F2 Coefficient F3
/o/ 28,71 8,665 5,481 3,877
/oe/ 18,94 5,544 5,278 3,368
ly/ 38,45 9,259 6,331 5,067
Y/ 30,18 10,548 9,520 5,197
hu/ 31,44 7,689 14,375 7,169
o/ 37,75 7,476 16,541 5,887
/o/ 36,73 7,418 10,307 7,387
/a/ 28,04 7,271 10,188 6,662
/i/ 38,04 7,874 4,870 8,512
n 32,89 8,134 4,815 6,980
e/ 33,27 7,120 4411 7,716
/el 30,83 6,475 5,513 3,758
/al 31,33 9,982 7,788 7,327
/a/ 29,60 9,181 7,064 4,335

Table 4.10: Mean variability coefficients of NoP, F1, F2, and F3 for each vowel category,

pooled over six speakers.

4.3. Articulatory investigations on vowels

4.3.1 Articulatory settings for the opposition traditionally
termed [£ tense]

As has been already stated, it is not quite clear which articulatory settings are
responsible for the difference in vowel quality for the pairs /i/ — /v/, /e/ — /e/, Iy — /Y/, ¢/
— /ee/, u/ — lu/, Jo/ — /o/, and /a/ — /a/. The vocal tract configuration necessary for the
production of a given vowel contrast can be realized in many ways and by many
different combinations of individual articulators. The feature [ttense] is probably the
most disputed of all features discriminating vowels, since many different articulatory
adjustments might cause the above mentioned oppositions and the articulatory
adjustments involved are language specific. For example, the feature [+ATR], generally
agreed to be of relevance in several African languages, which yields similar oppositions

to those caused by [+tense] in Germanic languages, shows different articulatory ad-
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justments with consecutively different acoustic outputs within the languages described
as [£ATR]. The main physiological correlate of [+ATR] languages is either a widening
of the pharyngeal cavity as a result of tongue root advancement or a reduction of the
pharyngeal cavity by tongue root retraction, resulting in a lower F1 of the [+ATR]
vowels as opposed to the [-ATR] vowels. These articulatory adjustments have been
described for Igbo (Ladefoged 1964), Akan (Lindau 1979, 1987, Tiede 1996), Degema
(Fulop et al. 1998), as examples of Niger — Congo languages, and for DhoLuo, Shilluk,
Dinka (Jacobson 1978, 1980) and Maa (Guion et al. 2004) as examples of Nilotic
languages. Additionally, in Akan, tongue root advancement is accompanied by a
lowering of the larynx (Lindau 1974, cited in Guion et al. 2004, Tiede 1996). Tongue
root advancement might be followed by a tension in the vocal folds which results in
higher breathiness and shows up as a higher amount of energy in the higher frequency
regions. However, these accompanying settings have only be observed for Akan (Hess
1992), Degema and Maa (in Maa with no statistical significance).

The feature [£+ATR] has also been used to describe the “tense/lax” opposition in
English (Halle & Stevens 1969)%”. However, a cineradiographic study conducted by
Ladefoged et al. (1972) showed that tongue root advancement is just a further
complementary strategy to express the tense/lax opposition in English. This finding is
corroborated by Jackson (1988). In his study on various languages he proved that
English does not show a separate control of the tongue root for the tense/lax contrast.
Tiede (1996) compared Akan and English and detected substantial differences in the
articulatory patterning between the two languages when producing the desired

distinctions. He concludes that

Akan and English show different patterning of axial data at measured levels below the
epiglottis. With one exception (area measured at the three lowest levels of /e/), the area,
width, and depth measurements obtained for Akan show consistently larger values for
expanded (+ATR) variants at all measured levels, above and below the epiglottis. But while
the English data also show consistently larger values above the epiglottal pivot, at levels

67 Following Halle & Stevens (1969), Wiese (1996) adopts the feature [+ ATR] for the
vowels of “Modern Standard German” (1996: 20f).
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below that point differences between tense and lax variants are inconsistent in sign and
considerably smaller in magnitude. (Tiede 1996: 415f)

And he continues:

The English sagittal measurements showing smaller differences in magnitude for both
tongue root advancement and laryngeal lowering than Akan, and greater differences in
tongue dorsum height, suggest a relatively more significant role for tongue height in
maintaining the English contrast. (Tiede 1996: 418)

Tiede (1996) also elaborates on the relationship between dorsum height and tongue root
advancement, two adjustments that may be intrinsically linked. Whereas Akan,
however, controls the muscle responsible for a concomitant change in tongue height for
[+ATR] vowels, tongue height is accompanied with tongue root advancement in
English. Therefore, it can be inferred that the primary feature used to express the
tense/lax distinction in English is tongue height with facultative accompanying tongue
root advancement, whereas in Akan the distinction is expressed primarily by tongue
root advancement. The accompanying raise of the tongue dorsum is suppressed.

Ladefoged and Maddieson (1996) come to similar conclusions:

In Igbo and Akan the tongue height is not correlated with the tongue root position. In English
the position of the tongue root is correlated with the tongue height.....We conclude that the
advancement of the tongue root is a separable tongue gesture in languages such as Igbo and
Akan. In Germanic languages, however, it is simply one of the concomitants of vowel
height. (Ladefoged & Maddieson 1996: 303f)

Recently, following up the hypothesis proposed by Halle & Stevens (1969), Slitka
(2003) tested F1 slope (indicating breathiness) and point in time of the energy peak for
tense/lax vowel pairs in English. Although 88,9% of all tense vowels exposed a falling
slope and 91,7% of all lax vowels exposed a rising slope, indicating more breathiness in
the tense vowels, her results are not consistent across the speakers tested and ultimately
fail to classify vowels correctly. It has to be noted, furthermore, that breathiness is not
only a facultative consequence of advanced tongue root, but also of tongue fronting and
tongue heightening. Therefore, the feature ATR cannot be inferred from increased
breathiness. Consequently, the feature [+ ATR] is not responsible for the opposition

termed [+ tense] in the Germanic languages.
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Wood (1975b, 1979) found constriction degree contrastive for the tense/lax
opposition in English and Egyptian Arabic. The degree of constriction is narrower for
tense vowels in all pairs except [0, o]. In this pair, the constriction is wider for [o] than
for [o], “although both ranges virtually overlap” (1975b: 112 ff). In their investigation
of German vowels, Pouplier et al. (2004) found no inverse relationship of tongue-palate
distances of the vowel pair [0] — [0], i.e. the tongue-palate distance for [0] was greater
than for [o]. In the investigation of Pouplier et al. (2004), tongue-palate distance was
neutralised for [i] — [1] in all subjects and for [u] — [u] in two subjects. For German,
Hoole & Mooshammer (2002) confirmed Wood’s results on the front vowels: /e/ ex-
poses a higher tongue position than /1/. The results presented in Pouplier et al. (2004)
show intersubject variability: two subjects expose no differences, one subject has a
higher tongue-palate distance for /e/. For the front unrounded vowels Wood (1982)

concludes

“that the tongue is higher and more bunched relative to the mandible for the tense vowels [i,
e] and lower, flatter and bulging further into the pharynx for the lax vowels [1, €]. This
difference is performed with the mandible raised (for close [i, 1]) and lowered (for open [e,
e])”. (Wood 1982: 140f).

The results on the front unrounded vowels presented by Wood (1982) and corroborated
by Fischer-Jorgensen (1990) and Valaczkai (1998)*® clearly set apart two features which
are often used synonymously, namely the degree of constriction® (tongue height) and
the degree of jaw opening, i.e. tongue height is not accompanied by a concomitant
adjustment of jaw position’. It follows that the “e-vowels” and “i-vowels” are grouped

by jaw opening — the opening of the e-vowels is larger than 8 — 9 mm, whereas the

8 Although in Valaczkai (1998), the degree of lip opening is greater for the respective “lax”

vowel.

For the front vowels, constriction degree is equivalent to tongue-palate distance.

Sievers (1901:100), who introduced the features “tense” and “lax”, also clearly
distinguishes this pair from the pair “open” and “close”: “Man hiite sich auch davor, die
Begriffe ‘gespannt’ (oder ‘eng’) und ‘ungespannt’ (oder ‘weit’) mit denen zu
verwechseln, welche die althergebrachten Ausdriicke ‘geschlossen’ und ‘offen’
bezeichnen sollen. Diese letzteren wollen nur aussagen, dass ein Vocal geringere oder
grossere  Mundweite habe als ein anderer, aber ohne alle Riicksicht auf die
Verschiedenheit der Articulationsweise, welche die Differenzen der Mundweite im
einzelnen Fall hervorruft,...”

69
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opening for the “i-vowels” is smaller than 8 — 9 mm (Wood 1982: 46). The “tense” vs.
“lax” vowels, on the other hand, are grouped by constriction degree — for /i, e/ the
tongue is higher than for /1, /.

Unfortunately, results cannot be grouped as nicely for the back rounded vowels.
First of all, degree of jaw opening does not group the “o-vowels” against the “u-
vowels”. /u/ has nearly the same degree of openness as /o/, and, consequently, both /u,
o/ are closer than /u/, which again is closer than /o/. The front rounded vowels do not
differ too much with respect to degree of jaw opening, but the tendency is the same as

for the back rounded vowels (Valaczkai 1998). This renders the following pattern:

Close | Open
Front unrounded i1 e, €
Back rounded u, 0 U, 0

The lip configuration of the “tense” back rounded vowels is more protruded than for
their “lax” cognates (Wood 1982 :145). Consequently, the degree of opening is
narrower for /u, o/ than for /u, o/. For the front rounded vowels, only a moderate lip
protrusion is favourable in order to ensure F3 and F2 at close quarters (Wood 1986).
The moderate lip protrusion in front rounded vowels explains the fact that there are
hardly any differences with respect to jaw opening between the tense and the lax front
rounded vowels.

Lip protrusion is accompanied by larynx depression, in order to adjust the
distance from the glottal source to the constriction (Wood 1979: 33). Therefore, the
degree of larynx lowering depends on the degree of lip protrusion; i.e. for the more
protruded “tense” vowels, the larynx is lowered by approximately 10 mm, whereas it is
only lowered by approximately 5 mm for the “lax” vowels, which expose a minor

protrusion (Wood 1979).
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Pouplier et al. (2004) found initial genioglossus posterior (GGP) compression for
all “tense” Vowels71, whereas for the “lax” vowels, immediate GGP expansion could be

observed. They conclude:

“The estimation of genioglossus activity revealed the most consistent difference pattern
across vowels [...]. Genioglossus posterior showed a consistent difference in that for the lax
vowel, there was an immediate expansion movement, while the tense vowel either showed
no change or compression, notably without corresponding expansion in the tongue tip [...].
The consistent differences that could be observed for the vowels across the entire utterance
are consistent with the hypothesis that the tenseness opposition is not so much realized at the
maximum constriction but rather lies in the entire motion sequence into and out of the
vowel.” (Pouplier et al. 2004: 53)

This finding would imply that the main difference between “tense” and “lax” vowels
lies in the onset of the vowel. It has been stated above that Pouplier et al. (2004) also
found differences in the tongue-palate distance, except for the fact that these differences
were neutralized for the pairs [i] — [1] and [u] — [u]. For this reason, tongue-palate
distance was discarded as a discriminatory parameter. However, from a phonological
point of view, neutralization of these vowel pairs is possible. Therefore, it could in the
same way be the case that GGP activity and tongue-palate distance form the articulatory
correlate for the opposition [+ tense], and that tongue-palate distance loses its
discriminatory ability for the vowel pairs [i] — [1] and [u] — [u]. Consequently, for these
pairs, differences should only be apparent in the onset of the vowel. However, according
to the results presented in Pouplier et al. (2004), the pair [y] — [Y] does not follow this
development. It has to be emphasized that tongue-palate distances heavily depend on
the shape of the palate (Perkell 1997, Brunner et al. 2005). Therefore, the tongue-palate
distances have to be individually adjusted in order to obtain the desired acoustic output.
These individual differences in tongue-palate distances have also been observed by
Pouplier et al. (2004).

To summarize, the following articulatory correlates can be obtained from the
literature:

» [£ ATR]: can be excluded for Germanic languages.

7! Results on the pair /¢ — ¢/ are not reported.
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» [* constricted]: refers to constriction degree and is most probably the best
candidate to describe the so-called tense/lax opposition.

» [+ open] differs for vowels with and without lip protrusion. /i/ and /1/ are
closed, whereas /e/ and /e/ are open. For the vowels with lip protrusion,
the opposition goes hand in hand with the tense/lax opposition.

» [+ compressed] refers to GGP compression at the onset of the “tense”

vowels.

This last feature would also represent a meaningful correlate. However, the opposition
would be restricted to the onset of the vowel. Moreover, Pouplier et al. (2004) only
tested the phonetic environment /gVm/. Since only the onset is affected by different
GGP activity, other consonantal environments would have to be analysed in order to
corroborate these results.

It can be concluded that, for the time being, a meaningful correlate for the feature
[+ tense] cannot be identified. The feature [+ constricted] points to the degree of
constriction and must not be replaced by [+ tense]. In fact, the feature [+ tense] is also
misleading since it denotes that the speaker has to exert more effort in producing the [+
tense] vowels, leading ultimately to higher articulatory precision. Wood (1982) proved,

however, that lax vowels are by no means articulated with less precision:

“Regarding precision, it is fascinating to watch a motion X-ray film and see the level of
precision achieved for all vowels, tense and lax.” (Wood 1982: 177).

The results, as concerns articulatory precision for both tense and lax vowels, have been
confirmed by Hoole & Mooshammer (2002) in their work on German vowels.
Therefore, in order to avoid the misleading semantic implications, which have no
articulatory basis, the feature [+ tense] should be abandoned. The feature [+ constricted]
is — for Standard Austrian German — a far better articulatory description of the vowel
pairs in question. Moreover, in cases where /a/ and /a/ are not neutralised, this feature
also captures this opposition, since /a/ exposes a higher constriction in the pharynx than

/a/ (Wood 1975b, Valaczkai 1998, Pouplier et al. 2004). However, the feature [+ front],
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which does not refer to constriction location in the case of the /a/ — vowels, is not apt to
distinguish the /a/ — vowels in German, because the velar fricative is not palatalised
after the traditionally called front /a/ in words like “Bach” (brook) or “lachen” (to laugh)

(see also 4.4.5).

4.3.2 The features [+ front] and [£ high]

Wood (1979, 1982) isolated four contrastive constriction locations for vowels: “along
the hard palate, along the soft palate, in the upper pharynx and in the lower pharynx”
(1982: 43), but does not relate them to the tense/lax opposition. The front region can be
further divided into a pre-palatal and a mid-palatal region. Whether the front region is
further divided is language specific. Fant (1965) states that the Russian and
Scandinavian [i]-vowels are pre-palatal, whereas the English [i] is articulated more

towards the mid-palatal region (1965: 137). Wood (1979) found that his

“English and Arabic subjects had strikingly different constriction locations for palatal
vowels... The English subject centred his constrictions midway along the hard palate about
35 mm behind the central incisors. The Arabic subject’s constrictions were more anterior,
about 27 mm behind the central incisors.” (Wood 1979: 34)

Similar results are presented in Fant (2001). Modelling Swedish vowels, he spotted a
front region located less than 4 cm from the teeth. The constrictions of the vowels [y:,
!, ii] are located at 27, 28 and 31 mm from the teeth respectively. The constrictions of
[e, cei, @] are located at 35, 37 and 42 mm from the teeth respectively (Fant 2001: 47).
L.e. there is a pre-palatal location for [y:, s, ii], a mid-palatal location for [e:, ce:, ¢:]. In
Mooshammer (1998), who analyzed German vowels, horizontal tongue position played
an important contrastive role as well. Horizontal tongue position, also termed “front
raising” (Harshman et al. 1977), was also proved to discriminate vowels in Ningbo
Chinese (Hu 2003) and Ndumbea, an Austronesian language (Gordon & Maddieson
1999).
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As concerns the back vowels, the constriction locations spotted in Wood (1982),
1.e. the soft palate for the “u-vowels”, the upper pharynx for the “o-vowels”, and the
lower pharynx for the “a-vowels”, have been confirmed by Fant (2001).

For Standard Austrian German, the parameter “constriction location” allocates the
individual constricted/unconstricted pairs a specific location’>. The following

constriction locations are assumed:

e pre-palatal for the /i, 1, y, Y/ — vowels

e mid-palatal for the /e, €, @, ¢/ — vowels

e soft-palatal for the /u, v/ — vowels

e upper pharyngeal for the /o, o/ — vowels and
e lower pharyngeal for the /a, a/ — vowels

In the light of this analysis, it is of no relevance whether constriction degree is bigger or
smaller for /e/ with respect to /i/ or /i/”>. Constriction degree is not a gradual movement
from narrow to wide, but exposes distinctive adjustments. Pouplier et al. (2004) found
tongue-palate distance differences > 1 mm for two subjects (out of three) for the pair /i/
— /e/, and for only one subject for the pair /i/ — /e/. Therefore, in German, /e/ is not to be
discerned by tongue height from the /i/ — vowels, but by constriction location. The same
holds for the /o/ — vowels vs. the /u/ — vowels. According to the results presented in
Pouplier et al. (2004), tongue-palate distance is not bigger for /o/ than for the /u/ —
vowels. The assumption that /e/ and /o/ are “mid” vowels is, therefore, not justified for
Standard Austrian German.

For acoustic reasons, tongue-palate distance is bigger for the front rounded vowels
than for their unrounded cognates (Wood 1986, Pouplier et al. 2004, also Chapter 4.4).
This leads to four different tongue-palate distances in the two front regions respectively.
The vowel /ce/, however, can be modelled both as a back and as a front vowel (Boé¢ et
al. 1992). For this vowel, “the vocal tract most resembles a cylindrical tube” (Boé¢ et al.

1992: 35) and “the area functions reveal two approximately equal and symmetric

& This analysis holds only for languages which discern a pre-palatal and a mid-palatal

location.

7 See also Hu (2003) for a discussion on tongue height.
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minima around Xc_g74 =5 cm and X., = 11 cm (1992: 36). For German, Hoole &
Mooshammer (2002) describe the vowel /ce/ as a front vowel. Pouplier et al. (2004) do
not present results on tongue-palate distances for /@¢/, whilst for /ce/, tongue-palate
distance difference of /e/ vs. /ee/ exceeds 1 mm. Although the greater tongue-palate
distance for the front rounded vowels has an important acoustic function (Wood 1986),
it is nevertheless not useful for discriminating the front rounded vowels from their
unrounded cognates by tongue height, because the respective primary discriminatory
features are [+ round] and [+ constricted]”’. The feature [+ high] can, therefore, be
discarded. The feature [+ front] is, however, useful for giving a rough classification of
vowels with a constriction location approximately < 4 cm from the lower incisors, and
for vowels with a constriction location approximately > 6 cm from the lower incisors.

However, the feature [+ front] is not able to discern the pre-palatal vowels and the
mid-palatal vowels on the one hand, the lower pharyngeal vowels, the upper pharyngeal
vowels, and the velar vowels on the other hand. This can be achieved by introducing
three further features referring to constriction location: [+ lower pharyngeal], [+ velar],
and [+ pre-palatal]. [+ lower pharyngeal] sets the velar and upper pharyngeal vowels
apart from the lower pharyngeal vowels, and the [+ pre-palatal] sets the pre-palatal and
mid-palatal vowels apart.

From an articulatory point of view, the following features can be set up for

Standard Austrian German:

e [=*constricted] discerns /i, y, e, @, 0, u, a/ from /1, v, €, ce, 0, U, a/

e [tround] discerns /y, v, @, e, 0, 0, u, u/ from /i, 1, e, €, a, a/

e [xfront] discerns /i, 1, y, v, e, €, @, &/ from /u, u, 0, 2, a, a/

e [£lower pharyngeal] discerns /a, a/ from /i, 1, y, Y, €, €, @, &, u, U, 0, o/
e [xvelar] discerns /u, v/ from /i, 1, y, v, e, €, @, e, 0, 0, Q, &/

e [tpre-palatal] discerns /i, 1, y, v/ from /e, €, @, ce, 0, 0, u, U, a, a/

74

X = constriction coordinate from the glottis.
75

[£constricted] is, of course, a tongue height parameter as well. However, this feature
keeps vowel pairs apart. Tongue height, on the other hand, traditionally discerns the /a/ —
vowels ([— high]), the /e, o/ — vowels ([+ high, — high]), and the /i, u/ — vowels ([+ high]).
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Table 4.11 presents the feature matrix of the vowels of Standard Austrian German

assumed from the articulatory investigations so far:

A\ |yl | I | lel | el | lel | e/ | /al | fal | Jo/ | ol | /| ol
constricted + |- |+ |- |+ |- |+ |- + - |+ |- |+ |-
round — = |+ |+ = = ==t
front + |+ |+ |+ |+ |+ |+ === = = |-
lower pharyngeal | — |- |- |- |- |- |- |- |+ |+ |- |- |- |-
velar - == 1= |- 1= |- |- S N I I
pre-palatal + |+ |+ |+ |- |- |= |- S D P

Table 4.11: Feature matrix of the vowels assumed for Standard Austrian German so far.

4.4. Acoustic analysis of the vowels of Standard
Austrian German.

It is well known that changes in the quality of a given vowel are dependent on the
speaking task, the speech situation, or the prosodic position. This variation is consistent,
planned, and, consequently, predictable to a high degree (see Chapter 5). Therefore, it
makes no sense to test whether a given vowel maintains one and the same quality over
diverse speaking tasks. It is, however, of relevance, whether, within a given speaking
task, the speakers uphold the oppositions assumed in Chapter 4.3, or whether any
neutralizations within a certain speaking task or a certain prosodic position (be it, e.g.,
either in a stressed position or in spontaneous speech) can be observed in the data. Such
neutralizations, where they are consistent over all speakers, might point to a sound
change in progress. One-tailed t-tests have been performed to test whether the assumed
oppositions are preserved within each speaking task for a given vowel npair.
Neutralization was defined in cases where a given vowel pair showed no statistically
significant differences, or where it showed a significant difference that points, however,
in the wrong direction, e.g. a higher F3 value for /i/ as opposed to /i/. These latter cases

are marked as bold and italic in the tables.
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4.4.1. The pre-palatal vowels

The unrounded pre-palatal vowels are located in an acoustically unstable region.
Probably for this reason, this region is only exploited in vowel systems with many front
vowels. Since German discerns eight front vowels, it is not possible to locate them all in
the mid-palatal region with five distinctive vowel heights. It is, in principle, possible to
discern five vowel heights. However, tongue-palate distance differences depend on
speaking tasks, situations, and prosodic positions as well (e.g., in weak prosodic
positions, tongue-palate distance becomes greater). This stepwise increase of tongue-
palate distance per vowel in dependence on speaking task and prosodic position would
ultimately lead to a collapse of the feature tongue height, in cases where all front vowels
were located in the same place.

As has been elaborated in Chapter 2, the pre-palatal location might cause a switch
in cavity affiliation for F2 and F3, where constriction degree is small and constriction
length is sufficiently long (approximately 5 cm). This vocal tract configuration causes

F3 to raise substantially and approximate F4 (see Figure 4.8).
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Figure 4.8: Averaged spectrum of the vowel /i/ taken from the logatome “piebe”, speaker
sp012.

However, a configuration resulting in a spectrum like the one displayed in Figure 4.8

takes place at best in the most formal speech situations or speaking tasks. As soon as the
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degree of formality decreases or prosodic position weakens, constriction length
decreases, constriction degree widens, and F3 decreases again. The vowel /i/ is affected
by this acoustic instability; the mean F3 value decreases by 12 % for reading sentences
as compared to reading logatomes, whereas average F3 only decreases by 4.5 % for
reading sentences as compared to spontaneous speech (see Table 4.14).

The instability of F3 of the vowel /i/ is most conspicuous in the intermediate
speaking task of reading sentences, as becomes apparent from the density plot of all

measured F3 values for the vowel /i/, broken down for three speaking tasks (Figure 4.9).

—x— mean 1 = 3230.06 Hz
“X~ mean 2 = 2925.41 Hz
X mean 3 = 2715.71 Hz

Density
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030
1

2000 2500 3000 3500 4000

Hz

Figure 4.9: Density plot of all F3 values for the vowel /i/ in the stressed position, speaker
sp012. Black line: logatome reading task, red line: sentence reading task, green
line: spontaneous speech.

It can be seen from Figure 4.9 that F3 of the sentence reading task exhibits two evenly
distributed peaks, one overlapping with the logatome reading task, indicating a front

cavity affiliation for F3, the other overlapping with spontaneous speech, indicating a
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back cavity affiliation of F3. Figure 4.9 also displays the stepwise change in vowel
quality in dependence on the speaking task or degree of formality.

The [—constricted] unrounded pre-palatal vowel /1/ is not affected by this problem,
since the originally higher constriction degree prevents a switch in cavity affiliation. It

can be seen from Figure 4.10 that F2, F3, and F4 are approximately evenly spaced.
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Figure 4.10: Average spectrum of the vowel /1/ taken from the logatome “pibbe”, speaker sp012.

The primary difference between /i/ and /i/ is tongue-palate distance, i.e. constriction
degree. This parameter affects all formants; as constriction is widened, F1 increases’®,
and F2 and F3 decrease monotonously. Therefore, F1 has to be higher for /i/ than for /i/,
F2 has to be lower or equal’”’, and F3 has to be lower within each speaking task or
prosodic position. However, Pouplier et al. (2004) pointed out that tongue-palate
distances were neutralized between the pair /i/ — /i/ for all three subjects. Tables 4.12 —

4.14 give the mean F1, F2, and F3 values for the pair /i/ — /1/.

76

However, the degree of lip aperture is the most obvious correlate of F1 (Hoole 1997).
77

Depending on the cavity affiliation of F2.

88



Vowels in Standard Austrian German

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus
Sp012 269 281 284 298 317 328 330 322 337 341
Sp180 241 301 301 314 320 319 306 314 341 346
Sp082 — — 379 392 398 400 363 392 383 396
Sp129 — — 355 385 382 389 367 384 373 390
Sp126 — — 282 296 308 313 302 313 325 323
Sp127 — — 284 320 307 324 311 310 320 327
Table 4.12: Mean F1 values of /i/ and /i/ over all speaking tasks. Within each task, the value to
the left represents the vowel /i/, the value to the right the vowel /1/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where t-
values are positive, the pair is additionally in italics. L = Logatome reading task, Rs
= Sentence reading task, stressed vowels, Rus = Sentence reading task, unstressed
vowels, Ss = Spontaneous speech, stressed vowels, SuS = Spontaneous speech,
unstressed vowels, Sp = Speaker.
F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 2078 | 2032 | 2054 | 2022 | 1918 | 1955 | 2079 | 1964 | 1758 | 1804

Sp180 2533 | 2399 | 2489 | 2413 | 2256 | 2345 | 2350 | 2345 | 2153 | 2201

Sp082 — —| 2334 | 2217 | 2059 | 2128 | 2179 | 2190 | 1907 | 1964

Sp129 — —| 2369 | 2348 | 2183 | 2235 | 2379 | 2272 | 2116 | 2155

Sp126 — —| 2094 | 2030 | 1813 | 1895 | 1985 | 1972 | 1744 | 1796

Sp127 — —| 2110 | 2038 | 1936 | 1910 | 2043 | 1952 | 1705| 1819

Table 4.13: Mean F2 values of /i/ and /i/ over all speaking tasks. Within each task, the value to
the left represents the vowel /i/, the value to the right the vowel /1/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where t-
values are negative, the pair is additionally in italics. Legend as in Table 4.12.

F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 3230 | 2887 | 2828 | 2681 | 2508 | 2592 | 2700 | 2622 | 2305 | 2389

Sp180 | 3413 | 2979 | 3179 | 3065 | 2916 | 2968 | 3042 | 3015 | 2781 | 2818

Sp082 — —| 2893 | 2685 | 2509 | 2584 | 2733 | 2707 | 2475| 2539
Sp129 — —| 3063 | 2921 | 2782 | 2813 | 2993 | 2807 | 2656 | 2692
Sp126 — —| 2697 | 2517 | 2351 | 2452 | 2561 | 2587 | 2270 | 2434
Sp127 — —| 2674 | 2543 | 2439 | 2495 | 2516 | 2532 | 2403 | 2433
Table 4.14: Mean F3 values of /i/ and /i/ over all speaking tasks. Within each task, the value to

the left represents the vowel /i/, the value to the right the vowel /1/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where t-
values are negative, the pair is additionally in italics. Legend as in Table 4.12.
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It becomes apparent from Tables 4.12 — 4.14 that the opposition between the pair /i/ — /1/
in stressed positions is fully maintained in the logatome reading task. It is also fully
maintained in stressed positions in the task of reading sentences by five of the speakers.
However, the opposition in stressed positions starts to be neutralized in spontaneous
speech for all speakers except speaker 129. Figure 4.11 summarizes the results of the

statistical analysis:

F3

F2 1

F1 A —

F3

F2 4

F1 A — — —

|
:
:
|

Ss {r2 | —
oA —-— -_—
F3 4 — — — —
Rs F2 4 - —-— -— -_ -_—
F1 1 — E— — —
Sp012 Sp180 Sp082 Sp129 Sp126 Sp127

Figure 4.11: Results of the one-tailed t-tests for the vowel pair /i/ — /i/. For each formant and
each speaking task, statistically significant differences (p < 0.05) are indicated by
crossbeams. Where no differences occur for a given formant, the space is left
blank. Legend as in Table 4.12.

Figure 4.11 shows that only two speakers distinguish the vowel pair in the stressed
position in spontaneous speech; speaker sp129 distinguishes them by all three formants
and speaker sp126 only by F1. In the unstressed positions, the vowel pair is, if at all,

only discerned by F1. The cluster analysis presented for speaker sp012 illustrates the
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differences between the speaking tasks. Figure 4.12 presents a cluster analysis for all /i/

and /1/ vowels in stressed positions in the task of reading sentences:
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Figure 4.12: Cluster analysis of F1, F2, and F3 of all /i/ and /i/ vowels in stressed positions.
Sentence reading task. Speaker sp012. “ic” = /i/ [+constricted], “luc” = /i/ [-con-
stricted].

In Figure 4.12, the /i/ vowels are clearly kept apart from the /i/ vowels. In unstressed
positions in spontaneous speech, however, the opposition becomes totally blurred

(Figure 4.13).
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Figure 4.13: Cluster analysis of F1, F2, and F3 of all /i/ and /1/ vowels in unstressed positions in
spontaneous speech: speaker sp012. “ic” = /i/ [+constricted], “Tuc” = /i/ [—constric-
ted]

It is noteworthy that in spontaneous speech, in stressed and unstressed positions, and in
the sentence reading task, in unstressed positions, values for F2 and F3 are quite often
reversed, i.e., /1I/ takes a higher value than /i/ (see Tables 4.13 and 4.14). This result
might indicate a sound change in progress, where /i/ adapts to /i/, in a first step, by
neutralizing the degree of constriction (F2, F3), and, in a second step, by neutralizing

jaw position (F1). Nevertheless, since at least two speakers uphold the opposition
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between /i/ — /1/ in spontaneous speech, assuming a complete neutralization of the pair is
not yet justified.

Due to lip protrusion, F2 remains a natural frequency of the front cavity for the
pre-palatal rounded vowels. However, only a moderate lip rounding is favourable for
the vowel /y/ (Wood 1986) in order to avoid too drastic a lowering of F2.
Complementary larynx depression ensures that F2 and F3 come close together. Stevens
(1989) even suggests that F2 and F3 come so close together that the spectral peak
created by the formant pair is to be regarded as a single-peaked prominence instead of a
two-peaked prominence (Stevens 1989: 17). This has in fact been observed for the

vowel /y/ in the analysis of the logatomes (see Figure 4.14).
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Figure 4.14: Average spectrum of the vowel /y/ taken from the logatome “piibe”, speaker sp012.

Wood (1986) also observed a lower tongue-body for the vowel /y/ as compared to /i/,
which diminished the F1 contrast with /i/ (Wood 1986: 396). Pouplier et al (2004)
report greater tongue-palate distance only for one out of three subjects. For the others,
no relevant distance differences between /i/ and /y/ could be observed.

In the unconstricted /v/, lips are more intensely protruded (Valaczkai 1998: 131),
although the ranges overlap. The degree of lip opening, is, as expected, greater for the
unconstricted vowel. This very specific lip configuration, together with complementary
larynx lowering and difference in tongue-palate distance, leads to a higher F1, a lower

F2, and a similar or higher F3 for the unconstricted vowel as compared to the
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constricted cognate. Consequently, the spectral peaks of F2 and F3 are clearly kept apart

in unconstricted /y/ (see Figure 4.15).
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Figure 4.15: Average spectrum of the vowel /y/ taken from the logatome “piibbe”, speaker
sp012.

Tongue-palate distance neutralization between the [+constricted] pre-palatal pair /y/ —
/y/ occurred only for one subject in Pouplier et al. (2004). However, the small
differences in lip configuration, and most probably in complementary larynx lowering,
might easily lead to a neutralization as soon as constriction is widened in less formal
speech situations or speaking tasks. Unfortunately, in spontaneous speech, all speakers
produced either no or too few items for making a statistical comparison reasonable with
the exception of speaker spl80 in spontaneous speech in the stressed position.
Therefore, in Tables 4.15 — 4.17, under the heading “Ss” and “Sus”, only the mean
values are noted (except for sp180, Ss), marked with an asterisk, indicating that no t-test

has been performed.

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 265 290 305 352 315 372 — — — —

Sp180 246 297 304 353 355 328 322 286 | 318* | 358*

Sp082 — — 378 416 388 451 | 438* | 378* | 418* —
Sp129 — — 337 407 386 396 | 383* | 406* | 374* —
Sp126 — — 291 317 312 317 —| 316* | 337*| 317*
Spl127 — — 252 336 312 339 | 345% | 334*% | 350*% | 344*

Table 4.15: Mean F1 values of /y/ and /y/ over all speaking tasks. Within each task, the value
to the left represents the vowel /y/, the value to the right the vowel /v/. Statistically
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significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is positive, the pair is additionally in italics. The asterisk indicates that no t-
tests have been performed. Legend as in Table 4.12.

F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 1794 | 1705 | 1800 | 1684 | 1764 | 1649 - - — —
Sp180 2110 | 1910 | 2152 | 1916 | 1940 | 1907 | 1762 | 1741 | 1988* | 1821*
Sp082 - —| 1738 | 1631 | 1660 | 1530 | 1662* | 1300* | 1500%* —
Sp129 - —| 1837 | 1792 | 1811 1767 | 1731* | 1638* | 1819* —
Sp126 - —| 1661 1531 1617 | 1512 — | 1399* | 1510* | 1618*
Sp127 - —| 1588 | 1480 | 1597 | 1616 | 1325*% | 1402* | 1309* | 1404*

Table 4.16: Mean F2 values of /y/ and /v/ over all speaking tasks. Within each task, the value

to the left represents the vowel /y/, the value to the right the vowel /v/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is negative, the pair is additionally in italics. The asterisk indicates that no t-
tests have been performed. Legend as in Table 4.12.

F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 2085 | 2099 | 2127 | 2106 | 2092 | 2112 - - — —
Sp180 2502 | 2570 | 2783 | 2657 | 2589 | 2693 | 2439 | 2583 | 2538* | 2477*
Sp082 - —| 2304 | 2351 | 2360 | 2394 | 2213* | 2400* | 2295* —
Sp129 - — | 2327 | 2483 | 2453 | 2514 | 2375* | 2230* | 2466* —
Spl126 - —| 2134 | 2139 | 2117 | 2158 — | 2116* | 2220* | 2061*
Sp127 - —| 2097 | 2328 | 2127 | 2258 | 2462* | 2391* | 2211* | 2077*

Table 4.17: Mean F3 values of /y/ and /y/ over all speaking tasks. Within each task, the value

to the left represents the vowel /y/, the value to the right the vowel /v/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is positive, the pair is additionally in italics. The asterisk indicates that no t-

tests have been performed. Legend as in Table 4.12.

The opposition between the pair /y/ — /y/ is more endangered than the one between /i/ —

1/, especially because F3 plays a minor role (see Tables 4.15 — 4.17). The relevance of

F3 comes into play in less formal or weak positions, when the larynx is raised for the

unconstricted vowel, and consequently F3 is raised. This causes statistically significant

differences in the spontaneous speech of speaker sp180 and in the unstressed condition

of the sentence reading task of speaker sp127.

95




Sylvia Moosmiiller

F2, the correlate of lip protrusion and constriction degree, produces statistically
significant differences in the unstressed position in the sentence reading task for at least
three speakers. In the same way, F1 is only distinctive for three speakers in unstressed
positions.

Since for most speakers, no statistical results are available for spontaneous
speech, whether the /y/ — /y/ pair is tending towards neutralization or not cannot ultima-
tely be evaluated. A tentative assumption is that F3 might take over the distinctive role
of F2 in less formal or weak positions (see e.g. the results of spl127 in “Rus” and of
sp180 in “Ss”). Such a change across speaking tasks, situations and prosodic positions
also implies a change in the articulatory settings, and consequently in the articulatory
features. In other words, the feature [+constricted] would be replaced by a feature
larynx height. This change results from the very subtle interplay of degree of lip
protrusion with accompanying degree of larynx lowering, degree of lip aperture, and
degree of constriction. Since, however, tongue-palate distance is still relevant in the
unstressed position of the sentence reading task for at least three speakers, the feature

[+constricted] is maintained.

4.4.2. The mid-palatal vowels

If the tongue forms a constriction in the mid-palatal region, F2 is a natural frequency of
the front cavity, and, therefore, relatively high, and F3 is a natural frequency of the back

cavity and, consequently, substantially lower than for /i/ (see Figure 4.16).
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Figure 4.16: Average spectrum of the vowel /e/ taken from the logatome “pebe”, speaker sp012.

Since F2 is relatively high and F3 is maximally low, these two frequencies can form a
center of gravity. For the unconstricted counterpart in the mid-palatal location /e/, the
degree of constriction is even more widened than for unconstricted /I/. One can
therefore assume a great acoustic coupling which yields in a high F1 (together with a
high degree of lip aperture) and a substantial lowering of both F2 and F3 (see Figure

4.17).
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Figure 4.17: Average spectrum of the vowel /e/ taken from the logatome “pebbe”, speaker
sp012.

The vowel pair /e/ and /e/ is primarily discerned by constriction degree, which is
substantially greater for the unconstricted vowel /e/. Wood (1982) reports approxi-
mately the same degree of lip aperture for both vowels, whereas in Valaczkai (1998),
the degree of lip aperture is greater for the unconstricted vowel /e/. These differences in

the articulatory settings between /e/ and /e/ lead to a higher F1, a lower F2, and a lower
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F3 for the unconstricted vowel /e/ as compared to the constricted cognate /e/ (see Tables

4.18 —4.20).

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus
Sp012 316 434 331 444 376 387 373 436 364 431
Sp180 336 434 347 422 369 376 353 424 396 386
Sp082 - - 392 494 415 432 393 491 410 446
Sp129 - - 366 461 429 438 393 444 414 441
Sp126 - - 323 404 346 359 346 403 339 362
Sp127 - - 330 417 351 366 348 417 352 364

Table 4.18: Mean F1 values of /e/ and /e/ over all speaking tasks. Within each task, the value to

the left represents the vowel /e/, the value to the right the vowel /e/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is positive, the pair is additionally in italics. Legend as in Table 4.12.

F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 2097 | 1793 | 2080 | 1807 | 1747 | 1663 | 1936 | 1704 | 1630 | 1551
Sp180 2562 | 2244 | 2421 | 2229 | 2135 | 2024 | 2441 | 2205 | 2037 | 1979
Sp082 - —| 2410 | 2056 | 1891 | 1844 | 2184 | 2003 | 1873 | 1764
Sp129 - —| 2461 | 2209 | 1997 | 1873 | 2293 | 2058 | 2044 | 1789
Sp126 - —| 2095 | 1797 | 1713 | 1619 | 1911 | 1704 | 1597 | 1549
Sp127 - —| 2086 | 1911 | 1777 | 1682 | 1924 | 1767 | 1744 | 1582

Table 4.19: Mean F2 values of /e/ and /e/ over all speaking tasks. Within each task, the value to

the left represents the vowel /e/, the value to the right the vowel /e/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is negative, the pair is additionally in italics. Legend as in Table 4.12.

F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 2817 | 2351 | 2618 | 2303 | 2267 | 2225 | 2478 | 2157 | 2198 | 2157
Sp180 3182 | 2818 | 3071 | 2852 | 2774 | 2795 | 2993 | 2769 | 2665 | 2713
Sp082 - —| 2939 | 2516 | 2432 | 2466 | 2589 | 2618 | 2427 | 2459
Sp129 - —| 3026 | 2716 | 2615 | 2581 | 2710 | 2569 | 2568 | 2496
Sp126 - —| 2557 | 2327 | 2331 | 2262 | 2431 | 2315 | 2222 | 2323
Sp127 - —| 2625 | 2476 | 2386 | 2452 | 2511 | 2457 | 2365 | 2452

Table 4.20: Mean F3 values of /e/ and /e/ over all speaking tasks. Within each task, the value to

the left represents the vowel /e/, the value to the right the vowel /e/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is negative, the pair is additionally in italics. Legend see Table 4.12.
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As becomes apparent from Tables 4.18 — 4.20, the two vowels /e/ and /e/ are clearly
kept apart. In the logatome reading task, both speakers discern the pair by all three
formants, and in the sentence reading task in the stressed position, all speakers but one
discern the pair by all three formants. Figure 4.18 summarizes the results of the

statistical analysis:

F3 4 —-—

Sus F2 A — — —
F1 4 —-— — —_—
F3 A —

Rus ¢ k2 — — — — — —
1 4 — — —
F3 4 —

Ss F2 4 -— —-— — —-— -_— —
F1 o —
F3 4 E—

Rs F2 A — — — E— — —
i — —-— — —

Sp012 Sp180 Sp082 Sp129 Sp126 Sp127

Figure 4.18: Results of the one-tailed t-tests for the vowel pair /e/ — /e/. For each formant and
each speaking task, statistically significant differences (p < 0.05) are indicated by
crossbeams. Where no differences occur for a given formant, the space is left
blank. Legend as in Table 4.12.

It can be read from Figure 4.18 that an opposition is maintained for at least one formant
in each speaking task (except for speaker sp180 who neutralizes the opposition in the
unstressed position in spontaneous speech). However, even more important is the result
that in unstressed positions, speakers maintain the opposition in different ways. Apart
from the fact that reveals some speaker-specific information, this result also points out

that speakers make use of different articulatory configurations and consequently of
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different features to maintain an opposition. It should also be emphasized that a
neutralization of F1 (speaker sp180 and speaker spl127) leads to a lowering of the
formant of the unconstricted vowel /e/, and not to a rising of the F1 of the constricted
vowel /e/. In other words, the unconstricted vowels assimilates to the constricted one’®
in neutralization, and not the other way round.

However, given the non-linear relationship between articulation and acoustics,
different articulatory configurations might lead to the same acoustic output. In Standard
Austrian German, F2 of /i/ and /e/ might be affected. It has already been argued
(Chapter 3 and 4.4.1) that the pre-palatal location of /i/ leads to a shift in cavity
affiliation and, consequently, to a drastic rise in F3. It has also been argued, and it can
be read from Table 4.14, that F3 drops drastically as soon as constriction degree is
widened or constriction length is shortened. F3 of /e/ has, due to mid-palatal
constriction location and concomitant back cavity affiliation, a lower value than in /i/,
forming a center of gravity with F2 (see Figure 4.15). Since F3 of /i/ is relatively
unstable, and since F2 of /i/ either has lower values than /e/ or identical values to /e/, the
opposition of /i/ and /e/ might not be upheld over all speaking tasks and prosodic
positions. Therefore, it is necessary to test whether an acoustic overlap between /i/ and
/e/ takes place in any of the analyzed speaking tasks or prosodic positions. Tables 4.21 —

4.23 present the results.

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 269 316 284 331 317 376 330 373 337 364

Sp180 241 336 301 347 320 369 306 353 341 396

Sp082 — — 379 392 398 415 363 393 383 410
Sp129 — — 355 366 382 429 367 393 373 414
Sp126 — — 282 323 308 346 302 346 325 339
Spl127 — — 284 330 307 351 311 348 320 352

Table 4.21: Mean F1 values of /i/ and /e/ over all speaking tasks. Within each task, the value to
the left represents the vowel /i/, the value to the right the vowel /e/. Statistically

7 A fact that challenges the undershoot hypothesis, see also Chapter 5.

100




Vowels in Standard Austrian German

significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is positive, the pair is additionally in italics. Legend as in Table 4.12.

F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 2078 | 2097 | 2054 | 2080 | 1918 | 1747 | 2079 | 1936 | 1758 | 1630

Sp180 2533 | 2562 | 2489 | 2421 | 2256 | 2135 | 2350 | 2441 | 2153 | 2037

Sp082 — —| 2334 | 2410| 2059 | 1891 | 2179 | 2184 | 1907 | 1873
Sp129 — —| 2369 | 2461 | 2183 | 1997 | 2379 | 2293 | 2116 | 2044
Sp126 — —| 2094 | 2095 | 1813 | 1713 | 1985 | 1911 | 1744 | 1597
Spl127 — —| 2110 | 2086 | 1936 | 1777 | 2043 | 1924 | 1705 | 1744

Table 4.22: Mean F2 values of /i/ and /e/ over all speaking tasks. Within each task, the value to
the left represents the vowel /i/, the value to the right the vowel /e/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Two-tailed t-
test have been performed in this case, since either direction is possible for F2.
Legend as in Table 4.12.

F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 3230 | 2817 | 2828 | 2618 | 2508 | 2267 | 2700 | 2478 | 2305 | 2198

Sp180 3413 | 3182 | 3179 | 3071 | 2916 | 2774 | 3042 | 2993 | 2781 | 2665

Sp082 — —| 2893 | 2939 | 2509 | 2432 | 2733 | 2589 | 2475 | 2427
Sp129 — —| 3063 | 3026 | 2782 | 2615| 2993 | 2710 | 2656 | 2568
Sp126 — —| 2697 | 2557 | 2351 | 2331 | 2561 | 2431 | 2270 | 2222
Spl127 — —| 2674 | 2625 | 2439 | 2386 | 2516 | 2511 | 2403 | 2365

Table 4.23: Mean F3 values of /i/ and /e/ over all speaking tasks. Within each task, the value to
the left represents the vowel /i/, the value to the right the vowel /e/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is negative, the pair is additionally in italics. Legend as in Table 4.12.

As becomes evident from Table 4.21, there is absolutely no question that /i/ and /e/ are
discerned by F1, i.e. degree of lip aperture, over all speaking tasks and prosodic
positions. The opposition concerning F3, the most relevant parameter for constriction
location, is only upheld by speaker sp012 and speaker sp180 over all tasks and prosodic
positions. Speaker sp126 still maintains the opposition in stressed positions, but shifts
the distinction to F2. The same holds for the stressed position for speakers sp082 and
sp129 in the sentence reading task. It has to be noted that for these two speakers F2
takes higher values for /e/ than for /i/, a fact that clearly points to the pre-palatal location

of /i/. Speaker sp012 also shows higher F2 values for /e/ than for /i/, but he discerns F3
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as well. The only speaker who does not fit into this pattern is speaker spl127, the
youngest speaker of all, who, in the stressed positions in the sentence reading task,
neither upholds an opposition with respect to F2, nor with respect to F3. The same holds
for unstressed positions for this speaker and speaker sp082 in spontaneous speech. It
cannot be decided at this point of the investigation, whether these deviations point to a
sound change which changes the feature [+pre-palatal] to [+open], leaving the
discriminatory ability to F1 only. Anyhow, five out of six speakers clearly discern two
constriction locations in the front region.

According to perception tests (Linder 1976, Sendlmeier 1981), /e/ tends to be
mixed up with /1/. These results lead Sendlmeier (1985) to see /e/ rather as the long
partner of /1/ than of /e/. Consequently, it has to be tested whether these two vowels are

held apart acoustically in Standard Austrian German.

F3

Fz |

F1

Fi

_“
[N

Fz 4 — —

F2 A

Fi 7

F1 7

|
:
|
|

Sp012 5p180 5p082 Sp129 Sp126 Sp127

Figure 4.19: Results of the one-tailed t-tests for the vowel pair /e/ — /i/. For each formant and
each speaking task, statistically significant differences (p < 0.05) are indicated by
crossbeams. Where no differences occur for a given formant, the space is left
blank. Legend as in Table 4.12.
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It can be read from Figure 4.19 that, with the exception of speaker sp082, all speakers
differentiate /e/ — /1/ at least with one formant in spontaneous speech in the stressed
position. These results hold also for the logatome reading task. Therefore, in Standard
Austrian German, these two vowels are clearly kept apart. It is interesting, however, that
for unstressed positions in the sentence reading task, all speakers discriminate the two
vowels by all three formants, and for unstressed positions in spontaneous speech, five
speakers discriminate the two vowels by means of all three formants, and one speaker
(sp082) by means of F2 and F3. This means that, contrary to expectations and contrary
to the results presented so far, the discriminatory power is stronger in unstressed
positions. Although no explanation can be presented for this behaviour, it clearly shows,
at least, that /e/ is by no means the cognate of /1/.

For the mid-palatal vowel /@¢/, moderate lip protrusion with compensatory larynx
lowering leads to an approximation of F2 and F3. Contrary to /y/, the two peaks could,

however, be dissolved in most cases (see Figure 4.20).
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Figure 4.20: Average spectrum of the vowel /g/ taken from the logatome “pobe”, speaker sp012.

Following the articulatory description given in Valaczkai (1998), the unconstricted /ce/
is — as compared to its constricted cognate — produced with a higher degree of lip
opening (although some overlap is reported), an approximately equal degree of lip

protrusion, and a wider constriction degree’, leading to a higher coupling of the front

In Pouplier et al. (2004), no tongue-palate distances for the constricted vowel /g/ are
given.
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and back cavity. Since lip protrusion is about the same for both vowels, the larynx

should be lowered by roughly the same degree as well, or, to a lesser degree by the

unconstricted vowel. These articulatory configurations lead to a higher F1, a lower F2,

and an equal or higher F3 for unconstricted /ce/ as compared to its constricted cognate

/@/ (see Figure 4.21)
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Figure 4.21: Average spectrum of the vowel /ce/ taken from the logatome “pobbe”, speaker

sp012.

Tables 4.24 — 4.26 give the statistical results of the pair-wise comparisons.

Unfortunately, especially in spontaneous speech, not enough items were produced to

make a statistical comparison meaningful. Therefore, in the same way as for the vowel

pair /y/ — /y/, mean values, if available, are presented and supplied with an asterisk in

order to indicate that no statistical analysis could be performed for this pair.

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 324 436 347 439 | 354% | 493* | 353*% | 441% - -
Sp180 351 452 394 430 —| 364*% | 387* - - —
Sp082 - - 423 502 - — | 424* - - -
Sp129 - - 391 486 — | 455% | 421* | 443* | 450*% | 432*
Sp126 - - 342 393 | 320*% - —| 406* - -
Spl127 - 342 436 | 354* | 476* | 326* - — —

Table 4.24: Mean F1 values of /¢/ and /ce/ over all speaking tasks. Within each task, the value

to the left represents the vowel /@/, the value to the right the vowel /ce/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is positive, the pair is additionally in italics. The asterisk indicates that no t-

tests have been performed. Legend as in Table 4.12.
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F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 1701 | 1482 | 1669 | 1560 | 1464* | 1616* | 1567* | 1648* - —
Sp180 1896 | 1811 | 1949 | 1932 — | 2013* | 1877* - - —
Sp082 — —| 1651 | 1628 - —| 1627* - - —
Sp129 — —| 1749 | 1669 — | 1868* | 1562* | 1633* | 1724* | 1801*
Sp126 — —| 1506 | 1478 | 1456* - —| 1368* - —
Sp127 — —| 1508 | 1550 | 1488* | 1450* | 1552%* - - —

Table 4.25: Mean F2 values of /¢/ and /ce/ over all speaking tasks. Within each task, the value
to the left represents the vowel /@/, the value to the right the vowel /ce/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is negative, the pair is additionally in italics. The asterisk indicates that no t-

tests have been performed. Legend as in Table 4.12.

F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 | 2021 | 2043 | 2010 | 2067 | 2054* | 2119* | 2038* | 2012* — —
Spl180 | 2549 | 2563 | 2765 | 2714 — | 2970* | 2577* - - -
Sp082 — —| 2313 | 2354 - — | 2372%* — - —
Sp129 - —| 2433 | 2463 — | 2354% | 2442* | 2442* | 2636* | 2362*
Spl126 — —| 2052 | 2140 | 2041* - —| 2012* — —
Sp127 - —| 2131 | 2244 | 2283* | 2140* | 2224* - - -

Table 4.26: Mean F3 values of /@¢/ and /ce/ over all speaking tasks. Within each task, the value

to the left represents the vowel /@/, the value to the right the vowel /ce/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is positive, the pair is additionally in italics. The asterisk indicates that no t-

tests have been performed. Legend as in Table 4.12.

All six speakers discern /¢/ and /ce/ by F1. In other words, the degree of lip opening

plays a decisive role in the discriminability of the vowel pair. As expected, F2 is only

discerned by one speaker in stressed positions in the sentence reading task, whereas F3

is still discerned by four speakers, rendering, as expected, a higher value for the

unconstricted vowel /ce/. Since there are no data available for spontaneous speech, it

cannot be evaluated whether these oppositions are maintained over all speaking tasks

and prosodic positions, or whether a tendency towards neutralization, due to the only

moderate lip protrusion and the — probably moderate — accompanying larynx lowering

for the constricted vowel, is on the way.
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4.4.3. The velar vowels

Ideally, the /u/ — vowels are discerned by constriction degree and lip protrusion (Wood
1975b). However, for German, Valaczkai (1998) found no differences in the degree of
lip protrusion between /u/ and /u/, but reports a slightly higher degree of lip opening and
a higher degree of constriction for the unconstricted vowel /u/. As regards tongue-palate
distance, Pouplier et al. (2004) found a sufficient difference (> 1 mm) only for one
subject out of three. A constriction in the velar region leads to a lowering of F2 and a
rising of F3 (Fant 2004: 43). Lip protrusion would lower all three formants. Therefore,
an articulatory configuration which bases the opposition on the degree of constriction
would lead to a higher F1, a higher F2, and a lower F3 for the unconstricted vowel /uv/,
whereas a configuration which bases the opposition on lip protrusion would lead to a
higher F1, F2, and F3 for the unconstricted vowel /u/. The two spectra presented in
Figures 4.22 and 4.23 rather point to a difference in lip protrusion, since F2 and F3 are

both higher for /u/ than for /u/.
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Figure 4.22: Average spectrum of the vowel /u/ taken from the logatome “pube”, speaker sp012.
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Figure 4.23: Average spectrum of the vowel /u/ taken from the logatome “pubbe”, speaker
sp012.

However, statistical results offer no clear picture, and it might well be the case that

articulatory configurations are speaker-dependent (see Tables 4.27 — 4.29).

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 279 357 313 345 334 349 | 321* | 402* | 351* | 364*

Sp180 262 311 315 346 398 371 347 312 367 371

Sp082 — — 372 429 400 402 | 384* | 359% 409 441
Sp129 — — 343 378 407 405 366 380 394 413
Sp126 — — 308 330 329 323 337 336 340 333
Spl127 — — 301 351 329 350 329 333 341 336

Table 4.27: Mean F1 values of /u/ and /u/ over all speaking tasks. Within each task, the value to
the left represents the vowel /u/, the value to the right the vowel /u/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is positive, the pair is additionally in italics. The asterisk indicates that no t-
tests have been performed. Legend as in Table 4.12.

F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 626 826 654 723 1065 1227 | 1020* | 1124* | 1137* | 1281*

Sp180 887 969 953 | 1060 | 1437 | 1247 1162 1096 | 1393 | 1199

Sp082 — — 867 | 1046 | 1314 | 1293 | 975* | 1119* | 1507 998
Sp129 — — 747 752 | 1098 880 836 837 | 1202 | 1038
Sp126 — — 768 916 1140 1183 930 779 | 1179 | 1066
Spl127 — — 814 869 1240 1221 922 814 | 1107 | 1112

Table 4.28: Mean F2 values of /u/ and /u/ over all speaking tasks. Within each task, the value to
the left represents the vowel /u/, the value to the right the vowel /u/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where a t-
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value is positive, the pair is additionally in italics. The asterisk indicates that no t-
tests have been performed. Legend as in Table 4.12.

F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 | 2411 | 2419 | 2128 | 2080 | 2099 | 2077 | 2381* | 2235* | 2249* | 2300*

Spl80 | 2533 | 2454 | 2612 | 2460 | 2510 | 2541 2603 | 2654 | 2630 | 2693

Sp082 — — | 2383 | 2455 | 2443 | 2479 | 2491* | 2712* | 2440 | 2520
Sp129 — —| 2659 | 2504 | 2586 | 2460 | 2361 2319 | 2523 | 2407
Spl126 — —| 2221 | 2214| 2203 | 2258 | 2260 | 2149| 2299 | 2299
Spl127 — —| 2345| 2330 | 2393 | 2291 2428 | 2371 2440 | 2324

Table 4.29: Mean F3 values of /u/ and /u/ over all speaking tasks. Within each task, the value to
the left represents the vowel /u/, the value to the right the vowel /v/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is negative, the pair is additionally in italics. The asterisk indicates that no t-
tests have been performed. Legend as in Table 4.12.

It can be seen that an opposition in a stressed position is only maintained in the most
formal speaking tasks of reading logatomes and sentences, predominately for FI1. F2
produces a very inconsistent picture, often with reversed values (higher values for the
[+constricted] vowel), especially in unstressed positions. Only one speaker (spl129)
maintains an opposition for F3 over all speaking tasks (except in stressed positions in
spontaneous speech). Given the reversed values for F2 of this speaker in unstressed
positions in the sentence reading task, the corresponding F3 values rather point to a
reduction of the degree of lip protrusion (both F2 and F3 are higher for /u/ than for /u/)
than to a difference in constriction degree. The same holds for speaker sp126, for the
stressed position in spontaneous speech. In all other cases, no statistically significant
differences were obtained for F3. Together with the results obtained for F2 and F1, it
has to be concluded that neutralization of the velar vowels is even more advanced than
for the pre-palatal vowels.

This assumption is corroborated by the fact that even in the logatome reading task,

speaker sp012 clearly realizes some /uv/ vowels as /u/. The items affected are: “kugge”,
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“ougge”, gukke” (2x), “puppe”, and “kukke”™. T-tests render no differences with the
vowel /u/ for F1 and F2, and a slight difference for F3, the value being lower for the

phonologically [—constricted] vowel, pointing to a difference in constriction degree.

4.4.4. The upper pharyngeal vowels

A constriction in the upper pharyngeal region leads to a low F1, low F2, and a high F3.
Accompanied by lip protrusion, a low F2 value is maintained over long stretches of
constriction locations (quantal region, Stevens 1972, 1989); consequently, there is
hardly any difference in F2 between /u/ and /o/. Acoustically, the difference between /u/
and /o/ is carried out by F1 and F3, which are both higher for /o/ (see Figure 4.24 as

compared to Figure 4.22).
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Figure 4.24: Average spectrum of the vowel /o/ taken from the logatome “pobe”, speaker sp012.

Both constriction degree and degree of lip opening are higher for the unconstricted
cognate /o/. Degree of lip protrusion, however, does not differ substantially (Valaczkai
1998). Pouplier et al. (2004) report higher tongue-palate distance for unconstricted /o/.

Consequently, F1 and F2 are higher for /5/, and F3 is lower than for /o/ (Figure 4.25).

80 Interestingly, Pouplier et al. (2004), who observed neutralization of tongue-palate

distance for the /u/-vowels, analyzed their vowels in velar context.
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Figure 4.25: Average spectrum of the vowel /o/ taken from the logatome “pobbe”, speaker

sp012.

Tables 4.30 — 4.32 present the statistical results for the pair-wise comparison of /o/ and

/3/.
F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus
Sp012 342 486 368 512 387 475 424 458 383 459
Sp180 358 490 375 495 420 404 386 443 399 390
Sp082 — — 409 534 464 499 430 515 423 457
Sp129 — — 377 478 432 461 395 432 421 454
Sp126 — — 348 425 355 385 380 416 362 388
Sp127 — — 351 469 364 414 366 410 364 402
Table 4.30: Mean F1 values of /o/ and /o/ over all speaking tasks. Within each task, the value to
the left represents the vowel /o/, the value to the right the vowel /o/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is positive, the pair is additionally in italics. Legend as in Table 4.12.
F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus
Sp012 620 884 646 846 829 | 1012 722 997 | 1116 | 1016
Sp180 842 | 1049 854 | 1136 | 1253 1290 965 1128 | 1339 | 1226
Sp082 — — 828 | 1083 | 1224 | 1289 867 964 | 1157 | 1229
Sp129 — — 671 870 906 999 773 7921 1194 | 1093
Sp126 — — 736 928 962 | 1126 727 968 | 1034 | 1024
Sp127 — — 730 844 970 | 1133 819 907 | 1086 | 1066

Table 4.31: Mean F2 values of /o/ and /o/ over all speaking tasks. Within each task, the value to

the left represents the vowel /o/, the value to the right the vowel /o/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is positive, the pair is additionally in italics. Legend as in Table 4.12.
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F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 2525 | 2125 | 2107 | 1988 | 2124 | 2042 | 2144 | 2094 | 2176 | 2133
Sp180 2649 | 2748 | 2675 | 2575 | 2651 | 2615 2761 2588 | 2642 | 2592
Sp082 — — | 2438 | 2479 | 2483 | 2448 2471 2431 2515 2538
Sp129 — —| 2674 | 2361 | 2550 | 2451 | 2459 | 2370 2503 2270
Sp126 — —| 2244 | 1938 | 2147 | 2114 2228 2110 2244 | 2080
Sp127 — — | 2454 | 2420 | 2338 | 2277 | 2481 2330 | 2496 | 2374

Table 4.32: Mean F3 values of /o/ and /o/ over all speaking tasks. Within each task, the value to

the left represents the vowel /o/, the value to the right the vowel /o/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is negative, the pair is additionally in italics. Legend as in Table 4.12.

In reading logatomes, both speakers discern the pair for F1 and F2. F3 is only used by

speaker sp012. The same picture emerges for the stressed position in the sentence

reading task; all speakers discern the pair for F1 and F2, but only three use F3 as well.

Figure 4.26 summarizes the results of the statistical analysis:

F3 ~

F3 — —
Rus{ r2 — — — — —
F1+ — —
Ss {r — — f—
F1 4 — — — —
F3 — — —
Rs F2 - — L — _— -_— —
F1 4 — — — — — —
5p012 Sp180 Spo82 Sp129 5p126 Sp127
Figure 4.26: Results of the one-tailed t-tests for the vowel pair /o/ — /o/. For each formant and

each speaking task, statistically significant differences (p < 0.05) are indicated by

crossbeams. Where no differences occur for a given formant, the space is left
blank. Legend as in Table 4.12.
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Speaker-specific maintenance of the opposition in the stressed position already occurs
in spontaneous speech (see Figure 4.26). In unstressed positions, three speakers
neutralize the opposition in spontaneous speech, and one speaker in the sentence
reading task. Figure 4.26 also reveals that F1 plays an important role in discriminating
the two vowels, where the difference with respect to F1 is the last to be discarded. In
spontaneous speech, the discriminatory ability of F2 is less pronounced. F3, however,
plays an additional role in discriminating the two vowels. Two speakers maintain a
difference in unstressed positions in spontaneous speech, and two in stressed positions
in spontaneous speech. F3 values are lower for the [—constricted] vowel throughout,
pointing to a higher constriction degree for the vowel /o/. It has to be noted, however,
that the most stable discriminatory parameter is F1, pointing to a higher degree of lip
opening for /o/, whereas constriction degree starts to get neutralized in spontaneous

speech, thus corroborating the results of Wood (1975b).

4.4.5. The lower pharyngeal vowels

The lower pharyngeal vowels are traditionally described as front /a/ or back /a/. The
description of front or back refers to the possible tongue body displacements observable
for this vowel pair:

a)  The tongue body can be displaced backwards or
b) the tongue body can be displaced forward.

In the back configuration, the pharyngeal passage is narrowed relative to the front
configuration, and the constriction location is considerably above the glottis. For the
front configuration, the constriction location is much lower. Assuming a vocal tract
length of about 16 cm, the constriction location for a fronted articulation would be about
4 cm above the glottis, whereas the back articulation would approximately bisect the
vocal tract. The fronted articulation yields a maximally high F2, bringing F2 and F3

together. The backed articulation results in a maximally low F2, bringing F1 and F2
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together (Stevens 1999). The terms “front” or “back™ are, however, misleading if used
for the /a/ — vowels, since these terms usually refer to constriction location. It has been
already pointed out (Chapter 4.3.1), that the degree of constriction is higher for the
“back” /a/ as compared to “front” /a/. Therefore, it is more accurate to distinguish the
two vowels, if necessary, by the feature [+constricted]. Moreover, degree of lip aperture
is greater for the [+constricted] vowel /a/ (Valaczkai 1998). According to these
articulatory configurations the [—constricted] vowel /a/ should expose a lower F1, a
higher F2, and a lower F3 than its [+constricted] cognate.

However, in Standard Austrian German, hardly any differences could be found for
the two /a/ — vowels with respect to constriction degree, even in the most formal
speaking task — the reading of logatomes. Therefore, the spectra in Figures 4.27 and
4.28 are nearly identical, although they are assumed to represent the vowels /a/ (Figure
4.27) and /a/ (Figure 4.28) respectively. There are some differences in bandwidth and
amplitude of F3, which might be a consequence of increased acoustic losses due to a
lower jaw position for the vowel /a/. But these differences are not consistent, i.e. both

/a/ and /a/ can exhibit greater bandwidths for F3.

[

{ogatoma_p012 WaM, a0pbE01 pabbenzsa pOIZY (1) < 0.0HZ, ~40.708 > < 00Kz, 40,748 >
ail
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] 1000 2000 3000 4000 5000 Hr

Figure 4.27: Average spectrum of the vowel /a/ taken from the logatome “pabbe”, speaker
sp012.
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Figure 4.28: Average spectrum of the vowel /a/ taken from the logatome “pabe”, speaker sp012.

Tables 4.33 — 4.35 give the statistical results of the pair-wise comparison of the lower

pharyngeal vowels.

F1 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 641 607 577 597 429 517 547 552 490 458
Sp180 919 827 669 652 434 538 665 639 522 502
Sp082 - - 623 621 414 518 626 632 477 536
Sp129 - - 682 641 502 511 665 626 495 514
Spl126 - - 544 520 368 423 521 486 420 428
Sp127 - - 665 647 414 476 615 594 429 415

Table 4.33: Mean F1 values of /a/ and /a/ over all speaking tasks. Within each task, the value to

the left represents the vowel /a/, the value to the right the vowel /a/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is negative, the pair is additionally in italics. Legend as in Table 4.12.

F2 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 1221 | 1244 | 1295| 1279 1443 1399 1155 1196 | 1233 | 1319
Sp180 1508 | 1509 | 1599 | 1587 1656 1644 1544 1521 | 1597 | 1624
Sp082 — —| 1437 | 1408 1541 1553 1402 1344 | 1471 | 1451
Sp129 - —| 1402 | 1278 1387 1394 1358 1433 | 1487 | 1466
Spl126 — —| 1278 | 1262 1308 1348 1249 1208 | 1253 | 1237
Sp127 - —| 1330 | 1275 1325 1345 1231 1213 | 1311 | 1293

Table 4.34: Mean F2 values of /a/ and /a/ over all speaking tasks. Within each task, the value to
the left represents the vowel /a/, the value to the right the vowel /a/. Statistically

significant differences within each pair (p < 0.05) are marked in bold. Where the t-

value is positive, the pair is additionally in italics. Legend as in Table 4.12.
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F3 L L Rs Rs Rus Rus. Ss Ss Sus Sus

Sp012 | 2095 | 2061 | 2052 | 2038 | 2174 | 2111 2024 | 2014 | 2067 | 2180

Sp180 | 2417 | 2412 | 2450 | 2505 | 2783 | 2592 | 2511 2602 | 2662 | 2614

Sp082 — —| 2402 | 2421 | 2544 | 2448 | 2508 | 2536 | 2520 | 2513
Sp129 — —| 2457 | 2391 | 2538 | 2519 | 2390 | 2328 | 2473 | 2433
Sp126 — —| 2095 | 2055 | 2206 | 2214 | 2129 | 2164 | 2189 | 2263
Spl127 — —| 2407 | 2305 | 2590 | 2511 2463 | 2327 | 2506 | 2462

Table 4.35: Mean F3 values of /a/ and /a/ over all speaking tasks. Within each task, the value to
the left represents the vowel /a/, the value to the right the vowel /a/. Statistically
significant differences within each pair (p < 0.05) are marked in bold. Where the t-
value is negative, the pair is additionally in italics. Legend as in Table 4.12.

As can be read from Tables 4.33 — 4.35, there are hardly any differences between /a/
and /a/. F1 is discerned in the most formal speaking task of reading logatomes and in
the stressed position by two speakers, whilst F2 is not discerned at all. F3 is only
discerned by two speakers in unstressed positions in the sentence reading task, and by
one speaker in the stressed position in reading sentences and spontaneous speech. As
concerns constriction location, the two /a/ — vowels are not discerned at all. They are,

however, sometimes discerned by either degree of lip opening or degree of constriction.

4.4.6. The role of FO

It is generally regarded as a phonetic universal that FO correlates with vowel height
(Maddieson 1997, Fischer-Jorgensen 1990, Peterson & Barney 1952, Lehiste &
Peterson 1961, Neweklowsky 1975, Whalen & Levitt 1995, Whalen et al. 1999), i.e.
high vowels expose a higher FO than low vowels. These results strongly suggest a
physiological mechanism which leads to a higher FO in dependence on the degree of
constriction. Numerous studies have been carried out in order to investigate
physiological reasons for intrinsic FO (see Connell 2002 for a concise overview), with
the result that still too little is known about the complex mechanism of laryngeal control
(Connell 2002: 121). However, several investigations provide evidence for a

phonological basis of FO (e.g. Honda & Fujimura 1991, Kingston & Diehl 1994,
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Connell 2002), therefore pointing rather to a planning of FO than to an automatic
mechanism as proposed by Whalen et al. (1998, 1999).

For Standard Austrian German, the traditional division of vowels according to
several vowel heights (= tongue height) has been abandoned in favour of contrastive
constriction locations with two degrees of constriction at each location. Variations in
constriction degree are reserved to variations in speech style rather than to contrastive
function. Moreover, the traditional division also lacks physiological realism, since it has
been proved in many investigations that the tongue has a higher position for the vowel
/a/ than for /o/ or even /o/ (Wood 1987, Bohn et al. 1992, Hoole & Mooshammer 2002).

Nevertheless, at least in stressed positions, the FO of the vowel /a/ is significantly
lower than for the vowels /i/ and /u/, thus corroborating the results of Neweklowsky
(1975), who compared the FO of /a/ versus /i/ and /u/ in stressed positions for Austrian
German speakers. This result holds for all speakers and all speaking tasks. However, in
unstressed positions, differences between the vowel /a/ and the vowels /i/ and /u/ do not
exist for any speakers in any speaking tasks. As concerns the vowels /e/ and /o/, most
speakers display differences for the vowel /a/ in stressed positions. Only speaker sp012
has a significantly lower FO for the vowel /a/ as compared to the vowels /e/ and /o/ in
two speaking tasks (reading logatomes and sentences). Speaker sp082 has a
significantly higher FO for the vowel /e/ in spontaneous speech, speaker spl127 has a
significantly higher FO for the vowel /o/ in spontaneous speech, and speaker sp180 has a
significantly higher FO for the vowel /o/ in reading logatomes and reading sentences. In
unstressed positions as well, significant results only show up sporadically (speaker
sp012: /e/ in the spontaneous speech task, /o/ in the sentence reading task; speaker
sp180: /e/ and /o/ in sentence reading task). In other words, no clear picture emerges

with respect to a difference between /a/ and the vowels /e, o/*'. The traditional

8l It has to be emphasized that the vowels /e, o/ and /i, u/ are not distinguished by tongue

height, but by constriction location, therefore, /e, o/ should behave in the same way as /i,
u/, if the correlation tongue height and FO were compelling.
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assumption that FO correlates with tongue height can not be corroborated by the data of

Standard Austrian German.

It is nevertheless of interest whether FO plays any role in distinguishing the

vowels of Standard Austrian German. If any correlation with the traditional parameter

tongue height exists, then the respective unconstricted vowel should expose a lower FO.

Such a distinction is only realized by speaker sp012 for some vowel pairs in the task of

reading logatomes. Speaker sp180 does not vary FO according to constriction degree

(see Table 4.36).

Logatomes i—1 y—Y e—¢ o—ce u—ou 0-9
Sp012 134-132 134-135 120-115 123-119 138-132 123-116
Sp180 206-216 212-225 172-177 184-180 227-229 182-178

Table 4.36: Mean FO values of all vowels of the task of reading logatomes. Vowels are grouped

in pairs, within each pair, the value to the left represents the [+constricted] vowel,

the value to the right the [—constricted] vowel. Statistically significant differences

within each pair (p < 0.05) are marked in bold.

In the task of reading sentences, hardly any statistically significant differences with

respect to constriction degree occur in stressed positions (see Table 4.37).

Sentences -1 y-Y e—¢ ¢— o u—-u 0-0

Sp012 128-126 151-125 109-111 126-117 140-132 112-106
Sp180 206-218 230-224 173-171 223-200 251-262 179-194
Sp082 226-222 233-229 197-190 213-199 233-218 192-185
Sp129 186-191 196-198 144-151 176-168 197-182 148-157
Sp126 129-127 136-138 113-118 124-123 137-120 113-119
Sp127 165-169 184-173 133-140 157-152 182-160 138-155

Table 4.37: Mean FO values of all vowels in stressed positions in the sentence reading task.

Vowels are grouped in pairs. Within each pair, the value to the left represents the

[+constricted] vowel and the value to the right the [—constricted] vowel/.

Statistically significant differences within each pair (p < 0.05) are marked in bold.

Where the t-value is negative, the pair is additionally in italics.
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The same picture emerges for stressed positions in spontaneous speech (see Table 4.38):

Spont. i—1 y—Y e—¢€ 06— u—ou )

Sp012 108-104 x —122% 90-95 97-87* 106-99* 91-92

Sp180 190-202 185-196 162-139 149*—x 198-181 166—162
Sp082 170-203 234-290* 189-178 197*—=x 209-177* 186-178
Sp129 186-178 188-201* 154-153 157-192* 182-181 154-155
Sp126 121-118 x —114* 109-117 x —114* 120-116 110-115
Sp127 123-120 110-131 114-111 113*—x 123-128 119-114

Table 4.37: Mean FO values of all vowels in stressed positions in spontaneous speech. Vowels
are grouped in pairs. Within each pair, the value to the left represents the
[+constricted] vowel and the value to the right the [—constricted] vowel.
Statistically significant differences within each pair (p < 0.05) are marked in bold.
Where the t-value is negative, the pair is additionally in italics. The asterisk
indicates that no t-tests could been performed.

Tables 4.36 and 4.37 show that statistically significant differences occur only
sporadically, if at all. In unstressed positions, the discriminative power of FO with
respect to constriction degree is not any better. Therefore, in Standard Austrian German,
FO does not depend on tongue height.

However, another grouping can be filtered out from these results, and this
grouping has to do rather with constriction location rather than with constriction degree.
In the front region, the pre-palatal vowels are kept apart from the mid-palatal vowels. In
the back region, the pharyngeal vowels are kept apart from the velar vowels. The
pharyngeal vowels might be further differentiated, insofar as the /a/ — vowels might
show up lower F0 values than the /o/ — vowels.

A statistically significant difference between the upper and the lower pharyngeal
vowels (in the sense that the lower pharyngeal vowels expose a lower FO than the upper
pharyngeal vowels) is found in the task of reading logatomes by both speakers, in
stressed positions in the task of reading sentences by speakers sp012, sp180, sp127, and
in unstressed positions in the task of reading sentences by all speakers. In spontaneous
speech, this distinction is displayed in both stressed and unstressed positions by all

speakers.
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The differentiation of the pre-palatal and the mid-palatal and of the velar and the

upper pharyngeal vowels in stressed positions is maintained by most of the speakers,

and by some speakers in unstressed positions of the sentence reading task (see Tables

4.38 and 4.39).

i/e vowels Sp012 Sp180 Sp082 Sp129 Spl126 Sp127
logatomes 133-117 211-175 - — - -

Rs 127-110 212-171 224-193 188-148 128-115 167-137
Rus 117-112 230-216 210-205 186-174 129-128 155-147
Ss 107-93 197-149 194-183 182-153 120-114 122-112
Sus 99-103 191-177 196-204 181-179 117-122 123-123
Table 4.38: Mean FO values of all /i/ and /e/ vowels of all speaking tasks and all speakers.

Vowels are grouped in pairs, within each pair, the value to the left represents the
[+pre-palatal] vowel, the value to the right the [-pre-palatal] vowel. Statistically
significant differences within each pair (p < 0.05) are marked in bold, in case of a
negative t-value, the pair is additionally in italics. L = Logatome reading task, Rs =
Sentence reading task, stressed vowels, Rus = Sentence reading task, unstressed
vowels, Ss = Spontaneous speech, stressed vowels, SuS = Spontaneous speech,
unstressed vowels, Sp = Speaker.

u/o vowels Sp012 Sp180 Sp082 Sp129 Sp126 Sp127
logatomes 135-120 228-180 - - — —

Rs 136-109 156-186 227-189 190-152 130-116 171-145
Rus 106-117 207-223 199-210 174-181 121-131 148-155
Ss 98-92 196-164 209-182 182-154 118-113 125-116
Sus 98-103 185-177 209-188 186-181 121-119 125-124
Table 4.39: Mean FO values of all /u/ and /o/ vowels of all speaking tasks and all speakers.

Vowels are grouped in pairs, within each pair, the value to the left represents the
[+velar] vowel, the value to the right the [—velar, —lower pharyngeal] vowel.
Statistically significant differences within each pair (p < 0.05) are marked in bold,
in case of a negative t-value, the pair is additionally in italics. Legend as in Table
4.38.

In spontaneous speech, in stressed positions, the i/e vowels are differentiated better than

the u/o vowels, i.e. by five speakers vs. three speakers respectively. In unstressed

positions, only one speaker differentiates the respective vowel pairs by FO. Therefore,

FO might act as an additional cue to differentiate the pre-palatal from the mid-palatal
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vowels, the upper-pharyngeal from the velar vowels, and the pre-palatal and velar

vowels from the lower-pharyngeal vowels in the most formal speaking tasks.

4.4.7. Evaluation of the results

The acoustic analysis clearly corroborates the assumption of five constriction locations
for Standard Austrian German. Therefore, the features [+ front], [+ pre-palatal], [+
velar], and [+ lower pharyngeal] can be maintained. Lip protrusion was also verfied,
thus justifying the feature [+ round]. As concerns the vowel pairs on each location, the
discriminatory power of F1 is higher than that of F2 or F3. In case a vowel pair shows
some tendency towards neutralization, F1 is usually the last discriminatory parameter to
be discarded. An exception to this rule are the /u/ — vowels, which, for two speakers,
maintain an opposition with respect to F3, in this case, as argued in 4.4.3, shifting the
opposition to the degree of lip protrusion. Therefore, as far as can be evaluated from the
acoustic data, constriction degree plays a minor role and is outmatched by degree of lip
aperture, i.e., at each location, the vowel traditionally termed “lax” exposes a higer
degree of lip opening®. Constriction degree is only relevant in stressed positions. In
unstressed positions, this opposition is easily neutralized. The degree of lip opening,
however, is often maintained over all prosodic positions. Therefore, the feature [+open]
is added. Differences between the /a/ — vowels only appear sporadically, most of the
time, this opposition is given up. Therefore, only one /a/ — vowel is assumed to be of
relevance in Standard Austrian German. The tendency to neutralize the /i/ — vowels, the
ly/ — vowels, and the /u/ — vowels is not yet that advanced to justify discarding the
respective feature. It is, however, of relevance to note that in case neutralization occurs,
the [+open, —constricted] vowel assimilates to the [—open, +constricted] one. This

challenges assumptions that sound changes have anything to do with ease of articulation

This result is not in contradiction with the observation that the /e/ — vowels have a higher
degree of lip opening than the /i/ — vowels.
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(but only if it can be accepted that widening the degree of constriction eases
articulation). Table 4.40 presents the feature matrix of the vowels of Standard Austrian

German elaborated from the acoustic analysis:

A | Wyl | I fel | el | 1gl | Jeel | fal | lo/ | ol |l | ol
constricted + | -+ | =]+ =]+ | =+ + | =1+ -
open -+ |-+ | -]+ -+ |+ -=-]+]|-1]H+
round — =+ + | ==+ |+ =+ ]|+ |+ ]+
front S e + | - = = = | =
lower pharyngeal e I e e -+ = = =] =
velar SEE R B R R R R R R R R
pre-palatal + |+ |+ |+ = =] = =1=1=1=1-=1=

Table 4.40: Feature matrix of the vowels assumed for Standard Austrian German.

Although the degree of lip opening is more relevant, the feature [+constricted] is not
discarded, since some speaker-specific differences could be observed in how the
relevant oppositions are handled. Some speakers maintain a difference in constriction
degree (e.g. speaker spl127 discriminates the /e/ — vowels only with respect to F2 in
unstressed positions in spontaneous speech). For the /u/ — vowels, lip protrusion might
also be of relevance. For the /y/ — vowels, F3 might become dominant, pointing to a
difference in larynx height. Therefore, from the most formal speaking task to the most
informal speaking task, several phonological processes might apply, and these might as

well be speaker-specific.
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5. Coarticulation

5.1. What is coarticulation?

The term "coarticulation" is attributed to Menzerath & de Lacerda (1933) who
distinguished "Koartikulation" and "Steuerung"’. "Steuerung" means that the
articulation of a certain phoneme is determined to a large extent by the following
phoneme. "Steuerung" occurs in sequences which Menzerath & de Lacerda define as

homorganic, for instance the sequence "afa". "Koartikulation", on the other hand, is the

preparation of certain configurations in anticipation of the next phoneme:

"Wéhrend des k-Verschlusses (9-10) bewegen sich die dabei unbeteiligten Lippen bereits
auseinander — dies bezeichnen wir als "Synkinese" oder "Koartikulation" -, um das
darauffolgende a vorzubereiten. Bei u wiirde das z.B. nicht geschehen konnen." (Menzerath
& de Lacerda 1933: 50)*

Menzerath & de Lacerda base their argumentation on the observation that the lips never
come to rest during articulation®, that contrary to prevailing opinion at that time, no

onglide, steady state®® and offglide can be observed,

"..., sondern eine wunderbare Koartikulation, die darauf begriindet ist, dal ein Wort, ein
Satz, als Ganzes gewollt und als Gesamtstruktur artikulatorisch nach immer wechselnder
Kombination aufgebaut, besser gesagt, "verflochten" wird." (Menzerath & de Lacerda 1933:
52)

This "interweaving" is not in contradiction to the fact that they can, in most instances,
determine where a given phoneme starts and where it ends, despite the fact that certain

gestures, e.g. lip opening or velar opening, are not synchronous with an observed stop

83
84

"Steuerung has been translated as "steering" or "control" by Nolan & Kiihnert (1999).

/k/, however, is in open environment, i.e. between two /a/-vowels. Nevertheless, their
observation is correct insofar as lip opening for /a/ also starts at the end of preceding
labial consonants /m/ and /f/.

Their equipment only allowed the observation of lip opening movements. Observation of
the lip protrusion movements was not possible.

"Stellung", here translated as "steady state", is meant in the sense that all articulators
remain in a certain setting for a certain period of time.

85
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or start in the oral airflow. Theoretically, Menzerath & de Lacerda push the problem of
segmentation to the level of phonology ("Lautabgrenzung heilit aber offenbar
Abgrenzung der Laute", S. 59, see also Nolan & Kiihnert 1999, Tillman & Mansell
1980), whilst practically they use the information of the electro-labiograph (for labial
consonant - vowel sequences) or the curve of the oral airflow.

Menzerath & de Lacerda do not differentiate between anticipatory and carry-over
coarticulation, this is not crucial to their argumentation of the continuous flow of
speech. Yet both directions occur in their material and with intraspeaker variability. For
example, in the sequences "mama" and "mama", spoken in isolation, both final vowels
appear as non-nasal, independent of their accent, whereas within a sentence, the same
wordfinal &, followed by a velar plosive, is slightly nasalized throughout.

High variability in the quality and timing of nasalization has been observed by
many researchers sofar. Moll & Daniloff (1971) could show that anticipatory nasali-
zation could appear over two vowels preceding the nasal, even if interrupted by a word-
boundary®’, and that quite often there was as much velar opening during the vowels as
during the nasal consonant. On the other hand, velar closure NVC sequences started
either during the nasal consonant, during the approach to the vowel, or during the
steady-state portion of the vowels (Moll & Daniloff 1971: 681). Speaker-specific
differences could also be observed in an utterance final sequence /ni/ (from "money").
One speaker exhibited velar closure for the final vowel, one showed a movement
towards closure, though closure was not achieved, and two speakers exhibited no velar
closure movement, the velum remaining fully open throughout the vowel (Moll & Dani-
loff 1971: 682).

Language-specific differences in vowel nasalization have been observed by
Clumeck (1976), Sol¢ & Ohala (1991), and Cohn (1993), among others. Clumeck

(1976) could show that velar coarticulation differs in temporal extent across the six

Contrary to Kozhevnikov & Chistovich (1965), who propose a syllable based approach.
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languages analyzed. Sol¢ & Ohala (1991) found a different distribution of temporal
patterns of nasalization, in American English the extent of nasalization on the preceding
vowel was variable according to duration, while in Spanish it remained constant. Cohn
(1993) demonstrated that in Sundanese, nasal airflow patterns have plateau-like shapes
similar to those observed in French, whereas English exhibits rather smooth, rapid
contours.

For Italian, Farnetani (1986, cited in Farnetani 1997) could show that the spread
of nasalization depends also on the quality of the vowel. In the sequence /'ana/ the
opening of the velopharyngeal port happens at the acoustic onset of the initial /a/ and
lasts until the end of the final /a/. In the sequence /'ini/, only a slight anticipation of
velopharyngeal opening could be observed during the initial /i/, whereas the port
remained open throughout the final /i/ (Farnetani 1997: 376).

Similar results have been obtained for anticipatory lip protrusion (see Farnetani
1999 for an overview). Daniloff & Moll (1968) observed lip protrusion over four
consonants preceding the vowel. Lubker (1981) suggested a maximum time of
approximately 600 ms for anticipatory lip protrusion. Vaxelaire et al. (2003) found that
in /atu/ and /aku/ sequences, lip rounding and tongue dorsum constriction, both
associated with the production of the vowel /u/, traverse the intervocalic consonant and
may even affect late configurations of the vowel /a/. In a further extended study, Roy et
al. (2003) could show for V,CV; sequences spoken by two French subjects, where V| is
unrounded, V, is rounded and the intervocalic consonant either an alveolar or a velar
plosive, that anticipatory jaw, labial and lingual gestures associated with the production
of V, are all initiated before intervocalic consonant contact and that /u/ anticipatory
vocalic gestures have a longer extent in the /a/ context than in the /i/ context. Lubker &

Gay (1982) not only found language-specific differences:

..., in general, speakers of Swedish exhibit more extensive movement toward protrusion,
produce more accurate target or goal positions, and either begin the movement toward those
positions earlier or in relation to the time available to them than do the speakers of American
English in this experiment." (Lubker & Gay 1982: 444),
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they also found speaker-specific differences among subjects as concerns time-locked vs.
look ahead strategies®. Perkell & Matthies (1992), based on previous research,
proposed a hybrid model, which was a compromise of the former two. This hybrid
model is based on the observation that the lip-protrusion gesture comprises two
components, a low-velocity initial phase and a more rapid and prominent second
phase®. As concerns the end of component 2, which is temporally related to the
acoustic onset of /u/, they found considerable variation among their subjects (speakers

of American English) in the shape and timing of /u/ protrusion trajectories.

"Subject 1 an 4 appear to always end protrusion near the /u/ onset, whereas this constraint
seems to be slightly less rigid for subject 3 and weakest for subject 2, whose normal
speaking rate was faster than the other three." (Perkell & Matthies 1992: 2923)

This observation of two components in the lip protrusion gesture touches a further
aspect, namely, differentiating coarticulation from processes. A phonological aspect of
interpreting differences in lip protrusion has been put forward by Boyce (1990) on her
analysis of the "trough" — effect in Turkish and English. Several studies on English,
Swedish, Spanish and French (McAllister 1978, Gay 1978, Engstrand 1981, Perkell
1986, all cited in Boyce 1990) report that, for sequences of two rounded vowels with
intermediate consonants, EMG recordings show a diminution of rounding during the
consonant. In her analysis, Boyce (1990) found clear differences between the languages
Turkish and English: Turkish speakers showed a consistent plateaulike pattern of

movement, whereas the English speakers exhibited the trough pattern. Boyce concludes:

"The complexity of this interpretation lies in the conclusion that different languages may
employ different articulatory strategies. In some sense, this is to be expected, since the
combination of phonology, lexicon, and syntax in different languages may impose entirely
different challenges to articulatory efficiency. In fact, the hypothesis behind this comparison
of Turkish and English was the notion that, in contrast to English, Turkish provides ideal
conditions for articulatory look-ahead. [...] The finding that current models of coarticulation
are insufficient to account for language diversity indicates how difficult it may be to
penetrate to the universal level of speech production." (Boyce 1990: 2593f).

8 See Farnetani (1997) and Farnetani & Recasens (1999) for an overview of coarticulation

models.
Similar results have been obtained by Benguerel et al. (1977) and Al-Bamerni & Bladon
(1982) for nasalization.
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Results of own data may add to the discussion. Standard German, as well as Standard
Austrian German, differentiate vowels for lip protrusion. This might put some constraint
on anticipatory lip protrusion in order to avoid mixing of the front protruded and
unprotruded vowels (see Farnetani 1999, but see Lubker & Gay 1982, Vaxelaire et al.
2003, and Roy et al. 2003 for contradictory results, who observed earlier lip protrusion
in their Swedish and French subjects respectively). Lip protrusion, consequently, should
not start earlier than the consonant preceding the protruded vowel, but rather at the
earliest point in time after consonant release. This has been tested for CV sequences for
stressed vowels, sentence reading task 90, where C is either a lenis or fortis alveolar
plosive and V a back protruded vowel /o/ or /u/. The acoustics of a CV sequence where
C is an alveolar plosive and V a back protruded vowel demand a steep F2 transition
starting (theoretically) at approximately 1800 Hz at consonant release and falling to
approximately 800 Hz to 600 Hz for the vowel when lip protrusion has been
accomplished”’. Therefore the point in time at which lip protrusion finishes can be
tested from F2 at vowel onset and the following transition into the vowel’>. In the case
where F2 is low at vowel onset and shows no more movement, lip protrusion has taken
place already during the time from consonant release until vowel onset (VOT). Where
F2 is high at vowel onset, however, lip protrusion starts at vowel onset and F2 shows a

gradual fall into the vowel.

% Stressed vowels from reading sentences tasks have been chosen, because Standard

Austrian German shows some tendencies towards neutralization of the fortis/lenis
opposition for front plosives (see Moosmiiller & Ringen 2004, Moosmiiller 1991, 1987).
Therefore, hardly any fortis plosives with sufficient VOT duration (> 40 ms) can be
found in spontaneous speech or in unstressed positions.

For the back protruded vowels, there is not much difference in the formant frequencies of
F1 and F2 for female and male speakers due to compensatory strategies and the fact that
the main differences between a male and a female vocal tract appear in the pharynx (see
Fant 2004).

In /du/ or /do/ sequences, F2 is the result of the backwards movement of the tongue body
and lip protrusion. F2 values are lower for protruded than for less protruded back vowels,
which shows that lip protrusion adds quite substantially to the value of F2, a drop of
approximately 200 Hz to 400 Hz, depending on constriction location.
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As a result, for all persons, but especially for the female speakers, a strong
negative correlation could be observed between VOT duration and F2 value at vowel
onset: the longer the VOT duration, the lower the value of F2 at vowel onset (see Figure

5.1).

ms

100 ® e

60
VOT

20

-20

T T T T
250 500 750 1000 1250 1500 1750 Hz
F2 at frame 1

Figure 5.1: VOT vs. F2 at vowel onset for CV sequences, where C is an alveolar plosive and V
a back, protruded vowel /u, o/. Reddish lines: female speakers, bluish lines: male

speakers.

Table 5.1. gives the PEARSON's correlation coefficient r for all speakers:

Speaker sp082 spl129 sp180 sp012 spl26 spl27

r -0.905 -0.735 -0.83 -0.623 -0.788 -0.456

Table 5.1:  Correlation coefficient r for VOT/F2 at vowel onset, broken for all speakers,
stressed vowels /u, o/ from the sentence reading task. Statistically significant
results (p < 0.05) are in bold.

It can be seen from Table 5.1 that, with the exception of speaker sp127, all speakers
expose a high, statistically significant negative correlation between the duration of VOT
and the value of F2 at vowel onset. This holds especially for the female speakers
(sp082, sp129 and sp180), although their overall mean for VOT of fortis plosives does
not differ from the male speakers (mean duration of 61.9 ms for the male speakers, 63.5

ms for the female speakers). Therefore, in Standard Austrian German, lip protrusion
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starts at plosive release. Whether it is accomplished at vowel onset or not depends on
the amount of time that lies between plosive release and vowel onset. These findings are
in accordance with results on perception tests which show that in CV sequences, where
V is a rounded vowel, lip protrusion has to start at plosive release in order to guarantee
the correct perception of the plosive (Maeda 1999). Vaxelaire et al. (2003) found out
that, although lip protrusion traverses the preceding plosive in French, the audible part
of lip protrusion is located after plosive release, in the VOT span.

In Standard Austrian German, therefore, lip protrusion is fixed with respect to
start and duration and does not exhibit the high variability shown for other languages.
Mean F2 values and F2 values at vowel offsets of transconsonantal /i/ in /i#CV,/, where
V, is a back vowel, are lower (for some speakers even statistically significantly) than in
/i#CV,/ sequences, where V, is a front vowel (similar results have been obtained by
Manuel 1990 and Magen 1997). However, these lower values are triggered by the
spectral shape of the intervocalic consonant rather than by lip protrusion, since the
spectral shape of the burst of the plosive differs in dependence on the following vowel:
the burst spectrum of /Ci/ sequences causes a higher spectral peak associated with F2
than /Cu/ or /Co/ sequences (Fant 1970, see also 5.2.). The following spectrograms will
illustrate this interpretation. Figure 5.2 shows the spectrogram of the sequence /i#ti/
from the utterance "die Tiger" (the tigers), Figure 5.3 the spectrogram of the sequence

/i#to/ from the utterance "die tote" (the dead: ADJ), for a female speaker.
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Figure 5.2: Spectrogram of the sequence /di#'ti/

from "die Tiger" (the tigers), speaker sp082,

sentence reading task. Left cursor positioned at vowel offset, right cursor in the

burst of /t/. Values of formant frequencies can be read from the panel below.

Bottom panel: waveform window, next panel from bottom: spectrogram window,

left upper panel: waveform zoom window, right upper panel: amplitude spectrum

window.
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Figure 5.3: Spectrogram of the sequence /di#'to/ from "die tote" (the dead: ADIJ), speaker

sp082, sentence reading task. Left cursor positioned at vowel offset, right cursor in
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the burst of /t/. Values of formant frequencies can be read from the panel below.
Bottom panel: waveform window, next panel from bottom: spectrogram window,
left upper panel: waveform zoom window, right upper panel: amplitude spectrum

window.

The burst spectra of the two alveolar plosives differ considerably: In the case of /i#ti/
the tongue is already in a palatal position, causing prominent spectral peaks at approxi-
mately 2200 Hz and 3070 Hz, associated with F2 and F3. The formant frequency values
at vowel offset of the vowel preceding the plosive, accordingly, have high F2 and F3
values. In the case of /i#to/ (Figure 5.3), two prominent spectral peaks occur at approxi-
mately 1650 Hz and 2250 Hz, associated with F2 and F3 respectively. F2 and F3 values
at vowel offset are lower than for V; in /i#ti/, but still reflect a clear /i/-quality for /i/ in
unstressed positions. These lower values point to a smaller contact area of the tongue
blade in the case of /ito/ rather than to anticipated lip protrusion. Lip protrusion starts at
plosive release and, with a VOT of only 24 ms, the transition is pulled substantially into
V.

Transconsonantal anticipatory lip protrusion would trigger much lower F2 and F3
values at vowel offset of V; as the ones observed in the /i#to/ sequence discussed for
Figure 5.3 or in the other /i#CV,/ sequences with C being an alveolar plosive and V, a
back, protruded vowel. Figure 5.4 exposes an example for transconsonantal anticipatory
lip protrusion and tongue body retraction in the sequence /i#hu/ from "die Hupe" (the
horn). /h/, being a neutral consonant from an articulatory point of view, would allow a
diphthongal movement from /i/ to /u/. It can be seen from Figure 5.4 that F2 and F3
show lower values (1840 Hz and 2250 Hz respectively) at vowel offset, which in turn is
already substantially affected by breathiness associated with /h/. However, most of the

tongue body retraction and lip protrusion takes place during /h/”.

. V,CV,; sequences, where V; and C are not separated by a word boundary, have been

investigated in Moosmiiller (2007b). Only for one speaker (sp129) transconsonental lip
protrusion could be proved.
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Figure 5.4: Spectrogram of the sequence /di#'hu/ from "die Hupe" (the horn), speaker sp082,
sentence reading task. Left cursor positioned at vowel offset of /i/, right cursor at
vowel onset of /u/. Respective formant frequency values can be read from the panel
below. Bottom panel: waveform window, next panel from bottom: spectrogram
window, left upper panel: waveform zoom window, right upper panel: amplitude

spectrum window.

It can be concluded from these observations of the acoustic signal that, in Standard
Austrian German, lip protrusion starts at plosive release and takes some time until it is
accomplished”. Whether protrusion is accomplished at vowel onset or not, depends on
the time between the release of the plosive and the onset of the vowel (VOT). Lower F2
values for transconsonantal /i/ (V) have to be attributed to the spectral shape (and
therefore articulatory configuration) of the intervocalic plosive, which differs according
to the quality of V,. Va, in any of the discussed cases, bears the stress. Therefore, what

has been observed in Standard Austrian German, is a sequencing of movements from

o In sequencies not separated by a word boundary, V; of only one speaker (sp129) was

affected by lip protrusion (see Moosmiiller 2007a).
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vowel to consonant to vowel” (see also Wood 1996, 1997, Ericsdotter et al. 1999,
Lindblom & Sussman 2004 for the sequencing of articulatory gestures) reflected in the
formant frequencies of sonorants or spectral shapes of voiceless obstruents.

The two phenomena which have been chosen to discuss the notion of
coarticulation - nasalization and lip protrusion — involve articulators which — from an
articulatory point of view - are largely independent from the other articulators and from
one another. Therefore, in principle, nasalization and lip protrusion can start at any point
in time; whole sequences can be articulated with the velopharyngeal port open or partly
open or with protruded lips, phenomena like these can even have a dialectal or
idiosynchratic status. The independence of these articulators is reflected in the diversity
of the results obtained in the different investigations on these phenomena. The results
obtained by Solé¢ & Ohala (1991), Boyce (1990) and by Perkell & Matthies (1992, with
previous studies) point to the possibility to interprete these phenomena differently,
anticipatory nasalization and lip protrusion being rather an object of the phonology of a
language having a processual character than part of coarticulation.

What, then, is coarticulation and how can it be teased apart from phonological or
phonetic processes?

Definitions of coarticulation are as diverse as the results of phenomena defined as
coarticulation. A very broad view on coarticulation might be attributed to Ohala 1993,
who merged assimilation and coarticulation: "Here I will use 'coarticulation' and
'assimilation’ as synonyms" (Ohala 1993: 156)°°. Such a view of coarticulation can also
be found in Chafcouloff & Marchal (1999), who, in discussing nasalization, use

assimilation and coarticulation as synonyms:

"The study of nasal coarticulatory effects, or to put it differently, the spreading of the nasal
feature onto adjacent segments,..." (Chafcouloff & Marchal 1999: 69)

Contrary to Ohman (1966), who assumes a diphthongal motion of vowels onto which
consonants are superimposed.

% However, he uses both terms in this article, and it does not really clarify what is what.
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Another widely read view defines coarticulation as overlap of segments in time

and space (e.g. Lindblom 1983, Nakamura 2005, Tabain 2001, Farnetani 1997):

"The motor events of a sequence of phonemes overlap in space and time. In pronouncing, for
example, [ku], the speaker begins to round and protrude his lips in anticipation of [u] before
the release of the tongue closure for [k]. This spatial and temporal overlap of adjacent
gestures is a very general phenomenon and can be observed in all languages. The term for it
is coarticulation." (Lindblom 1983: 220)

"During the movements of different articulators for the production of successive phonetic
segments overlap in time and interact with one another. As a consequence, the vocal tract
configuration at any point in time is influenced by more than one segment. This is what the
term "coarticulation" describes." (Farnetani 1997: 371)

"...that the movements of an articulatory organ overlap in time with those of different
articulatory organs or different parts of the same organ. This is called coarticulation, the
realisation of which is determined language-specifically." (Nakamura 2005: 1)

This view of coarticulation as segmental overlap is rather broad as well, comprising a
vast amount of phenomena in the organization of connected speech, whereas others see
coarticulation as the neuromuscular production of movements. The latter conceptuali-
zation often sees coarticulation as partly planned (Wood 1996, 1997, Ostry et al. 1996,
Dang et al. 2004).

"Coarticulation is a natural phenomenon involved in human speech, which originates from
movement planning strategies and from physical interactions among speech articulators."”
(Dang et al. 2004: 25)

"The sounds of speech may be combined in various ways, and the associated articulator
movements may vary as the kinematic context changes. This kinematic variation, known as
coarticulation, is one of the most pervasive characteristics of speech production. Some
aspects of coarticulation may be centrally planned, whereas others may not be planned but
may arise from factors such as muscle mechanics, musculoskeletal geometry, and jaw
dynamics." (Ostry et al. 1996: 1570)

Recasens (1999), who defines coarticulation as temporal coproduction of gestures,

claims to make a distinction between "articulation proper" and "gestural overlap":

"Moreover, a distinction should probably be made between coarticulation proper and
gestural overlap: inspection of articulatory data reveals, for example, that the gesture for a
vowel may coarticulate slightly with that for a following consonant before the well-defined
onset of the consonantal gesture actually occurs. Unfortunately much of the data reported in
the literature have been taken at individual points in time along particular utterances and
thus, do not allow disentangling these two notions." (Recasens 1999: 81)
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Whatever the definition of coarticulation, the unifying bond of all views is the
assumption of a "unit" or "canonical segment" which is modified when executed (Farne-

tani 1990: 94).

"To recapitulate: the concept of coarticulation entails the hypotheses that at some level
speakers make use of a representation in terms of abstract phonological segments, and that
there are regular principles governing the articulatory integration of those segments in
speech." (Kiihnert & Nolan 1999: 9)

Coarticulation, is the

"process bridging the invariant and discrete units of representation to articulation and
acoustics." (Farnetani & Recasens 1999: 31)

Attributing coarticulation to a mere processual character neglects, however, the physical

and physiological aspects of coarticulation put forward by Kiihnert and Nolan (1999):

"..., a single vocal tract has to alter its shape to satisfy the requirements of all the sounds in a
sequence. The vocal tract is governed by the laws of physics and the constraints of
physiology, but (...) it is producing its communicative artefact in 'real time'. It cannot move
instantaneously from one target configuration to the next." (Kiihnert & Nolan 1999: 8f).

Therefore, it is those "regular principles" (Kiihnert & Nolan 1999: 9) which need further
clarification and division. In their investigation of /s[/ sequencies, Holst & Nolan (1995)
assume a phonological process of assimilation to account for compensatory lengthening
in [[], when no spectral characteristics of [s] are visible anymore, i.e. when total
assimilation has taken place. Nolan et al. (1996) repeated this investigation applying
articulatory methods to account for the critique put forward by Browman (1995). The
results show that one speaker applied a phonological assimilation rule, while the other
speaker behaved in a way which suggests a deletion of the /s/. However, they could, in

both cases, find no evidence of an [s] gesture. The authors conclude:

"Articulatory Phonology already goes impressively far towards accounting for the pheno-
mena of connected speech by providing an implementable description of the process of arti-
culatory blending. It is fully acknowledged by the authors here and in Holst and Nolan
(1995) that very many observed outputs of segmental accommodation are appropriately
described in gestural terms, that is, as mechanical consequences of the dynamics of the
articulators. It would then be extremely elegant and economical if AP were able to go the
whole way, and account for all accommodatory phenomena, making Cognitive Phonology
redundant, at least in the area of connected speech processes. Elegance and economy are not
enough, however, and the scope of AP must be tested by seeking phenomena it cannot
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handle. Such a phenomenon appears to be the case of [s] to [[], if the resultant fricative is
homogeneously [[]-like, yet longer than a singleton [[]." (Nolan et al. 1996: 135f)

Consequently, phonological processes and coarticulation have to be kept apart,
accounting for different phenomena. Such a view is held by Wood (1996, 1997), who

offers a definition, which teases the two phenomena apart:

"... that assimilation and coarticulation are the consequences of two distinct processes.
Coarticulation is the general local interweaving of articulator gestures that occurs between
instantiations of all phonemes, assimilated or not, ensuring smooth motor activity. Assimi-
lation is an arbitrary and conventional reorganization of the timing of articulator gestures of
specific phonemes in defined situations." (Wood 1997: 212)

This view restricts coarticulation to the most necessary interaction of neighbouring
segments, transsegmental influences are part of assimilation. This rather narrow but
convincing view on coarticulation is based on Wood's observations that conflicting
demands on an articulator are sequenced rather than blended. Gesture queueing of
conflicting gestures, moreover, needs preplanning. Therefore coarticulation is at least
partly preplanned in his conceptualization. From his definition follows that many of the
investigations on coarticulation belong in fact to levels other than coarticulation, and,
more important, that assimilation is processed before coarticulation. Wood (1996, 1997)
offers a definition to separate phonology (assimilation) from phonetics (coarticulation),
yet, the crucial question is not only which processes have to be attributed to phonology
and which phenomena belong to the domain of phonetics, but, moreover, which
phenomena, on the phonetic level, have to be conceptualized as processes and which
phenomena have to be attributed to the fact that articulators have to move from one
phonetic output to the next. This adds a further step to the path from phoneme to
phonetic output: phonetic processes, which account for anticipatory articulation that
does not touch the phonology of a language. In the same way as phonological processes,
phonetic processes are language specific and add to language specific differences of the
same phenomenon. To give an example: in Standard Austrian German, as has been
shown, lip protrusion starts with plosive release and takes some time until it is

accomplished. However, it cannot be traced in the transconsonantal vowel. In French,
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on the other hand, lip protrusion could be observed in the transconsonantal vowel (Roy
et al 2003), Daniloff & Moll could observe lip protrusion four segments before the
influencing vowel. In the same vein as Wood's definition, it is suggested here that in
Standard Austrian German, lip protrusion restricted to the interaction with the
neighbouring segment, is a coarticulatory phenomenon, whereas anticipatory lip
protrusion has rather to be conceptualized as a phonetic process which might or might
not occur (see speaker specific differences in Gay & Lubker 1981). The observation of
two stages in the production of lip protrusion or nasalization (Perkell & Matthies 1992,
Benguerel et al. 1977, Al-Bamerni & Bladon 1982) further supports this argumentation:
step 1 can be conceptualized as a phonetic process, step 2 - the necessary part - is
coarticulation. Therefore, the path from phoneme to phonetic output, mediated by
"regular principles", consists of phonological processes, phonetic processes and
coarticulation as the last step which connects the phonemes formed by phonological or
phonetic processes. The same phenomenon can, therefore, be either a phonological
process, a phonetic process or coarticulation. To which level a given observation
belongs, depends on the phonology and phonetics of a language and is, therefore,
language specific. Sociolinguistic aspects might further differentiate varieties or
speakers.

Before testing the systematicity of coarticulatory phenomena, a further aspect in

the articulatory - acoustic relationship has to be examined.

5.2. Articulatory vs. acoustic observations

Although there are many acoustic studies on coarticulation in a broad sense,
coarticulation is, as the term suggests, the domain of articulatory phonetics. Tabain

(2001), in her review of Hardcastle and Hewlett's (1999) reader on coarticulation, states:

"At first I was surprised at the inclusion of this chapter [on acoustic analysis], since I
normally think of coarticulation as an articulatory phenomenon." (Tabain 2001)

136



Vowels in Standard Austrian German

The articulators have to fulfill certain requirements to produce a given sequence, and
this process of production is the subject of articulatory phonetics. Yet, Tabain's

conclusion positions the role of acoustic phonetics:

"Although the chapter may initially seem like a "downer" after so many mainstream
articulatory and even theoretical chapters, it is in fact an excellent reminder that the study of
coarticulation is ultimately meaningless unless it can be related to an acoustic output, and
hence to the perception of the speech signal." (Tabain 2001)

The crucial point in the discussion whether acoustic phonetics can contribute something
to the study of coarticulation is, however, the fact that the results of articulatory phone-
tics and acoustic analyses cannot be directly compared. To give a simple example: in a
sequence V|CV,, where C is a bilabial plosive, the tongue is said to be free to move
from V; to V», and at the point of release, the tongue is already in the position for V.
This is impressively shown by the x-ray motion films produced by Wood (1996): in the
sequence /o#pd/ from the Bulgarian utterance "deteto xodi po patishtata" ("The child
was walking along the path") the uvular tongue body withdrawal of /o/ and the
pharyngeal tongue body approach for /a/ happen during the occlusion phase of the
bilabial plosive (Wood 1996: 156, Figure 9). Another example is drawn from English,
in which the tongue keeps the position of the vowel [®] and the lips are close for [m],
while the velum is raised for [p] in the utterance "camping" (Kent 1983: 68). From an
articulatory point of view, the mandible and tongue can work independently from one
another to a large extent and two vowels interrupted by a labial consonant rather
perform a diphthongal lingual movement. For this reason, some researchers restrict their
analyses on vowel to vowel coarticulation on sequences in which the consonant(s) are

bilabial (e.g. Manuel 1990, Magen 1997, Cho 2004)”’.

"The first and second consonants (C,, C,) were always /b/, whose articulation is known to
interfere minimally with the vocalic lingual articulation." (Cho 2004: 146)

However, diphthongal tongue movement during a bilabial closure is not undisputed. So-

called troughs (deactivation of the tongue musculature during the bilabial closure) in

7 Acoustic analyses have been performed by Manuel (1990) and Magen (1997). The study

performed by Cho (2004) is an articulatory one.
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both symmetrical and non-symmetrical vowel contexts were first documented by Houde
(1967, cited in Lindblom et al. 2002). Troughs in non-symmetrical V;pV, sequences
were also found in Alfonso & Baer (1982).

Usually, troughs are investigated in symmetrical vowel contexts. Contrary to the
assumption that, during a bilabial closure, the tongue maintains its position in
symmetrical vowel contexts, a momentary deactivation of the tongue musculature
responsible for the vowel can be observed. Fuchs et al. (2004) could show that troughs
are the result of both aecrodynamic forces (largest genioglossus posterior deactivation for
/p/, smallest for /m/, intermediate for /b/) and a recombination of jaw and tongue
movements. The deactivation of genioglossus posterior starts at the beginning of the
closure. However, tongue deactivation can also be suppressed; McAllister & Engstrand

(1991), could prove language-specific differences:

“In particular, the English and Swedish data both display a deep “trough” in the electrode
activation pattern, corresponding to a relaxation of the tongue position roughly coinciding
with the consonant; the tendency to such a trough in the French pattern is too weak to be
statistically significant.” (McAllister & Engstrand 1991: 9).

For Italian, Farnetani (1991) could show that troughs are minimal when consonants are
flanked by /i/, whereas in /a/ contexts, substantial peaks occur during the consonant.
The /ipi/ pattern represented in Farnetani (1991) resemble the /ipi/ patterns for French
shown in McAllister & Engstrand (1991). These language-specific differences in tongue
displacement during a bilabial closure in both symmetrical and non-symmetrical vowel
contexts again point out that, where the trough is missing, a process is at work which
assimilates the target tongue position of the bilabial plosive to the tongue positions of
the flanking vowels (e.g. in French and Italian). Missing troughs, analyzed as phonetic
processes, are no counterargument to Lindblom et al.’s (2002) conclusion that the
trough effect, in case it is a consistent phonetic phenomenon, gives evidence for a

phoneme-by-phoneme execution of articulatory gestures.
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Does the trough manifest itself acoustically? Recasens at al. (1997), in analyzing
five Catalan speakers, compared EPG data with F2. In /ipi/ sequences, the Qp’® effects
for the bilabial /p/ were very small and short, i.e. hardly any tongue displacement could
be observed. F2 and F3, however, exposed a long and large change. These changes in
formant frequencies could, since a trough was missing, be attributed to lip closure for
/p/ (1997: 550). Vazquez-Alvarez (2005) correlated ultrasound data with F2 in /ipi/
sequences. Although statistically significant tongue body displacements could be
proved, correlations with F2 were poor, especially in the C-V; sequence. The reason
might be that tongue lowering takes place during the closure period; it starts when the
closure is complete and at the onset of V, the tongue is in its target position. For this
reason, neither the offset of V| nor the onset of V, is affected by a possible tongue
lowering.

Therefore, the downward movement of formant frequencies at vowel offset of V;

preceding a bilabial plosive can be attributed to the closure of the lips (see Figure 5.5).
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% “Qp stands for the percentage of contact activation over the palatal zone, i.e., number of

activated palatal electrodes/total number of palatal electrodes.” (Recasens et al. 1997:
547)
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Figure 5.5: Spectrogram of the sequence /ibe/ from "Liebe" (love), speaker sp126, sentence
reading task. Left cursor positioned at vowel offset, right cursor at vowel onset,
respective formant frequency values can be read from the panel below. Bottom
panel: waveform window, next panel from bottom: spectrogram window, left upper

panel: waveform zoom window, right upper panel: amplitude spectrum window.

The next interpretable event is the burst spectrum, which reflects the configuration of
the vocal tract at the point of the release. In case of a bilabial occlusion, the lingual
configuration of the vowel following the plosive is finished and, consequently, the
spectrum of the plosive reflects this configuration. In Figure 5.5 the vowel following the
plosive is [e] and, consequently, a spectral peak can be observed in the region of the F2
of [e] (about 1560 Hz). In Figure 5.6, the following vowel is [e] and, consequently, a
spectral peak can be observed in the region of F2 of the a-schwa, namely about 1340

Hz.
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Figure 5.6: Spectrogram of the sequence /ibe/ from "lieber" (like something better), speaker
sp126, from a repeating sentences task. Left cursor positioned at vowel offset, right
cursor at vowel onset. Respective formant frequency values can be read from the
panel below. Bottom panel: waveform window, next panel from bottom:
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spectrogram window, left upper panel: waveform zoom window, right upper panel:

amplitude spectrum window.

In both cases, the /i:/ shows a downward drift of the formant frequencies, which can not
be neglected. It should be noted that the /i/s differ in quality; F2 of "Liebe" (love)
exceeds 3000 Hz and is located near F4, whereas in "lieber" (like something better), the
maximum value of F3 is 2880 Hz. F2 exposes no differences. This difference in vowel
quality is attributable to differences in stress (see 6.6.2). This downward drift of formant
frequencies is not present in a velar context. Both in the sequence /ige/ from "winzige"
(tiny: PL; Figure 5.7) and in the sequence /i:ge/ from "Tiger" (tiger; Figure 5.8) F2 and
F3 drive towards convergence as the velar constriction or occlusion is reached at the

offset of the vowel.
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Figure 5.7: Spectrogram of the sequence /ige/ from "winzige" (tiny: PL), speaker sp082,
sentence reading task. Left cursor positioned at vowel offset, right cursor at vowel
onset. Respective formant frequency values can be read from the panel below.
Bottom panel: waveform window, next panel from bottom: spectrogram window,
left upper panel: waveform zoom window, right upper panel: amplitude spectrum

window.
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The velar plosive of the sequence /ige/ from "winzige" (tiny: PL; Figure 5.7) exposes
multiple releases, and, most interestingly, each individual spectrum has a different
shape, indicating a successive re-positioning of the tongue’. After the third release, the
tongue is in the position for the /e/, and, consequently, no transitional movements of
formant frequencies are observable at the onset of the vowel /e/. In Figure 5.8, the
approach of the velar constriction — the velar plosive is articulated as a voiced velar
fricative — starts shortly after the vowel midpoint at about 50 ms from the vowel onset
(total duration of the vowel /i/: 92 ms) and manifests itself in the change in cavity
affiliation of F2 and F3 (high F3 and therefore proximity of F3 and F4 in the first part of
the vowel, which points to a front cavity affiliation of F3, low F3 and proximity of F2

and F3, pointing to a back cavity affiliation of F3).
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Multiple releases can be observed sometimes, especially for velar stop consonants. They
are described as a consequence of vibration of the tongue surface that forms the
constriction (Stevens 1999: 370). The current observation of changes in the spectral shape
would add a phonetic and phonological motivation to such multiple releases, namely
positioning the tongue body for the following vowel, which might demand several trials
caused by the inertia of the tongue body. Such hypothesis would need to be tested, of
course.
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Figure 5.8: Spectrogram of the sequence /ige/ from "Tiger" (tiger), speaker sp082, sentence

reading task. Left cursor positioned at vowel offset, right cursor at vowel onset.
Respective formant frequency values can be read from the panel below. Bottom
panel: waveform window, next panel from bottom: spectrogram window, left upper

panel: waveform zoom window, right upper panel: amplitude spectrum window.

These examples also show that VC and CV sequences are — from an acoustic point of

view — not simply mirror images of each other. A comparison of Figure 5.8 and Figure

5.9 demonstrates that the approach of the velar constriction starts shortly after vowel

midpoint in the case of /ige/ (Figure 5.8), whereas in the case of /gis/ "gieR" (to water:

IMP; Figure 5.9), convergence of F2 and F3, typical for velar constrictions or

occlusions, is only indicated at the very onset of F2, but at the onset of the vowel (first

positive zero crossing), the tongue is already in the position for the vowel, as can be

seen by the change in cavity affiliation of F2 and F3, which took place during the time

from the burst till vowel onset.
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Figure 5.9: Spectrogram of the sequence /gis/ from "gieB" (to water: IMP), speaker sp082,

sentence reading task. Left cursor positioned at vowel onset, right cursor at vowel
offset. Respective formant frequency values can be read from the panel below.

Bottom panel: waveform window, next panel from bottom: spectrogram window,
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left upper panel: waveform zoom window, right upper panel: amplitude spectrum

window.

The burst spectrum of the velar plosive in "gie}" (to water: IMP) shows two prominant
peaks at approximately 1895 Hz and 2756 Hz. This points to a rather fronted

100 In the time after the

constriction location with a front cavity of approximately 4.5 cm
burst, the tongue is further fronted to form the constriction for the vowel /i/: at vowel
onset the cavity in front of the constriction is approximately 2.8 cm and at the onset of
the second period (= 3 ms from vowel onset), the target position is reached, with a front
cavity of approximately 2.5 cm.

A similar picture emerges in comparing the acoustic output in VC vs. CV
sequences when C is a bilabial plosive. The sequence /ib/ from "Liebe" (love; Figure
5.5) shows a downward drift of F3 in the third part of the vowel (approximately 74 ms
from vowel onset; total vowel duration 107 ms), indicating the change in cavity
affiliation and preparing the bilabial closure. The downward drift of F2 starts some 10
ms later and is less pronounced.

In the sequence /bi/ from "Bier" (beer; Figure 5.10), formant frequencies have
reached their target values for /i/ at the third period from vowel onset, therefore, in the
same way as in the /ig/ vs. /gi/ sequences, the transition movement is accomplished

quicker and affects the vowel to a less degree in the CV condition as compared to the

VC condition.

1% According to Wada et al. (1970, cited after Recasens 1999), velars present as many places

of articulation as there are constriction locations for the adjacent vowel. Dembowski et al.
(1998) could show that the distribution of the constriction location of the velar plosive “is
made up of clusters of smaller distributions corresponding to the individual /k/ allo-
phones” (1998: 37), but see also the discussion on loops in 5.3. Typically, the length of
the cavity in front of the constriction is 5 cm to 6 cm (Stevens 1999: 365).
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Figure 5.10: Spectrogram of the sequence /bir/ "Bier" (beer), speaker sp082, sentence reading
task. Left cursor positioned at vowel onset, right cursor at positive zero crossing of
the 3™ period. Respective formant frequency values can be read from the panel
below. Bottom panel: waveform window, next panel from bottom: spectrogram
window, left upper panel: waveform zoom window, right upper panel: amplitude
spectrum window.

However, in the bilabial context, it takes the formant frequencies (F2 and F3) longer to
reach their target values than in the velar context (3™ period in the case of /bi/ and 2™
period in the case of /gi/, which, given the difference in FO, amounts to a difference of 6
ms). According to Stevens et al. (1999), there are two componants reflected in the

formant frequencies for CV sequences, where C is either bilabial or alveolar:

"As the consonant release or closure is formed, there are two components to the movement
of the articulators and the formants, particularly for labials and alveolars: one is a rapid
movement of the lips or the tongue blade in a time period of 10-20 milliseconds, and the
other is a slower movement of the tongue body and mandible toward the following vowel in
the case of a release, and from the preceding vowel for a closure. " (Stevens et al. 1999:
1117)

In modeling the /bi/ sequence, Manuel & Stevens (1995) calculate a rapid increase of F2

from 1040 Hz to about 1800 Hz as the constriction area of the lips rises from zero to 0.2
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cm’. Then F2 rises another 200 Hz as the constriction area of the lips increases to about
0.5 cm’ (Manuel & Stevens 1995: 437). In the present example (Figure 5.10), the
calculated F2 of 1040 Hz at constriction area = zero is canceled by a well-developed
antiresonance. Two pronounced spectral peaks emerge in the burst spectrum at
approximately 2280 Hz and 2900 Hz. Taking into account that the example is spoken by
a female speaker, the values measured are in correspondance with the calculations and

measurements of Fant (1970) for the Russian palatalised labials.

"The double peak of F2 + F3 of palatalized labials often shows up in spectrograms as an
apparent central energy concentration, which might make the labial interval resemble that of
palatals. [...] However, the spectrum is distinct from that of palatals owing to the zero just
below F2 and the more prominent low frequency region. The two peaks are generally less
close than in palatals, and their overall energy is lower. In addition there are, of course, the
apparent transitional cues." (Fant 1970: 188)

This means that the tongue is already in the pre-palatal position for /i/ at the time
of release; the delay in formant frequency positioning is caused by the second compo-
nant, the opening of the bilabial occlusion, which takes about 10 ms from the point of
release and manifests itself in the upward movement of F2 and F3.

These few examples vividly show that in an acoustic study on coarticulation, the
activity of the articulators cannot be seen independently from one other. Moreover, what
can be analyzed independently from an articulatory point of view results in one acoustic
output containing two or more components. Thus, articulatory and acoustic observations
of the same speech events may tell different stories. An x-ray motion film can show
what happens during a bilabial occlusion: an inspection of the burst spectrum of a
bilabial plosive reveals the vocal tract configuration at the time of release plus the
change in area of the lip configuration. What exactly happens during the occlusion
(diphthongal movement of the tongue or deactivation of the tongue musculature) cannot

directly be observed in the acoustic output.
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5.3. Processes vs. Coarticulation

The restrictive view on coarticulation put forward in 5.1 implies that coarticulation is
systematic and does not vary within a speaker. A given sequence of sounds demands
specific adjustments and movements of the articulators involved. If these adjustments
and movements are changed, the output is changed as well. E.g. in a CV sequence,
where C is an alveolar plosive and V is a back, unrounded vowel /a/, the tongue has to
perform a backwards movement to form a constriction in the pharynx; if the tongue is
put forward instead, the output will be a front vowel and not a back one. Therefore,
there are articulatory movements that are fixed and have to be performed.

From this follows that variations in coarticulations are the consequence of a
previously applied process. The output of this process causes different movement
adjustments. This argumentation can be proved by an analysis of identical vowels in
symmetrical consonant contexts. Figure 5.11 shows the spectrogram of the sequence
/divis/ from "Division" (division).

In Figure 5.11, both vowels are in unstressed position. From an articulatory point
of view, tongue lowering (trough) might occur during the labial consonant. As concerns
the fricative /s/, articulatory studies showed that alveolar fricatives are produced with
more tongue grooving and have therefore less contact with the palate (see e.g.
Narayanan et al. 1995, Fuchs et al. 2006). Farnetani & Recasens (1993) could show less
palatal contact for /i/ caused by alveolar fricatives. Both articulatory adjustments result
in a widening of constriction degree and, consequently, in a lowering of F2 and F3.
Such a widening of constriction degree takes place in V; of the sequence /divis/ (Figure
5.11); although both vowels have phonologically the same quality and although both

vowels are unstressed, F2 and F3 of V, are substantially lower than F2 and F3 of V.
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Figure 5.11: Spectrogram of the sequence /divis/ from "Division" (division), speaker sp126,
sentence reading task. Left cursor positioned at vowel midpoint of V1, right cursor
at vowel midpoint of V2. Respective formant frequency values can be read from
the panel below. Bottom panel: waveform window, next panel from bottom:
spectrogram window, left upper panel: waveform zoom window, right upper panel:

amplitude spectrum window.

However, this is not the case in the sequence /si‘fis/ from "Pazifistenstaat" (state of
pacifists; Figure 5.12), where V, bears the stress. Both F2 and F3 expose higher values
for V, as compared to Vi, pointing to a narrower constriction for V, as compared to V.
These examples show that, both in /si‘fis/ and in /divis/, a process must be at work
which changes the quality of V, as compared to Vi, and this process operates before
coarticulation connects the phonemes formed by processes. Otherwise, it cannot be ex-
plained why, in a phonetic context which demands a widening of constriction degree,

F2 and F3 of V; rise in the case of / si‘fis /.
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Figure 5.12: Spectrogram of the sequence /si‘fis/ from "Pazifistenstaat" (state of pacifists),
speaker sp126, sentence reading task. Left cursor positioned at vowel midpoint of
V), right cursor at vowel midpoint of V,. Respective formant frequency values can
be read from the panel below. Bottom panel: waveform window, next panel from
bottom: spectrogram window, left upper panel: waveform zoom window, right

upper panel: amplitude spectrum window.

Where, then, is coarticulation in the examples of Figure 5.11 and Figure 5.12? In Figure
5.12 /si‘fis/, it can be seen that at the very last period of V2, a steep fall of F2 from 2070
Hz to 1830 Hz takes place, i.e. a widening of constriction degree attributable to the
following alveolar fricative /s/. This fall is hardly noticeable in Figure 5.11, since the
frequency of F2 is already 1860 Hz at vowel midpoint, i.e., constriction is wide enough
already for the following /s/. This pattern is consistent for all subjects of this
investigation. L.e., the quality of the vowel varies according to a previous process of — in
this case — stress assignment, which affects the degree of constriction. The

coarticulation towards the following alveolar fricative, however, varies according to the
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previous segment (adjustment of constriction degree vs. no adjustment of constriction

degree).

5.3.1. The vowel /i/

/s/ shows the least variability among the alveolar consonants (Hoole et al. 1990), i.e. it
is quite resistant to coarticulation. The vowel /i/ is attributed high coarticulatory
resistance as well (Recasens 1999, Fowler & Brancazio 2000)'"'. Recasens (1999)
shows that the palatal contact is higher in the vicinity of /i/ as compared to /a/ and /u/,
i.e. consonants are palatalised in the vicinity of a palatal vowel. Palatalization is a
process common in many languages (see e.g. Fant 1970 for Russian), and Wood (1996)
gives a detailed description of the articulatory movements involved in the palatalization

of alveolar consonants in Bulgarian:

"The palatal tongue body gesture of a front vowel in Bulgarian is thus phased in two
different ways relative to the occlusion of an adjacent alveolar stop. To palatalize the closure
flank the palatal posture of the assimilating vowel is held until the end of the pre-stop vocoid
segment before being withdrawn. To palatalize the release flank, the palatal approach of the
post-stop vowel is activated already during the preceding vocoid segment and continues
during the alveolar occlusion in order to be in place at the release. The two different phasings
indicate preplanning of this assimilation." (Wood 1996: 158)

However, palatalization, a natural phonological process, can also be suppressed'®*:
Wood (1975a, 1991c) could show that in Swedish palatalization of alveolar consonants

is consistently avoided by implementing a pharyngeal movement:

"This pharyngeal maneuver in apical [s] is clearly not a coarticulatory or assimilatory antici-
pation of a pharyngeal vowel since it occurs in every instance with nonpharyngeal vowels
(...), and not when adjacent to a pharyngeal vowel (...)." ("‘Wood 1991c: 288)

Wood (1996) concludes on his Swedish subjects:

"Their alveolar consonants included a pharyngeal tongue body gesture that was antagonistic
to the palatal tongue body gesture of an adjacent front vowel, and the two gestures were
implemented sequentially rather than coproduced simultaneously.” (Wood 1996: 159)

o1 The notion of coarticulatory resistance, has, however, to be questioned (see Moosmiiller

2007b).
See Stampe (1979), Donegan & Stampe (1979) for the suppression of natural phonologi-
cal processes.

102

150



Vowels in Standard Austrian German

Ohman's (1966) Swedish subject, however, palatalised the alveolar plosive, so that
palatalization or suppression of palatalization might be a dialectal or idiosynchratic
feature in Swedish, dependent on whether the plosive is articulated with the tongue tip
(apical) or with the tongue blade (laminal) (Wood 1996: 159).

In Standard Austrian German, the burst spectra of plosives are for the most part
shaped by the following vowel. The burst spectra of plosives preceding the stressed
vowel /i/, therefore, are comparable with the burst spectra of Russian palatalised
plosives (Fant 1970). In the same way as for Bulgarian, this palatalization has to be
classified as an assimilatory process. Examples for plosives preceding a stressed vowel
/i/ are presented in Figure 5.2 (second plosive in the spectrogram exposes /t/ from
"Tiger" (tiger)), Figure 5.9 for the sequence /gi/ from "gieB" (to water: IMP), and Figure
5.10 for the sequence /bi/ from "Bier" (beer). In any case it could be shown that the
tongue is already in pre-palatal position at release, an observable movement of formants
is due to the increase of the lip area (Manuel & Stevens 1995). Unpalatalised /b/ and /d/
would, in any case, expose a sharp rise in formant frequencies at vowel onset (Stevens
1999: 341 and 356), starting at approximately 1050 Hz for the bilabial plosive and at
approximately 1600 Hz for the alveolar'®. In any case, at vowel onset, speakers of the
current study expose much higher F2 values than the ones calculated by Stevens (1999)

for unpalatalised ones. As concerns the velar plosive'™*

, tongue body location is
adjusted to the location of the following vowel, i.e. tongue body is fronted before /i/.
Figure 5.13 gives the distribution of the first five frames of F2 and F3, calculated

from vowel onset for CV sequences, where C is either bilabial, alveolar or velar and V

bears primary stress (task: reading sentences).

% For a vocal tract length of 17 cm, i.e. an average male speaker.

1% No modelling for /gi/ is presented in Stevens (1999) or Manuel & Stevens (1995).

151



Sylvia Moosmiiller

3
8 H T —
S , —¢| mean 1 = 1929 median 1947 Hz sd 106 Hz
' - %) mean 2 = 2056 median 2058 Hz sd 79 Hz
| "X 1 mean 3 = 2111 median 2097 Hz sd 117 Hz
" %) mean 4 = 2437 median 2288 Hz sd 310 Hz
: ﬂ{':': mean 5 = 2757 median 2715 Hz sd 196 Hz
| ~X"1 mean 6 = 2785 median 2955 Hz sd 361 Hz
g : [N
O 1 [N
o | i
1 [N
I [N
1 [N
U [N
[N
[N
[N
™ i
o _| K
~ O‘ [N
x © i
£ o
> [N
- [N
g o
[N
AN
X o | i i
© g [N
(Nl
I
1
I
|
-
o
3 -
o
o
o
S
o

Index

Figure 5.13: Density plot of the mean values of F2 and F3 of the first five frames calculated
from vowel onset of all /i/ vowels in stressed position, speaker spl27, sentence
reading task. Red lines: C = bilabial, black lines: C = alveolar, blue lines: C =

velar.

From Figure 5.13 it can be read that:
» F2 exposes no statistically significant differences with respect to the
alveolar and velar context (p > 0.05)'*,

» F2 in bilabial and velar context as well as F3 in all contexts exposes two

peaks in the distribution,

15 As can be seen from Figure 5.13, no normal distribution can be assumed. Therefore, a

Median Test has been performed.
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» F3 shows a high variability in any context.

The /i, y/ vowels in Standard Austrian German are articulated in an acoustically
unstable region, this holds especially for /i/, because the front cavity is not lengthened
through lip protrusion. As has been stated already, a shift in cavity affiliation takes
place when the location of constriction is at about 2/3 length from the glottis. However,
as soon as the constriction is widened or constriction length is shortened, this shift in
cavity affiliation is withdrawn, F3 is affiliated with the back cavity and consequently
drops again. Therefore, /i/ in Standard Austrian German is very sensitive to slight
changes in the configurations of constriction degree or constriction length. I.e. in "gib"
(to give: IMP) F2 and F3 are both lower than in "gie3" (to water: IMP), consequently, a
narrower and longer constriction is planned in "gieB" as compared to "gib". In Figure
5.14 the movements over time of F1, F2 and F3 are plotted on top of each other for two

instances of /gib/ and two instances of /gis/, no time alignment has been performed.

/il " gib" (red) vs "gieRR" (blue)

3500

30001 \—4

2500 +

2000 —

Hz

1500 -

1000

500 H
e —

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

frames /time

Figure 5.14: F1, F2, F3 movement over time of 2 items of /gib/ "gib" (to give: IMP) and of two
items of /gis/ "gieB" (to water: IMP), speaker sp127, sentence reading task.
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From Figure 5.14 it can be seen that
» /i/ of "gib" is substantially shorter than /i/ of "gieB3",
» F3 of "gib" is substantially lower than F3 of "gie}", overlapping with F2
of "gief", and
» F2 of "gib" is also lower than F2 of "giel3".

In the case of "gief}", shift in cavity affiliation has taken place, in "gib", F2 is affiliated
with the front cavity, F3 with the back cavity. Therefore, although "gib" and "gief3" have
the same prosodic condition (sentence initially, primary stress), "gib" is substantially
shorter and has a wider constriction degree and/or shorter constriction length than
"gief}". This difference in quality does not depend on vowel duration, since, over all
instances of /i/, except for p127, no correlation could be found between vowel duration
(= number of periods) and either F3 or F2.

However, irrespective of cavity affiliation, in the stressed position the steep and
rapid transition movement described for a transition of an unpalatalised plosive towards
a palatal vowel could not be observed in the data, i.e. in any case the tongue was in the
palatal position at vowel onset, indicating that the tongue had been positioned at an
earlier point in time, either in the occlusion phase or after release. Tables 5.2 and 5.3
give the mean values of F2 and F3 of the first five frames from vowel onset in CV

sequences, where C is either a bilabial, an alveolar or a velar plosive:

Median F2 /bi, pi/ /di, ti/ /gi, ki/
sp180 2192 2566 2519
spl129 2189 2322 2368
sp082 2225 2324 2318
sp012 1998 2012 2066
spl26 2104 2078 2120
spl27 1947 2058 2097

Table 5.2: Median F2 values of the first five frames calculated from vowel onset in bilabial,
alveolar and velar context, stressed position, sentence reading task.
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Median F3 /bi, pi/ /di, ti/ /gi, ki/
sp180 2854 3338 3247
spl29 2855 3108 3342
sp082 2670 2999 2989
sp012 2879 3093 3212
spl26 2692 2778 2854
spl27 2288 2715 2955

Table 5.3.: Median F3 values of the first five frames calculated from vowel onset in bilabial,
alveolar and velar context, stressed position, sentence reading task.

Since no normal distribution can be assumed for the data, a Median Test has been
performed. Two speakers (sp126 and sp082) did not differentiate the alveolar and velar
context for both F2 and F3, a further speaker (sp127) did not differentiate the alveolar
and velar context for F2. The bilabial and velar context was not differentiated by four
speakers (sp126, sp012, sp082, and sp129) for F2, but all speakers differentiated F3 for
this context pair. With the exception of speaker sp126, who did not differentiate bilabial
and velar context for F2, all speakers differentiated bilabial and velar context.
Therefore, the bilabial context is differentiated by all speakers, at least with respect to
F3. Differentiation of alveolar and velar context is less secure.

For each subject, F2'° and F3 are lower in bilabial context. These differences
hold also for stressed positions in spontaneous speech. From an articulatory point of
view, the lower values for F2 and F3 point out that in many instances, there is less
contact between the tongue and the palate when /i/ is preceded by a bilabial plosive than
when preceded by an alveolar or a velar plosive. Thus, alveolar and velar plosives
increase contact area and are more subject to palatalization than a bilabial plosive.

When, then, does palatalization start? Wood (1996) could observe for Bulgarian
that palatalization of the alveolar consonant started already during the vowel preceding
the plosive. In order to test whether palatalization starts that early in Standard Austrian

German, C;V,C,V; sequences were chosen where C; is an alveolar plosive /d/, Vi has a

106 Except for speaker sp126, who, however, exposes no statistically significant differences

for any context, i. €. consonantal contexts are completely blurred.
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velar constriction location'”’, C, is either labial, alveolar, alveo-palatal, or velar, and V;
is either a back or a front vowel and has, in any case, a stronger prosodic position than
V. Examples are:

"du bald" (you soon): C; = alveolar, V| = velar, C, = labial, V, = back
"du sehen" (you see: INF): C; = alveolar, V| = velar, C, = alveolar, V, = front
"du kaum" (you hardly) C, = alveolar, V| = velar, C, = velar, V, = back

In the case where palatalization would start at the offset of Vi, F2 of the velar vowel /u/
would substantially rise as the tongue moves from a velar to a palatal location. Figure
5.15 gives an example of four utterances of a male speaker (sp126) where C; is a

bilabial and V, is either a back vowel or a front vowel.

du bald (red) - du bitte (blue)

2500

|

2000 +
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lHk
)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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Figure 5.15: F2 movement over time of 2 items of /dubald/ "du bald" (you soon) and of two
items of /dubite/ "du bitte" (you please), speaker spl27, sentence reading task.
Frames 1 to 5: F2 of the last five frames of /u/, frames 8-9: spectral peaks of the
burst of the bilabial plosive associated with F2, frames 12 to 16: F2 of the first five
frames of /a/ (red) or of /1/ (blue).

197 A back vowel has been chosen as the starting point in order to be able to observe whether

the tongue starts a movement towards a fronted configuration already at the offset of the
back vowel.

156



Vowels in Standard Austrian German

Figure 5.15 shows the movements of the last five frames of F2 before the vowel offset
of /u/, the spectral peaks associated with F2 of the bilabial plosive and the movements
of the first five frames of F2 of V,, which is either a back vowel /a/ or a front vowel /1/.
It can be seen that the offset of /u/ shows no traces of palatalization. The spectral peaks
of the bursts show low F2 values (1206 and 1292 Hz) when followed by a back vowel,
the burst spectra of the bilabial plosive differ, however, when followed by a front
vowel. In one case the peak associated with F2 is as low as when followed by a back
vowel (1378 Hz); in the other case the spectral peak is much higher (1809 Hz). It has to
be added that in the case where the spectral peak of the plosive is low, VOT is slightly
longer than in the case with a high value (18 ms vs. 13 ms). These two instances of the
sequence /du‘bi/ show that the tongue is put into position either at plosive release or in
the occlusion phase before. Moreover, they also point to the role of VOT: a longer VOT
gives the possibility to configure the vowel after release. From the acoustic inspection,
however, the transconsonantal vowel V; is not palatalised in any instance.

The last five frames of F2 before vowel offset have been submitted to a one-tailed
t-Test in order to test whether /u/ is palatalised when followed by a transconsonantal
front vowel. In the case of palatalization, the final frames of F2 should show a
substantial rise when the tongue is moved from a velar to a palatal location. Table 5.4
gives the mean values of F2 for the final five frames followed by a transconsonantal

back or front vowel and the results of the t-Test:

F2 /u/ V, [+back] V, [+front] t P

sp180 1520.421 1490.076 0.75 0.22
spl129 1233.893 1295.815 1.2 0.12
sp082 1363.959 1379.48 0.52 0.30
sp012 1214.358 1186.268 0.64 0.26
spl26 1180.692 1178.963 0.07 0.47
spl127 1272.421 1298.757 242 0.01

Table 5.4: Mean F2 values of the last five frames calculated before vowel offset of /u/
followed by transcontonantal V,, which is either a front or a back vowel, sentence
reading task. t value and p from one-tailed t-Test.
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It can be seen from Table 5.4 that, with the exception of one speaker (sp127), results are

not statistically significant. However, the difference of 26 Hz exhibited in sp127 is of no

relevance for the current question. In can be concluded that, from acoustic inspection, in

the observed set of /du # C,V,/ sequences, no traces of palatalization could be observed

in the movement of F2 of the analyzed last five frames of /u/. Palatalization starts,

therefore, either during the occlusion or after the release of the plosive. Lingual

configuration of the vowel /i/ is finished at vowel onset. Slight movements of formant

frequencies can be attributed to the plosion of the occlusion and subsequent opening of

the occlusion area. The results on /Ci/ sequences, where C is either a bilabial, an

alveolar, or a velar plosive are summarized as follows:

>

At vowel onset, F2 and F3 are already in position for the vowel; no sharp
and rapid transition movements can be observed at vowel onset.
Consequently, a palatal tongue configuration has been adopted before
vowel onset.

This palatal configuration, however, does not reach into the transconso-
nantal vowel /u/.

This restricts the time for adopting a palatal configuration either to the
occlusion phase or the time after plosive release (VOT).

/i/ preceded by an alveolar or a velar plosive shows higher F2 and F3
values than /i/ preceded by a bilabial plosive. This points to a larger
contact area of /i/ (either a longer or a narrower constriction) in alveolar or
velar context. Therefore, lingual plosives actively contribute to palatali-
zation.

The high variability (especially of F3) is attributable to the acoustically

instable constriction location for /i/ in Standard Austrian German.

Coarticulatory effects of /Ci/ sequences would appear as sharp and rapid rises of F2 at

vowel onset. These sharp and rapid rises are prevented by palatalization, i.e. by
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increasing the contact area between tongue and palate at an earlier point in time. By
applying the process of palatalization, coarticulation (e.g. sharp transitions) is smoothed

away.

5.3.2. The vowel /a/

The vowel /a/ is usually attributed less coarticulatory resistance than the vowel /i/, i.e. is
affected to a larger extent by its surroundings than a palatal vowel (see e.g. Farnetani &
Recasens 1993). As has been stated in Chapter 4, in Standard Austrian German /a/ is
articulated as a back vowel, which means that the tongue body is displaced back and
produces a constriction in the pharynx considerably above the larynx'® and that the
tongue tip is displaced back from the inner surfaces of the lower incisors (Stevens 1999:
274). This articulatory configuration results in a low second formant frequency.

Preceded by a bilabial plosive, tongue body configuration can be accomplished at
the point of release, i.e. hardly any transition would be visible for F2. This is enforced
by the fact that F2, as back cavity resonance, is hardly affected by changes in the front
cavity (Manuel & Stevens 1995 and Stevens 1999). Therefore, the increase of the lip
area is hardly visible in the movement of F2, but rather appears in the steep and rapid
rise of F1.

However, quite often, a clear falling F2 pattern could be observed in /ba/ se-
quences. Such an example is given in Figure 5.16 which shows the spectrogram of the

word [bakn] "backen" (to bake).

% As compared to the front vowel /a/, whose constriction location is nearer to the larynx,

resulting, consequently, in a higher F2.
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Figure 5.16: Spectrogram of the sequence /‘bakr/ from "backen" (to bake), speaker spl27,
sentence reading task. Left cursor positioned during the burst of the bilabial
plosive, right cursor at vowel onset of /a/. Respective formant frequency values can
be read from the panel below. Bottom panel: waveform window, next panel from
bottom: spectrogram window, left upper panel: waveform zoom window, right

upper panel: amplitude spectrum window.

The left cursor in the spectrogram window is positioned in the burst of /b/, the right
cursor at vowel onset (1% positive zero crossing). It can be seen from spectrogram
inspection that F2 falls from release until vowel onset, but at vowel onset, F2 does not
change any more until about vowel midpoint. F2 then changes again in preparation of
the velar closure. This falling pattern of F2 probably indicates that the tongue body is
not yet in position at plosive release. Therefore, as concerns the movement of F2, two
/Ca/ — patterns, where C is a bilabial plosive, can be observed: either a falling or a flat
pattern. In each case, F2 has its final position at vowel onset.

The production of an alveolar closure is facilitated if the tongue body is placed in

a somewhat fronted position and if the mandible is raised (Stevens 1999: 324). When
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followed by a back vowel, the tongue body has to move back after release to form a

constriction in the pharyngeal region. This backward movement results in a decrease in

F2 and a constant increase in F1 (see Figure 5.17).
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Figure 5.17: Spectrogram of the sequence /[tat/ from "Stadt" (city), speaker spl127, sentence

reading task. Left cursor positioned during the burst of /t/, right cursor at vowel

onset. Respective formant frequency values can be read from the panel below.

Bottom panel: waveform window, next panel from bottom: spectrogram window,

left upper panel: waveform zoom window, right upper panel: amplitude spectrum

window.

It can be estimated from Figure 5.17, which shows the sequence [[dat] "Stadt" (city),

that the closure for the alveolar plosive is formed at about 2,5 cm posterior to the lip

openingmg. Therefore, as the tongue is withdrawn from this rather frontal position, a

rapid and steep fall in F2 can be observed before vowel onset, followed by a

monotonous fall from vowel onset till about vowel midpoint. Then the tongue body has

to be fronted again for the following /t/. From modeling the sequence /da/, Manuel &

109

From the spectral peak associated with F4.
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Stevens (1995) could show that the fall of F2 is not caused by a change in the consonant
constriction, i.e. by an opening of the closure; this increase of area at the point of
closure location has hardly any effect on F2''"°. They conclude that the drop in F2 must
be due to the tongue body moving back (Manuel & Stevens 1995: 439). However, the
steep fall of F3 at consonant release until vowel onset and the rise of F3 from about
vowel midpoint till vowel offset seems to be caused by the change in area at the point of
consonant closure. Therefore, it seems to be possible to tease apart the components
involved in a CV sequence where the plosive has an alveolar place of articulation and
the vowel a constriction in the pharyngeal region: F2 seems to be associated with
tongue body backing and fronting, F3 with change in constriction area.

Most of the work of tongue body backing is performed from the point of closure
release until the onset of the vowel. However, at vowel onset, the tongue body is not yet
in position. Therefore, some movement still has to be performed during the vowel.

As a closure in the velar region is formed, natural frequencies of the front and the
back cavity come close together, very often resulting in convergence of F2 and F3. Such
a convergence of F2 and F3 can be seen in the burst of the velar plosive /g/ in Figure
5.18, which shows the sequencs [gast] from "Gasthaus" (restaurant). After the burst, F2
and F3 drift apart again. F3 shows a slight rise and F2 drops slowly but continuously for
about one third of the vowel, indicating tongue body retraction. This demonstrates that
the tongue body does not take a back tongue body position in anticipation of the
pharyngeal vowel (this would show up in a lower F2 spectral peak), but forms a closure
in the velar region and retracts as the closure is released.

To date it is not clarified which factors are ultimately responsible for the forward
positioning of the tongue in the production of velar plosives flanked by back vowels
(called ‘looping patterns’). The explanation put forward by Houde (1968, cited in Fuchs

& Perrier 2005) that aecrodynamics would cause the forward movement of the tongue

"0 This result of Manuel & Stevens (1995) is corroborated by the movement over time of F2

in Figure 5.17: F2 does not rise in preparation of the following alveolar plosive /t/.
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has been partly refuted by Hoole et al. (1998) who observed looping patterns also in
ingressive speech. Ohala (1983) attributed looping patterns to a strategy to maintain
voicing. However, Mooshammer et al. (1995) found larger forward movements of the
tongue for voiceless than for voiced velar stops. Lofqvist & Gracco (2002) postulated
looping patterns to be planned in terms of cost minimization principles, whereas Perrier
et al. (2003) and Fuchs & Perrier (2005) argue that looping patterns are due to

biomechanical factors.
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Figure 5.18: Spectrogram of the sequence /‘gast/ from "Gast" (guest), speaker sp127, sentence
reading task. Left cursor positioned during the burst of the velar plosive, right
cursor at vowel onset of /a/. Respective formant frequency values can be read from
the panel below. Bottom panel: waveform window, next panel from bottom:
spectrogram window, left upper panel: waveform zoom window, right upper panel:

amplitude spectrum window.

Therefore, due to the velar location, the spectral peak associated with F2 is higher than

at an alveolar location, which in turn is again higher than for a bilabial location'".

1 Resonance behind the closure for a tube closed at both ends.
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Additionally, movements are slower in the case of a velar release. This adds to the fact
that at vowel onset, F2 is higher when preceded by a velar plosive. Therefore, in the
context of the vowel /a/, plosive place of articulation can be inferred from the F2 value

at vowel onset (see Figure 5.19).
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Figure 5.19: Density plot of the mean values of F2 and F3 of the first five frames calculated
from vowel onset of all /a/ vowels in stressed positions, sentence reading task,
speaker sp082. Red lines: C = bilabial, black lines: C = alveolar, blue lines: C =

velar.

It can be seen from Figure 5.19 that F2 at vowel onset (the first five frames) is highest

when preceded by a velar plosive, intermediate when preceded by an alveolar plosive
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when preceded by a bilabial plosive. This pattern can be observed for all

speakers, Table 5.5 shows that the differences in F2 at vowel onset are statistically

significant.
mean F2 /ba, pa/ /da, ta/ lga, ka/ F p
sp180'"? 1399 1724 1767 2:551:392,15 0.00
spl29 1184 1589 1773 2;606: 553,06 0.00
sp082 1292 1548 1674 2;531: 286,48 0.00
sp012 1176 1393 1475 2;432: 187,87 0.00
spl26 1178 1391 1471 2;571: 300,74 0.00
spl27 1218 1372 1576 2;456: 255,26 0.00

Table 5.5.: Mean F2 values of the first five frames of the vowel /a/ calculated from vowel

onset in bilabial, alveolar and velar context, all conditions and positions. F and p
value from one-way ANOVA.

The results on /Ca/ sequences, where C is either a bilabial, an alveolar, or a velar

plosive are summarized as follows:

» /a/ preceded by a bilabial plosive shows two patterns, either a fall of F2

from consonant release until vowel onset or a flat movement of F2 from
release onwards. Therefore, tongue body positioning takes place either
during the occlusion of the plosive or at release. In most cases, tongue
body positioning is finished at vowel onset.

Preceded by an alveolar plosive, the tongue body has to be withdrawn
after release. Therefore, tongue body positioning is not yet finished at
vowel onset and a monotonous drop in F2 can be observed which reaches
substantially into the vowel.

In the case of a velar closure, the tongue body does not take a back
location, but forms the closure in the velar region, which causes a drop in
F2 that reaches substantially into the vowel. Therefore, again, tongue body
positioning is not yet accomplished at vowel onset. The values of F2 at

vowel onset are, however, higher than in the alveolar context.

112

For p180, alveolar and velar context do not differ.
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» The differences of F2 at vowel onset are statistically significant and point

to the place of articulation of the plosive.

5.3.3. The vowels /u, o/

Both the vowels /u/ and /o/, especially when articulated with lip protrusion, are
articulated in an acoustically stable region. The nomograms calculated by Stevens
(1999: 281) show that over a range of about 6 cm (2-8 cm from the glottis) F2 hardly
changes, when lips are protruded. This is exactly the region where the constrictions are
located for both /u/ and /o/. Since coarticulatory effects appear especially in movements
of the second formant, and since there are hardly any differences in F2 between /o/ and
/u/, it deemed justifyable to treat /o/ and /u/ as one.

It has already been discussed that in sequences where C is an alveolar plosive, lip
protrusion starts at release and takes some time till it is accomplished. Therefore,
whether lip protrusion is finished at vowel onset depends largely on VOT. Lip protru-
sion could not be traced at the offset of the transconsonantal vowel.

It can be seen from Figure 5.20 that both in bilabial and velar context, F2 at vowel

onset is substantially lower than in the alveolar context.
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Figure 5.20: Density plot of the mean values of F2 and F3 of the first five frames calculated
from vowel onset of all /u, o/ vowels in stressed position, speaker sp126, sentence
reading task. Red lines: C = bilabial, black lines: C = alveolar, blue lines: C =

velar.

However, the final values for F2 have not yet been accomplished at vowel onset in both
cases. Figure 5.21 shows the sequence [bo:dn] "Boden" (floor), cursors are positioned

during the burst and at vowel onset.
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Figure 5.21: Spectrogram of the sequence [‘boidn] from "Boden" (floor), speaker spl80,
sentence reading task. Left cursor positioned during the burst of the bilabial
plosive, right cursor at vowel onset of /o/. Respective formant frequency values can
be read from the panel below. Bottom panel: waveform window, next panel from
bottom: spectrogram window, left upper panel: waveform zoom window, right

upper panel: amplitude spectrum window.

It can be seen from Figure 5.21 that F2 still drops at vowel onset, indicating that lip
protrusion is not yet accomplished at vowel onset, whereas the tongue body is most
probably already in its position, as can be inferred from a comparison with F2 values for
less protruded back vowels. In the case of /post/ "Post" (post office), taken from the
same speaker, F2 has a value of 1062 Hz at vowel onset, this makes a difference of 135
Hz, which can be attributed mostly to lip protrusion. In Figure 5.21 F2, from vowel
onset onwards falls another 150 Hz until the final position of F2 is reached. However, it
can as well be the case that the spectral peak associated with F2 already has a
sufficiently low value, so that it can be inferred that both tongue body backening and lip

protrusion take place during the occlusion.
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A similar pattern can be observed in where C; is a velar plosive: the less
protruded vowels /o, u/ have a F2 value of approximately 1050 Hz at vowel onset, with
hardly any movement from release until vowel onset. In the case where a protruded
vowel follows a velar plosive, it can be the case that F2 exposes either a sufficiently low
value at release that it can be inferred that the tongue body is already in a back position

for the velar closure (see Figure 5.22), or a drop in F2 can be observed at vowel onset.
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Figure 5.22: Spectrogram of the sequence /gote/ from "Gote" (goth), speaker sp180, sentence
reading task. Left cursor positioned during the first release of the velar plosive,
right cursor at vowel onset of /o/. Respective formant frequency values can be read
from the panel below. Bottom panel: waveform window, next panel from bottom:
spectrogram window, left upper panel: waveform zoom window, right upper panel:
amplitude spectrum window.

Figure 5.22 shows the sequence [go:te] "Gote" (goth); it can be seen that with a spectral
peak at 730 Hz within the first burst, F2 is already sufficiently low. Consequently, no
movement of F2 can be observed either during release or during the first two thirds of

the vowel. Only when the tongue body is fronted to form an alveolar closure for /t/,
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does F2 rise. However, a comparison of F2 at vowel onset (the first frame) with frame

20 (approximately vowel midpoint, depending on the total length of the vowel) of the

vowel shows that F2 still drops after vowel onset (see Table 5.6).

F2 /u, of frame 1 frame 20 t p

sp180 1063 777 3.28 0.00
spl29 786 626 2.88 0.00
sp082 1106 763 4.94 0.00
sp012 934 620 3.53 0.00
spl26 1040 693 6.22 0.00
spl27 1097 649 8.67 0.00

Table 5.6: Frame 1 and frame 20 F2 values for /u, o/ preceded by a bilabial, an alveolar or a

velar plosive, sentence reading task. t value and p from one-tailed t-Test.

The results on /Cu/ - and /Co/ sequences, where C is either a bilabial, an alveolar, or a

velar plosive are summarized as follows:

» F2 values are lower, when the back, protruded vowel is preceded by a

bilabial or velar plosive.

» Two patterns can be observed: tongue body and lip protrusion have either

been accomplished at release, or the tongue body is positioned after

release. In the latter case, lip protrusion is pulled into the vowel.

» Lip protrusion causes F2 to drop approximately about 300 Hz.

» When preceded by an alveolar plosive, F2 is higher, indicating that tongue

body retraction has not yet been accomplished at vowel onset. Therefore,

both lip protrusion and tongue body positioning is pulled into the vowel.

5.4. Conclusion

It has been argued in the previous chapter that the way from phoneme to phonetic

output is mediated by phonological processes, phonetic processes and coarticulation.

Processes, in any case, are planned and processed before coarticulation is performed.

This restricts the notion of coarticulation to the very last step on the way from one
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phoneme, formed by either phonological or phonetic processes, to the next. The
processes are language specific and, in some cases, serve to smooth away coarticulation
— as could be seen in the case of palatalization. The sequence of a plosive and a
following palatal vowel would cause a very steep and rapid transition, this transition is
smoothed away by enlarging the contact area of the plosive preceding a palatal vowel.
Whilst in Austrian German, this process only affects the neighbouring segment, in
another language this process might be carried over into the transconsonantal vowel as
well. In Russian, on the other hand, unpalatalised consonants are not palatalised when
preceding a palatal vowel, it is — on the contrary — the palatal vowel that changes its
quality in unpalatalised context (see Moosmiiller 2007a for a discussion). Whether a
given process is applied or not and the specific timing of this process in the case of
application is responsible, among other things, for what is commonly termed as the

"accent" of a given language or variety.
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6. Vowel and VVowel Variability

The discovery of low-level variability as put forward by Menzerath & de Lacerda
(1933) and Menzerath (1935) caused some consternation among the then phoneticians,
“since it had often been assumed that the same sound would be articulated in the same

way irrespective of its context” (Lofqvist 1997: 407). Since then,

“the overarching challenge was to explain the strong context-dependence and variability of
acoustic phonetic patterns. Major handbooks (Hardcastle & Laver 1997) and review chapters
(Farnetani 1997, Farnetani & Recasens 1999, Kent, Adams & Turner 1996, Lofqvist 1997)
converge in identifying coarticulation as a major contributor to the mismatch between the
dynamic and the linguistic perspectives of speech.” (Lindblom 2004: B-86)

The mismatch, however, lies much deeper than in the observation of variability in
speech'"®. It lies in the conception of what is part of a grammar and what is not, and it
lies in the unfortunate coincidence of the emergence of phonological theories which
ascribed phonetic observations to performance and thus considered them irrelevant for

4

linguistic investigation''*. This incompatibility of phonology within generative

frameworks and phonetics led to the strict rejection of phonology in the Eighties

(Lofqvist 1986, Fant 1986):

“The supposedly happy marriage between phonology and phonetics has its inherent
shortcomings and some of us like Peter Ladefoged might argue for a respectful divorce. [...]
To me, phonetics is the stable partner of the marriage, while phonology is promiscuous in its
experimenting with widely different frameworks and choice of features for describing one
and the same inherent phenomenon.” (Fant 1986: 481)

Up to the present, the situation has not much changed. Mainstream phonological
theories like, e.g., Optimality Theory, which incorporate phonetic knowledge and give
elegant descriptions, are, however, of little help when addressing the main questions in

phonetic theory (see Hurch 1998). While non-mainstream theories are seldom absorbed

3 1t strikes as somehow strange to blame an observation for the incompatability between

theories or theorists.
4 To name just a few, see Dressler 1984, 1985, 1996, Hurch & Rhodes 1996, Donegan
2002 for a profound critique on phonological theories within generative frameworks.
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into phonetics, some of them, such as Natural Phonology, incorporate phonetic results.
Keating (1990) made a first step forward by incorporating phonetics into grammar. She
advocates a strict separation of phonology and phonetics, in order to prevent confusion

of the levels:

“Much of the coarticulation literature is confusing on this issue of levels, in that phenomena
that are clearly phonetic are often given (unsatisfactory) phonological treatments. [...] The
point is to determine the nature of each case.” (Keating 1990: 453)

Despite this strict introductory separation, it is not quite clear what the phonological and
the phonetic components within her window model should be. The representation of the
phoneme is the window which contains all information necessary to produce a given
output.

“Context, not idealized isolation, is the natural state of segments,...” (Keating 1990: 461)
The window is empirically defined by the minimum and maximum values of a certain
parameter (e.g. velum height, jaw position, or formant frequencies), the actual output is
the path through successive windows, which is defined by the context (e.g. narrow
windows allow less variability, wide windows allow more). Keating does not speak of
rules, but rather it is the path which the articulators have to find through the successive
narrow or wide windows that is responsible for the actual output.

In many ways, Keating’s model is convincing since it can account for much of the
variability observed in actual speech production. The fact that the whole bulk of
variability is stored in the mental representation is no counterargument, in the same way
as economy of storage is no argument either. Nevertheless, some questions remain
open, e.g. how do the different windows defining one specific segment interact and
result in what has been termed motor equivalence (Perkell 1980, Abbs 1986)? And,
finally, given a certain observed output, how is it to be decided whether it belongs to
phonology or to phonetics?

It has already been argued in the previous chapter that much of what has been

called “coarticulation” is in fact governed by processes (e.g. anticipatory velum
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lowering or lip protrusion), which are language, variety, or even speaker specific, and,
consequently, planned. Much of the debate within phonetic theory resides on the
question of “what is controlled and what is a product of execution” (Lindblom 2004: B-
86), 1.e. what is not controlled. That such a question is posed at all has, in my opinion,
its roots in the fact, that, all of a sudden, phoneticians were confronted with a huge
amount of variability (e.g. vowels overlapping in formant frequencies) which they were
unable to explain. Stevens & House (1963) and Lindblom (1963) explained the
observed variability in their data within the framework of articulatory or acoustic
undershoot. The notion of undershoot, on the other hand, implies the notion of a target
that is undershot. The notion of the target, since it is usually conceived of as the
intention of the speaker, is often intermingled with the notion of the phoneme. This

inevitably causes an intermixture of levels.

6.1. Target, invariance, and target undershoot

Stevens & House (1963) showed that consonant environment affects the realization of
vowels. They interpreted their findings in terms of a production undershoot model. In
the same vein, Lindblom (1963), in his work on vowel reduction, conceptualizes
reduction in terms of undershoot. Additionally, he gives a concise definition of the

target of a vowel:

“A target was found to be independent of consonantal context and duration and can thus be
looked upon as an invariant attribute of the vowel. Although a phoneme can be realized in a

b (13

more or less reduced fashion, the talker’s “intention” that underlies the pronunciation of the
vowel is always the same, independent of contextual circumstances. A vowel target appears
to represent some physiological invariance.” (Lindblom 1963: 1778).

According to this definition, the target is identical with the phoneme. Moreover, the
phoneme is defined as a talker’s intention, the talker’s intention is invariant and it is
assumed that the target corresponds more or less to a pronunciation under ideal
conditions. In conditions deviating from this ideal state, the articulators fail to reach the

intended target:
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“Articulators respond to control signals not in a stepwise fashion but smoothly and fairly
slowly, owing to intrinsic physiological constraints. Since the speed of articulatory
movement is thus limited, the extent to which articulators reach their target positions
depends on the relative timing of the excitation signal.” (Lindblom 1963: 1778)

This failure to reach the intended target position came to be known as “undershoot”
(Stevens & House 1963, Lindblom 1963). To model the speech variability within the
framework of articulatory/acoustic undershoot and corresponding perceptual overshoot
(Lindblom & Studdert-Kennedy 1967, Nearey 1989, see van Son 1993 for an overview)
is convincing, satisfactorily explains variability, and is, today, a well-established con-

cept in phonetics. Yet, the question

“whether and to what extent the human speech perception could be able to recover intentions
in motor tasks that are not achieved” (Perrier 2005: 128)

is still unsolved. Moreover, given the fact that the actual output does, in most cases, not
correspond to the intended target, especially in weak prosodic positions, speech
production can be considered a consecutive succession of failures. Speaking, within this
framework, would be an utterly frustrating activity. Apart from that, languages display
very clear sequential constraints, in the way that unpronounceable sequences are not
allowed. Therefore, among the languages described so far, no sequence of phonemes
such as, e.g., */fpdk/, can be found. It has to be questioned why a language should allow
a sequence for which the articulators constantly and systematically fail to reach the
intended target.

One crucial aspect in Lindblom’s argumentation for the undershoot concept is

duration:

“As a vowel becomes shorter, there is less and less time for the articulators to complete their
“on-““ and “off-glide” movements within the CVC syllable. Provided that the neural events
corresponding to the phonemes actually stay invariant, the speech organs fail, as a result of
the physiological limitations, to reach the positions that they assume when the vowel is
pronounced under ideal steady-state conditions.” (Lindblom 1963: 1779)

Subsequent studies showed that vowel quality does not change as a function of vowel

duration (Gay 1978, Nord 1975, 1986, Engstrand 1988, van Son & Pols 1990, 1992, van
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Son 1993'"°). Gay (1978) showed that when the vowel is shortened, it is predominantly
the onset that is changed, whereas the vowel midpoint stays invariant. For the vowel /i/,

Gay states:

“For all subjects, the onset frequency of the second formant transition is higher for the fast
rate condition, while the F2 midpoint frequencies and F2 rates of change remain essentially
unaffected across the two rates.” (Gay 1978: 226)

However, the acoustic invariance is not accompanied by articulatory invariance:

“The present acoustic data are also inconsistent with earlier EMG data (Gay et al., 1974, Gay
and Ushijama, 1975) that showed a change in the level of muscle activity for vowels in
response to a change in speaking rate. The EMG data showed that the activity levels of the
genioglossus muscle for the vowel /i/ decreased with an increase of speaking rate”. (Gay
1978: 228).

Compensatory articulatory strategies for guaranteeing a desired acoustic output are very
well documented. Perturbation experiments (Savariaux et al. 1995, 1999, Hoole 1987,
Jones & Munhall 2003) show that subjects try to compensate the perturbation in order

116 .
. Men and women use different

to ensure an improvement of the acoustic output
strategies in the production of back rounded vowels, which, in both cases, guarantee a
sufficiently low F2 (Fant 2004). Furthermore, speakers adjust their articulation accor-
ding to individual vocal tract shapes. Perkell (1997) could show that tongue height in

the production of the vowels /i, 1, €/ differed according to the individual shapes of the

palate.

“The speaker with the shallowest palate vault (1) uses the smallest adjustments of tongue
height to create the area function differences required for the vowels, and the speaker with
one of the steepest vaults (3) uses the largest adjustments.” (Perkell 1997: 350)

Similar results were obtained by Pouplier et al. (2004) in their study on the tense — lax

distinction in German;

“There is considerable inter- and intrasubject variability as to the palatal distance within a
tense and lax pair.” (Pouplier et al. 2004: 24)

115
116

van Son (1993) concluded that target-undershoot is most probably planned.

Lofqvist (1997) argues that the fact that speakers needed several trials to obtain the
desired acoustic output, speaks against acoustically-based targets, whereas for Perkell
(1997) several trials are no counterargument against acoustically-based targets and are
compatible with this concept, because, in bite-block experiments, subjects acquired an
alternative set of motor command-to-acoustic mappings and retained this set for later
recall (1997: 364)
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A subsequent study (Brunner et al. 2005) showed that subjects with a flat palate are
allowed less articulatory variability because slight displacements would result in great
changes in the acoustic output, whereas subjects with dome shaped palates are allowed
more articulatory variability, which they can employ or not.

These results strongly suggest that “the objective of speech articulation is to
produce an acoustic signal with properties that will enable the listener to understand
what is said” (Perkell 1997: 363). Within the Acoustic Invariance Theory, some of these
properties have to be invariant. Blumstein & Stevens (1979), who showed that the stop
place of articulation can be arranged according to spectral properties of the burst

(diffuse-raising, diffuse-falling and compact), conclude:

“In particular, it has been shown that the speaker provides the listener with invariant acoustic
cues, cues which can be directly derived from the speech signal itself. Thus, the interface
between the perceptual and production systems resides in the acoustic signal where the
properties of speech can be uniquely and invariantly specified.” (Blumstein & Stevens 1979:
1015)

Despite these initially promising results with respect to the stop place of articulation
(see also Blumstein & Stevens 1980, Stevens & Blumstein 1978, Lahiri et al. 1984,
Blumstein 1986), the search for an invariant acoustic property was unsuccessful.
Lofqvist (1986) argued for a separation of phonetics and phonology in order to get away
from a concept that sees invariance in terms of static entities. In a similar way, Fant
(1986) doubts “the absolute invariance of feature correlates irrespective of context”

(1986: 486) and suggests a context-dependent analysis instead:

“In my view, human speech perception relies on gestalt decoding rather than on isolated
short-time spectral patterns or templates. [...] The auditory system probably makes efficient
use of the entire evidence available. Why should we limit our descriptive work to less
precise specifications or to a diluted specification which can operate in all contexts?” (Fant
1986: 4871)

Yet, results on the role of context in vowel perception are not unanimous. The theory of
the dynamic specification of vowels (Strange 1998, Strange & Bohn 1998, Jenkins et al.
1999) states that vowels in continuous speech are better identified when context is

available, whereas the results of Nearey & Assmann (1986) and Andruski & Nearey
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(1992) showed that listeners rely more on vowel-inherent factors and that coarticulatory
cues play a minor role in the perception of vowels. Hillenbrand & Nearey (1999)

conclude that

“spectral change patterns play a secondary but quite important role in the recognition of
vowel quality. [...] However, a simple observation that should not be lost in this discussion
of spectral change is that the single-slice spectral measurements reported in studies such as
Peterson and Barney (1952) capture most of the information that is needed to represent
vowel quality. In the present study, FO, duration, and steady-state formant measurements
were sufficient to signal the intended vowel for roughly three-fourths of the utterances, with
nearly all of the misidentifications involving adjacent vowel categories.” (Hillenbrand &
Nearey 1999: 3521)

Pitermann (2000) comes to the conclusion that static information is sufficient for
identifying the vowels. Carré & Divenyi (2000) stress the importance of dynamic
changes.

It is already a challenge to look for invariant acoustic properties for stop con-
sonants. Modifications to the original templates proposed by Blumstein & Stevens
(1979) have been made in order to extend the concept to languages which differentiate
further or places of articulation other than the bilabial, alveolar or velar (Lahiri et al.
1984, Blumstein 1986). This task seems even more unsolvable for vowels. As is well
known, the acoustic properties of vowels change in dependence on linguistic and
extralinguistic factors, languages or language variants. Thus, the acoustic properties of
the vowel /i/ are not the same in English and Standard Austrian German; in English, /i/
is characterized by a spectral dominance of F2 and F3, in Standard Austrian German by
a spectral dominance of F3 and F4. Therefore, the claim of the theory of acoustic

invariance,

“that a particular phonetic dimension should be realized by the same invariant property
across all languages” (Lahiri et al. 1984: 391),

cannot be upheld for vowels. Confronted with this lack of (articulatory and acoustic)
invariance, it has to be asked, consequently, what makes an /i/ an /i/ (see also the

discussion in Donegan 2002).
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6.2. Undershoot vs. Processes

A frequently cited example for undershoot is the fronting of back rounded vowels in the
alveolar context in English. In their study on the effects of consonant environment on
vowels, Stevens & House (1963) found that especially the F2 of the vowel /u/ was
displaced by about 350 Hz in the alveolar context. The Stevens & House study was
repeated by Hillenbrand et al. (2001). Their results were similar to Stevens & House’s;

as concerns the back rounded vowel, they found even larger F2 displacements:

“As with SH [Stevens & House], the largest effect by far is a raising of F2 for /u/ in the
environment of alveolar consonants. At about 500 Hz for the men and nearly 600 Hz for the
women (relative to null environments), this upward shift is even larger than the roughly 350
Hz effect reported by SH.” (Hillenbrand et al. 2001: 754)

This displacement of F2 is often interpreted within an undershoot model and allocated
to physiological constraints (Chomsky & Halle 1968). Since the targets are a long way
away from each other, the tongue cannot move sufficiently back in order to form a
constriction in the velar region for the vowel /u/. Moon & Lindblom (1994), in

analyzing /wVC/-sequences, concluded that

“from a biomechanical point of view, formant undershoot ought to be a function of “locus-
target” distance, vowel duration and F, rate of change.” (Moon & Lindblom 1994: 53).

However, F2 displacement could not be observed for all languages. Flemming (2001)
showed that French, German and Hindi display F2 undershoot to a lesser degree than
English, with German displaying the least F2 displacement from the defined target''”. It
is further argued that languages with high front rounded vowels do not apply fronting in
order to maintain the necessary contrasts. Within this line of argumentation, Oh (2002)
showed that Chinese, French and German display considerably less F2 displacement for
/u/ in alveolar context than English. However, even within these three languages, which

all exhibit front rounded vowels, differences occurred:

"7 Target F2 was estimated by measuring F2 either in isolation or adjacent to [h] (Fleming

2001: 23).
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“German was characterized by having the lowest F2;''® values and one of the smallest

undershoot values of the back vowel in the coronal contexts. Regarding Chinese and French,
while Chinese had a more front target for /u/ than French, the vowel /u/ of French was
undershot more than that of Chinese in coronal contexts.” (Oh 2002: 244)

From a subsequent study on second language acquisition, Oh (2002) concludes that
these language-specific differences have to be learned and interprets them within the

framework of Keating’s model:

“These results are in accord with the Keating’s (1985) conception of the language-specific
phonetic component of grammar which can be hypothesized that a speaker must learn all
phonetic details that are specific to a target language.” (Oh 2002: 252)

With the results presented by Fleming (2001) and Oh (2002), a biomechanical
explanation for the fronting of back rounded vowels can be excluded, therefore, no
undershoot mechanism is at work. Oh (2002) interprets F2 displacement as a language-
specific coarticulatory process which has to be learned. Fleming (2001), on the other
hand, sees fronting as a parallel phonetic and phonological phenomenon and analyzes it
within the framework of minimization of cost functions. As concerns the language-

specific differences, he concludes:

“this variation can be analysed in terms of differences in constraint weights, e.g. English
assigns IDENT(V) a low weight compared to German.” (Fleming 2001: 23)

In the sentence reading condition, Standard Austrian German shows no F2

displacement' "’

of the vowel midpoint of the stressed back rounded vowels /u, u, o/
following an alveolar plosive. However, statistically significant differences of F2
displacement caused by the preceding alveolar plosive can be found for the vowel /o/.
Broken down for speakers, every speaker exposes a higher F2 value at vowel midpoint
when the preceding plosive is alveolar, and for all speakers, the differences are

statistically significant (p < 0.05). Table 6.1 gives the mean vowel midpoint values of

the vowel /o/ for each speaker:

118
119

F21 = F2 target value

It has to be noted that fronting is the most plausible explanation for a higher F2 of back
rounded vowels in an alveolar context. However, less lip protrusion, a raised larynx, or an
increase of constrinction degree might, in the same way, result in a higher F2.
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F2 /o/ Sp012 Sp126 Sp127 Sp082 Sp129 Sp180

bilabial 760 870 786 986 788 1039
alveolar 874 1034 952 1136 924 1276
velar 793 846 734 1062 851 1014
Table 6.1: Mean F2 vowel midpoint values of the vowel /o/ according to the place of

articulation of the preceding plosive. Data broken down according to speakers,

vowel in stressed position, sentence reading task.

The observed differences are independent of vowel duration, i.e. F2 at vowel midpoint

does not raise as duration decreases. No statistically significant relationship between

duration (expressed in NoP) and F2 at vowel midpoint was observable for any of the

speakers (see Figure 6.1 and Table 6.2).

MNumber of periods

900 1000

1100
F2 at vowel midpaint

1200

1300

1400 Hz

Figure 6.1: Regression lines and scatter plot of duration (number of periods) vs. F2 at vowel

midpoint of CV — sequences, where C is an alveolar plosive and V a back, stressed

vowel /o/. Reddish lines: female speakers, bluish lines: male speakers, sentence

reading task.

Table 6.2. gives the correlation coefficient r for all speakers:

Speaker p082 p129 p180 p012 pl26 pl27
r 0.723 0.005 0.386 0.574 0.252 0.011
Table 6.2.: r for duration (number of periods)/F2 at vowel midpoint, broken for all speakers,

stressed vowel /o/ with preceding alveolar plosive, sentence reading task, p > 0.05.
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In spontaneous speech, it was not possible to find sufficient items for all speakers.
However, those speakers who uttered enough items within each of the three consonantal
contexts, exposed no statistically significant differences for F2 at vowel midpoint.
Moreover, F2 values at vowel midpoint dropped in spontaneous speech as compared to
the sentence reading condition, adjusting — to those in a bilabial or velar context.

These results suggest investigating fronting in the most formal task, the reading of
logatomes. Table 6.3 gives the results of one-way ANOVAs for the back vowels at

vowel midpoint:

Sp012 Sp180
u/ o/ /o/ /a/ /u/ o/ o/ /a/
Fl — + — + _ _
F2 - + — + - + — +
F3 — + + + + - — +

Table 6.3:  Statistically significant differences (p < 0.05) based on one-way ANOVAs of
vowel midpoint formant frequencies of the back rounded vowels depending on the
place of articulation of the preceding plosive (bilabial, alveolar, velar). Speaker
sp012 and sp180, logatome reading task.

As concerns F2, both sp012 and sp180 expose statistically significant differences for the
[—constricted] vowels /u/ and /o/. Figure 6.2 shows the spectral change over time for all
vowels /o/ in the bilabial, alveolar, and velar context for p180.

It can be seen from Figure 6.2 that F2 values at vowel midpoint of almost all
items in the alveolar context exceed the values in the bilabial and velar context, and the
calculated F-value considerably exceeds the critical F-value (F21) = 33,32, p = 0.00).
Again, no correlation could be observed between F2 at vowel midpoint and duration
(expressed in NoP). The same can be observed for the vowel /u/ for both p012 and
p180. Table 6.4 gives the mean F2 values measured at vowel midpoint for the back

rounded vowels in bilabial, alveolar, and velar contexts.
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time / frames

Figure 6.2: Linear time standardized spectral change over time (F1, F2, F3) of all vowels /o/ in
bilabial (red lines), alveolar (blue lines), and velar (green lines) contexts, speaker
sp180, logatome reading task.

Sp012 Sp180
F2 lu/ lol /o/ I/ u/ vl /o/ Il
bilabial 562 631 561 835 749 827 767 948
alveolar 608 828 591 927 835 1133 773 1153
velar 540 584 544 825 781 838 688 991
Table 6.4: Mean F2 vowel midpoint values according to place of articulation of the preceding

plosive. Speakers sp012 and spl180, logatome reading task. Vowels exposing
statistically significant differences (p < 0.02) for F2 are in bold.

It follows from quantal theory that lip protrusion and concomitant lowering of the
larynx stabilizes the F2 of back vowels (Stevens 1972, 1989, 1999). Therefore, F2 is not
to be affected by small changes in the constriction location. Moreover, a tighter
constriction lowers F2 and raises F3 (Fant 2004) for the back vowels. Therefore, from
F2, it cannot be decided whether fronting takes place in the production of /u/ and /o/ in
the alveolar context. With less or no lip protrusion, however, F2 reacts to small changes

in constriction location. This is the reason why F2 displacements can be observed for
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the vowels /u/ and /o/, which expose less lip protrusion as compared to their counter-
parts /u/ and /o/.

F3, however, might be an indicator of fronting for the vowels /u/ and /o/; a higher
F3 pointing to a more fronted articulation. As Table 6.3 demonstrates, statistically
significant differences can be observed for F3 for the vowels /u/ and /o/ of speaker
sp012 and for the vowel /u/ of speaker sp180. Table 6.5 gives the mean F3 values

measured at vowel midpoint for the back rounded vowels in bilabial, alveolar, and velar

contexts:

Sp012 Sp180
F3 /u/ Ved lo/ s/ {ul o/ o/ /a/
bilabial 2374 2485 2637 2195 2783 2449 2669 2809
alveolar 2550 2478 2778 2279 2292 2648 2556 2814
velar 2511 2313 2536 1914 2651 2577 2885 2672

Table 6.5: Mean F3 vowel midpoint values according to place of articulation of the preceding
plosive. Speakers sp012 and spl80, logatome reading task. Vowels exposing
statistically significant differences (p < 0.01) for F3 are in bold, vowels which
show no higher values for F3 in alveolar context, are additionally in italics.

Except for the vowels /o/ and /o/ of speaker sp012, which might indicate some fronting,
the values of F3 are not conclusive; i.e. they are not higher in the alveolar than in the
bilabial or velar context. It can be concluded that in the most formal condition, F2
displacement can be observed for the vowels /uv/ and /o/. The highest amount of F2
displacement can, therefore, be observed in the most controlled task, the reading of
logatomes, followed by the sentence reading task, where displacement of F2 can only be
found in the vowel /o/. In spontaneous speech, the differences no longer exist. What can
be observed is a hierarchical diminution of differences in dependence on the speech
situation or speaking task. This strongly suggests that F2 displacement is neither a
matter of undershoot nor a coarticulatory phonetic detail, but rather a process which
uses a phonetic circumstance to maximize contrast in most formal speech situations.

Higher articulatory variability of citation forms as compared to, e.g., read sentences, has
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already been observed elsewhere (e.g. Abbs 1986). Vaissiere (1986) attributes this lack
of invariance partly to non-linguistic factors and partly to “context-dependent
articulatory “weights” assigned by the speaker to different parts of the syllable.”
(Vaissiére 1986: 222). The results of Scarborough (2004) are in the same vein: “hard”'*
words expose a higher degree of coarticulation than “easy” words. Moreover, she
proved that the presence of coarticulation facilitates perception, and that, consequently,
listeners make use of coarticulatory information. These findings together with the
observed language-specific differences rule out biomechanical factors and suggest that
processes are at work. Moreover, within the figure-ground preference of Natural
Phonology (Dressler 1984, 1986, 1996), the analysed phenomenon can be characterized

as a foregrounding process.

6.3. Phoneme, allophone, target, and processes

The examples discussed in 6.2 show that the target is variant and has to be
conceptualized differently from the phoneme which is invariant (see 1.2). The phoneme
is the mental representation of a sound and can be modified by processes. The final
output of the phoneme is usually hit by speakers with no speaking or hearing deficits
and under normal speaking conditions. In this way, the final output is an invariant

target, cf. Keating (1990):

13

. any single given context reduces, not introduces, variability in a segment” (Keating
1990: 461).

However, since Keating does not assume processes or rules, she allows “arbitrary
variation” (1990: 467). The example given for arbitrary variation is Russian, “with

extensive vowel allophony and reduction” (1990: 467), modelled by defining wide

120 Hard words are words, which, with respect to their intelligibility, expose a low frequency

relative to the sum of the frequencies of all their neighbours and are therefore obscured by
their neighbours, whereas easy words have a high frequency relative to the sum of the
frequencies of all their neighbours and — consequently — stand out against their
neighbours.
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windows for Russian vowels. Russian vowel allophony already highly challenged, if not
defeated by Ohmann’s (1966) vowel-to-vowel coarticualtory model. Yet,
conceptualizing as residual “arbitrariness” that which cannot be explained in the same
way as for Germanic languages, should be avoided in linguistic theories.

Russian vowel allophony, however, is highly systematic:

“We agree that the variability of Russian vowels is tremendous but at the same time is of
systematic character that must and can be captured by systematic and scrupulous study of all
the aspects of vowel functioning in speech under strict control of relevant variables.”
(Kouznetsov 2001: 439)

It has been shown in the previous chapter that the vowel /i/, which is usually attributed a
high coarticulatory resistance (Recasens 1999, Fowler & Brancazio 2000), palatalizes
the previous plosive in Standard Austrian German. Therefore, the vowel /i/ is not
affected by the preceding plosive.

In Russian, with its palatalised and non-palatalised consonants, the situation is
inverse. The palatalised — non-palatalised opposition has to be preserved, irrespective of
the vocalic environment. If, in the same way as in Standard Austrian German, /i/ would
palatalize the non-palatalised consonant, a phonemic contrast would be lost. Therefore,
it is the consonant that changes the vowel. In a palatalised context, the quality of /i/ is of

course preserved. But,

“/i/ following a nonpalatalized consonant is repelled from the high-front position in the
vowel quadrilateral and acquires a [i]-like (or even [w]-like) onglide. It is usually said that
Russian /i/ has the allophone [i] following a nonpalatalized consonant, [...] F2 of /i/ tends to
follow a rather sigmoid course following a nonpalatalized consonant, having only a slight
slope at the release of the consonant, then rising fairly steeply, then, finally, leveling off
again toward its target.” (Howie 2001: 18)

The difference between Standard Austrian German and Russian'?' lies in the language
specific phonologies with resulting different processes. A process which changes the
quality of the vowel /i/ preceded by a non-palatal consonant (Russian) is as “natural” as
a process changing the quality of the consonant preceding the vowel /i/ (Standard

Austrian German). The phonology of a language decides which processes have to be

2l Kouznetsov (2001) analyzes speakers from Moscow, Howie (2001) does not further

specify the variety he analyses and models.
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suppressed and which are allowed, in order to maintain the relevant oppositions'>* (see
also Donegan 2002). Therefore, it is not a segment which does or does not exert a
certain influence on contiguous segments, but the phonology of a language which
decides on the status of the phonemes and, hence, whether they are allowed to exert an
influence or not. From this follows, logically, that a certain output is not left to some

uncontrolled biomechanical circumstances, but planned and exerted via processes.

“Speakers do not simply line up a sequence of phonemic targets and allow the articulators to
get from one to another as best they can; instead, the activity of articulation is centrally
planned, so that features spread (or gestures overlap) in regular ways. This planning differs
from language to language, [...]” (Donegan 2002: 69)

Therefore, the whole string from the initial planning of an utterance up to its final
output is — under the above-mentioned conditions — planned and under the control of the

speaker. In this way, phonetics is part of the grammar.

6.4. Missed targets

6.2.1 Speech errors

Cases where the target is not hit, exist of course. However, under “normal” conditions,
these cases are rare and can be subsumed under what is usually called speech errors.
Figure 6.3 gives an example of such an error, where the target vowel quality is not
reached.

In this example, the speaker intends to read the utterance ,,Heinz regelt das fiir
dich, er wird ein Lokal finden* (Heinz will settle this for you, he will find a good place).
For some reason, the speaker does not succeed in producing the right target for the
vowel /1/. Instead, he realizes the vowel /e/. He stops immediately after he had realized
that he had produced the wrong vowel and, after a short break, starts with a second trial

for the word “dich” (you). A comparison of the formant frequencies in the vowel /e/

22 The differences between Russian and Standard Austrian German vividly show that there

are no “default values” (Fowler 1990) which need not be modelled via processes.
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(“de-*) and the vowel /i/ (“dich”) reveals the undershoot. Therefore, a speaker

immediately notices an articulatory and/or an acoustic undershoot and corrects this

failure.
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Figure 6.3: Spectrogram of the sequence /fyr di¢/ “fiir dich” (for you), speaker sp012. Cursors
positioned at vowel midpoint, respective values of formant frequencies can be read

from the panel below. Bottom panel: waveform window, next panel from bottom:

123 A
, 3

phonetic transcription panel from bottom: spectrogram window, left upper

panel: waveform zoom window, right upper panel: amplitude spectrum window.

6.4.2 Articulatory avoidance

In speaker identification, reference voices of a speaker have to be recorded, in order to
be able to compare two speakers. In this situation, some speakers might become very
inventive in how to disguise their natural speaking mode. One strategy is to avoid

articulation. This avoidance of articulation can be discerned from casual speech insofar,

123 After the undershoot, the speaker makes a break. Therefore, the start of the closure for the
subsequent plosive cannot be made out. The left boundary of the /d/ in the transcription
line is, therefore, not meant to mark the start of the closure phase.
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as the output in the first case is inconsistent. The reason for this inconsistency lies in the
fact that the speaker deliberately tries to change the plan: the output target is to depart
from a neutral vocal tract configuration only as much as is absolutely necessary a) that
the utterance is understood and b) that the listener(s) do not notice. This is an extremely
difficult task and requires high attention. Therefore, a quick way to find out whether
articulatory avoidance has been performed is to compare the beginning (high attention)
and the end (low attention) of the recording. In the case where the speaker articulates
with higher precision and more phonological and phonetic consistency at end of the
session'?*, i.e. when he or she is already tired and inattentive, articulatory avoidance can
be assumed. Since attention is higher at the beginning of a recording session, under
normal conditions less backgrounding processes are applied at the beginning (Vanecek
& Dressler 1977, Moosmiiller 1997d) as compared to the end of a recording session.

It has already been stated that in articulatory avoidance, the intended output target
is the neutral vocal tract configuration. This is also performed by some speakers. The
result is no change in the articulatory configuration as the speaker moves from phoneme
to phoneme, and, consequently, there is also no change in formant frequencies over
time. Changes in time can only be observed for the fundamental frequency. What is left
is a sort of singsong which is thought to denote the sentence.

Not to articulate at all is of course a very salient method when it is one’s aim to
avoid articulation. It is rather unwise to expose no articulation at all, because this is of
course immediately revealed by the listener. Therefore, a wiser strategy is to show some
articulation, as in the performance of a speaker of Portuguese based Crioulo, as spoken
in Guinea Bissau. The speaker is asked to repeat a list of sentences, and the list is read
to him four times. So, a certain timespan has passed till he hears sentence 1 again.
Figures 6.4 shows the spectrogram of the four utterances of the word “ntene” (I have)

from the sequence “ntene centu i cincu” (I have hundred and five) from the four

24 This holds only if the speaker does not know the end of the session. If he or she does,

attention increases again at the end (Vanecek & Dressler 1977).
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successive rounds. The successive items are separated by a timespan of approximately

15 minutes.
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Figure 6.4: Spectrogram of four successive items of the word ,ntene” (I have), language:
Crioulo, Guinea Bissau, male speaker. Bottom panel: Fundamental frequency, Next
panel from bottom: waveform window, 3™ panel from bottom: segment names, 4™
panel from bottom: phonetic transcription, left upper panel: waveform zoom

window, right upper panel: amplitude spectrum window.

Figure 6.4. vividly shows that in each round, the item is articulated differently and that
precision of articulation increases from item to item. This is also manifested in the

duration of the items:

> ntene, 1* round: 136 ms
> ntene, 2" round: 173 ms
> ntene, 3" round: 252 ms
> ntene, 4™ round: 313 ms
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The first item'*

(136 ms) consists of a nasalized vowel, the quality of which is not
easily definable. The whole sequence is nasalized. The first part is additionally
articulated with breathy voice. There are also some discontinuities in the contour of the
second formant, which might point to some coupling with the pharynx (Stevens 2003)
and adds to the undefinability of the output.

The second item (with 173 ms) adds the plosive, which is affricated. The formant
structure is clear and exposes some movement over time.

In the third item (with 252 ms) the personal pronoun /n/ “n” (I) is articulated. The
sequence nasal consonant + plosive is fully voiced, i.e. the closure phase of the plosive
is voiced as well, and the plosive is again affricated. The formant structure reveals that
two vowels are articulated in sequence. The intervocalic nasal consonant is still missing.

In the spectrogram of the fourth item (with 313 ms), an indication of the inter-
vocalic nasal consonant can be found. The initial nasal consonant, denoting the personal
pronoun, is articulated as well, followed by a fortis plosive, which is voiced and
affricated. Therefore, it is the last item of the fourth round, where it can be assumed that
the speaker is already tired after approximately 90 minutes of recording, which exposes
the most precise articulation, with each phoneme having an output representation.

It are these last two items which might occur in spontaneous speech as well. In
spontaneous speech, the last syllable of “ntene” might be absorbed by the preceding

vowel, supplying it with nasalization and resulting in [nt&] (see Figure 6.5).

25 All items expose a more or less strong frication at the end, which points to the start of the

subsequent fricative /s/ of “centu” (hundred).
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Figure 6.5: Spectrogram of the word ,,ntene* (I have), spontaneous speech, language: Crioulo,

Guinea Bissau, male speaker. Bottom panel: waveform window, next panel from

bottom: segment names, 3" panel from bottom: phonetic transcription, 4™ panel

from bottom: spectrogram, left upper panel: waveform zoom window, right upper

panel: amplitude spectrum window.

Figure 6.5 exposes the most reduced form of ,,ntene found in the spontaneous speech

of this speaker. Even in the most reduced form, the personal pronoun /n/ “n” (I) is

articulated and the plosive is not deleted, not even fricated. Since Crioulo verb

conjugation lacks personal agreement, the personal pronoun carries highly relevant

information and is not supposed to be easily deleted, even in very reduced forms'?®. The

other, less reduced forms of “ntene”, uttered in spontaneous speech, expose a clearer

formant structure, a clearer closure phase, which is voiced, and a fortis plosive. One

item even shows multiple releases.
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Therefore, it can be observed that

» in spontaneous speech, the speaker exhibits a higher articulatory precision
with respect to clear cut segment boundaries,

» in repeating utterances, the speaker exhibits the highest precision when it
can be assumed that attention is already lower.

» Moreover, the first two items of “ntene”, produced in the repeating
sentence task, display the application of processes which are not allowed
in the spontaneous speech of the language (deletion of /n#t/ and /n#/).

Process application takes place contrary to phonological, socio-, and psycho-
phonological observations: in the most formal task, the repeating sentences task, the
speaker applies more reduction processes than in the less formal task (spontaneous
speech). He applies more reduction processes when attention is high as compared to a
situation when attention is already low.

It is especially the lack of consistency in the production of the utterances which
points to articulatory avoidance. Since the target is very imprecisely defined as “only
depart from the neutral vocal tract configuration as much as is absolutely necessary to
give the impression of a properly pronounced segment”, such an imprecisely defined
target is constantly missed. This results in inconsistent and arbitrary application and
suppression of phonological and phonetic processes, which are in the discussed
example:

» deletion of segments which are not allowed to be deleted in the language
and

» indefinable vowel quality in the first item.

The discussed cases of undershoot show that undershoot is not something that happens
unnoticed in “normal” speech production, but that it is perceived both by the speaker
and by the listener. There are many more cases where undershoot can happen to a

speaker (extreme tiredness, unattentiveness, drunkenness or being under the influence of
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drugs, motor speech disorders), however, the result is in any case unsatisfactory both for

the speaker and the listener.

6.5. Another look at invariance

Invariance depends on the linguistic and extralinguistic context. This approach differs
from Keating (1990) and Guenther'”’ (1995, 2003) insofar as the phoneme is
conceptualized as invariant, whereas the target (goal) can take different shapes. The
phoneme is modeled via phonological and phonetic processes, which are applied or
suppressed according to surrounding segments, and prosodic, sociolinguistic, and
psycholinguistic circumstances.

The target is variant insofar, as it might change its appearance depending on context'?.

Variance of the target is guided by processes which, in any case, are phonetically
motivated and planned. It is the process which makes the target invariant. Instead of
conceptualizing wide and narrow windows which introduce some arbitrariness exactly
because they contain all phonetic information, the way from phoneme to target is

mediated by processes which are applied or not'”

, in dependence on linguistic and
extralinguistic factors.

This means, the clearer the context is defined, the less variability will appear. In
the following section, variability of the three vowels'? /1, e, a/ under two conditions

was compared. In the first condition (Condition 1), speakers were asked to repeat one

and the same sentence until they were told to stop (after the tenth time). In this

27 Guenther, similar to Keating, defines targets as ranges: “These targets are defined in a

planning space made up of auditory and orosensory dimensions. For example, the target
for vowel sounds specifies a range of acceptable values of formant ratios.” Guenther
2003: 214)

Context is defined here in a wide sense, comprising both linguistic and extralinguistic
factors.

The variability of application vs. suppression of processes is not included in Keating’s
model.

This repeating sentences task was originally designed within another project for another
purpose, therefore, not all vowels could be tested.
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condition, the context was maximally restricted. Under the second condition (Condition
2: a reading task), vowels were only controlled for phonetic context and two stress
levels (stressed vs. unstressed), but not for sentence position. For each speaker, the
variability coefficient was calculated for F1, F2, and F3 for each vowel of each
condition at vowel midpoint, where the vowel is supposed to expose a stationary part,
and for the whole vowel. One-tailed t-tests were performed in order to test whether
variability differed according to conditions.

In Table 6.6 the results for the vowels in stressed position, calculated at vowel

midpoint, are presented.

Var. coeff. C1 C2 C1 C2 C1 C2
stressed il i} lel lel la/ la/
F1 11.77 9.84 4.90 6.74 14.74 10.37
F2 2.14 243 2.29 3.79 5.03 5.50
F3 4.53 7.80 3.09 6.15 2.89 4,97

Table 6.6: Variability coefficients calculated at vowel midpoint under two different conditions
(C). C1: vowel drawn from one and the same sentence repeated ten times, c2:
vowel controlled for phonetic context. Statistically significant differences (p <
0.05) are printed in bold.

It can be read from Table 6.6 that, whenever statistically significant differences appear,
the variability coefficient is higher in the Condition 2 as compared to the Condition 1. It
is most conspicuous that for all three vowels, F3 exposes statistically significant
differences, i.e. on such a fine graded level, F3 becomes more important and balanced.
The vowel /e/ exposes differences for F2 as well. To give an example, three successive
frames of all /e/ vowels calculated at vowel midpoint for six speakers are presented in

Figure 6.6 (for Condition 2) and Figure 6.7 (for Condition 1).
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Figure 6.6: Three successive frames of F1, F2, F3 measured at vowel midpoint of the stressed
vowel /e/. Reddish lines: “geben” (to give), bluish lines: “gegeben” (have given),
greenish lines: “vergeblich” (in vain), two repetitions of each item. Column 1 to 3:
3 male speakers, column 4 to 6: 3 female speakers.
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Figure 6.7: Three successive frames of F1, F2, and F3 measured at vowel midpoint of the
stressed vowel /e/ from “Leber” (liver). Bluish lines: repetition 1-5, brownish lines:
repetition 6-10. Column 1-3: 3 male speakers, column 4-6: 3 female speakers.
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A visual comparison of Figure 6.6 and Figure 6.7 shows not only that the vertical span
is lower within each formant in Figure 6.7, but also, that a clear demarcation between
F2 and F3 is apparent, whereas in Figure 6.6, this demarcation between F2 and F3 is
partly smeared. The blurring in Figure 6.6 results from the fact that although vowels all
carry primary lexical stress and share the same phonetic context, vowels from different
prosodic positions have been superimposed. This means that ultimately, invariance lies
not so much in the phonetic context than in precisely determined stress assignment
which attributes the ultimate shape to the phoneme (see 6.6.3).

In the unstressed position, statistically significant differences between the

conditions appear only for F3 of the vowel /i/ (see Table 6.7):

Var. coeff. C1 C2 C1 C2 C1 C2
unstressed 1l 1/ lel lel lal lal

F1 7.70 8.45 6.74 6.00 17.93 8.91
F2 3.28 4.46 4.95 4.43 4.44 5.67
F3 3.42 5.73 3.62 3.43 2.52 3.29
Table 6.7: Variability coefficients calculated at vowel midpoint under two different conditions

(C). C1: vowel drawn from one and the same sentence repeated ten times, C2:
vowel controlled for phonetic context. Statistically significant differences (p <
0.05) are printed in bold.

It has already been explicated that the vowel /i/ is articulated in an acoustically unstable
region which results in a high variability (especially of F3). This becomes apparent here
again, where F3 shows more variability in Condition 2 as compared to Condition 1. The
other vowels exhibit no statistically significant differences between the conditions.
These results show, moreover, that variability as a whole is reduced in unstressed
positions. It has already been put forward in Moosmiiller (2002), and will be dealt with
in 6.6.2, that unstressed positions exhibit less variability than stressed positions. This is
confirmed here insofar as no statistically significant differences appear for the vowels
/e/ and /a/.

More variability in the stressed position, however, does not mean that articulation

is less precise in stressed positions. On the contrary, it has to be interpreted in the way
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that more information is given by finely tuning several levels of stressed positions. The

weakest prosodic positions are not differentiated that much (see 6.6.3).

“Now in languages with “phonemic stress” ( = stress-timed languages) synchronic obscura-
tion processes are maximized in unstressed syllables (and syllable-finally), clarification
processes are maximized in stressed syllables (and word-initially), thus allowing more
sounds in stressed than in unstressed syllables.” (Dressler 1979: 268).

6.6. Prosodic analysis of variability

In 6.5, it has been argued that identical context and identical sentence/utterance position
of a given segment bears some invariance, insofar as the quality of a given segment
experiences less variability than phonologically identical segments in different
sentence/utterance positions. So far, little has been said about the quality of the changes

and why they occur.

6.6.1. Duration

There is general agreement that prosodic strength is responsible for the qualitative
changes of phonologically identical segments. Phonemes in stressed positions are
articulated differently from the same phonemes in unstressed positions. Since unstressed

1!, the changes observed in

positions experience durational shortenings as wel
unstressed positions are usually termed “reduction”. As compared to stressed positions,
unstressed positions are shorter in Standard Austrian German. Figure 6.8 shows the

distribution of the durations, measured in number of periods (NoP), for all stressed and

unstressed vowels in the sentence reading task of speaker sp082:

B Crystal & House (1988a) found a difference of more than 60 ms for stressed vs. un-

stressed vowels in American English. However, Podevsa & Adisasmito-Smith (1999)
observed longer durations in unstressed positions for two speakers of Buginese, which
they attributed to final lengthening.
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Figure 6.8: Density plot of the duration measurements (in NoP) of all vowels (n = 737) in
stressed (red) and unstressed (black) position of the sentence reading task, speaker
sp082.

The results are statistically significant and hold for all speakers in both speaking tasks.
Table 6.8 gives an overview of the mean NoP values and the statistical results of the

one-tailed t-tests:
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NoP stressed | unstressed t p stressed | unstressed t p

Sp180 18 12 13.71 0.00 14 10| 8.19| 0.00
Sp129 15 8 16.66 0.00 14 10 | 10.01 0.00
Sp082 18 11 16.96 0.00 17 11 7.68 | 0.00
Sp012 11 6 16.92 0.00 7 5| 4.85| 0.00
Sp126 13 7 15.69 0.00 12 71 9.32| 0.00
Sp127 14 7 20.86 0.00 11 6| 11.89 | 0.00

Table 6.8: Mean number of periods measured in stressed and unstressed positions, t-values
and level of significance. The four columns to the left refer to the sentence reading

task, the 4 columns to the right to spontaneous speech.

Table 6.8 shows that, for each speaker and within each speaking task, the vowels in
unstressed positions are significantly shorter than the vowels in stressed positions. As
concerns the two speaking tasks (sentence reading task and spontaneous speech), a
comparison of the mean values also indicates a difference in the direction, and that the
number of periods is smaller in spontaneous speech. However, statistically significant
results could only be obtained for speakers sp012, sp127, sp129, and sp180. For speaker
sp126 and speaker sp082, the differences did not prove to be statistically significant,
both for the comparison of stressed and unstressed position.

These results strongly suggest that changes in vowel quality are a result of

durational truncation. Tables 6.9 to 6.11 give the correlation coefficient of NoP and F1,

F2, or F3.

r: NoP/F1 Sp180 Sp129 Sp082 Sp012 Sp126 Sp127

i/ -0.18 -0.40 -0.16 -0.06 -0.15 -0.47
n/ -0.09 0.09 -0.27 -0.36 0.08 -0.01
Iyl -0.40 -0.97 -0.86 -0.26 -0.65 -0.95
Iyl 0.09 -0.21 0.39 -0.52 -0.30 -0.69
le/ 0.40 -0.44 0.43 -0.27 -0.39 -0.06
e/ 0.22 -0.12 0.26 0.07 0.19 -0.21
o/ 0.34 -0.22 0.50 -0.26 0.30 0.44
fee/ 0.71 -0.52 -0.15 0.57 -0.02 -0.39
/u/ -0.18 -0.22 -0.60 0.18 -0.11 -0.64
o/ -0.36 -0.22 0.36 -0.02 0.21 0.24
/o/ 0.16 -0.18 0.34 0.36 0.20 0.16
2/ -0.01 0.18 -0.08 -0.06 0.05 -0.10
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/a/ 0.20 0.15 0.25 0.21 0.29 0.29
/i/ -0.44 0.14 -0.01 -0.06 -0.13 -0.21
N/ -0.09 0.41 0.00 -0.06 0.31 0.12
1yl -0.21 -0.09 0.72 -0.08 -0.62 -0.08
Y/ — 0.23 — — — 0.67
e/ 0.21 0.33 0.55 -0.09 0.28 0.47
/el 0.17 0.18 0.48 0.13 0.52 0.25
/u/ -0.06 -0.02 0.60 -0.22 -0.13 0.11
ol 0.18 0.02 0.86 0.30 0.07 -0.07
/o/ -0.24 0.35 0.06 -0.42 0.78 -0.07
o/ 0.38 0.23 0.14 -0.27 0.02 0.29
/a/ 0.25 0.16 0.42 0.41 0.30 0.29
Table 6.9: r for duration (number of periods)/F1 in stressed position (first six rows) and in
unstressed position (last six rows), broken for all speakers, sentence reading task,
statistically significant results (p < 0.05) are in bold. Where statistically significant
r-values have the opposite sign to the hypothetical result, the value is additionally
in italics.
r: NoP/F2 Sp180 Sp129 Sp082 Sp012 Sp126 Sp127
/i -0.10 0.11 0.50 0.45 0.65 0.57
N/ 0.04 -0.01 0.24 0.16 0.19 0.04
Iyl -0.02 -0.45 0.49 0.17 0.26 0.22
v/ -0.17 -0.02 -0.21 0.76 0.69 0.70
e/ 0.34 0.53 0.23 0.31 0.57 0.38
/el 0.06 0.04 -0.02 -0.03 -0.02 0.35
e/ -0.73 -0.14 -0.61 -0.43 -0.45 0.43
/oe/ -0.32 0.76 0.13 -0.22 0.35 0.27
/u/ -0.43 -0.31 -0.67 -0.25 -0.26 -0.04
ol -0.07 -0.28 0.33 0.28 0.49 -0.37
/o/ -0.20 -0.03 0.19 -0.11 -0.04 0.16
o/ -0.21 -0.05 -0.57 -0.23 -0.01 -0.09
/a/ 0.19 0.45 -0.05 -0.02 0.09 0.27
/i/ 0.51 -0.04 0.05 0.19 0.01 -0.07
N/ -0.07 0.08 -0.13 -0.10 -0.12 0.14
Iyl 0.36 -0.21 0.43 0.57 0.70 0.48
Iy/ — 0.82 — — — -0.10
e/ -0.17 -0.10 -0.16 0.25 0.03 -0.06
el -0.07 0.10 0.02 0.07 0.10 0.09
/a/ -0.18 -0.27 0.37 -0.03 -0.17 -0.02
o/ 0.23 -0.32 0.38 -0.93 0.09 0.01
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/o/ -0.01 0.35 -0.55 -0.20 0.61 0.16
o/ 0.05 0.11 0.33 0.12 0.57 0.54
/a/ -0.18 -0.04 -0.21 -0.28 -0.13 -0.23

Table 6.10: r for duration (number of periods)/F2 in stressed position (first six rows) and in
unstressed position (last six rows), broken for all speakers, sentence reading task,
statistically significant results (p < 0.05) are in bold. Where statistically significant
r-values have the opposite sign to the hypothetical result, the value is additionally

in italics.

r: NoP/F3 Sp180 Sp129 Sp082 Sp012 Spl126 Sp127

i/ 0.12 0.34 0.50 0.56 0.66 0.75
/ 0.13 0.06 0.18 0.17 0.25 0.04
Iyl 0.58 -0.95 0.15 -0.48 -0.33 -0.51
N/ -0.10 0.16 0.45 0.52 -0.06 -0.38
e/ 0.00 0.62 0.29 0.49 0.41 0.39
e/ 0.33 0.15 0.25 -0.13 0.17 0.35
e/ -0.34 -0.04 0.08 -0.87 0.06 -0.06
/oe/ 0.11 0.44 -0.46 -0.19 0.14 0.40
/a/ 0.20 -0.04 -0.07 0.06 0.33 -0.14
o/ 0.47 -0.64 0.47 -0.34 -0.39 0.26
/o/ 0.02 0.18 0.37 0.02 -0.36 -0.00
2/ 0.16 -0.32 0.31 0.06 0.39 0.47
/a/ 0.22 0.45 0.48 0.28 0.29 0.32
i/ 0.47 0.03 0.05 0.21 0.08 -0.21
n/ 0.06 0.04 0.08 -0.02 -0.11 0.31
Iyl 0.01 -0.02 -0.20 0.80 -0.33 0.27
I/ — 0.72 — - — -0.47
e/ 0.11 0.07 0.03 -0.16 0.04 0.15
e/ 0.12 0.02 0.09 -0.08 0.34 0.13
u/ -0.01 -0.52 0.05 0.39 0.27 -0.30
ol -0.01 -0.34 0.94 0.44 -0.69 0.30
/o/ -0.03 0.13 0.30 0.49 -0.11 0.64
o/ -0.03 -0.12 -0.17 -0.25 -0.10 0.52
/a/ 0.08 -0.09 -0.17 -0.36 0.15 -0.08

Table 6.11: r for duration (number of periods)/F3 in stressed position (first six rows) and in
unstressed position (last six rows), broken for all speakers, sentence reading task,
statistically significant results (p < 0.05) are in bold. Where statistically significant
r-values have the opposite sign to the hypothetical result, the value is additionally

in italics.
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Tables 6.9 to 6.11 demonstrate that statistically significant correlations turn up only
sporadically. Moreover, in unstressed positions, the observed correlations often indicate
a direction contrary to theoretical assumptions (e.g. the shorter the duration for /u/, the
lower F1). Quite often, the observed correlation is not very strong either. Some trends
for a correlation of duration and F2 and F3 can be observed with the male speakers
(sp012, sp126, sp127) for the vowel /i/, the strongest holding for speaker sp127. From
these results it can be concluded that duration plays no relevant role in the qualitative
change of vowels. These results are in accordance with other studies (Gay 1978,
Fourakis 1991, van Son & Pols 1990, 1992, but see Nowak 2006 for contradictory
results on Polish) that could not prove a correlation of duration and change in vowel

quality.
6.6.2. Stress’®?

As has been observed by many studies so far (see e.g. Gay 1978, Nord 1986,
Dogil & Williams 1999, Erickson 2002, Wouters & Macon 2002, van Son & Pols 2002,
Padgett & Tabain 2005, to name just a few), prosodic strength is a highly relevant factor
in determining the quality of a vowel in Standard Austrian German. Already, by
dividing the analysed vowels into only two prosodic strengths (stressed and
unstressed)'*’, statistically significant differences occur between vowels in stressed and
unstressed positions, both in the sentence reading task and in spontaneous speech. For
the majority of the data, stressed and unstressed vowels are at least discriminated by one

of the three lowest formants'>*.

32 1t has to be emphasized that in the chapters on stress (6.6.2, 6.6.3, 6.6.4) and on rhythm

(6.6.5), only the contribution of the spectral information of the vowels (F1, F2, F3) to
stress and rhythm has been investigated, since the contribution of prosodic parameters
(FO, duration, intensity) is not the main objective of this research.
For this coarse devision, stress was assigned by reference to lexical stress for content
words and function words were labeled as unstressed throughout.
Speaker sp126 exposed no differences between stressed and unstressed /u/ and /o/, and

speaker sp180 showed no differences between stressed and unstressed /u/.
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In Figure 6.9, the overall results of the differences between stressed and
unstressed vowels are presented. For each formant which showed a statistically
significant difference between unstressed and stressed vowels of a given category, the
difference (in %) was calculated per speaker. Results were root-squared, in order to
eliminate negative values. Per vowel and speaker, the statistically significant differences
of F1, F2, and F3 were added up. One-tailed t-tests were calculated in order to find out
whether the discriminatory power is greater in the sentence reading task as compared to
spontaneous speech. For most vowels, the discriminatory power of the sentence reading
task did not exceed the discriminatory power of spontaneous speech. The majority of
the vowels showed no statistically significant differences. The discriminatory power of
the sentence reading task is greater for the vowels /e/ and /u/, whilst the discriminatory

power of spontaneous speech is greater for the vowel /i/ (see Figure 6.9).

50,000

45,000

40,000

35,000 1

30,000

25,000
20,000 -+
15,000

10,000

Difference stressed - unstressed (in %)

5,000 +

0,000

il c [il* uc lel* c /el uc Jul* c /ul uc lol c /ol uc lal
Oreading task | 27,412 | 8,934 37,298 | 23,697 | 46,780 | 24,963 | 35,467 | 28,171 | 31,825
m spontaneous | 25,521 | 16,409 | 24,539 | 19,002 | 23,197 | 20,564 | 30,693 | 20,963 | 28,696

Figure 6.9: Sum of the statistically significant differences (in %) of F1, F2, and F3 between
stressed and unstressed vowels, pooled over all speakers. The asterisk indicates a
statistically significant difference (p < 0.02) between the two speaking tasks.
Legend: ¢ = [+constricted], uc = [—constricted].
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Although the overall results only show little differences between the two speaking tasks,
the way this overall pattern is achieved can differ considerably. For example, in the
sentence reading task, statistically significant differences between stressed and
unstressed /i/ show up for F1, F2, and F3, whereas, in spontaneous speech, only two
speakers (sp126 and sp180) differentiate stressed and unstressed /i/ for F1. The missing
F1 differentiation is compensated by a higher difference in both F2 and F3 in
spontaneous speech, so that, in the end, both speaking tasks arrive at the same overall
discriminatory power. The compensatory effect is missing in the vowels /e/ and /u/,
which have the highest discriminatory power in the sentence reading task, i.e, they show
the greatest changes in vowel quality.

Stressed and unstressed vowels are primarily discriminated by F2. The least
discriminatory power is exerted by F3. This result is statistically significant (p < 0.01).

Broken down for vowel category, the following picture emerges (see Figure 6.10):

35,000

30,000

25,000

20,000

15,000

10,000 +

- <‘_IT E
0,000 -

il c /il uc lel c lel uc lul c Jul uc lol ¢ /ol uc lal
mF1l| 7,229 5,265 8,558 10,412 | 11,193 7,324 9,189 10,058 | 21,264

mF2| 11,192 6,211 15,346 | 10,718 | 27,561 | 24,602 | 28,686 | 16,073 5,825
OF3| 10,455 4,654 9,867 3,352 2,759 4,144 4,520

Difference stressed - unstressed (in %)

Figure 6.10: Mean values of the statistically significant differences (in %) between stressed and
unstressed vowels, broken for F1, F2, and F3, pooled over all speakers and

speaking tasks. Legend: ¢ = [+constricted], uc = [—constricted].
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It becomes apparent from Figure 6.10 that, for almost every vowel category, F2 plays
the dominant role in differentiating stressed from unstressed vowels. A salient exception
is the vowel /a/, which discriminates stressed from unstressed vowels predominantly via
F1 (i.e. the degree of lip opening is smaller for the unstressed /a/s). It is worth
mentioning that for the [—constricted] vowels /e/ and /o/ — for those speakers where
statistically significant differences appear'>> — F1 is lowered in the unstressed position
as well (i.e. the degree of lip opening decreases in unstressed position). For the other
vowels where statistically significant differences appear, F1 becomes higher in the
unstressed position. These results suggest that F1 varies less in unstressed positions as
compared to stressed positions. The calculation of the variability coefficient over all
stressed and unstressed vowels corroborates this assumption: the variability of F1 of the
stressed vowels is higher than the variability of the unstressed vowels (p < 0.01)"°.

Figure 6.11 shows the results of the calculated variability coefficient over all vowels for

F1 in spontaneous speech:

5 In the sentence reading task, all speakers exhibited a statistically significant difference of

F1 of the vowels /e/ and /o/. In spontaneous speech, statistically significant differences
could only be observed for the speakers sp126, sp127, sp082, and sp180 for the vowel /e/,
and the speakers sp082 and sp180 for the vowel /o/.

¢ One-tailed t-tests have been performed.
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e . - I
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Variability coefficient

10,000

5,000 +—

0,000

sp012 sp126 spl27 sp082 spl29 sp180 all
@ stressed 22,002 22,042 29,904 22,349 24,723 36,383 26,234
m unstressed 16,923 14,199 15,310 17,565 15,176 23,466 17,106

Figure 6.11: Variability coefficient of F1 calculated over all vowels in stressed and unstressed

position, broken for speakers, spontaneous speech. Legend: sp = speaker.

The results for the sentence reading task do not differ from spontaneous speech. The
calculated variability coefficient is about the same: 28.24 in stressed position and 16.47
in unstressed position (pooled over all speakers). Consequently, no statistically
significant differences appear between the two speaking tasks, either in stressed, or in
unstressed position.

F2, in a case where statistically significant difference occurs between stressed and
unstressed vowels, is lowered for the front vowels and raised for the back vowels, due
to a reduction of constriction degree, constriction length and lip protrusion (for the back
rounded vowels). The changes involved with respect to F2 lead to a substantial and
statistically significant (p < 0.01) reduction of the variability of unstressed vowels.
Figure 6.12 gives the variability coefficient calculated over all vowels in stressed and

unstressed positions in spontaneous speech.
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0,000

sp012 spl126 spl27 sp082 spl129 sp180 all
@ stressed 29,777 31,823 30,259 30,430 35,061 29,000 31,059
munstressed | 19,153 21,135 19,991 18,846 23,262 20,938 20,554

Figure 6.12: Variability coefficient of F2 calculated for all vowels in stressed and unstressed

positions, broken for speakers, spontaneous speech. Legend: sp = speaker.

The pattern is the same in the sentence reading task. However, in stressed positions, the
calculated variability coefficient is higher than in spontaneous speech (35.66 vs. 31.06
respectively, p = 0.01), whereas in unstressed positions, no differences occur between
the two speaking tasks (20.49 in the sentence reading task and 20.55 in spontaneous
speech, p = 0.49). These findings are not surprising, and corroborate the assumption
already put forward in Dressler (1979: 268) that more variability is to be expected in

stressed positions.

6.6.3. Secondary stress

From the analysis presented in 6.6.2, it becomes evident that in Standard Austrian
German, unstressed vowels are differentiated from stressed vowels by a change in

vowel quality’”’. These results suggest that the particular stress assigned to a given

7 But not in vowel category! Similar results for Standard German have been obtained by

Dogil & Williams (1999) and Kleber & Klipphahn (2006).
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syllable/vowel determines the ultimate shape of that vowel to a high degree. In German
word formation, up to four stress levels can be distinguished (Wurzel 1980)"%).
However, whereas in Standard German the main acoustic correlates for primary stress
are duration (Goldbeck & Sendlmeier 1988, Jessen et al. 1995, Mengel 1997, Dogil &
Williams 1999) and spectral tilt (especially skewness, ClaBlen et al. 1998), acoustic
correlates of secondary stress could not be proved?’ (Mengel 2000, Kleber &
Klipphahn 2006'*"). It has therefore been suggested that secondary stress is solely a
perceptual phenomenon (Mengel 2000), with the listener expecting a secondary stress at
time intervals of approximately 300 ms (Schreuder 2006).

However, since vowels change their shape due to stress, secondary stress might
also be indicated by a specific vowel quality which differs from both primary-stress
vowels and unstressed vowels. It can be assumed that secondary-stress vowels stand
between primary stressed vowels and unstressed vowels, differing in the degree of lip
opening, the degree of constriction, the length of constriction, and the degree of lip
protrusion. This hypothesis has been tested on words bearing secondary stress, for
example “Aussaat” (sowing) or “Finanzminister” (finance minister), in both speaking
tasks. For each speaker, one-tailed t-tests have been performed. Only those vowels were

analysed for which enough items could be observed to make a statistical analysis

meaningful.

P8 See Zonneveld et al. (1999) for word stress assignment in German (subchapter by Jessen)

and Doleschal (1988) for a discussion of stress assignment in German compounds.

Jessen (1993) deduces a secondary stress from the fact that the “tense — lax” opposition is
preserved to a higher degree in pre-stress 2 (i.e. two positions before primary stress)
positions as compared to the pre-stress 1 (one position before primary stress) positions,
but to a lower degree in pre-stress 2 positions as compared to stressed positions. This
approach rests on a different problem formulation (do “tense” and “lax” vowels neutralize
under certain stress conditions?) and can therefore be compared neither with Kleber &
Klipphahn (2006) nor with the current investigation.

For secondary stress, Kleber & Klipphahn (2006) only analysed syllables in pre-stress 2
positions, as for example in: “Mediziner” (physician, the analysed pre-stress 2 vowel is
underlined), whereas in the current investigation, secondary stresses resulting from
composition, for example in “’Neben,fach” (minor field of study), or from stress
preservation in morphologically complex words, for example in “’aufge,wachsen” (grow
up: PP), were analysed.
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6.6.3.1 The vowel /a/

For the vowel /a/ it can be assumed that for vowels bearing secondary stress, the degree
of lip opening is smaller as compared to the primary stressed vowels, but larger as
compared to the unstressed vowels, resulting in a lower F1 as compared to the primary
stressed vowels, but a higher F1 as compared to the unstressed vowels. Additionally, the
degree of constriction might be less tight as compared to the primary stressed vowels,
resulting in a higher F2 and F3 for the secondary stressed vowels. The following
schematized change in formant frequency can be set up:

F1 primary stress > F1 secondary stress > F1 unstressed
F2 primary stress < F2 secondary stress < F2 unstressed
F3 primary stress < F3 secondary stress < F3 unstressed

In Figure 6.13 the results of the one-tailed t-tests are summarized:

F34 || = I - I I

F2{ || ==|=== = == — | ———

F1 [ - - - - - -

sp180 spl129 sp082 sp012  spl26 spl27

Figure 6.13: Statistically significant changes of F1, F2, and F3 (p < 0.05) of the vowel /a/
dependent on stress, sentence reading task. Within each column denoting the
speakers, the leftmost crossbar denotes the relative formant frequency position of
primary stressed vowels, the middle crossbar the one of secondary stressed vowels

and the rightmost crossbar the one of unstressed vowels.
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Figure 6.13 and the following figures read as follows. The results of each speaker are
presented in a separate column. The main columns are further subdivided, where the
leftmost crossbar stands for the relative position of a given formant of primary stressed
vowels, the middle crossbar for the relative position of a given formant of secondary
stressed vowels, and the rightmost crossbar for the relative position of a given formant
of unstressed vowels. The row for each formant is again further subdivided, the highest
crossbar denoting a higher formant frequency position relative to the middle and the
lowest crossbars, and the lowest crossbar a lower formant frequency position relative to
the middle and higher crossbars. The figure gives information about stress-dependent
direction of change, but no information about absolute formant frequency values.

Figure 6.13 demonstrates that for the vowel /a/, F1 plays a dominant role in the
indication of stress: all speakers, except speaker sp126, expose the highest F1 values in
primary stressed vowels and the lowest F1 values in unstressed positions. F1 values of
secondary stressed vowels are in between. The results are not as straightforward for F2
and F3. Moreover, speakers deal differently with the way stress is expressed. The
speakers spl180, sp129, and spl27 do not differentiate secondary stressed /a/ from
unstressed /a/. Speaker sp012 does not differentiate primary stressed from secondary
stressed /a/. The speakers sp082 and sp126 differentiate all three stresses with means of
F2 and F3. It can be concluded from these data that secondary stress is expressed by all
speakers, predominantly by means of changing F1 (i.e. adjusting the degree of lip
opening).

In spontaneous speech, three speakers (spl127, spl29, and spl180) do not
differentiate primary stressed /a/ from secondary stressed /a/, whilst the others
differentiate primary from secondary stress, either by F1 (speakers sp012 and sp127) or
F3 (speaker 082). Unstressed /a/ is differentiated by all speakers. Although three
speakers still indicate secondary stress, it has to be noted that the discriminatory

strength is decreased insofar as only one formant is used for discrimination.
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6.6.3.2. The vowel /i/

For the vowel /i/, it can be expected that F1 increases with a decrease of stress'®!,
whereas F2 and F3 decrease (i.e. the degree of lip aperture and the degree of
constriction are increased, and the length of constriction is shortened with decreasing
stress). The change in the formant pattern can be schematized as follows:

F1 primary stress < F1 secondary stress < F1 unstressed
F2 primary stress > F2 secondary stress > F2 unstressed
F3 primary stress > F3 secondary stress > F3 unstressed

Figure 6.14 summarizes the results of the t-tests:

F3< || & . - - .

F2{ == |== | == | —= - | =

F1 4 —_ ——— —— —_ -

sp180 spl129 sp082 sp012  spl26 spl27

Figure 6.14: Statistically significant changes of F1, F2, and F3 (p < 0.05) for the vowel /i/ in
dependence on stress, sentence reading task. Within each column denoting the
speakers, the leftmost crossbar denotes the relative formant frequency position of
primary stressed vowels, the middle crossbar the one of secondary stressed vowels

and the rightmost crossbar the one of unstressed vowels.

1 Several investigations found a lowered jaw position, a greater lip aperture and a more

fronted tongue position in stressed vs. unstressed /i/ in English (Harrington et al. 2000,
Erickson 2002, Cho 2002). The lowered jaw position and greater lip aperture, which
would result in a rise of F1 for stressed /i/, can not be confirmed for Austrian Standard
German. See Figure 6.14.
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Two speakers (sp082 and sp012) do not differentiate primary from secondary stress.
The speakers spl180 and sp129 differentiate primary from secondary stress by F1 and
secondary stress from unstressed by F2 and F3. Speaker sp126 differentiates all three
stresses by F2, primary stress from secondary stress by F1 and F3, and speaker sp127
differentiates primary stress from secondary stress by F1 and secondary stress from
unstressed position by F2. l.e., four speakers indicate secondary stress by changing the
formant frequencies of the vowel.

In spontaneous speech, only two speakers realized sufficient items to make a
statistical analysis meaningful. Speaker sp126 differentiates primary from secondary
stress by F1 (F1 is lower for primary stress) and secondary stress from unstressed
position by a higher F2 and a higher F3 for the secondary stressed vowels. Speaker
sp127 does not differentiate secondary stressed vowels from unstressed vowels. Again,

a number of speaker-specific peculiarities can be observed in how stress is indicated.

6.6.3.3. The vowel /i/

In the same way as for the vowel /i/, it can be expected that for the vowel /i/ F1
increases, whereas F2 and F3 decrease as stress decreases. Therefore, the idealized
change in formant pattern is the same as for the vowel /i/:

F1 primary stress < F1 secondary stress < F1 unstressed
F2 primary stress > F2 secondary stress > F2 unstressed
F3 primary stress > F3 secondary stress > F3 unstressed

Figure 6.15 summarizes the results of the t-tests. The results for the vowel /i/ are
difficult to interpret. First of all, for those speakers who differentiate stress by means of
F1 (sp126, sp127, sp129), the secondary stressed vowels expose a higher F1 than both
the primary stressed vowels and the unstressed vowels. In the same way the primary
stressed vowels and the unstressed vowels of the speakers sp129, sp012, and sp126 have
either a lower (speaker sp129) or a higher (speakers sp012 and sp126) position than the

secondary stressed vowels. These four speakers indicate secondary stress, however, in a
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way that contradicts the expectations. For the time being, this behaviour cannot be
explained. As regards the remaining two speakers, speaker sp082 does not differentiate
secondary stressed vowels from the unstressed vowels, and speaker sp180 makes no

differentiation at all.

R - |- -\ - - = == = I

F2{ | === = - —_— - —

F1{ || =——— —_ —— —— - -

sp180 spl129 sp082 sp012 spl26 spl27

Figure 6.15: Statistically significant changes of F1, F2, and F3 (p < 0.05) of the vowel /1/ in
dependence on stress, sentence reading task. Within each column denoting the
speakers, the leftmost crossbar denotes the relative formant frequency position of
primary stressed vowels, the middle crossbar the one of secondary stressed vowels
and the rightmost crossbar the one of unstressed vowels.

In spontaneous speech, three speakers produced a sufficient number of items for a
statistical analysis. Speaker sp126 did not distinguish any stresses and speaker sp180
did not distinguish secondary stressed and unstressed vowels. Only speaker sp129
distinguished primary and secondary stressed vowels via F2 and F3 and secondary

stressed and unstressed vowels via F3.
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6.6.3.4. The vowel /e/

It has already been mentioned in 6.6.2 that for the vowels /e/ and /o/, F1 is lowered in
the unstressed position as compared to the stressed position. This means that with
respect to the degree of lip opening, these two vowels behave in the same way as the
vowel /a/, whereas with respect to constriction degree and constriction length, they go
with their respective [+ constricted] cognate. The stress-dependent change to be
expected should look as follows:

F1 primary stress > F1 secondary stress > F1 unstressed
F2 primary stress > F2 secondary stress > F2 unstressed
F3 primary stress > F3 secondary stress > F3 unstressed

Figure 6.16 summarizes the results for the sentence reading task:

F3 < - - I R B

F2{ | —=— - - |- - -

F1{ || =mem | = _ = - -

sp180 spl129 sp082 sp012  spl26 spl27

Figure 6.16: Statistically significant changes of F1, F2, and F3 (p < 0.05) of the vowel /e/ in
dependence on stress, sentence reading task. Within each column denoting the
speakers, the leftmost crossbar denotes the relative formant frequency position of
primary stressed vowels, the middle crossbar the one of secondary stressed vowels

and the rightmost crossbar the one of unstressed vowels.
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Figure 6.16 reveals that in every case, primary stressed vowels have a higher F1 than
unstressed vowels. However, secondary stressed vowels are not between primary
stressed and unstressed vowels. They expose either the same or higher values than the
primary stressed vowels. For the time being, no interpretation can be offered for these
results.

Secondary stress is either indicated by F2 (by speaker sp129, sp082, sp127), or by
combining all three formants. Speaker sp012 distinguishes primary and secondary stress
from unstressed vowels via F1 and F2, and primary stress from secondary stress and
unstressed vowels via F2. Speaker sp126 distinguishes primary and secondary stress
from unstressed vowels by F1. Speaker sp180 distinguishes primary and secondary
stress from unstressed vowels in a rather unorthodox way by raising F3 as compared to
primary and unstressed vowels, and by distinguishing unstressed vowels from primary
and secondary stress by F1 and F2.

In spontaneous speech, again, three speakers produced a sufficient number of
items for statistical analysis. The speakers sp126 and sp180 did not distinguish primary
from secondary stress. Speaker sp129 distinguished primary from secondary stress via a
higher F1 for secondary stressed vowels, and secondary stressed vowels from

unstressed vowels via a higher F1 and a higher F2 for the secondary stressed vowels.

6.6.3.5. The vowel /e/

Sufficient items were only available in the spontaneous speech of two speakers. Speaker
sp180 exposed no differences between primary and secondary stress, speaker sp129
distinguished primary from secondary stressed vowels via a higher F1 for the secondary
stressed vowels, and the secondary stressed vowels from the unstressed vowels via a

higher F2 for the secondary stressed vowels.
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6.6.3.6. The vowel /u/

Four speakers realized sufficient items in spontaneous speech. Theoretically, F1 and F2
should raise with decreasing stress, whereas F3 should lower, so that the following
picture emerges:

F1 primary stress < F1 secondary stress < F1 unstressed
F2 primary stress < F2 secondary stress < F2 unstressed
F3 primary stress > F3 secondary stress > F3 unstressed

Figure 6.17 presents the results of the statistical analysis for spontaneous speech:

F3 < - = = - = - - - = =

F2 < - | - - - -

FIS || == — | = = — - -

sp180 sp012 Spl126 spl27

Figure 6.17: Statistically significant changes of F1, F2, and F3 (p < 0.05) of the vowel /u/ in
dependence on stress, spontaneous speech. Within each column denoting the
speakers, the leftmost crossbar denotes the relative formant frequency position of
primary stressed vowels, the middle crossbar the one of secondary stressed vowels

and the rightmost crossbar the one of unstressed vowels.

Figure 6.17 demonstrates that speaker sp180 does not distinguish primary stress from
secondary stress, whereas speaker sp012 does not distinguish primary stress and
unstressed positions. Most interestingly, sp012 shows a low F2 only for secondary

stress, but not for primary stress. Furthermore, it is noticeable that both speaker sp126
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and speaker sp127 mark secondary stress by a higher F1 as compared to both primary

stress and unstressed positions, which once more contradicts theoretical assumptions.

6.6.3.7. Summary of the results on secondary stress

The most salient result is probably the high variability among the speakers'*”. Any
speaker has his or her own way to indicate secondary stress by changing the spectral
shape of the vowel or by not indicating it at all. Although all speakers seem to agree that
primary stress has to be distinguished from unstressed positions, and in what way this
should occur, the way to deal with secondary stress does not seem to be codified.
However, in spontaneous speech, speakers often reduce the discriminative strength
between primary stress and secondary stress on the one hand, and secondary stress and
unstressed level on the other hand, down to one formant. It can be concluded, therefore,
that a third level exists. Whether and how it is activated, depends on the speaker and on
the speaking task. A secondary stress may either be realized in the same way as the
primary stress, or in the same way as the unstressed position, or as discrete secondary

stress.

6.6.4. Sentence Stress

The analysis of lexical stress already gives a good insight into the way stress affects the
acoustic output of vowels'*. However, the different relative levels of sentence stress
cannot be captured with a sole differentiation of primary, secondary, and unstressed
levels (Wagner 2002). Via postlexical stress assignment, the degree of lexical stress can
change, providing the respective syllable with either higher or lower prominence.

Moreover, in a string of unstressed syllables, not all syllables may be equally

142
143

High variablilty among speakers has also been observed by Kleber & Klipphahn (2006).
The focus is on vowels. This does not of course mean that consonants are not affected by
stress. Jessen et al. (1995) showed that the closure phase of plosives is longer in a stressed
syllable. The same results were obtained by Cho & McQueen (2005) for Dutch, Heldner
& Strangert (2001) for Swedish, Greenberg et al. (2003) for English.
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unstressed. E.g. in a polysyllabic word a lexically stressed syllable can still retain some
degree of stress when unaccented, via postlexical stress assignment (Barry & Andreeva
2001). Post-focal words receive lower overall intensity than pre-focal words, both as
regards the stressed vowel and the unstressed syllable (Heldner 2003: 50). Additionally,
the distance of a word from the focus plays a role: a word directly preceding the focal
word is less stressed'* than a word with a two-word distance (Heldner 2003). Much
work has been done on the effect of prosodic boundaries (Dilley et al. 1996 on
glottalization in English, Fougeron & Keating 1997 on /n/ in English, Fougeron 2001 on
five consonants and two vowels in French, Cho & Keating 2001 on alveolar consonants
in Korean, Cho 2004 on /a/ and /i/ in English, Tabain 2003 on /aC/ sequences in French,
Tabain et al. 2004 on /uC/ sequences in French, Tabain & Perrier 2005 on /iC/
sequences in French, to name just a few). There is strong agreement that different
prosodic boundaries result in different outputs. However, prosodic boundaries exercise
less effect on /i/ than on /a/ in French. The prosodic boundary accounted for 43% of the
variability of /a/, but only for 13% of the variability of /i/ (Tabain & Perrier 2005)'**. As
concerns the vowel /a/, F1 increases and F2 decreases with increasing prosodic strength
of the boundary (Tabain 2003). For /u/, both F1 and F2 decrease (Tabain et al. 2004),
and for /i/, the length of the front cavity seems to be primarily affected, resulting in
variability of F3 (Tabain & Perrier 2005).

According to Mohler & Dogil (1995) and Féry & Herbst 2004, the primary
acoustic correlate of sentence stress (prominence) is fundamental frequency. In their
analysis of seven dialects of British and Irish English, Kochanski et al. (2005) found
loudness, together with duration, the most robust indicators marking prominent
syllables in a sentence, whereas fundamental frequency contributed little. However, the

contribution of the spectral change of a vowel (or further segments) to perceived promi-

44 Wagner (2002) mentions “prifokale Deakzentuierung” as one strategy for assigning

prominence to the following syllable.
45 i/ in French is said to be stable (Pitermann 2000, Tabain & Perrier 2005).
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nence should not be neglected either. Fant et al. (2000b), in their analysis of prominence
in Swedish, name six parameters responsible for prominence in the following order of
relevance: duration, fundamental frequency, overall intensity, overall intensity with a
high-frequency pre-emphasis, voice source, and spectral modifications of consonants
and vowels. They found out that a rise of F1 and a lowering of F2 lead to higher
perceived prominence for the vowel /a/. The high vowels, on the other hand, attained a
higher Rs'*® by tightening the degree of constriction. How, and to what extent, relative
prominence is realized in actual speech depends on the individual speakers (Fant et al.
2002). l.e. speaker-specific differences are to be expected in the realization of

prominence, as exemplified in Figure 6.18.
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Figure 6.18: Z-deviation F1, F2, and F3 of the vowel /i/ from “liebe” (dear: ADJ) from the
vowel /i/ from “Liebe” (love: N), sentence reading task. For each speaker, n = 4.
With z > 1.5 no correspondence of the respective formant is given any more. The

values have been root squared to facilitate reading. Sp = speaker.

146 . . . 4. . . .
Rs is a continuous interval scale from 0 to 30 indicating perceived prominence. In

perception tests conducted by Fant et al. 2000a, content words received an average Rs of
18.6, function words an average Rs of 11.
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Figure 6.18 gives the deviation for each formant of the vowel /i/ from “liebe” (dear:
ADYJ) from the vowel /i/ from “Liebe” (love: N)'*’. Though all /i/s carry primary lexical
stress, the vowel /i/ of the adjective is supposed to bear less stress than the vowel /i/ of
the noun. As concerns spectral modifications of the vowel /i/, three speakers (sp180,
sp012, and sp127) make no difference between the noun and the adjective (z < 1.5).
Speaker sp129 has quite a substantial difference in F1, with lower F1 values for the
noun, indicating a greater mouth opening in the adjective, and a difference in F2, with a
higher F2 value for the noun, i.e. a tighter constriction. Both speakers sp082 and sp126
show differences for F2 and F3, both being higher in the noun, as expected, indicating a
tighter and longer constriction of the tongue with a slightly more forwarded tongue
position in the noun.

In the same way as a specific part of speech, the role in the sentence might show
its effect on the spectral shape of a given vowel. In Figure 6.19, the effects of a
preceding focal word on the stressed syllable of “vergessen” (to forget)'* are presented.
Only one speaker (sp180) shows a difference between the two positions in the sentence,
insofar as the post-focal position triggers a lower value for F3. For all the other
speakers, the lexically stressed vowel /e/ of “vergessen” is realized in the same way,
regardless of sentence position. Pre-focal distance seems to be of higher relevance;
Figure 6.20 shows the deviation of the vowel /i/ from “diesen” (these: DEM: DAT: PL),
which holds the second position before the noun, from the vowel /i/ from “dieser” (this:

DEM: NOM: SG)'* which stands directly before the noun.

7" The context of the items was: “unsere liecbe Ruth” (our dear: ADJ Ruth) and “die G&ttin

der Liebe” (the goddess of love: N).

The contexts were: “jetzt hat sie doch glatt vergessen” (now she’s plain forgotten,
postfocal position) and “Leider hab ich vergessen* (unfortunately I’ve forgotten, default
stress position).

The contexts were: “Bei diesen wilden Jagden” (at these: DEM: DAT: PL wild huntings)
and “..., daB} dieser Kopf ein ausgezeichnetes Modell [...] ist” (... that this: DEM: NOM:
SG head is an excellent model).

148
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Figure 6.19: Z-deviation F1, F2, and F3 of the vowel /e/ from “vergessen” (to forget) in
postfocal position from the vowel /e/ from “vergessen” in a default stress position,
sentence reading task. For each speaker, n = 4. With z > 1.5 no correspondence of
the respective formant is given any more. The values have been root squared to
facilitate reading. Sp = speaker.
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Figure 6.20: Z-deviation F1, F2, and F3 of the vowel /i/ from “diesen” (these: DEM: DAT: PL)
holding the second position before the noun from the vowel /i/ from “dieser” (this:
DEM: NOM: SG) standing directly before the noun, sentence reading task. For
each speaker, n = 4. Explanation as in Figure 6.19.
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In this case, only one speaker (sp012) makes no difference between the two positions.
All the other speakers differentiate either one formant (sp129), two formants (sp180), or
all three formants (sp082, sp126, sp127). The direction of the change is in accordance
with the results on intensity presented in Heldner (2003): the vowel of /dis/ directly
preceding the noun shows a higher F1 and a lower F2 and F3. From an articulatory
point of view, the degree of mouth opening and the degree of constriction (tongue-

palate distance) are enlarged, whilst the length of constriction is possibly shortened.

6.6.5 The rhythm of speech

The above examples vividly show that a) relative sentence stress affects the spectral
shape of the vowels and b) the realization of relative sentence stress is highly speaker
dependent. The reason for the existence of such graded differences lies in the inherent
rhythmic behaviour of speech which requires a succession of foregrounding and
backgrounding. Sentence stress finds its expression only in relation to the other entities
in a sentence or an utterance. Therefore, it is strongly connected to the rhythm of speech
or, to put it more explicitly, the relative stress levels assigned to phonemes, syllables,
and words, which make up what is perceived as a rhythmic behaviour in the so-called
stress-timed languages.

Rhythm is generally highly connected with timing; with ideal beat intervals of
about 300 ms to 400 ms (Schreuder 2006: 101). In so-called stress-timed languages,
these intervals are supposed to stay equally long regardless of the amount of unstressed
syllables in between. This assumption has triggered a further, implicit hypothesis,
namely that the degree of reduction imposed on unstressed syllables depends on the
amount of unstressed syllables between two stresses. The isochrony hypothesis was
never confirmed, leading to other — statistical — methods to classify languages (see e.g.
Low & Grabe 1995, Low et al. 2000, Grabe & Low 2002, Ramus et al. 1999, Ramus
2002, Galves et al. 2002, Rouas et al. 2005, see Cummins 2002, Wagner 2002 for a
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critique). Ramus et al. (1999) assume that stressed-timed languages allow more
complex syllables than syllable-timed languages and classify languages according to the
percentage of duration taken up by vocalic intervals (%V) and the standard deviation of
the duration of consonantal intervals within a sentence (AC). The approach of Low &
Grabe (1995) and Grabe & Low (2002) “took a direct route from impressionistic
observations of rhythmic differences between languages to the acoustic signal” (Grabe
& Low 2002: 519). The rhythmic differences should be reflected in the duration of
vowels and the duration of intervals between vowels. Additionally, Low et al. (2000)
analysed the degree of reduction of vowels (F1, F2), which they found to be higher in
British English than in Singapore English. Galves et al. (2002), on the other hand,
assume that rhythmic class discrimination is based on a rough measure of sonority.
Rouas et al. (2005) relied on pseudo-syllabic patterns by automatically segmenting the
speech chain in vowel and non-vowel segments. The results of these approaches more
or less corroborated the traditional distinction of languages as stress-timed, syllable-
timed, and morae-timed. The analyses discussed above are mainly based on diverse
durational relations, without questioning whether duration is really the basic unit that
typologically keeps languages apart'>’. However, what is even more important is the
fact that rhythm is conceived as an alternating dichotomic pattern of “a” and “b”, where
“a” and “b” can, in principle, stand for anything: an alternating succession of vowels
and consonants or consonant clusters, of sonority and non-sonority, of stressed and one
or more unstressed syllables, etc.

Figure 6.21 gives an example where speech is not feasible in a mere dichotomous
a — b pattern, but might even be asynchronous to rhythms performed by the body.
During the recording of Albanian spontaneous speech, the interviewer started to

rhythmically beating with his finger on the table.

30 Rouas et al. point out that “rhythm cannot be reduced to a raw temporal sequence of

consonants and vowels” (2005: 453).
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Figure 6.21: Spectrogram of the sequence “... kan€ ardhur njeréz t€ tyre edhe ne jemi afruar
edhe kané...” (...their people came and we went there and they have...) Language:
Albanian, male speaker. Bottom panel: waveform window, next panel from
bottom: duration of the single beats, 3™ panel from bottom: transcription, 4™ panel
from bottom: spectrogram window, left upper panel: waveform zoom window,

right upper panel: amplitude spectrum window.

In the spectrogram of Figure 6.21, these beats are marked with a blue vertical line, the
duration between the beats is shown in the second panel from the bottom. The duration
between each beat is approximately 1 s. The second beat is synchronous with the
plosive release of the stressed syllable “tyre”. The third beat, however, starts later than
the next stressed syllable “ofruar” (primary stress on the second syllable “fruar”),
indicated by the black line in the spectrogram. The duration from the beginning of the
stressed syllable “tyre” to the beginning of the next stressed syllable “fruar” is 0.899 s,
therefore, only 60 ms are missing to synchronise the third beat with the beginning of the
stressed syllable and to equalise the duration of beat 1 to beat 2 with beat 2 to beat 3. In
order to achieve this, the speaker would have had to dispense with some backgrounding

processes in the preceding unstressed syllables “edhe nejemi”. Instead of reducing
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“nejemi” to one syllable [n€m], articulating all three syllables would have easily
compensated for the missing 60 ms. Providing an unstressed sequence with the same
articulatory accuracy is, however, in contrast to the principle of backgrounding and
foregrounding. Therefore, an exact timing is of secondary relevance. The primary
concern in the rhythm of speech is to properly background unstressed sequences in
order to contrast them with the stressed positions. How much time is required for the
accomplishment of this activity, depends on the content that has to be conveyed. And
the syntax and semantics of a language do not necessarily consider that a required
amount of unstressed syllables is available in order to fit an exact timing, or, to put it
another way, a speaker of a language plans the sequences of words he or she wants to
utter and the processes that have to be applied, but the speaker does not search for
another word with, e.g., more consonant clusters in order to arrive at an exact timing.
Therefore, speaking is different from walking, dancing, playing an instrument, or
even poetic rhythm, in that it is to a larger extent a social activity. Speakers want or

have to convey in some way or other more and less important units'”’

of speech, and
they convey these units in a graded way of foregrounding or backgrounding them. In an
utterance, not only important and non-important information exists, but also further
levels of importance, new information, redundant information, repetitions, etc.
Therefore, in an analysis of the rhythm of speech, dichotomous conceptualizations have
to be given up. Moreover, it has to be questioned whether speaking is really ruled by
timing or whether there is some sort of interaction between what a speaker wants to say,
the speech situation' he or she is in, and the time he or she computes or has at his or

her disposal for the planned utterance. Therefore, the gradings of foregroundings and

backgroundings might differ considerably in dependence of diverse external factors.

"' Unit has a broad meaning here and can be new or old information, a phrase, a word, a

syllable, or a phoneme.

For example, in an oral exam situation, a speaker might exhibit a different rhythmic
patterning than in an oral presentation, although the amount of time they have at their
disposal might be the same.

152
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Therefore, rhythmic patterning is not only achieved by an alternating succession
of foregrounding and backgrounding certain phonemes, syllables, or words, but by
additionally grading the amount of foregrounding or backgrounding. This principle of
figure and ground is well embedded in the semiotic model elaborated by Dressler (1980,
1985, 1996, 2002) and has been exemplified by Madelska & Dressler (1996) on Polish
and Czech. The graded foregroundings and backgroundings can be expressed in various
ways, whereby the speaker can make use of the whole speech production apparatus.
This includes both prosodic and segmental features, which, from a production point of
view, cannot be clearly separated (Fant & Kruckenberg 2004: 249). The interplay of
parameters is impressively shown in the multi-parameter analysis of Swedish prosody
performed by Fant & Kruckenberg (2004). Which parameters are enhanced and which
play a secondary role, or whether all parameters are relevant, is language-specific and
speaker-specific.

(Standard Austrian) German is a language which assigns different levels of stress
to units with different importance. It has already been outlined in the previous
subchapters that the production of vowels is affected by both pre-lexical and post-
lexical stress assignment. However, unlike Russian or Bulgarian, German shows no
stress-dependent vowel-quality alternation (Barry & Andreeva 2001). Therefore, with
respect to vowels, the alternating succession of graded foregroundings and
backgroundings is expressed by modifying the degree of constriction, the length of
constriction, the degree of lip protrusion, and the degree of lip aperture, whilst the
location of the constriction stays the same. Again, which parameters are preferred
depends on vowel-type and on the speaker as well.

The interaction of these graded foregroundings and backgroundings and of rhythm

is exemplified for the vowel /a/">* in the following sentence:

153 The vowel /a/ has been chosen, because, unlike the other vowels, it is not paired and

therefore more tokens for comparison can be found in a sentence.
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Sentence 065:
Das Paar hat-t-e sich in Leipe, einer
DEF:N:SG AUX couple AUX-PST-3S REFL:3S ILL Leipe INDEF-F:SG:DAT

klein-en Stadt in Deutschland, nieder-ge-lass-en.
small-F:SG:DAT town ILL Germany VPREF-PP-settle-PP

In principle, the sentence is designed in an iambic rthythm which demands a weak node
on the first syllable of “hatte”, which is nevertheless supposed to be stronger than the
definite article “das”, due to lexical primary stress on the first syllable, and a weak node
on the second syllable of “Deutschland”, which, as a compositum, might nevertheless
retain some degree of stress. “Stadt”, being the head of the adposition, receives less
prominence than “Paar”. The fourth syllable of “niedergelassen” has a secondary stress,
and it can be assumed that the vowel is slightly stronger than the one in “Deutschland”.
Therefore, as concerns the vowel /a/, the hierarchy of stresses should be as follows:

Paar > Stadt > niedergelassen > Deutschland > hatte > das

With respect to the modification of spectral shape, F1 is supposed to gradually decrease
with decreasing prosodic strength, F2 and F3 are supposed to gradually rise.

As regards F1, the vowel /a/ in “Paar” received the highest value by all speakers.
Five speakers (sp180, s0129, sp082, sp012, and sp126) attributed a lower or at least

1'** F2 value to the vowel /a/ in “Paar”. Sp127 had a lower F2 in “Deutschland”.

equa
Four speakers (sp180, sp129, sp126, spl27) exposed a lower or equal F3 in “Paar”.
Sp082 attributed lower F3 values to the vowels /a/ of “Stadt” and “niedergelassen”.
Sp012 had a lower F3 value in “Stadt” and “hatte”. In sum, every person attributed a
higher F1 and either a lower F2 or a lower F3 to the vowel /a/ in “Paar”. Therefore, this
vowel received highest prominence by all speakers. This result corroborates the
observations made by Wagner (2002) that speakers show a high agreement both on the

placing and the modelling of primary stress. Moreover, as regards the vowel /a/, F1

seems to be of higher relevance for modelling stress than either F2 or F3.

3% Means in this case that the negative z-score (= F2 is lower in another vowel /a/ than in the

vowel /a/ of “Paar”) < 1.5.
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Since the vowel /a/ in “Paar” received highest prominence by all speakers, it
appears justified to look at the deviation of the formant frequencies of the other vowels

from the vowel /a/ in “Paar”. Figure 6.22 presents the results on F1:

7,00
6,00
5,00
S 4,00 =
@ 300 5
N
2,00 o T =
1,00 - { '—’> ||
0,00 | |
Stadt Deutschland |niedergelassen hatte das
O Sp180 3,68 4,29 1,47 2,12 4,03
W Spl129 3,66 5,12 0,34 4,64
O Sp082 1,31 2,03 0,98 1,70 3,42
O Sp012 2,10 4,52 2,59 2,16 6,07
W Spl26 2,02 3,73 2,37 1,68 3,93
O Spl27 1,38 4,98 1,80 1,16 4,81

Figure 6.22: Z-score of F1 of the vowels /a/ from the vowel /a/ in “Paar” (couple). With z> 1.5
no correspondence of the respective formant is given any more. Sp = speaker,

sentence reading task.

According to Figure 6.22, all speakers confirm in “das” deviating most and substantially
from “Paar”, i.e. F1 is substantially lower in “das”. For the rest of the vowels, speaker-
specific differences can be observed. The /a/ in “Deutschland” receives a very low F1 as
well, and is, in principle, as unstressed as “das”. Only speaker sp082 and speaker sp012
differentiate between “das” and “Deutschland”. Most interestingly, F1 of “hatte”
deviates to a much lesser degree than expected. Four speakers sp082, sp012, sp126,
sp127) assign approximately the same degree of lip aperture to the vowel /a/ in “hatte”
as to the vowel /a/ in “Stadt”, even though the two vowels in “Paar” and in “hatte” are
not separated by an unstressed syllable. However, the relatively higher F1 in “hatte” is

not to be interpreted as a provoked stress clash, but rather as an assimilation; since it is
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not necessary to change the degree of lip aperture during the /h/, lip aperture is simply
not modified in the vowel of “hatte”, and the decrease of stress is modelled via F2 and
F3 by all speakers except speaker sp012 (see Figure 6.23).

Three speakers (sp180, sp129, sp082) attribute the same degree of lip aperture as
in “Paar” to the vowel /a/ in “niedergelassen”. The other three lower F1 to about the
same degree as in “hatte”.

“Stadt” exerts the most salient speaker specific differences: Two speakers (sp180
and sp129) lower F1 substantially, even more than in “hatte” and “niedergelassen”. Two
further speakers (sp012 and spl126) lower F1 to about the same degree as in
“niedergelassen” and “hatte”, and two (sp082 and sp127) do not differentiate “Stadt”
from “Paar”.

315 , which seem to work together, the results

Regarding the z-scores of F2 and F
on F1 are either enhanced or stay the same, but they are never reduced (see Figure
6.23).

The low F1 values of “das” are further enhanced by speaker sp180, sp129, sp082,
sp126, and sp127, who expose a rise of F2 and/or F3. Only speaker sp012 does not
further set off the unstressed position via F2 and F3; his F1 values are the lowest of all
speakers anyway. A further contribution of F2 and F3 does not seem to be necessary.
“Deutschland”, however, is only enhanced by speaker sp180 and sp082, so that, on the
whole, “Deutschland” is slightly more stressed than “das”. It has already been stated
that for the vowel /a/ in “hatte”, less deviation from the primary stressed position has
been observed with respect to F1 than hypothesized. This assimilation is balanced by a

higher deviation of F2 and F3 for all speakers except speaker sp012, and especially for

speaker sp082.

153 The mean of the z-score of F2 and the z-score of F3 has been calculated.
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Figure 6.23: Mean z-deviation of F2 and F3 of the vowels /a/ from the vowel /a/ in “Paar”
(couple). With z > £1.5 no correspondence of the respective formant is given any
more. Sp = speaker, sentence reading task. A negative value indicates an F2 or F3

value contrary to the hypothesis.

With respect to F1, the three male speakers (sp012, sp126, sp127) show a decrease in
“niedergelassen”, whereas the three female speakers (sp082, sp129, sp180) do not
differentiate “niedergelassen” from “Paar”. However, as regards F2 and F3, two female
speakers (sp180 and sp129) raise F2 and F3 in comparison to ‘“Paar”. Speaker sp082,
however, treats “niedergelassen” in the same way as “Paar”, i.e. providing it with a
primary stress. The explanation for the relative prosodic strength of “niedergelassen”
can be found in its preceding a strong boundary, which triggers a higher F1 and a lower
F2 for the vowel /a/ (Tabain 2003).

“Stadt” is only further enhanced by speaker spl80. All the others do not
differentiate “Stadt” from “Paar” with respect to F2 and F3. Therefore, “Stadt” is only
differentiated via F1.

It can be concluded that speakers agree on the most stressed and the most

unstressed position and model them in the same way (in the case of the vowel /a/ pre-
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dominantly via F1). The rankings of the others show speaker-specific differences which

can be summarized as follows:

Speaker spl80:
Speaker spl29:
Speaker sp082:
Speaker sp012:
Speaker spl26:
Speaker spl27:

Paar > niedergelassen > Stadt, hatte > Deutschland, das
Paar > niedergelassen > Stadt > Deutschland > das

Paar, niedergelassen, Stadt > Deutschland > hatte > das
Paar > niedergelassen, Stadt, hatte > Deutschland > das
Paar > niedergelassen, Stadt > hatte > Deutschland > das
Paar > niedergelassen, hatte, Stadt > Deutschland > das

Except for the most stressed and the most unstressed position, these rankings differ

from the initial hypothesis. The gradings of foregroundings and backgroundings play an

important role and exert a substantial influence on the spectral shape of vowels as well.

Figure 6.24 gives an overview of how the rhythmic patterning is performed by the

speakers:

Sp127

Sp126

Sp012

Sp082

Sp129

Sp180

Das Paar hatte Stadt Deutsch- niederge-

land lassen

Figure 6.24: Changes of formant frequencies of the vowel /a/ in dependence of stress-

conditioned foregrounding and backgrounding. The highest crossbar is most

foregrounded, the lowest crossbar is least foregrounded. Each speaker is assigned a

different colour.

Figure 6.24 demonstrates that the respective spectral changes of the vowels evolve into

a rhythmic pattern. However, there are some degrees of freedom with respect to how
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and to what extent the various stresses are shaped differently from the most stressed and
the least stressed ones. These degrees of freedom are exploited by the speakers and
might be additionally responsible for the fact that speakers are perceived differently'°.
Therefore, if speaker-specific differences are to be found, low-level analyses have to be

performed. An overall comparison of e.g. certain vowels blurs most of the differences,

as will be shown in the next chapter.

156

Widera & Portele (1999) and Widera (2002) report that listeners distinguish three to five
reduction levels depending on the vowel. However, listeners are able to compensate for
speaker-specific differences (Widera 2002: 191).
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7. Speaker-specific traits

Throughout the analysis on vowels in Standard Austrian German, speaker-specific traits
emerged. These especially showed up in the dealing with variation, but speaker-specific
traits also occurred in the phonemic representation ([+constricted] vs. [fopen]).
Therefore, if one wants to look at speaker-specific traits, one has to go into detail.
Approaches which pool together all vowels (Grigoras & Nolan 2005)"’, run the risk of
blurring most of the speaker-specific information and might arrive at correspondences
where there are none. For example, one-way ANOVA calculated over all stressed
vowels of spontaneous speech renders no differences between the three male speakers
for F2 (F2371 = 0.33, p = 0.72). As regards F3, differences show up for speaker sp127,
but none between sp012 and sp126. F1 renders no differences between speaker sp012
and sp127, but differences for speaker sp126. Given the fact that in true forensic cases,
F1 can hardly ever be mobilised because of the frequency band limitation of the
telephone (see Kiinzel 2001 and Nolan 2002 on the usability of formants in speaker
identification), an analysis of the three male speakers would result in a correspondence
of speaker sp012 and speaker126. As concerns the female speakers, all three speakers
differ for F1, but, again, two speakers (sp129 and sp082) cannot be kept apart with
respect to F2 and F3 in spontaneous speech.

The situation is slightly better for the unstressed vowels of spontaneous speech.
All three male speakers are kept apart via F3. As concerns F2, speakers sp126 and
sp127 are differentiated, whilst speaker sp012 is not. The three female speakers are kept
apart by F1, F2, and F3. Therefore, as has been pointed out in Moosmiiller (2002),

based on the theoretical considerations put forward in Dressler (1979), in forensic

57 Grigoras & Nolan (2005) point out themselves that such an analysis has to be extended by

an additional detailed analysis.
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casework, unstressed positions are more reliable than stressed ones. Nevertheless, given
the small sample of only six speakers which already renders correspondences where
there are none, one should apply such methods with extreme caution.

Proceeding to particular vowels in spontaneous speech, the speakers cannot be
differentiated either. Figure 7.1 shows the density plot of all stressed /a/ vowels of

spontaneous speech.
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Figure 7.1: Density plot of F2 and F3 of the vowel /a/ in stressed position in spontaneous

speech. Red: speaker sp012, black: speaker sp126, blue: speaker sp127.
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From Figure 7.1 it can be easily read that the three speakers are differentiated by F3, but

not by F2. Table 7.1. to 7.9 summarize the results of the two-tailed t-tests for all

vowels

158

in stressed and unstressed position in spontaneous speech of the six speakers.

For better readability, the “+” are highlighted. F1 is added for the sake of completeness.

fa/ Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082
Fl1 i = o - _
F2 - - - N - _
F3 - B - = - a
F1 i N - - _ _
F2 - - + + + -
F3 - B - - B -
Table 7.1: Summary of the between-speaker differences for the vowel /a/ in stressed position
(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05.
/e/ Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082
F1 u + — + n _
F2 — — — i W H
F3 - - - + + +
F1 — —
F2 — HH N - N K
F3 - B - = B a
Table 7.2: Summary of the between-speaker differences for the vowel /e/ in stressed position
(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05.
/el Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082
F1 1 — — m L n
F2 - - — + & _
F3 - B - - B -
F1 u + — + n _
F2 - - - N 4 -
F3 i i i B & —

158

Too few items of front rounded vowels occurred in the data for a statistical analysis.
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Table 7.3: Summary of the between-speaker differences for the vowel /e/ in stressed position

(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05.

/i/ Sp012 — Sp012 — Sp126 - Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082
Fl o i — ] m _
F2 — — — — —
F3 — ] - - n n
Fl - - - N 4 -
F2 - - — - & -
F3 — N N W N K

Table 7.4: Summary of the between-speaker differences for the vowel /i/ in stressed position

(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05.

W Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082

F1 - — — Wi N -

F2 — — — - W H

F3 — - — N & -

F1 N N — B n

F2 - - - - + +

F3 — — — + + +

Table 7.5: Summary of the between-speaker differences for the vowel /1/ in stressed position

(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05.

h/ Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp08s2 Sp082
Fl - - - - - -
F2 - - - b H it
F3 — = — - + +
F1 - - - - _ -
2 - - - - - -
F3 - - - - - -

Table 7.6: Summary of the between-speaker differences for the vowel /u/ in stressed position

(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05.
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fol Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Spl126 Sp127 Sp127 Sp129 Sp082 Sp082
F1 NA NA - - - -
2 NA NA - - - -
F3 NA NA n - - _
F1 NA NA - m | _
F2 NA NA - - | _
F3 NA NA - n - -

Table 7.7: Summary of the between-speaker differences for the vowel /u/ in stressed position
(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p > 0.05, NA = not enough data available.

/ol Sp012 — Sp012 — Sp126 - Sp180 — Sp180 — Sp129 -
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082
F1 u + — L L] _
F2 — — — — — —
F3 i N N 4 1 —
F1 — — - + 1 —
F2 - - - - R —
F3 — N - o _ _

Table 7.8: Summary of the between-speaker differences for the vowel /o/ in stressed position
(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p>0.05, NA = not enough data available.

/a/ Sp012 — Sp012 — Sp126 — Sp180 — Sp180 — Sp129 —
Sp126 Sp127 Sp127 Sp129 Sp082 Sp082
F1 - - — — + +
F2 - - - u & +
F3 — + + - + +
Fl1 NA NA — + + —
F2 NA NA - - + —
F3 NA NA N — + —

Table 7.9: Summary of the between-speaker differences for the vowel /o/ in stressed position
(row 1-3) and in unstressed position (row 4-6) in spontaneous speech. “+”: p <
0.05, “—“: p > 0.05, NA = not enough data available.

The results are slightly better for the female speakers who can be discriminated with

respect to the vowels /a/, /e/, /i/, and /u/ in stressed position and /a/, /e/, /i/, /I/ in
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unstressed position. The male speakers are discriminated with respect to the vowels /a/,
/e/, and /o/ in stressed position, and /a/ and /e/ in unstressed position. Although F3 has
the highest discriminatory power, as has already be stated by others (Jessen 1997), the
results of F3 are still too unreliable for discrimination. The vowel which renders a
consistent result is the vowel /a/, followed by some front vowels. However, as concerns
the other vowels, one never knows how they will behave with respect to speaker
discrimination. Therefore, as long as one has to rely on casuistry, vowels cannot be
pooled for speaker discrimination.

This holds also for vowels controlled for phonetic context. Figure 7.2 presents the

density plot for all /i/ — vowels from the word “Wien” (Vienna).
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Figure 7.2: Density plot of F2 and F3 of the vowel /i/ from “Wien” (Vienna), spontaneous
speech. Red: speaker sp012, black: speaker sp126, blue: speaker sp127, n =22,

239



Sylvia Moosmiiller

Although Figure 7.2 suggests significant differences between the three speakers by
means of F3, these differences cannot withstand a statistical analysis. Neither a two-
tailed t-test nor the z-deviation renders differences for F3 between sp126 and sp127.
One could argue that a visual comparison of the distributions might suffice to
keep the speakers apart. However, in a cross-check comparison of one and the same
speaker in different speaking tasks, the distribution of formants need not result in a
satisfying overlap either. Figure 7.3 shows a density plot of all vowels /i/ from “nicht”

(not) of one speaker (sp126) in the sentence reading task and in spontaneous speech:

c(xmin, xmax)
0.003 0.004 0.005 0.006 0.007
! ! ! ! !
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0.000
|

1500 2000 2500 3000 3500

Index

Figure 7.3: Density plot of F2 and F3 of the vowel /1/ from “nicht” (not), sentence reading task
(red) and spontaneous speech (black), n = 18.

A visual inspection would render differences for F3. Calculated z-scores, however,
correctly prove accordance for the /i/ of spontaneous speech with the /i/ of the sentence

reading task with respect to both F2 and F3.
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It might be argued that a sufficient number (~ 3-4) of several identical items (~
20) in both the questioned and the reference material would lead to a successful
comparison. Apart from the fact that in a true forensic case, a sufficient number of
several identical items are hardly ever available, this hypothesis does not bear up either.
Table 7.10 shows the results of the statistical analysis of a comparison of several items

which were available in the spontaneous speech of all three male speakers.

Ttem Sp012 — Sp126 Sp012 — Sp127 Sp126 — Sp127

geboren (born: PP) - - -

aufgewachsen (grew up (PP) +

+ +
+ + —

bin (be: 1P)

mit (with) - - -

dann (then) - - -

hat (has: 3P) i NA NA

hab (have: 1P) NA NA -

Table 7.10: Results of the statistical analysis (F2 and F3) for vowels in identical phonetic
context, spontaneous speech. “+”: p < 0.05 for either F2 or F3 or both, “—: p >
0.05, NA = not enough data available.

As can be seen from Table 7.10, even the discriminatory power of identical items is
rather poor. Therefore, it is not only necessary to control the phonetic context, which
actually means the word, but to additionally control the position within the sentence or
utterance. It has already been argued in 6.5 that the clearer the context is defined, the
sooner invariant patterns will be observed. This finding, as well as the results on
prosody, imply some space for speaker-specific handling of variability. Therefore, an
acoustic analysis of the same word in the same position will the soonest and the most
frequently be able to differentiate speakers and to recognize identical speakers. Figure

7.4 presents the cluster analysis of the vowel /i/ from “die” (the:DEF):
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Figure 7.4: Cluster analysis of the vowel /i/ (F1, F2, F3) from “die” (the:DEF) for three male
speakers, sentence repeating task.

This example is from the sentence repeating task, where speakers had to repeat one and
the same sentence ten times. Therefore, the vowels are maximally controlled for
context. And, as can be read from Figure 7.4, the three speakers can be differentiated.
Table 7.11 presents the results of the statistical analysis of several items from the

sentence repeating task.
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Item Sp012 — Sp043 Sp012 — Sp126 Sp043 — Sp126
/i/ die (the: DEF) E + +
/e/ geriebene (grated: PPP) u K +
/i/ geriebene (grated: PPP) E + -
/e/ Leber (liver) - - +
/a/ Papier (paper) b & +
/a/ Katzen (cats) N N +

Table 7.11: Results of the statistical analysis (F2 and F3) for vowels in identical phonetic
context, sentence repeating task. “+”: p < 0.05 for either F2 or F3 or both, “—“: p >
0.05.

It becomes evident that the discriminatory power of F2 and F3 increase by adding the
position within the sentence. Additionally, F2 and F3 discriminate unstressed vowels in
every case, whereas, with the exception of the vowel /a/, F2 and F3 do not discriminate
stressed vowels in two cases (sp012 and sp043 for the vowel /e/, and sp043 and sp126
for the vowel /1/).

It can be concluded, therefore, that primarily the backgrounded parts of speech
give some leeway for the introduction of speaker-specific traits. The more stressed a
vowel is, the more speakers head towards a corporate (acoustic) output. Moreover, the
results point to a thorough planning of the speech events, down to the lowest level of the
phonetic output, because only by an exact planning of what one wants to say, can such

high consistency with respect to context and position be achieved.
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8. Summary and Outlook

Approximately 11.000 vowels of six speakers of Standard Austrian German were
analysed in two speaking tasks (reading sentences and spontaneous speech). Two
speakers additionally read a list of logatomes. The vowels have been segmented
manually, and F1, F2, F3, FO, and duration (in number of periods) have been calculated
and submitted to statistical analysis. Each speaker has been discussed separately.

The acoustic analysis proved that the vowels of Standard Austrian German are
located at five constriction locations: pre-palatal, palatal, velar, upper pharyngeal, and
lower pharyngeal. Except for the pharyngeal vowel, each location is further
distinguished by two degrees of constriction. The pre-palatal and the palatal vowels are
further distinguished by lip protrusion, building a vowel system of thirteen vowels. The
vowels are distinguished by the following features: [+constricted], [+open], [+round],
[£front], [£lower pharyngeal], [£velar], and [£pre-palatal]. The feature [+open] was
added because speaker-specific differences occurred in weak prosodic positions. Some
speakers discerned the vowels by degree of openness, others by degree of constriction.
Duration did not prove to be discriminatory. The feature [+tense] was abandoned in
order to avoid misleading semantic implications which have no articulatory basis.
Tendencies towards neutralization could be observed for the vowel pairs /i/-/1/, /y/-/y/,
and /u/-/u/. One speaker also neutralized the opposition /e/-/e/ in the unstressed
positions of spontaneous speech. The results on FO did not corroborate the frequently
observed correlation of tongue height and FO. The same holds for the correlation of
tongue height and duration.

It is especially those tendencies towards neutralisation that should be taken note of
in further investigations on the vowels of Standard Austrian German. Standard Austrian

German stands in strong interaction with the Middle-Bavarian dialects, which do not
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distinguish their vowels by the feature [+constricted], but rather by the feature
[+long]'” (Dressler/Wodak 1982, Moosmiiller 1987). Therefore, a sound change in
progress might be at work, changing the vowel qualities of the vowels of Standard
Austrian German. This change in quality will affect the feature [+constricted] in the way
that the [—constricted] vowels /1/, /v/, and /u/ become [+constricted]. By such a change,
not only the vowel system of Standard Austrian German would be reduced, but,
concurrently, the pre-palatal constriction location would be given up (as could already
be observed for the youngest speaker, sp127). The pre-palatal location is acoustically
instable and exploited by only a few languages. Therefore, as soon as a vowel system
shrinks, the palatal constriction location suffices for distinguishing the front vowels.

Phenomena usually termed as coarticulation, e.g. anticipatory lip protrusion or
palatalisation, are found to be processes. In Standard Austrian German, both lip
protrusion and palatalisation start at plosive release and do not affect the
transconsonantal vowel, as long as the transconsonantal vowel and the plosive are
separated by a word boundary.

The vowel /i/ causes a palatalisation of the preceding plosive, resulting in a
plosive configuration similar to the one observed for Russian palatalised plosives.
However, Russian palatalised plosives change the quality of the vowel /i/, whereas in
Standard Austrian German, it is the vowel which changes the plosive. Therefore, such
phenomena are to be described as processes guided by the phonology of the language.

The three places of articulation distinctive for Standard Austrian German plosives
(bilabial, alveolar, and velar) could be discriminated via the transition of F2 when the
preceding vowel was /a/. F2 transition discriminated the alveolar plosive preceding the
vowels /u/ and /o/ from the velar and bilabial plosives. In velar and bilabial contexts, F2
is lower at vowel onset. Preceding the vowel /i/, the bilabial context was discriminated

by all speakers, whilst the differentiation of alveolar and velar context was less secure.

% Whether a feature [tlong] is to be assumed for the Viennese dialect, has still to be

examined.
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Speaking is understood as a social interaction. Therefore, the interactional
situation determines speech behaviour to a large extent. The variability of vowels
depends, extra-linguistically, on the interactional situation and, intra-linguistically, on
the prosodic strength of a given vowel. It is argued that in more informal interactional
situations, speakers do not adopt a relaxed speaking mode, allegedly easing articulation,
but apply the processes adaquate for the given interactional situation. This
argumentation is proved by the examination of articulatory avoidance, where it is the
plan of the speaker to depart as little as possible from the neutral vocal tract configura-
tion. This purpose results in a completely unsystematic variation. Within a given
interactional situation, variation is, however, highly systematic. Consequently, concepts
like e.g. the concept of undershoot or the concept of low cost, are abandoned.

The examination of “fronting” of back vowels further corroborates this
argumentation. In Standard Austrian German, F2 displacements can be observed in the
most formal speaking task — the reading of logatomes — for the vowels /uv/ and /o/. In the
task of reading sentences, displacements of F2 can only be observed for the vowel /o/.
In spontaneous speech, the differences no longer exist. These results strongly suggest
that in Standard Austrian German, F2 displacement is neither a matter of undershoot nor
a coarticulatory phonetic detail, but a process maximising contrast in most formal
speech situations. Therefore, in any phonetic investigation, the phonology of the
analysed language has to be incorporated.

Prosodic strength is expressed by both quantity and quality. Unstressed vowels are
significantly shorter than stressed vowels, in both speaking tasks. However, no
correlation was observed between duration and either F1, F2, or F3. Therefore, duration
plays no relevant role in the qualitative change of vowels. The change in prosodic
strength affects predominantly F2, except for the vowel /a/, which shows a significantly
higher F1 in unstressed positions. It has to be emphasized that a change in prosodic

strength only changes the quality of the vowel, whilst the vowel category is unaffected.
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Primary stressed vowels are distinguished from unstressed vowels by all speakers.
However, the assignment of secondary stress turned out to be speaker-specific.
Secondary stress might either be realised in the same way as the primary stress, or in the
same way as the unstressed position, or as a discrete secondary stress. In the same way,
sentence stress is modeled differently by the speakers, in this way assigning, even on
the segmental level, a specific rhythm to utterances.

From these results, it can be concluded that the final shape of primary stressed
positions and unstressed positions is regulated, and provides the speaker with a frame
within which he or she can move for the modelling or not-modelling of further levels of
stresses. The specific frame is defined by the interactional situation. Therefore, many
speaker-specific differences can be found in those positions which allow the speaker

some degrees of freedom in modelling his or her speech behaviour.
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Appendix

01
02
03
04
05
06
07
08
09
10

11
12
13
14

15
16
17
18
19
20

21
22
23
24
25

26
27
28

Im Gasthaus ums Eck gibt es kostliches Bier.

Bei Radio Lippe wird taglich ein "Held des Alltags" gewahlt.

Durch diese Luke kannst du sehen, wie sich der Kater in der Sonne reckelt.
Die Tiger jagten das Tier, bis es erschopft in der Hecke steckenblieb.

Als Heike Herrn Huber sah, ist sie zu Tode erschrocken.

Schade, dal3 Dreck an diesem Sakko ist, sonst hatte es keinen Makel.
Kannst du bitte diesen Egel aus der Lake entfernen?

Sie versuchte vergeblich, ihren Sohn vor dieser Sekte zu bewahren.

Raube niemals eine Kassa aus.

An den Kusten streifen heimtlickische Kéter herum, die man besser an eine Kette
legen sollte.

Dieses Kipfel, jetzt hat sie doch glatt vergessen, den Koffer zu packen.
Vergil3 nicht, Kreis und Rechteck zu zeichnen.
Herr Klatt wird uns einige Lieder von Schubert singen.

Ich weil3, dal’ die Lage sehr ernst ist, dennoch wirst du deine Karriere doch nicht
an den Nagel hangen.

Ich bitte dich, stecke doch den Rosenstock in das Beet.

Mit dem Rade wirst du bald Griechenland erreichen.

Leider wird er diesmal nichts backen.

Kader Al fur Junioren im Weitsprung ist noch nicht definitiv gebildet.
Hans klaubte Zwetschken und Apfel vom Boden auf.

Die Fotos wird sie bald entwickeln lassen miissen, damit sie sie als Beweismittel
heranziehen kann.

Der neue Mieter will mit Uta Sieke nicht Karten spielen.

Bei diesen wilden Jagden fand so mancher Gote den Tod.

Unsere liebe Ruth hat wieder einmal ein kostliches Essen zubereitet.
Ekel ergriff sie angesichts dieser riesigen Krake.

Aber die Krabbe und die Raupe, die ihr Sohn gefangen hatte, gefiel ihr auch nicht
besser.

1954 wurde Jim's Pier in Texas eroffnet.
Es ist hochst unwahrscheinlich, daf3 dir eine Pause gegeben wird.

Wer kein "0" sprechen kann, sagt Kir statt Kir.
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29

30

31
32

33

34
35

36
37
38
39
40
41

42
43
44

45
46
47
48
49
50
51
52
53
54
55
56

57
58

Du wirst zugeben missen, dal? dieser Kopf ein ausgezeichnetes Modell fir den
Bildhauer ist.

Er suhlt sich in kihnen Deutungen Uber den von einer koniglichen Sippe
gefuhrten Pazifistenstaat.

Sie unterrichtete lange Zeit am logopadisch-phoniatrischen Institut.

In vielen Bluchern wird Uber die Situation der Magde in den Herrschaftshausern
berichtet.

Die Gottin der Liebe sah spoéttisch auf die aus ihrer Sicht doofen Menschen
herab.

Heinz regelt das fur dich, er wird ein Lokal finden.

In einer Stadt sudlich von Freistadt erhob sich eine rege Diskussion uber die
Bedeutung verschiedener Kafer.

Giel3 doch bitte mal die Blumen, aber driick dabei nicht das Unkraut platt.
Kannst du bitte mit Gabel und Messer essen!

Die Milch geht zur Neige, wir haben nur noch einen Liter.

Unsere Ratte hat schon wieder das Kabel angeknabbert.

Sie probiert aus, ob diese subtilen Unterschiede relevant sind.

Mit Pflug und Egge wird die Aussaat vorbereitet, mit Egge, Walze und Hacke fir
gute Wachstumsbedingungen von Getreide oder Feldfriichten gesorgt.

Der Apfelsaft wird immer triiber, je langer er steht.
Mit einer Leiter kannst du das Blatt vom Baume holen.

Im Zoo finden wir Kamele, Luchse, Fuchse, Ottern, Widder, Vogel, Ziegen und
viele andere Tiere.

Rate mal, wen ich gestern in der Oper getroffen habe.

Die APA berichtete Gber den Film "Die Haupter meiner Lieben".

Sein Sternzeichen ist Widder, daher fihlt er sich doppelt stark.

Da ist die Donau, da kommt er bestimmt nicht druber.

Hast du schon neuen Mate Tee gekauft?

Als sie den Tisch deckte, vergal? sie fast, den Zucker in die Dose zu geben.
Der Ober erschrak uber die tote Made im Salat.

Leider hab ich vergessen, die Arbeitsblatter des Buchs zu bestellen.

Herr Dr. Siepe wird deiner Krankheit zu Leibe riicken.

Dieser Weg, der in die Leopold Faust — Gasse filhrt, ist mit Kies bestreut.
Treck Informationen gibt es vierteljahrlich in dieser Zeitschrift.

Die Verstandigung der Staaten wird heute zu Grabe getragen, mokiert sich der
Politiker.

Sie hatte sagen mussen, dal} sie sich einen Zopf flechten méchte.
Ein weiterer Nahost-Gipfel wird ndchstes Monat stattfinden.
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62
63

64
65
66
67
68
69

70
71
72
73
74
75
76
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Die Trauben mussen durch mehrere Siebe gedriickt werden, damit der Saft auch
wirklich rein wird.

Mit Gier wirst du kaum bekommen, was du gerne kaufen méchtest.

Sie mussen das Mieder nicht bar bezahlen, es ist aus reiner Seide und daher
sehr teuer.

Hierbei handelt es sich um eine unmdgliche Form von musikalischer Darbietung.

Der zweitgrof3te niederlandische Pharmakonzern hat die Vitamin-Division von
Roche Gbernommen.

Im Griechischen heif3t "Greis" géron.

Das Paar hatte sich in Leipe, einer kleinen Stadt in Deutschland, niedergelassen.
Die EisengielRerei von Meuselwitz bietet Produkte aus einem Gul3.

Gib doch bitte mal dem Schaf das Fultter.

Zwei Dukaten vergal3 der Prinz in dem Motel.

Im Servicecenter "Heim und Garten" konnen sie wunderschone Gartenmadbel
kaufen.

Zind ja nicht das Haus an, wahrend ich das Buch zur Post trage.
Heinz glaubte noch immer nicht, daf3 die Hupe des Puchs funktioniert.
Es kriechen winzige Maden im Speck.

Mit Kassaschlul? missen alle das Geschaft verlassen.

Im Hintergrund agiert der Sekretar des Finanzministers.

Hast du schon Kdder fur den Fischfang gekauft?

Der Herzog ritt nach Ried, wo er dem Pfarrer riet, sich aus der Politik
rauszuhalten.
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