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SUPRASEGMENTAL TRANSCRIPTION *

NINA GRZNNUM THORSEN

This chapter deals with problems in the transcription of dura-
tion/length, stress, and intonation whereas tones in tone lan-
guages are left out of consideration. The emphasis will be on
theoretical issues and rather less space will be devoted to
purely technical/notational aspects. I shall also sidestep the
more philosophical issue: what it is to transcribe at all. In
other words, I am assuming a consensus about both the necessity
and the feasibility of transcribing suprasegmental phenomena,
but I will discuss such problems as degree of abstraction, de-
scriptive or prescriptive transcription, validity and reliabili-
ty, and reader target groups.

You will note that I have chosen to understand by "supraseg-
mental" the rather strictly linguistic phenomena. Thus, voice
quality (which may, in fact, serve distinctive, linguistic pur-
poses, cf. Ladefoged, 1980) and the various other aspects of
speech production (1ike variation in Toudness and tempo, pauses,
etc.) which are a necessary part of discourse analysis, are

left out of consideration here. They are treated in separate
chapters in this volume.

Even though prosodic analysis has received considerable atten-
tion in the literature over the past decade or two, relatively
little has been published about suprasegmental transcription,
whereas - in later years - a number of publications have dealt
with the transcription of segments. To a large extent, of
course, segmental and suprasegmental notation pose the same type
of general problems (validity, reliability, target readers,
etc.) which have accordingly been treated in the literature,
and which are also the subject of Vieregge's and Tillmann's
contributions to this volume. Left to me are those considera-
tions which are specific to transcribing length, stress, and
intonation.

If I have anything to say at all that will not be trivial to
most readers, it is that I do not think it meaningful to tran-
scribe a language or a dialect without knowing (speaking) it,

- - -

*) Contribution for a book about phonetic transcription to ap-
pear as Beiheft der Zeitschrift filir Dialektologie und Lin-
guistik, edited by Antdnio Almeida and Angelika Braun.
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at least rudimentarily, and that a useful transcription must be
based on some (hypothetical) model for prosody in the language
in question. (In fact, some notational systems - particularly
the 'digitalized' ones - have implicit in them such a model,
but the model is often not defended on independent grounds, so
that the notation becomes the model becomes the notation....)
Transcribing without knowing the speaker's intention may be a
good exercise in ear-training but the output is rarely of any
use for linguistic purposes. Thus, it is entirely possible to
transcribe in such a way that the notation may be said to re-
present acceptably the "noise" on one's tape, but a speaker of
the Tanguage, whether phonetically trained or not, will not be
able to recognize the message behind the transcription. A few
examples will illustrate my point. Speakers of a language

that has high rounded front vowels will be tempted to tran-
scribe some of the very fronted varieties of (British and
American) English /u:/ as [v:] or [y-:]. This is quite adequate
phonetically, but it makes no sense to the native speaker, who
would probably choose to modify the [u:]>[u*:]. Most foreigners
transcribing Danish will render Danish /&/ as [%¥]. Again, this
can be defended phonetically, since Danish /&/ lacks friction,
i.e. it is phonetically a sonorant, and it also has a rather
considerable velarization. True, there is no contact between
apex and/or tongue blade and the alveolar ridge in Danish /3/,
but this is also true of many varieties of velarized [%].

If the Tistener is not familiar with the phonetic cues to
stress in the language he is transcribing, he may place his
stress marks on the wrong syllables. Thus, I have seen tran-
scriptions of Russian which consistently had stress marks on
the syllable immediately succeeding the one which the speaker
intended to be stressed. The post-tonic syllables carried the
relatively highest pitch, and it is not unreasonable to associ-
ate this tonal prominence with stress, unless you are aware
that there are other cues to stress in Russian, namely vowel
duration and vowel quality. A further difficulty in a com-
pletely "naive" transcription is the lack, or the arbitrari-
ness, of word boundary assignment. A model for prosody ensures
that the transcriber has at least been obliged to consider the
number and type of elements which make up the prosodic system
of the language, and he will also have had the opportunity to
consider how these elements interact in their phonetic mani-
festation. (Needless to say, some or all of these preconceived
ideas may have to undergo revision, as the transcription and
analysis progress.) For one thing, this will prevent an
otherwise rather common confounding of stress and intonation,
in languages where one of the cues to stress is pitch varia-
tion. It is also evident that transcriptions of suprasegmental
phenomena should rest upon a theoretical basis when they serve
comparative and/or didactic purposes, i.e. when they are in-
tended for other linguists or for language learners. - The
importance of knowing why and for whom you transcribe, where
segmental notation is concerned, is treated by Martinet (1946).
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There are two more provisos in this chapter. I am assuming
that the transcriber is an experienced one and that she is
transcribing tape-recorded speech. Problems specific to field
work with informants, without recourse to taped material, as
well as problems that arise due to lack of sophistication in
the transcription, are dealt with in Rischel's contribution.

I also wish to state something which is repeated in the various
sections, but which is important enough for the exposition as

a whole to deserve to be underlined here: I believe prosodic
transcription to be a vastly more complicated task where spon-
taneous speech is concerned as compared with read, or other-
wise monitored, speech material. This is primarily because
duration and stress variation will be shaded to more and finer
degrees, to suit the pragmatic purposes of enunciation. We may
also expect that the pitch patterns characteristic of monitored
speech will be less explicit in a situational context, where
they are not alone in carrying the communicative burden.

Finally, the reader should note that I do not - in this chapter
- restrain myself to the conventions of the International
Phonetic Association, mainly because the guidelines laid down
in the IPA-conventions are not sufficient to meet the demands
of all the rather different prosodic systems one may encounter.

LENGTH

Length or duration of sounds is a relative measure. This is a
trivial observation and we never attempt to mark absolute dura-
tions. But for a given rate of delivery, a given speech tempo,
some sounds are longer than others. Several factors contribute
towards this variation.

PHONOLOGICAL DISTINCTIONS

The Tanguage may have a phonological distinction between short
and long sounds. Some languages know only of short and long
vowels. In Danish, the majority of the short/long vowel pairs
have identical quality. Thus, e.g. [vi:la]/[vils] and [kPu:ls]
/[k™uls] ('to rest/wild' and 'ball/cold'). In English and Ger-
man the short vowels have a more centralized quality. Thus,
e.g. [bi:d/bid] and [wu:d/wed] ('bead/bid' and 'wooed/wood');
[bi:ten/biten] and [fpu:ken/fpoksn] ('to bid/to ask' and 'to
haunt (the place)/to spit'). In the latter case, you may choose
to indicate both the durational and the qualitative differences,
as I have done here. But one may also wish to introduce a cer-
tain degree of abstraction, according to the phonological ana-
lysis of the vocalic systems of, in casu, English and German.

If the length difference is considered phonologically primary,
the qualitative differences may be omitted in the transcription
(to render [bi:d/bid - wu:d/wud - bi:ten/biten - [pu:ken/
fpukan]); and vice versa, if the qualitative difference is con-
sidered primary, the length mark may be omitted from the long
vowels (to render [bid/bid - wud/wed - biten/bitsn - [puksn/
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fpokan]). (Note that I am not here discussing the criteria

by which you arrive at one or the other solution, whether they
be purely phonological/historical or based on auditory cues to
the identification of vowels in the language.) The choice of
transcription will also depend on the target readers. Germans
learning English may not need to be reminded of the difference
in quality accompanying the difference in length (or vice versa),
whereas it is essential to Danish learners of both English and
German to be made expressly aware of the centralization of the
short vowels. Mixed into, or cutting across, these considera-
tions of the degree of abstraction away from the physical re-
ality and of the choice of feature to be considered redundant
is the question, whether the transcription is to be purely de-
scriptive or prescriptive/normative. Into these considerations
is also mingled a decision about how broad the transcription
is to be, in terms of geographical area, i.e. whether more
than one variety of the language is to be encompassed. For
example, a transcription which is to represent both Standard
North German and South German will disregard the qualitative
difference in the long and short vowels (South German does not
have the centralization of the short vowels which is charac-
teristic of North German). On the other hand, a prescriptive/
normative transcription, such as one would write in a pro-
nouncing dictionary which indicates the pronunciation to be
recommended for foreigners, will want to point to precisely
this difference between the Standard German and other norms.

A number of languages also have long and short consonants.

In Swedish and Italian, vowel and consonant length are in
complementary distribution in stressed syllables, i.e. a long
vowel is succeeded by a short consonant, and vice versa. Thus,
Swedish [vi:la/vil:a] and [fe:t/fet:] ('to rest/villa' and
'fat (adj.)/fat (sb.)') and Italian [e:ko/ek:o] and [fa:to/
fat:o] ('echo/here' and 'fate/fact'). In Swedish the short
and long vowels may differ only slightly in quality (this is
true of short and long /i/) or considerably (this is true of
e.g. short and long /u/). Here again, one may choose to note
the duration of both vowels and consonants (as well as the
qualitative differences in the vowels), or one may consider
the variation in consonant duration to be a concomitant fea-
ture of vowel length and thus leave consonant duration un-
specified, or vice versa, depending on the analysis. (The
facts of Swedish and Italian phonology are more complicated
than one would be led to think from these examples, but that
is of no consequence for the present exposition.) In a lan-
guage like Finnish any combination of short and long vowels
with short and long consonant may occur. Thus [muta/mut:a/
mu:ta{mu:t:a] ('mud/(something) else/but/without (something)
else').

Needless to say, phonological distinctions in length must be
captured by the transcription, irrespective of its purpose or
target group. In the examples above I have employed the IPA
convention for marking length, a colon after the sound in
question. This gives you the opportunity to modify the nota-
tion of "halflong" sounds, which are marked with only one dot.
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Likewise, "overlong" sounds may be noted with double colons
(::). The distinction between short, long, and overlong may

be phonological. Thus, in Estonian [sada: - sa:da- - sa::da]
and [lina: - lin:a: - lin::a] ('one hundred/send®(2. ps.sg:’
imp.)/(to) become' and 'linen'/genitive of 'town'/illative of
"town'). The half-length on the word final [a-] in the first
two words in each series is determined by the structure of the
preceding syllable - it is a bound variation (Diana Krull, per-
sonal communication).

There are other ways to mark length, of course. You may double
the symbol of the long sound (e.g. Danish [viils]). However,
insofar as each vowel symbol traditionally constitutes a syl-
lable, this is not the most fortunate of conventions, unless
one or the other of the two be marked for non-syllabicity
(e.g. [viils] or [viils]). I do not know of any non-arbitrary
way to decide whether the first or the second part of the long
sound is the best candidate for this semi-vowel status, since
it does not make any sense phonetically unless the vowel is
actually diphthongized. The gemination of symbols may, how-
ever, be adequate in a phonological transcription where, 1ike-
wise, one may find long vowels denoted as a sequence of vowel
p]us)consonant (/w/, /3/s /h/ - see, e.g., Trager and Smith
1957).

STRESS

Another factor which influences the relative duration of sounds
is stress. Sounds - particularly vowels - are longer in stres-
sed syllables than in unstressed ones, ceteris paribus. The
lengthening of vowels in stressed syllables may be particular-
ly pronounced in languages that do not have a phonological
distinction between short and long vowels, 1ike Spanish and
Portuguese. Thus, Portuguese ['fa:brike/fe'bri:ke] ('factory/
(he) manufactures'). Insofar as these durational variations
are one of the auditory cues to the identification of stress,
we may wish to indicate them in the transcription. On the
other hand, if the transcriber and the reader, both, are famil-
iar with this effect of varying the duration of vowels accord-
ing to the degree of stress, such a notation may be considered
redundant, and the extra length be contained within the stress
mark. See further below.

SENTENCE ACCENT

In Tanguages where sentence accent is an obligatory phenomenon,
sounds may be extra lengthened in the syllable which receives
this special prominence. That is, a stressed syllable will
have even longer sounds, ceteris paribus, when it occurs under
sentence accent. Thus, English [#8s 'bia-k *bz::d / 8s 'b3:d
iz *blz:k] ('the black bird / the bird is black' - the star
denotes the sentence accent, see further below). However, the
extra length may also be omitted and considered part of the
realization of [*].
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POSITION

Position in the utterance is another variable. A number of
languages have final lengthening. The sounds in the last syl-
lable(s) before a phrasal (or stronger) boundary are longer
than in other positions, ceteris paribus. This will be most
apparent in syllables which are not already lengthened for
other reasons, e.g., in unstressed syllables. Thus, English
[35 'jeloo *b3::d / 8> *b3::d 1z 'jelo-d+] ('the yellow bird /
the bird is yellow'). Again, one may wish to note this
lengthening or not, according to the purpose of the transcrip-
tion and the degree of sophistication of one's readers (that
is to say: their degree of familiarity with the language).
Thus, it is useful to mark final lengthening in the teaching
of English to Danes who lack this phenomenon in their mother
tongue.

PHONOLOGICAL SURROUNDINGS

Phonological surroundings also interfere. There are languages
where vowels are perceptibly longer before voiced consonants
than before unvoiced ones. This is true of, e.g., English and
French. Thus [bi:d/bi-t] and [ze-1z/xe1s] ('bead/beat' and
'raise/race'); [gse-v/geef] and [so-g/wok] ('strike (sb.)/
scion' and 'roe/rock'). However, the degree to which the
voicing of homosyllabic succeeding consonants lengthens the
preceding vowel (and possible intervening sonorant consonants)
is Tanguage specific. Thus, the lengthening is much more pro-
nounced in English than in French. It is, once more, a matter
of choice and evaluation whether these durational variations
are to be captured in the transcription. If one is comparing
English and French, e.g. for didactic purposes, it may be of
the utmost importance for both sets of learners that the tran-
scription of English clearly indicates the more considerable
lengthening before voiced consonants, compared with French.

INTRINSIC DURATION

Intrinsic duration is the term given to the phenomenon that
certain sounds are inherently longer or shorter than other
sounds, ceteris paribus. For instance vowels with high tongue
/jaw position are shorter than vowels with Tow tongue/jaw
position. Fricatives are longer than unaspirated or weakly
aspirated stops, ceteris paribus; apical consonants are shorter
than at other places of articulation, etc. These durational
variations go completely unnoticed by the Tistener. Either
because they are below the 'just noticeable difference' for
duration of speech sounds, or because of compensatory per-
ceptual mechanisms. Thus, every listener is also a speaker,
and as such she "knows" that in the production of a certain
(sequence of) sound(s) an intended sameness in duration is
blurred by constraints in the peripheral speech production
mechanism, and she therefore overhears, ignores, the (not
inconsiderable) difference in duration between, e.g., high
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and low vowels. (This difference is of the order of magnitude
of 50 msec, and thus well above the difference 1imen for dura-
tion.)

It should be clear from the above that the choice of framework
for notation of duration is heavily influenced by one's ana-
lysis and the reader target group. Thus, a lot of the variation
in duration may be rule governed and can be taken care of in
the introductory notes to one's transcription, provided the
rules have been discovered and can be formulated clearly (which
of course presupposes an earlier stage in the analysis with a
narrow transcription which includes all the perceptible dura-
tional differentiation in the material). The extreme case of
abstraction or simplification is the purely phonological tran-
scription.

PERCEPTUAL ILLUSIONS

When we transcribe segments we are prone to perceptual illusions
as well as phonetic/phonological expectancy, cf. Oller and
Eilers (1975). It is perhaps less evident that "we hear what

we expect to hear" where duration is concerned. This would mean,
for example, that we perceived a long vowel when a short vowel
was actually pronounced, or vice versa. I know of no empirical
data to support my contention, but I think it much more 1likely,
given my experience with Tistening to e.g. Danish spoken by
foreigners or by hearing-impaired speakers, that deviations from
the expected durational norm are noticed as precisely such by
native speakers of a language. This is undoubtedly true when
phonological distinctions are thereby lost, but also such phe-
nomena as the wrong amount (whether too much or too little) of
lengthening of sounds in stressed syllables, in sentence accented
syllables, or in pre-phrasal boundary syllables are noticed by
native speakers of a language. Thus, Englishmen and Swedes
react to Danes and think their English or Swedish speech abrupt
because, inter alia, Danish does not have final lengthening as
part of the prosodic system. I wish to claim that native
speakers of a language have a high sensitivity to those dura-
tional phenomena which are part of their prosodic system. But
it is equally true that listeners in general are deaf to dura-
tional phenomena in foreign languages which do not occur in their
mother tongue. Thus, Danes have a hard time perceiving long
consonants, which do not occur in Danish, except across word
boundaries. We are likewise insensitive to final lengthening,
and durational variation due to voicing in succeeding consonants
may also be troublesome for a Dane. This only goes, of course,
for naive Tisteners. One of the distinctions of a phonetically
trained, experienced transcriber is that she is much less re-
strained by the phonological system of her mother tongue and
less prone to suffer from the phonetic/phonological expectancy
syndrome.

Reliability of length notation can best be checked by the degree
of consensus reached by a group of trained transcribers. Acoustic
analysis may be of some aid, but does not solve any and every
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dilemma, because it is true of duration - as of other phenomena
- that the relation between acoustics and perception is not
bi-unique. Listeners are bound by perceptual limitations and
by the indoctrination which being simultaneously speaker and
listener subjects us to. Another check on the reliability and
validity of one's transcription would be to try and synthesize
the transcribed text in a speech synthesis system where intrin-
sic durational variation is supplied "internally", i.e., by

the system itself. Gross discrepancies between the original
speech and the re-synthesized version are 1likely to be detected
that way. Such a check will always, however, be reserved for

a few test cases. First of all, you need access to synthesis
facilities and, secondly, it is a time consuming procedure.

STRESS

Stress is a far more controversial phenomenon than length/dura-
tion. Among other things because the articulatory, acoustic,
and perceptual cueing of stress is not one-dimensional. Length
has one correlate, namely time, but stress has several. Rela-
tive prominence of one syllable over others may be achieved by
variation in fundamental frequency!, in duration, in sound
quality, and maybe in intensity/loudness, or by any combination
of these parameters, cf. Berinstein (1979). Not only is the
cueing complex but our perception of prominence is heavily de-
pendent on expectancy and on a semantic/syntactic analysis of
what is being said, i.e. on the understanding of the utterance.
It is also my experience that stress is one of the hardest con-
cepts to teach people. Thus, it is difficult - in e.g. a class
of first year language students - to reach a consensus among
native speakers of Danish about the number, let alone the loca-
tion, of the stressed syllables in short Danish utterances, and
the bewilderment increases when they are dealing with a foreign
language. I am speaking here only of recognition of stressed
versus unstressed syllables. The task becomes nearly hopeless
when such practically linguistically naive listeners are re-
quested to distinguish more than two degrees of stress.

STRESS VARIATIONS

These observations will collide with the apparent confidence
with which many writers about (American) English phonology and
prosody operate with stress variations involving four (or more)
degrees of relational stress (see e.g. Bloch and Trager 1942,
Trager and Smith 1957, and Liberman and Prince 1977). The
phonetic reality of these analyses is seldom, if ever, put to
any empirical test, and the one experiment (Lieberman, 1965)
which tests the ability of a trained linguist to hear stress
gradations when he could not resort to a Tinguistic analysis,
goes largely unnoticed. The outcome of Lieberman's experiment
was that when utterances are stripped of their content (through
a synthesis procedure which replaces the original signal with

a series of [a]'s, retaining the amplitude and F_ contours of
the original) a trained linguist could only reliably recognize
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the stressed and unstressed syllables. Reduced main stress
and secondary stresses went largely untranscribed. This is

in contradistinction to the transcription of the complete
utterances, where four stress degrees were recognized accord-
ing to the Trager and Smith (1957) tradition (main stress,
reduced main stress, secondary stress, and no stress). Lieber-
man suggests that only two degrees of stress may have acoustic
correlates independent of vowel quality. This is in accord
with my own qualms about perceiving stress gradation beyond
two degrees, in non-emotional, pragmatically neutral speech.
(I disregard the special prominence attached to the 'sentence
accent' in languages where this is a relevant parameter, see
further below.) Danish phoneticians are perfectly able to
assign four degrees of syllable weight in Danish compounds,
for instance. Thus 'landmand™ ['lanman’] ('agriculturer' -
literally: 'landman') has the word stress on its first syl-
lable, whereas the second member of the compound is subjected
to a stress reduction, which is mainly signalled through the

F, contour. It behaves tonally Tike an unstressed syllable,
1ike in 'landlig' or 'landet' ('rural, the country'); that is
to say: F, rises immediately after the stressed syllable, and
the secong syllable lies at the peak of a rising movement,
which then falls again if more unstressed syllables succeed.
You will note that the sted? of 'mand' in 'landmand' is re-
tained. In 'landmandsliv' ['lanmansli’d] ('rural life'), the
second syllable is further reduced through its loss of sted,
and if we add the definite particle: 'landmandslivet' ['lan-
mansli’usd], it is not without meaning to speak of four de-
grees of syllable weight, as follows: 1 3 2 4, where the dis-
tinction between the Towest degree (4) and the higher ones is
carried by the distinction non-full vowel quality versus full
vowel quality, and where the distinction between the highest
degree (1) and the lower ones is carried by the course of Fj.
The distinction between the two intermediary degrees may have
an acoustic correlate (presence versus absence of length and/or
sted), but not invariably, i.e. not if the syllable in question
has a short vowel and never takes sted. Thus, there is prob-
ably no acoustic distinction between the second syl]ab]e of
'"landluft' and tryk]uftbor‘ ['lanlofd] and ['tmaglofdbozx’]
('country air' and 'pneumatic drill' - Titerally: pressure-
air drill') which can be directly referred to a difference in
stress (2nd versus 3rd degree). However, it is possible that
differences may occur which have to do with the different number
of unstressed syllables (one versus two) - i.e. differences
which are not specific to specific types of composita. Insofar
as Danish Tisteners would still assign different syllable
weights to the two 'Tuft's, my claim is that such an analysis
derives from a knowledge of the syntactic composition of the
word. - I have carefully avoided the term 'stress' here, be-
cause I expressly do not think that we are dealing with four
degrees of stress in words 1like 'landmandslivet' or in
'élevator-operdator' (which would digitalize into 14342 4 3
4), to quote a famous example from Bloch and Trager (1951, p.
48). The listener's experience - in neutral speech - of some
syllables as heavier than unstressed but Tighter than main
stressed may be a real one, but it derives from properties in
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the speech signal which are not independently controlled by

the speaker, in the same way the difference stressed/unstressed
is. The sensation of a further gradation is a by-product of
the segmental and syntactic composition of the word/phrase/
utterance. In other words, the purportedly suprasegmental
hierarchies of generative phonology (e.g. Chomsky and Halle,
1968) and metrical phonology (Liberman and Prince, 1977) are
syntactic, not prosodic, ones. Furthermore, the lack of a bi-
unique syntactic/prosodic relation makes it impossible to read
off the syntactic structure directly from the prosodic surface
manifestation (the distribution of stresses of varying degrees),
as also pointed out by Rischel (1972). Simultaneously I wish
to say, though, that I think this is something which deserves
empirical verification in a somewhat larger-scale experiment
than Lieberman's (1965) one.

You will note that I have carefully avoided to note anything
but the main stresses in the examples given above. This is in
1ine with the claim that lower degrees of stress are deductible
from the syntactic and segmental make-up of the word or phrase.
However, it is of course perfectly possible to mark a perceived
syllable weight between main stress and no stress, and even to
make a gradation 1ike in ['lan,mans, 1i’usd]. There are also
other means than vertical strokes to note stress. Accent marks
above the vowels are quite common, as in Bloch and Trager (1951)
‘élevdator-operator', and may be a good solution for its typo-
graphical simplicity and for the fact that one does not have to
make any decisions about syllable boundaries. On the other
hand, the same accents are used in the notation of syllable
tones or word tones, and insofar as tones and stress may exist
simultaneously in a language, as is certainly the case in
Norwegian and Swedish, a confusion between tones and stress

may arise. If the transcription indicates more than two de-
grees of stress, digitalization is possible, although I think
that it much too easily effects an impression in the reader

of absolutes and objectivity, notions which have no foundation
in physical facts.

When speech is transcribed from spontaneously spoken texts -
where the semantic and pragmatic context determines a variation
in prominence among the stressed words, i.e. among syllables
with main stress - the question of how many degrees to take
down in the notation becomes more preponderant, but I do not
know how to answer it non-arbitrarily.

Before I proceed, I want to point out that stress is apparently
not a relevant parameter - neither phonologically nor phonetic-
ally - in all the languages of the world. It is hard to assign
any independent meaning to stress in Greenlandic, for instance.
In other words, there is no systematic variation in segment

and syllable duration beyond that conditioned by syllable struc-
ture and syllable sequence. Likewise, there is no systematic
variation in Fgy, except that the three final morae before a
phrase boundary are characterized by a (high-)low-high Fy pat-
tern, which lends a certain prominence to the antepenultimate
(Mase 1973, Mase and Rischel 1971, Rischel 1974, p. 91ff,
Jacobsen 1986).
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SENTENCE ACCENT

We will return now to lTanguages that have sentence accent as
an obligatory feature of their prosodic systems. The phe-
nomenon has many names: sentence accent, sentence stress,
primary accent, primary stress, nucleus, nuclear accent, focal
accent, tonic, Satzakzent. There is not complete agreement
across authors and languages about neither the semantic/prag-
matic function, nor the phonetic manifestation of sentence ac-
cent (which is the cover term I employ here), but - roughly
speaking - it is the label given to the somewhat greater prom-
inence attached to one stressed syllable over other stressed’
syllables in a phrase or an utterance. The greater prominence
is generally achieved by a more elaborate F, movement and
greater duration than in the surrounding stressed syllables.
If nothing else is specified by the context, this extra prom-
inence will be located on the Tast lexical item in the phrase
or utterance. Languages which Tack sentence accent as an
obligatory prosodic element, such as Standard Danish, do not
have any special phonetic prominence attached to the last or
any other lexical element in the phrase or utterance in non-
emotional, pragmatically neutral speech.

I will not be concerned, in the following, with the function
of sentence accent, whether or not it focalizes semantic ma-
terial, to what extent it reflects a theme/rheme structure,

or what (pragmatic and other) rules govern its occurrence for
the speaker. I will 1limit myself to a discussion of the per-
ception and transcription of sentence accents when and where
they occur, regardless of the why's and wherefore's. - The
perception of sentence accent is not as straightforward as

one may be led to believe from the description of the phenom-
enon given in most textbooks and introductions to the phonet-
ics of specific languages. Thus, Brown et al. (1980) describe
two experiments, where trained phoneticians, linguists and
professional language teachers - who were all familiar with
the concept of tonic - marked tonic placement in a set of
Scottish English sentences, read aloud and in spontaneous
speech, respectively. The disagreement across transcribers
about both number of tonics and their placement was rather
remarkable, even in short utterances. Thus, in the read sen-
tence 'There is my house' (where acoustic analysis revealed
"there' as having the highest F,, the Targest F, movement and
the highest intensity) 12 judges marked 'there' as the only
tonic, 14 marked 'house' as the only tonic, and 3 judges marked
both 'there' and 'house' as tonics. The authors conclude about
the read sentences, inter alia, that "In no case, even in two-
word sentences, was only one tonic identified. In all cases
the judges, between them, identified at least two tonics and
usually three, four or five. Any item perceived as stressed
seems to be at risk. Judges reported that they found the task
a very difficult one - this was true even of seasoned phone-
ticians who have been teaching intonation for years." (p. 146).
In the spontaneous speech material, the phonetic cues to
tonicity (as defined by the authors: F, peak and range, and
intensity) tend to cumulate on one item, and the judges, con-
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currently, identify fewer tonics and also disagree less. In
the read material it appeared that the last lexical item con-
stitutes the default case since "it is regarded as being the
tonic by right of being the last lexical item if some other
item is not heavily marked phonetically as being in competi-
tion." (p. 146). In contradistinction, in the spontaneous
speech material, the authors conclude that where contrast
(determined by the semantic and pragmatic context) is involved,
“only phonetic cues are available to mark it. The ponetic
cues therefore cumulate on this item and the judges regularly
recognise only one tonic, the contrasted element, even in a
long structure." The first observation lends justification

to the prescription of sentence accent finally in context-
free, neutral sentences, for learners of the language. The
second observation indicates that contrast may justifiably be
considered a phenomenon different from focalization and rheme-
signalling, see further below.

In the examples given in the section on length above, I marked
the sentence accent with a star. This is to indicate that it
may be advantageous to consider sentence accents as being dif-
ferent in kind, rather than just in degree, from stressed syl-
lables in general. I will try and justify this position in
the following, but wish to point out right away that this is
an area where a good deal of empirical research is called for,
and it may turn out that my claim is not tenable. First of
all, the perception of sentence accent need not be triggered
by any phonetic cues at all, cf. Brown et al.'s results above
and their conclusion about last lexical items. Secondly, it
is said about British English in numerous publications, e.g.
0'Connor and Arnold (1961), that no accented syllables can
follow the nucleus. Thus, in their description, a distinction
is being made between accented syllables, which are stressed
syllables that are also made prominent by tonal means (a skip
up or down or an extensive movement), and stressed syllables
which have no such tonal prominence. And their claim is that
the nucleus can be preceded by accented (tonally prominent)
syllables but accented syllables cannot succeed it. This makes
the nuclear accent distinct from other accents and stresses
which do not constrain their surroundings in this manner.
Unfortunately, I know of no empirical acoustic evidence for
these statements, and they are also somewhat at odds with the
Brown et al. (1980) conclusions. If nuclear accents were so
unambiguously signalled they ought not to be so hard to reach
a perceptual consensus about. We may be dealing here with a
rather characteristic difference between prescriptive and de-
scriptive analyses: the prescriptive analysis which serves
didactic purposes represents an idealized picture of reality,
which is often more complex than the prescription would have
you believe. - On the other hand, there are data from German,
an acoustic analysis of a material read aloud, that do bear
out my initial statement about sentence accents as a special
phenomenon. Bannert (1985) publishes F_ tracings of German
sentences which clearly demonstrate tha? stressed syllables
before the Satzakzent are associated with F, movements, they
are accented, but stressed syllables after it run smoothly to
the end of the utterance without any F, deflections. The
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Satzakzent itself need not have any particularly elaborate

Fo excursion. The German material was read sentences, which
furthermore were presented in a context that left no choice
on the part of the readers as to Satzakzent assignment, as
opposed to the Brown et al. sentences which were presented to
the readers without any context. This may account for the
ambiguous acoustic and perceptual results from Scottish Eng-
1ish.

To conclude about sentence accent: I believe that in non-
emotional, neutral speech, controlled for semantic and prag-
matic effects, sentence accents can probably be recognized by
the phonetic cues supplied by the speaker, i.e. increased du-
ration and increased F, excursion, and by the lack of any Fo
perturbations after it. I also believe that it is a phenome-
non apart from ordinary stress, and should be noted as such,
by a special symbol in the transcription. The German sentence
'Der franzdsische Kdnig war ein launischer Geselle' (in answer
to the question 'Was fiir ein Geselle war der franzdsische
Konig?') would transcribe as follows: [dee fsan'tsg:zife
'kPg:n1¢ va aIn *laonife gsa'zela] (the example is from Bannert
1985 and translates as follows 'The French king was a moody
fellow.'). Note that such a transcription involves a good
deal of abstraction. It requires an understanding and inter-
pretation of what is being said, and relies on the presence of
a context. It does not indicate the difference between stres-
ses before and after the [*], but see further below. - I am
less sure that sentence accents can be easily defined and per-
ceived in spontaneous speech, as an 'otherness', i.e. as a dif-
ferent category, in relation to stressed syllables in general
(cf. the Brown et al. 1980 results).

EMPHASIS FOR CONTRAST

Emphasis for contrast, or simply contrast, is another phenome-
non within the realm of neutral speech, i.e. speech devoid of
any particular speaker attitude or emotion, though it does de-
mand a context, as the term implies: one of the words in an
utterance is contrasted with an element which is explicitly
mentioned or is implicit in the larger textual context.

From Jones (1960) we learn that "Contrast emphasis is expressed
mainly by intonation. The special intonation may be accompa-
nied by extra stress or length, but these are secondary."

(§ 1047). It further appears from his text and examples that
the F_ movement associated with contrast is more extensive than
that 9ssociated with sentence stress and that "the only syl-
lable with a really strong stress is the stressed syllable of
the emphatic word. Other syllables may have a medium or fair-
ly strong stress, but they have the intonation of unstressed
syllables." (§ 1050). Bannert (1985) also notes that contrast
is associated with larger F, movements than Satzakzent. He
does not say, but it appears from his figures, that there is

a further difference between Satzakzent and contrast: the Fo
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movements preceding the contrasted syllable are partially sup-
pressed or completely deleted, so the only clear F, excursion
is the one associated with the contrast. That ties up with
Jones' observation quoted above, and is similar to results I
have obtained in an analysis of emphasis for contrast in short
utterances in Danish (Thorsen, 1980): Emphasis for contrast
will make the stressed syllable of the emphasized word stand
out clearly from the surroundings, which is brought about by
an Fy raising of and/or an elaborate F_ rise within that syl-
lable and by a deletion of the F_. defléctions in neighbouring
stress groups, to the effect thaf the immediate surroundings,
except the first post-tonic syllable, fall away sharply from
the emphasized syllable. In an informal experiment with LPC-
synthesis of the sentence 'Det er sidste bus til Tiflis'

[de:e 'sisds 'bus t%e 'tSiflis] ('It is the last bus for Tif-
11s.') I féund°that it is the shrinking of the F, movements
associated with 'sidste' and 'Tiflis', rather than the higher
location in the frequency range associated with 'bus', that
will make 'bus' appear as the contrasted element.

The semantic distinction between sentence accent and contrast
emphasis is not always clearcut, there will be many instances
in spontaneous speech where one cannot decide whether a par-
ticular prominence is to be classified as one or the other,
because phonetic and contextual cues are open to both inter-
pretations. But when the distinction can be made, emphasis

for contrast and sentence accent should be transcribed dif-
ferently. Again, I think it is appealing to treat emphasis

for contrast as being different in kind from stress in general,
mainly due to its effect on surrounding stressed elements.

In English and German, for instance, where stressed and ac-
cented syllables are distinguished, contrast emphasis de-
accents both preceding and succeeding stressed syllables. In
Danish, it would be possible to operate with a similar distinc-
tion, namely between stressed syllables which are associated
with F, changes and such that are not. This would be an inno-
vation in the terminology in Danish phonetics and phonology.

It is customary to speak of main stress and secondary stress,
in which case one would say that emphasis for contrast in
Danish leads to a reduction to secondary stress of the stressed
syllables surrounding the emphasized element. In either case,
the de-accentuation or destressing of the surroundings can be
deduced from the presence of the mark for contrast, so it may
still be appropriate to transcribe the Danish example given
above as follows: [de:e 'sisds *bus tSe 'tSiflis]. It is
equally possible to°note the°chafige in the surroundings, and
for this purpose the Towered stress stroke may be used:

[dete ,sisde 'bus t e  tSiflis]. That would make the German
méody king°withi sentence accent and contrast emphasis, respect-
jvely appear as follows: [dee fran'tsg:zifs 'kPginIc va ain
*laonife go,zels] and [de® fwan, tsg:zifs kPg:ni¢ va ain
Tla¥n1fe gs,zela] which makes explicit the difference in the
effect that contrast and sentence accent have on preceding
stressed syllables.
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PHRASAL UNIT ACCENTUATION

There is yet another type of stress which deserves mention
here, the so-called phrasal unit accentuation, applied under
certain syntactic conditions to a group of words which, in a
vague formulation, can be said to constitute a single semantic
concept, see further Rischel (1983). (The phenomenon has re-
ceived modest attention in the Titerature of other languages,
and the following examples are all from Danish. However, I
suspect that phrasal unit accentuation is not an exclusively
Danish phenomenon, though the syntactic conditions which
trigger it may be different and less extensive in, say, Swedish,
German, and English.) This type of stress does not involve any
extra phonetic prominence on the stress bearing eTement (in
contradistinction to sentence accent and emphasis for contrast)
but is characterized solely by a downgrading of another element.
Thus, e.g. 'lese romaner', 'kgbe hus' (to read novels, to buy

a house) have main stress on 'romaner' and 'hus', respectively,
and reduced stress on the verbs. The reduction is always and
at Teast signalled with tonal means in Danish, i.e. the reduced
stresses are not associated with any F, excursions (in German
and English terminology, they are de-accentuated). Sted is
normally lost, too, but the length of long vowels may be re-
tained, according to criteria that I do not think have been
established yet. In this case, I do not find it justified to
mark the stressed member of these units in any special way,

but rather to note the reduction. Whether to employ a lowered
stress stroke or to leave the reduced items without any stress
mark at all, [ ,le:se wo'melna] or [le:ss so'melna], depends on
the purpose and the target group of readers. Both are accept-
able phonetically, except maybe that no independent meaning

can be ascribed to the lowered stress stroke, it is redundant.
It can be defended in a transcription which involves a certain
degree of abstraction - on the grounds that it reflects the
process involved in phrasal unit accentuation.

It is apparent that transcription of stress, even in non-emo-
tional, neutral speech, almost invariably involves some degree
of abstraction, and relies rather heavily on the listener's
comprehension of what is being said and on the choice made in
the analysis of such phenomena as stress reduction in compounds,
sentence accent, emphasis for contrast, and phrasal unit accent-
uation. I have suggested the minimal solution in the tran-
scription of non-emotional, neutral speech, i.e. a restriction
to a distinction between stressed and unstressed syllables, with
a further separate notation of sentence accent, when and where
that is relevant, and of emphasis for contrast. This is due
primarily to a reservation with regard to listeners' ability

to reliably identify more stress degrees. Two degrees of

stress will probably also satisfy most descriptive and pre-
scriptive purposes. - I wish to repeat, though, that the
transcription of spontaneous, pragmatically unrestrained speech
most likely will presuppose a renewed consideration of the pos-
sibility of a further gradation among the prominent syllables.
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Objective checks of the validity of one's stress notation are
not available. Partly because several parameters are involved
(Fo, duration, sound quality, and - possibly - intensity), but
primarily because the relation between any single one of these
acoustic parameters and perceived prominence is not bi-unique.
Thus, it is a fairly common mistake that intensity directly
reflects stress. It cannot, because intrinsic properties of
sounds intervene and other parameters than physiological effort
influence physical intensity. High vowels have lower intensity
than Tow vowels, ceteris paribus. Sounds pronounced on a high
fundamental frequency have higher intensity than on low funda-
mental frequency, ceteris paribus. Long sounds and vowels with
non-reduced vowel quality may well exist in unstressed syl-
lables. - In languages where stressed syllables are associ-
ated with a higher F, than their unstressed surroundings,
stress and intensity may correlate fairly well (which does not
make intensity a primary stress cue, however), but when stres-
sed syllables are associated with lower F,, unstressed syllables
may well appear in intensity registrations with higher intensi-
ty than stressed syllables.

INTONATION

Intonation, understood narrowly here as "speech melody", is in
one sense as straightforward as length/duration: its physical
correlate is unambiguous, namely rate of vocal fold vibration,
i.e. fundamental frequency, F_ . In this section I will main-
tain a distinction between the physical parameter, F_, and its
perceptual correlate, pitch. I will employ "tonal" indiscrim-
inately about both, when no such distinction is relevant. The
complexity in the transcription and analysis of intonation
arises from the fact that several linguistic (as well as extra-
linguistic) phenomena are signalled in this medium. In lan-
guages where pitch change is one of the cues to the perception
of stress, part of the variation in the F_/pitch course of an
utterance is stress-determined. When senfence accent and con-
trast are signalled by tonal movements, this 1s equally true.
Phrase and sentence junctures may also be tonally cued. Be-
sides, there is the more strictly intonational phenomenon
which has the whole phrase or utterance as its domain (such

as the distinction between terminal and non-terminal, de-
clarative and interrogative). In brevity, the complex course
of Fo/pitch through an utterance may contain elements of sen-
tence function, sentence accent, contrast, stress and juncture
(and word or syllable tone). Furthermore, acoustic F, regis-
trations contain "noise" which is due to the intrinsic proper-
ties of sounds, and to variations arising at the boundary be-
tween sounds, see further Thorsen (1979). These latter dis-
turbances are not heard and identified by the listener as
prosodic variations, because - as with duration - the listener
uses her knowledge as a speaker in her interpretation and com-
pensates perceptually for such F, differences and variations
which are due to constraints in %he speech production mecha-
nism. (However, F_ variations caused by intrinsic properties
and by coarticulation may play a role in the identification
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of the segments of speech, see further Reinholt Petersen,
forthcoming.)

NOTATIONAL CONVENTIONS

Methods to convey graphically the ups and downs of pitch

abound in the literature. A few examples will have to suffice:
Trager and Smith (1957) employ a digitalized system, where [4]
indicates the highest and [1] the Towest pitch level. Within
each level, four varieties are distinguished: [.] for the low-
est, [.] for the next higher variety, [~] for still higher,
and [-] for the highest:

/l3Ihéw [%)de [2188y [31sté[L1diy[”)/ (‘how do they study?', p. 42)

where the final 'minus' indicates a terminal fall in pitch.
Pike (1945) also transcribes in terms of four pitch levels, but
here 1 is the highest and 4 the lowest level:

'Two times 'three 'plus two is 'ten.

‘2-4-3/ 4-  °2 1- -4-3/ 3- °2-4// (p. 33)

nyn

where " " denotes the beginning of a primary contour, "/" in-
dicates a tentative, and "//" a final pause.

Fries (1964) employs horizontal Tines cutting through the
printed text:

I'11 go if xoulwantlme to go (p. 246)

Lee (1960, quoted from Hartvigson and Jiirgensen 1971, p. 19)
indicates rises, falls and high and Tow Tevels as follows:

\Now Frank, are you Tboming on the /train or \¢ycling back?

Schubiger (1964) uses accent marks, placed above or below the
Tine:

Un“fortunately he 'died without having "made a Will. (p. 257)

Bolinger (1970) lets the print rise and fall on the page:

Hand

pen
me that little

knife of yours. (p. 141)

Armstrong and Ward (1926) use an interlinear transcription
which has been widely employed since

b, Y
‘wot & ju ‘goin te ‘du: sbaot 1t? (p. 6)

Musical notation can be seen in, e.g., Fonagy and Magdics (1963).
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The Trager and Smith (1957) and Pike (1945) transcriptions re-
flect a phonemic analysis of intonation in terms of four dis-
tinctive pitch levels. Whether or not you agree with this ana-
lysis, you may still consider their digitalization as a nota-
tional system, but as such I think it suffers from a pretended
objectivity which is not justified by listeners' perception,
though it may serve its purpose in a descriptive account of
intonation. However, once the notation is no longer intended
to depict the result of a particular phonological analysis,
one may question the number four. Why not six, or eight?
Whatever we arrive at, it is an arbitrary decision.

Lee's (1960) and Schubiger's (1964) systems may be criticized
on the grounds that they are really not very explicit, and
thus demand a good deal sophistication on the part of their
readers, but they are appealing in their simplicity, and easy
to handle typographically.

Bolinger's (1970) transcription is remarkably transparent, but
difficult to handle practically, and I much prefer the inter-
linear transcription of Armstrong and Ward (1926) which con-
tains just as explicit intonational information, with the ad-
ded advantage of distinguishing stressed and unstressed syl-
lables.

Musical notation is difficult to employ for anyone not musical-
ly trained. Furthermore, speech is not necessarily produced
in the semitone intervals of the twelve tone octave.

Whichever notational system we employ, there are a number of
factors that are left out of consideration. - Just as dura-
tion is a relative measure, so is pitch. We do not ordinarily
concern ourselves with the absolute frequency but with the
relations within a given speaker's range. And we know that
different speakers speak within different ranges, i.e. higher
or Tower in the frequency scale. (Men generally have lower
pitched voices than women, and children have still higher
voices.) Different speakers may also cover differently sized
intervals. One speaker may habitually only employ a range of,
say, 10 semitones, whereas another may cover 1% octaves. These
differences likewise do not concern us, except as a cue to
speaker identity, sex, and age.

I have voiced a preference for the interlinear notation, where
the pitch course in the stressed syllables is depicted with
straight or curving lines, as the case may be, and unstressed
syllables are rendered as points. This warrants two comments.
First, the reduction of the course of pitch in unstressed syl-
lables to points in the frequency range is justified by the
fact that unstressed syllables will often be too short to
allow the listener to detect any pitch movement, even though
Fo may perform steep rises and falls (detected in instrumental
acoustic analysis). There is a limit to our perception of
pitch movements, a T1imit that is set partly by the duration

of the movement and partly by the frequency range it spans,
cf. Rossi (1971, 1978). When movements are not perceived as
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such, a level pitch is heard which corresponds to the fre-
quency value of the glide at a point in time 2/3 of the dis-
tance from the onset of the glide.- Second, the notation is
discontinuous, although it may be argued that our perception
of pitch is continuous, i.e. we fill in - by interpolation -
the empty spaces left by unvoiced sounds in the speech chain.
On the other hand, it may also be argued that we anchor our
perception of intonational phenomena on certain points in the
time varying course of pitch and disregard what 1ies between
such fix points. I do not know: that anyone has yet settled
this argument, or suggested an experiment which can resolve
the issue. In the end, we may choose a continuous or discon-
tinuous notation, regardless whether our perception of pitch
is discontinuous or not.

At the lowest level of abstraction the transcription renders,
as accurately as possible, the perceptual equivalent of F
curves as they are produced by acoustic analyses. This tran-
scription may be checked against a truly objective, instrument-
ally obtained one, if one remembers, firstly, that perceptual
lTimitations constrain the amount of detail we can perceive and,
secondly, that the rather considerable variation introduced by
intrinsic F, differences between sounds and by coarticulation
goes unnoticed by the listener. Thus, F_. may easily be 25-30
Hz higher, ceteris paribus, in [i] than in [a] with female
speakers, 10-15 Hz with male speakers, corresponding to rough-
1y 2 semitones (cf. Reinholt Petersen 1978, and Hombert 1978).
In other words, [i] and [a] may appear on F, tracings consider-
ably spaced in the vertical dimension and still justifiably be
perceived as having the same pitch.

NOTATIONAL SIMPLIFICATIONS

Fo tracings, and perceptual equivalents thereof, are generally
much too rich in information and detail to be of any use for
descriptive or comparative or didactive purposes. The informa-
tion must be simplified, an abstraction made, irrelevant infor-
mation or information which can be deduced from the remainder
be filtered out. In Tanguages where stress is a relevant
parameter and is cued by pitch, the notation may be anchored

on the stressed syllables. Their pitch levels and movements
should be specified. It is generally also necessary to keep
track of the relation between stressed syllables through the
utterance, because the overall drift created by these pitch
relations may be (part of) the signal for sentence intonation
function. The shape and slope of this overall trend is the
only prosodic cue to sentence function in some languages (e.g.
Danish, cf. Thorsen 1978); in other languages overall trends
coexist with special final pitch movements (e.g. Swedish, cf.
Garding 1979, and German, cf. Bannert 1985). These final move-
ments are the "terminal contours" in the analyses of Pike (1945)
and Trager and Smith (1957). How much information about the
pitch course of the unstressed syllables to include or leave
out will depend on the purpose of the transcription, the lan-
guage transcribed, and on the readers. There are languages
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where the unstressed syllables, at least in non-final position,
have no independently controlled signalling function, at least
not in non-emotional, pragmatically neutral speech. This is
the case in Standard Danish, for example, where unstressed syl-
lables describe a high-falling course, relative to the pre-
ceding stressed syllable. Readers familiar with Danish need
not - for many purposes - be given this information, whereas

it may be crucial to supply it for foreign learners, especial-
ly since this does not seem to be the most wide-spread pattern
in the languages of the world. Stressed syllables commonly are
the higher pitched ones.

In this connection the Dutch approach to intonation analysis
should be mentioned. 't Hart and Cohen (1973) and 't Hart and
Collier (1975) describe a procedure where Dutch utterances are
synthesized on the basis of an original, spoken version. The
synthetic version retains the spectral (segmental) and dura-
tional aspects of the original, but the complex Fo variations
can be replaced with stylized and simplified, straight-1ine
approximations to the original. The stylization is performed
while retaining a perceptual similarity between the original
spoken version and the synthesis, i.e. unto the point where
this similarity is lost. The authors - in this manner - arrive
at a description of what they consider to be the perceptually
relevant pitch movements in Dutch. The procedure has been ap-
plied to English by Willems (1982).

With this - and similar synthesis facilities available - you
can perform an abstraction of the original to various degrees:
you can stylize F, so as to retain a perceptual identity be-
tween the origina? and the copy. The outcome would correspond
to an interlinear transcription performed by a truly expert,
acute listener. That is, it will resemble the original, except
that those variations which no human Tistener can detect have
been "filtered" out. This "close-copy" can be useful as a

spot check on the transcriber's accuracy and reliability/
validity. You can stylize further, without Tosing the percep-
tual similarity, as 't Hart and co-workers have set out to do,
and thus establish classes of contours that sound similar
phonetically - without regard to their linguistic function.

You can carry the simplification one more step, presumably,
while letting go of perceptual similarity but maintaining
identical linguistic function. That is, although the two
utterances, the original and the synthetic one, no longer sound
similar, they still function adequately as, say, terminal de-
clarative utterances with X number of accented syllables.

I do not think that synthetic speech, of this or any other
kind, can ever become a primary tool in transcription. For
one thing, it cannot be made available to all and everyone

who needs to transcribe intonation. Secondly, it is time con-
suming and cannot be applied to every utterance of large corpo-
ra. But it is a sophisticated and excellent tool for the
further, phonetic and linguistic, analysis of intonational
data, and possibly in the education of transcribers.
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ALIGNING PITCH AND SEGMENTS

In some cases the indication of the alignment of segments with
pitch movement is decisive. Firstly, pitch movement alone may
carry the primary cue to syllabicity. Thus, Danish 'kom' and
'‘komme' (imperative and infinitive, respectively, of 'come')
consist of the same sequence of segments [kPam] when the final
schwa is dropped from the infinitive, which is normal in fluent
speech. However, the infinitive has a somewhat longer nasal,
and a rising pitch movement in the nasal, which distinguishes
it from the imperative, approximately thus:

N~

[kham kh A me ]

In words like 'bonde, bundne, bundene' (peasant, tied (adj.,
pl.), the bottoms) duration and pitch and timing of pitch move-
ments signal the difference, which phonologically is one of
number of segments and syllables: /bone bonne bonens/. In
the first word the pitch begins to rise at the transition be-
tween vowel and nasal. In the second word, the pitch turning
point lies in the initial part of the long nasal. In the third
word, likewise, the pitch does not begin to rise till after the
onset of the nasal, and here the rise is completed and the
succeeding fall initiated, before the onset of the schwa, ap-
proximately thus (note that these are impressionistic tran-
scriptions, not tracings from Fo meters):

L e o

['p o ne 'bon:ia 'ponita]

CO-OCCURRENCE OF PROSODIC SIGNALS

In numerous languages the last part of a phrase or an utterance
carries a heavy burden of prosodic information: sentence accent
may be Tocated here and be signalled with F,, sentence function
likewise, and junctures, as the following example, adapted from
Bruce (1977, p. 93 and 94) shows (Swedish is a word accent lan-
guage, and I have included an example of both accents):

sentence sentence
accent | accent accent || accent

¥ L4 Y M s
terminal terminal
.~ Juncture ¥ juncture

C vV CcV ¢ ' C: vV ¢ W C: v c
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For the mere taking down of the pitch course, the separation
of these various contributions is not essential, but for the
ensuing analysis it is crucial to segregate each element and
know that there are three components here, which overlap part-
ially in time and modify each other.

A typographical notation system which satisfies this demand
has been developed by Pierrehumbert (1980) and further modi-
fied and expanded by Liberman and Pierrehumbert (1984). You
do not have to agree with their phonological analysis (as I
happen not to do, cf. Thorsen 1983 and 1985) to appreciate the
elegance and flexibility of the transcription from F, traces
to a transcription in terms of sequences of high and low tones.
On the background of a slightly declining, physiologically
determined, baseline (the broken Tine in the illustration),
parameters such as prominence relations between stressed syl-
lables, downstep of high tones in certain tonal contexts,
lowering of tones in final position together account for the
time varying course of F_ through phrases and utterances. In
the examples below (from Pierrehumbert, personal communication)
you see F, traces of two phrases: 'Anna came with Manny' which
differ in the degree of emphasis on the two proper names:
'Manny' is focalized in the upper, 'Anna' is focalized in the
lower tracings. A star indicates that the tone is associated
with a stressed syllable, and "%" denotes a phrase boundary
tone. The weighting of prominence was not indicated in the
example.
H.
Hl

e Hz —
o

baseline

Anna % CAME WITH Manny 2
HE

H* L “H

Hz

baseline LLz

ANNA % CAME  WITH MAanNY %
H* il H* L H
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Below are three examples (also from Pierrehumbert, personal
communication) of F_ traces and their tonal transcription

which show the effe@t of the baseline declination upon a suc-
cession of three high tones (above). The relatively lower
medial H* is presumably due to a Tesser prominence, which is
not specified here. The downstepping of H tones is illustrated
in the two lower graphs, where the H's form part of bi-tonal
pitch accents, indicated with a linking "+". The rule lowers

a high tone by a certain fraction of the preceding high tone

in the context H+L and H L+ , see further Pierrehumbert, 1980,
and it applies iteratively, that is, every time the condition
for its application is met, also if the conditioning tone has
itself been lowered.

a H* Declination of H® pitch accents

N
=
— baseline
¥ R
—— —

S —
T
N
1
N
Y Downstep of L™+H pitch accents

L*+

N
x

baseline
et

—_—
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The downstepping is not explicitated in the notation, but can
of course be supplied, if the formulation of the rule is not
sufficient for one's purpose. The particular transcription of
the examples above is directly related to the phonological ana-
lysis. For instance, the shallow local low points in the upper
tracing is not given any tonal representation, whereas the mere
levelling out of the Fy course in the middle tracing has war-
ranted "L*" marks. That need not concern us here. I do believe
that the system may be used as a notational tool, adapted - as
far as complexity or simplicity is concerned - to one's needs,
with more or less information specified in the notation or sup-
plied by rules, respectively. The problem with such a notation
is not inherently larger or smaller than with any other intona-
tion transcription, where reliability is concerned. Intonation
is notoriously "difficult" to transcribe, i.e. it is hard to
reach agreement even among experienced transcribers, if not
about the gross trends, then at least about finer details in
the pitch course. And it is particularly important, therefore,
that - where instrumental checks are not possible or practic-
able - the transcription be compared across two or more tran-
scribers. (Note, however, the reservations voiced above about
the lack of a linear correspondence between fundamental fre-
quency and perceived pitch.)

NOTES

1. 'fundamental frequency' refers to the rate of vibration of
the vocal chords. I will abbreviate it "FO" in the following.

2. 'stpd' is a kind of creaky voice which is assigned to cer-

tain syllable types, under certain conditions, see further
Basbgll (1972). It attacks the final part of a long vowel or
- if the vowel is short - the succeeding voiced consonant.
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PERCEPTUAL COMPENSATION FOR SEGMENTALLY CONDITIONED
FUNDAMENTAL FREQUENCY PERTURBATION*®

NIELS REINHOLT PETERSEN

The paper deals with the role of two types of segment-
ally conditioned fundamental frequency (Fo) perturba-
tion in speech perception, i.e. the differences in Fo
between high and low vowels and the effect of pre-
vocalic obstruent voicing on Fo. The literature re-
levant to this issue 1is reviewed, and the results of
a supplementary experiment on Fo as a cue to vowel
identity are reported. On this basis three major
points are made: (1) Although the pitch of vowels is
influenced psychoacoustically by their spectral shape,
this effect is too small to be of any significant im-
portance in speech perception. (2) The two types of
Fo perturbation are not treated differently in the
speech perception process, and (3) irrespective of
type, the segmentally conditioned Fo variation can
function as a cue both to segment identity and to the
identity of prosodic categories, depending on the ac-
tual demands upon the speech perception system.

I. INTRODUCTION

It is a well-established fact that the fundamental frequency
(Fo) of speech is not only determined by higher-level Tlinguistic
information such as sentence type, stress pattern, and tone but
also by the segments constituting the utterance. The latter,
microprosodic Fo variation can be described as having two sour-
ces, one being the inherent Fo differences between segments and
the other being coarticulatory effects of segments (consonants
in particular) on Fo in adjacent ones. Although the underlying
mechanisms are still subject to discussion, both types of micro-

*) Also in Phonetica 43/1-3, 1986, p. 31-42.
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prosodic variation are generally assumed to be a result of phys-
iological and/or acoustic constraints of the speech production
apparatus and thus beyond the active control of the speaker

(see §.g. Ohala 1973, Reinholt Petersen 1978, 1983, Silverman
1984a).

The present paper will deal with the role of microprosodic phe-
nomena in the perception of speech, concentrating upon intrinsic
Fo of vowels (i.e. the tendency for high vowels to have a higher
Fo than low vowels, ceteris paribus) and the influence of ob-
struent voicing on Fo in the following vowel (Fo being lower
after voiced than after voiceless obstruents) as examples of

the two types of microprosodic Fo variation. In connection

with the discussion of phonetic explanations for the develop-
ment (or nondevelopment) of Tinguistic tones from segmental
effects on Fo (Hombert 1976a,b, 1978, Ohala 1978, 1982), the
question was raised whether the two types of segmentally con-
ditioned Fo perturbation are treated differently by the per-
ceptual system. Considering the tendency for the development

of tones from initial consonant voicing to be far more frequent
than the development of tones from vowel height (in fact, no
unambiguous cases appear to have been reported), it has been
assumed that consonantal influences on Fo are detected by
listeners, whereas intrinsic differences among vowels go un-
noticed, presumably due to some sort of perceptual compensatory
effect (Hombert 1976b, Silverman 1984a). Since this issue is
relevant not only to theories of tonogenesis but also, of course,
of primary interest to general phonetic theory, the following
study will attempt to give a comprehensive review of experi-
mental data available in the literature that may illuminate

the question whether intrinsic Fo differences and consonantal
influences on Fo are treated differently in terms of compensa-
tion in the process of speech perception. In addition it is

the aim to report the results of an experiment carried out on

a point which - as will appear - has been neglected in previous
research.

IT, ACOUSTIC CHARACTERISTICS

Before turning to the data on the perception of microprosodic
Fo variation it may be appropriate to survey briefly the acous-
tic characteristics of the two types of segmental influence
considered here. The effect of vowel height on Fo can be ade-
quately described as a shift parallelling the underlying Fo
contour, i.e. the contour determined by higher-level linguistic
information, perhaps with a tendency for the effect to be
smaller at the beginning and end of the vowel than in the mid-
dle. In stressed vowels the magnitude of the difference be-
tween high and low vowels ranges between about 4 and 20%, with
typical values of approximately 10%; in unstressed vowels the
differences tend to be somewhat smaller.

With respect to the influence of obstruent voicing on Fo in
the following vowel there seems to be general agreement that,
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at vowel onset, Fo is lower after a voiced than after a voice-
less obstruent, and that the difference - although being gradu-
ally reduced - often persists during the greater part of the
vowel. There is less consensus, however, about the direction
of the Fo contour following the onset of the vowel. Mohr
(1971), Lea (1973), and Hombert (1978) report a rising contour
after voiced and a falling contour after a voiceless obstruent,
whereas more recent research (Haggard et al. 1981, Ohde 1984,
1985, Silverman 1984b) has shown that Fo may have a falling
contour after both obstruent types, but more steeply falling
after voiceless than after voiced obstruents. Obviously, as

is the case for intrinsic Fo of vowels, the effect of obstruent
voicing on Fo comes out as a deviation from the underlying Fo
contour and can be described as a fall or rise in relation to
that contour. This point is illustrated in figure 1, which
shows Fo contours in the vowel [i] after [p] and [b] under
three different tonal conditions. The tracings are derived
from unpublished material on Dogri, an Indo-Aryan language
spoken in the Jammu and Kashmir State in India.

The magnitude of the differences reported in the literature
seems to vary a great deal, partly due to the use of different
experimental methodologies, and partly due to the fact that
speakers display a considerable amount of variation even under
identical experimental conditions, but roughly estimated the
differences in stressed vowels are typically in the neighbor-
hood of 10-15% in the early part of the vowel, being reduced
proportionally towards the end, where it is in most cases
eliminated.

Hz[ [ I

5
300¢r C 5
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P~
\<3f3f~”17" N A

| neutral tone | low tone _ high tone
10cs
Figure 1

Fo tracings (average of 5 Fo curves) in the vowel
[i] after [b] and [p] under three tonal conditions
in Dogri. The tracings are lined up around the on-
set of the vowel.
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I11. PSYCHOACOUSTIC CONSIDERATIONS

In terms of detectability there seems to be no essential differ-
ence between the two types of segmental Fo perturbation de-
scribed above. Both types exceed the difference Timen of about
0.25% for Fo in monotone synthetic steady-state vowels obtained
by Flanagan and Saslow (1958) and Klatt (1973); and, what is
more important, they also exceed the considerably greater dif-
ference 1imen (2.1%) obtained by Klatt in vowels with Tinearly
changing Fo.

There is, however, evidence from a number of studies that the
intrinsic Fo differences among vowels may be, to some extent,
reduced in the auditory process as a result of an interaction
between vowel quality and pitch. This was first reported by
Hombert (1976b), who found that in pairs of high and Tow vowels
the Tow vowel was judged to be higher in pitch than the high
vowel when the two vowels had the same Fo. From this follows
that, in order for the two vowels in a pair to be judged equal
in pitch, the low vowel must be lower than the high vowel in
Fo. Hombert does not state how much Tower, but since listeners
gave 90% or more correct 'different' judgements when the two
vowels in a pair differed by 5 Hz in Fo, he estimates the Fo
distance at equal pitch not to exceed 5 Hz. A more exact maxi-
mum estimate can, in fact, be arrived at from the distribution
of responses between equal Fo and a 5-Hz Fo difference, and
under the assumption of normal ogive psychometric functions.

On this basis the maximum Fo difference at equal pitch is es-
timated to 1.26 Hz in i-a pairs and 1.32 Hz in u-a pairs. More
recently the effect of vowel quality on pitch has been investi-
gated by Chuang and Wang (1978), Stoll (1984) and Di Cristo
(1985). The two former studies find, in agreement with Hombert
(1976b), that at equal pitch Tow vowels have to be Tower in Fo
than high vowels. Di Cristo (1985) found no clear effect; the
reported biases vary greatly among subtests, not only in magni-
tude but also in direction. Directional variation among sub-
tests was not found in the other studies. It should be added,
perhaps, that the difference limens given by Di Cristo are re-
markably high, 4-6%, i.e. more than 10 times the values found
by Flanagan and Saslow (1958) and Klatt (1973). The results

of the studies referred to above are summarized in table I.

The observed relation between pitch and vowel height is indeed
what should be expected if pitch bias were a result of some
sort of perceptual compensation for intrinsic Fo differences
among vowels. However, Chuang and Wang (1978) and Stoll (1984)
present evidence indicating that the pitch biases observed for
vowels can be accounted for by pitch perception processes com-
mon to the general class of complex tone signals, of which
speech vowels are, of course, a subset. The results of Stoll
(1984) are particularly interesting in this respect. In this
study, which examined not only high and low vowels but the
entire set of German tense vowels plus schwa, Stoll found a
very close correlation between experimentally obtained pitch
biases and biases predicted by a pitch extraction algorithm
devised by Terhardt and co-workers, which, on the basis of
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Table I

Pitch biases in percent of the reference

i-a u-a y-a
.26 1.32
153, 2.80

.96 0.78 1.42
.71 0.89

Hombert (1976b)
Chuang and Wang (1978)
Stoll (1984)

Di Cristo (1985)

1
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(0]
L=

Note that in the case of Hombert (1976b) the values
listed are estimated maximum values. Positive values

] 1 gl B ti
indicate Fohlgh Folow , negative values Fo

at equal pitch.

<
high  %low

our present knowledge of pitch perception, describes the rela-
tion between spectral properties and pitch of complex tones
(see Terhardt 1979, Terhardt et al. 1982a,b).

Thus, the intrinsic Fo differences among vowels and the Fo dif-
ferences due to consonant voicing can be said to be treated
differently by the auditory system. The former type of Fo per-
turbation is reduced as a result of the interaction between
spectral shape and pitch, while the latter is, of course, left
unaffected. But it should be pointed out that the pitch bias
effect observed in the above studies is quite small, Tittle
more than 1% on the average and not exceeding 3%, even if the
experimental conditions - direct comparison of monotone stim-
uli - may be assumed to enhance such an effect as compared to
more speech-1ike conditions. Since the Fo differences between
high and low vowels are typically about 10%, the pitch bias
effect, however interesting it is from a psychoacoustic point
of view, can hardly be assumed to play anything but a marginal
role in the perception of speech.

IV. Fo PERTURBATION AND LINGUISTIC
CATEGORIES
The fact that the pitch bias effect cannot be assumed to compen-

sate for Fo differences among vowels does not preclude, of
course, that perceptual compensation can take place at a higher
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(i.e. linguistic) Tevel where it is conditioned not by the
spectral properties as such but by the-phonetic characteristics
of the vowels. However, if such a higher-level compensatory
effect may be assumed to exist, there is no obvious reason why
it should be restricted to operate on Fo differences among
vowels, and not on the perturbations caused by the voicing state
of the preceding obstruent. It is true, as argued by Hombert
et al. (1976), that the effect of vowel height may be more
closely associated with the conditioning factor in perception
because it occurs simultaneously with it, compared with the
effects of obstruent voicing, where the perturbation and the
factor causing it are located in different segments. On the
other hand, the effect of obstruent voicing on Fo in the fol-
lowing vowel is analogous to the influence of consonant place
of articulation on the formant frequencies of adjacent vowels.
This effect has been shown to be adjusted for perceptually in
that the perceptual boundaries between vowel phonemes are
shifted systematically as a function of the place of articula-
tion of the neighboring consonants (Lindblom and Studdert--
Kennedy 1967). Thus, it can reasonably be argued that percep-
tual compensation for perturbatory effects within one segment
can operate whether the conditioning factor occurs in that seg-
ment or in neighboring segments. Consequently, there seems to
be no firm basis, theoretically, for assuming that the two
types of segmental Fo perturbation dealt with here are treated
differently in the speech perception process; both types may

or may not be compensated for.

The question whether or not segmentally conditioned Fo pertur-
bations are actually compensated for can be addressed in terms
of the manner in which they interfere with the perception of
the identity of the segments themselves on one side, and with
the perception of prosodic categories on the other. If a seg-
mental effect on Fo is not compensated for, i.e. it is heard by
the Tisteners, Fo could, at the segmental level, be able to
function as a perceptual cue to the phonetic feature which is
responsible for that effect and, at the prosodic level, the Fo
perturbations could be expected to distort the prosodic struc-
ture of an utterance as a function of the segmental composition
of the utterance. Conversely, if a segmental effect on Fo is
perceptually compensated for, it will not interfere with the
prosodic information of the utterance, nor can it be expected
to act as a cue to segment identity.

With respect to the influence of Fo on the perception of seg-
ments, there is evidence from a number of studies using syn-
thetic speech that Fo in a vowel can be a cue to the voicing
category of the preceding obstruent (Haggard et al. 1970,
Fujimura 1971, Abramson 1975, Massaro and Cohen 1976, 1977,
Abramson and Erickson 1978, Haggard et al. 1981, Bernstein
1983, Abramson and Lisker 1985). In cases where the voice on-
set time, which is the primary cue to the voicing distinction,
is ambiguous, a low Fo in the following vowel will favor
'voiced' responses, whereas a higher Fo will favor 'voiceless'
responses. According to Massaro and Cohen (1976, 1978), and
Haggard et al. (1981), the most salient Fo characteristic in
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the vowel for the perception of voicing seems to be the Fo
level at vowel onset, rather than the general level in the
vowel or the direction (rising versus falling) of the Fo con-
tour following vowel onset. The results of Abramson (1975),
Abramson and Erickson (1978), and Abramson and Lisker (1985)
suggest, however, that the general Fo level may also be of

some importance. In their studies, rising versus falling Fo

in the vowel was found to affect the categorization of voicing,
and more effectively so when the duration of the Fo movement was
100 and 150 ms instead of 50 ms, i.e. when the 'Fo perturba-
tion' lasted longer. Now, since in natural speech onset Fo,
general Fo level, and in some cases also the direction of the
initial slope are covarying as a function of consonant voicing,
it seems beyond reasonable doubt that the Fo perturbation en-
countered in natural speech can be used by the perceptual sys-
tem determining the voicing state of the preceding obstruent.

The question whether intrinsic Fo can contribute to the per-
ception of vowel height has, to my knowledge, not been investi-
gated experimentally. It could be argued that the cases in
which Fo can be a significant cue to the identification of
vowels are those in which two vowels are close together in
vowel height and, consequently, in intrinsic Fo. However, in
the Danish material reported by Reinholt Petersen (1978), the
Fo differences between adjacent vowels on the vowel height
scale were found to be about 5% on the average (ranging from

0 to 11%); and the differences between /i:/ and /e:/ and be-
tween /u:/ and /o:/, which are very close in vowel height,
averaged 5.5%. Differences of this magnitude may very well

be hypothesized to play a role in the perceptual categorization
of vowels, particularly if the vowels are closely spaced as is
the case in the Danish examples referred to above.

At the prosodic level of speech the results of a study on Danish
(Rosenvold 1981) suggest that intrinsic Fo differences between
high and Tow vowels are compensated for in the perception of
stress. In Danish, a stressed syllable is characterized by a
relatively low Fo, followed by a high Fo in the first post-
tonic syllable (see, e.g. Thorsen 1984). In an identification
experiment, Rosenvold demonstrated that raising the Fo of the
second syllable in an isolated two-syllable word from a level
equal to that of the first syllable, would shift the perceived
stress position from the second to the first syllable, and -
what is important here - Fo had to be raised to a higher level
for the shift to occur when the vowel in the second syllable
was high than when it was low. Not only the direction of the
change of boundary but also - and particularly - its magnitude,
which was approximately 10%, give strong support to the view
that the speech perception system can compensate for intrinsic
Fo differences between high and low vowels. And at the same
time, the magnitude of the effect rules out the possibility of
a psychophysical pitch bias effect to be involved to any sig-
nificant degree.
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Whether similar boundary shifts may occur as a result of per-
ceptual compensation for Fo perturbation due to consonant voic-
ing has been investigated by Abramson and Erickson (1978) in a
study on the identification of tonal categories in Thai. Their
stimuli were CV syllables synthesized with voice onset times
appropriate for [ba], [pa], and [pPa], and combined with the
members of a fan-shaped Fo continuum, in which all Fo variants
started from a common origin at 120 Hz and moved towards end
points ranging from 92 to 152 Hz. For the sake of clarity the
Fo continuum has been redrawn in figure 2. A number of Thai
subjects were to identify the stimuli as having low, mid, or
high tone. As it turned out, the boundaries between the tonal
categories (indicated by arrows in fig. 2) were influenced by
the preceding stop consonant, but in a somewhat ambiguous man-
ner.

152
Hz
144 ‘
high tone
136
128
«—p.ph
120 &=—=h
. mid tone
112 b
-5
104 Sommph
gp low tone
92
| 2 | L3 | 1 | 1
0 35cs
Figure 2

Schematic representation of the Fo variation in the
stimuli used by Abramson and Erickson (1978). The
boundaries between tonal categories are indicated by
arrows (redrawn on the basis of figures in Abramson
and Erickson, 1978).

Before dealing further with the results it may be worthwhile to
discuss how the tonal boundaries could be expected to vary in

the continuum used by Abramson and Erickson, if Fo perturbation
due to consonant voicing is perceptually compensated for. This
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depends, of course, on which aspect of the Fo variation the
listeners focus upon in their identification of the tonal cate-
gories. In the study athand the listeners had two (covarying)
cues on which to base their judgments, the slope of the Fo con-
tour and the end point (fig. 2).

If the absolute frequency of the end point, irrespective of
slope (or, perhaps, the general Fo level, which directly de-
pends on the end point) were the cue to tone identification,
then - assuming compensation for the effect of consonant voic-
ing - the boundary between two adjacent tonal categories should
be expected at lower end points after voiced than after voice-
less stops.

Conversely, if the Fo slope alone were the cue, the boundary
between the low and mid tones and between the mid and high
tones should be expected at less steeply negative and more
steeply positive slopes, respectively, after voiced than after
voiceless stops. In other words, the slope representing the
boundary between two adjacent tonal categories should be posi-
tive after voiced and negative after voiceless stops in relation
to a 'neutral' (i.e. unperturbed) boundary slope. And, i

this interpretation is expressed in terms of end point values,
the boundaries should be expected at higher end points on the
stimulus axis after voiced than after voiceless consonants,
since a slope with a higher end point is more steeply rising -
or less steeply falling - than a slope with a lower end point.

Thus, it is seen that the assumption of perceptual compensation
for the effect of consonant voicing will predict opposite di-
rections of boundary shifts depending on whether Fo level or

Fo slope is the more important cue to the perception of tonal
categories.

The ambiguity of Abramson and Erickson's results rests on the
fact that their listeners put the high-mid boundary at Tower

end points after voiced than after voiceless stops, whereas they
had the reverse order of boundaries for the mid-Tow distinction
(fig. 2). Taking the considerations above into account, the
results can be interpreted to reflect the operation of a com-
pensatory effect for consonant voicing, if it may be assumed
that the listeners used different aspects of the Fo variation

as cues to their identification of tones, namely the end point
value, or general Fo level, for the high-mid tone distinction
and the Fo slope for the mid-low tone distinction. The explana-
tion ventured here is, of course, highly speculative, and calls
for further substantiation, but one point speaks in favor of
perceptual compensation - or, rather, against non-compensation
-, namely the fact that the tonal boundaries were affected by
consonant voicing at all. If no compensation had taken place,
the boundaries should have been expected to remain constant
irrespective of the voicing state of the preceding stop conso-
nant.
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In the preceding paragraphs experimental data have been re-
viewed relating to the questions whether or not segmentally
determined Fo perturbations are perceptually compensated for,
and whether the two types of perturbation under consideration
here receive the same or different treatments in the speech
perception process. If the explanation of the results of
Abramson and Erickson (1978) attempted above is tenable, two
points stand out being of major interest in relation to these
questions. One is that in the perception of prosodic catego-
ries (stress position and tone), the Fo perturbation due to
vowel height and the perturbation due to obstruent voicing
both seem to be compensated for. This is in agreement with
the view expressed above that the two types of perturbation
should not necessarily be expected to be treated differently
in speech perception. The other point is that the consonantal
Fo perturbation is evidently used by the Tisteners as a cue to
consonant identity, i.e. it is 'heard' by the listeners, where-
as, when the identification of tonal categories is concerned,
it appears to be compensated for perceptually.

Before any conclusions are drawn as to the implications of the
data reviewed above it is necessary to consider one issue which
- as mentioned earlier - has not been investigated experiment-
ally, namely the interaction between intrinsic Fo differences
among vowels and the perception of vowel height. The experi-
ment to be reported in the following was intended to examine
this issue, that is, more specifically, to give an answer to
the question: can Fo act as a cue to the perception of vowel
height in the same sense as it does to the perception of con-
sonant voicing?

V., Fo AS A CUE TO VOWEL HEIGHT,
A PILOT EXPERIMENT

In order to investigate this question a series of words of the
type ['bV:da] was synthesized on an OVE III speech synthesizer.
The stréssed vowel was varied in seven equal logarithmic steps
from /u:/ to /o:/. The formant frequencies at the extremes of
the vowel quality continuum were: F,=225 Hz, F,=825 Hz, F;=
2100 Hz for /u:/, and F,=325 Hz, F,=650 Hz, F3= 2400 Hz for /o:/.
Each vowel quality was combined with three essentially parallel
Fo contours at different levels as shown in figure 3. The dif-
ferences between adjacent Fo levels were 6 Hz, which approxim-
ately corresponds in magnitude to the differences in intrinsic
Fo between /u:/ and /o:/ reported for Danish by Reinholt Peter-
sen (1978) (see above). The 21 stimuli were arranged in 10
different random orders in an identification test in which the
listeners were to decide whether they heard an /u:/- or an
/o:/-word. The test was taken by a group of 7 Danish listeners,
all staff members or students at the Institute of Phonetics.
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Fo contours of the synthetic ['BV:8s] stimuli used for the
identification test.
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Identification functions (percentage of /o:/-responses) for all
subjects pooled under high, mid, and low Fo conditions.
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The identification functions for all subjects pooled are dis-
played in figure 4. It is seen that the response distributions
are influenced by the Fo of the vowel. A vowel with a lower
Fo is more likely to be heard as /o:/ than a vowel with higher
Fo. The mean boundaries between the two vowel phonemes, ex-
pressed in stimulus steps, were 4.44, 4.21, and 4.11 at high,
mid, and low Fo, respectively. The data were submitted to a
two-way analysis of variance, using a mixed model, where 1lis-
teners were the random and Fo Tevels the fixed variable. Both
main effects were statistically significant (p<0.01), F(6,189)
= 4.5 for the listener effect, and F(2,12) = 7.536 for the Fo
effect. The interaction effect was not significant F(12,189)
= 0.867, p>0.10.

On this basis it can be concluded that the speech perception
system can use Fo as a cue to vowel height when the primary
cue, i.e. spectral shape, is ambiguous. This corresponds
closely to the manner in which Fo has been shown to function
as a cue to consonant voicing.

VI, CONCLUSIONS

The results of the experiment reported above on Fo as a cue

to vowel height give additional support to the interpretations
outlined previously on the basis of the research surveyed in
the present paper. Thus, a pattern of evidence seems to
emerge of which two points are of particular significance to
the understanding of the manner in which segmentally condi-
tioned Fo variation is dealt with in the perception of speech.

Firstly, the commonly adopted view is challenged that the Fo
perturbation due to vowel height and the perturbation due to
voicing state of the preceding consonant are treated different-
ly in the speech perception process. On the contrary, it

seems justified to conclude that a high degree of parallelism
exists in the perception of the two types of Fo variation,

both at the segmental and at the prosodic level.

Secondly, the pattern of evidence suggests the seemingly para-
doxical conclusion that - regardless of type - the segmentally
conditioned Fo variation is both compensated for, at the pros-
odic level, and is 'heard', at the segmental level. This is,
perhaps, less paradoxical if we consider that the speech per-
ception system must have a knowledge of the existence of seg-
mentally conditioned Fo perturbations (or the constraints in
the speech production apparatus responsible for them), other-
wise it would not be able either to use them as cues for seg-
ments or to compensate for them. Under these circumstances

it seems obvious to hypothesize that the perceptual system
may be sufficiently flexible to apply this knowledge at either
level, the segmental or the prosodic, depending on the actual
demands on the system. That is, it focuses selectively upon
the level where the acoustic input is ambiguous in relation

to the identity of the linguistic categories and/or where the
greater importance is attached to the correct categorization.
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Such a task-dependent behavior of the perceptual system can be
considered Tikely to come out most clearly under the experi-
mental conditions used in the studies considered, which are
typically designed to examine one level at a time. In natural
speech, cases may well be imagined where the acoustic cues to
category membership are ambiguous at the segmental and at the
prosodic level at the same time, resulting in misperceptions
at one of the levels, or both. However, the probability of oc-
currence of such cases will, perhaps, be rather small, and in
natural speech - as opposed to experimental conditions - the
speech perception process will have recourse to the linguistic
context in a wide sense.

Finally, it should be emphasized that the conclusions arrived
at here clearly call for further experimental substantiation.
Indeed, except for the research into the function of Fo as a
cue to obstruent voicing, remarkably little experimental work
has been done relating to the role of segmentally conditioned
Fo variation in the perception of speech. The present paper
may, hopefully, provide a framework for such future experiment-
ation.
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TEXT AND INTONATION -
A CASE STUDY*

NINA GRONNUM THORSEN

This is a report about a study of intonation in a text which

was not designed for intonation analysis, and which exists in
one edition only. The text is the tape-recorded instruction to
a language laboratory exercise which, incidentally, rehearses
tag-questions in British English. It is a sample of self-suf-
ficient, self-explanatory, non-fictive prose, unique in its kind
in terms of human communication, though very familiar. It was
recorded once, by the author of the programme, MG.

This study represents my first, cautious step away from the
laboratory on the way to spontaneous speech. The need for in-
vestigations of intonation in spontaneous speech is obvious.
There are basic research problems involved, and the results may
be applied in teaching, as well as in synthesis and automatic
recognition of speech.

Appendix I is a copy of the first page (of a total of five) of
my transcript of the recorded text. I have added stress-marks
to the orthographic representation and indicated the duration

of pauses as well. Occasional glottal attacks are also marked.

The Tist of questions which you may reasonably expect the ana-
lysis of this and similar texts to answer is fairly long. For
reasons of time and space I shall Timit myself here to answer
two of them, which both test the validity of aspects of an in-
tonation model for isolated, read sentences (see Thorsen 1978,
1979, 1980a, 1980b, 1982a, 1982b, 1983a, 1983b, 1984, 1985,
forthcoming):

1) Will the tonal pattern associated with the prosodic stress
group occur as regularly and in the same shape? I.e. will

*) Paper read at the IVth Nordic Prosody Meeting in Middelfart,
June 6-8, 1986. To appear in the proceedings.
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Figure 1

Fo tracings of the first two sentences in the text. The stres-
sed vowels have been touched up with thicker lines. Syllables
with secondary stress are indicated with broken lines. Vertical
bars indicate pauses, with pause duration in centiseconds added.
Zero on the logarithmic frequency scale corresponds to 100 Hz.
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any succession of a stressed plus all following unstressed syl-

lables describe a low plus high-falling fundamental frequency

(F,) pattern?

2) Does the magnitude of the rise from low stressed to high
post-tonic decrease gradually through the sentence or

phrase, as it does in pragmatically neutral, read speech?

Before I proceed to answer these two questions I wish to say
that I have found this a rather difficult project, because it
is hard to separate chance variability from systematic varia-
tion, and it is difficult to know when there are no more inter-
esting observations to be wrung from the data.

The tape was processed with hard-ware intensity and F, meters
(F-J Electronics) and registered on an Elema 800 mingograph, at
a paper speed of 100 mm/sec, to yield the standard oscillogram,
intensity and pitch curves. The Fy tracings were transferred
to tracing paper without any further processing. Figure 1 is
an example - of the first two sentences in the text.

First a Tittle statistical information to characterize the text.
There are 60 sentences in the material. I have defined a sen-
tence here operationally, as any passage which appeared between
periods in MG's own text from which she read aloud and recorded
the tape. These 60 sentences consist of 111 clauses. On the
basis of visual inspection of the curves AND the auditory im-
pression I have counted 92 intonational phrases. An intonation-
al phrase does not necessarily coincide with a sentence or a
clause, as can be seen from these figures.

Sentence boundaries are always accompanied by pauses whose dura-
tion average 104 centiseconds (with a very large standard de-
viation of 34.3 cs). There are 49 sentence internal clause
boundaries, 26 of which are accompanied by a pause, with a mean
duration of 46 cs (SD = 19.7 cs). Despite the large standard
deviations, the difference in sentence and clause boundary in-
duced pauses is statistically significant beyond the 0.0005
level. There are 14 pauses which are not associated with any
major syntactic boundary. Their average duration is 21 cs

(SD = 2.3 cs). The difference between these pauses and clause
boundary pauses is statistically significant at the 0.025 level.
- There is thus a clear tendency that heavier boundaries are
associated with longer pauses.

There are 421 stressed syllables in the text, which I have de-
termined by listening. That makes 7 stressed syllables per sen-
tence, on the average (with a minimum of 2 and a maximum of 26).
There are 111 clauses, i.e. 3.8 stressed syllables per clause
(with a minimum of 1 and a maximum of 10). There are 92 in-
tonational phrases, i.e. 4.6 stressed syllables per phrase
(minimum: 1, maximum: 11). A1l this is probably characteristic
of the text as a sample of speech read from a manuscript. Spon-
taneous speech will hardly turn up with as many complete sen-
tences, nor with so many long clauses, sentences, and intona-
tional phrases.
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Now to the question of stress group patterns. This question
derives from my previous analyses of Danish, based on fairly
short sentences, read out of context - typical laboratory ma-
terial and speech. A prosodic stress group is associated with
a pitch pattern which in Standard Danish can be characterized
as low plus high-falling. The stressed syllable is succeeded
by a rise in F, which normally reaches its peak during the
first post-tonic syllable, see the full lines in figure 2.

There are 421 prosodic stress groups in the text. 80 of those
are monosyllabic, i.e. they consist only of a stressed syllable
with no post-tonics. Those are not expected to have any rising-
falling Fy pattern (cf. Thorsen 1984). The remaining 341 stress
groups are polysyllabic. Only 32 of those, or 9%, do NOT have

a rise in F, after the stressed syllable. It appears justified
to conc]ude that a sequence of stressed plus unstressed syl-
lables is normally - in this type of text - accompanied by a
rise An By

The magnitude of the F, rise from stressed to post-tonic syl-
lable varies a good deal, and I cannot assert that it decreases
in a monotonous and simple fashion through the phrase or utter-
ance, as it does in short, context-free sentences (cf. figure
2). Nor can I find any other systematic trend in the varia-
tion of the Tow-to-high interval. I venture to guess that
varying the magnitude of the pitch rise from the stressed syl-
lable - as this speaker does - serves pragmatic purposes, in
that it lends slightly varying degrees of prominence to the
stressed syllables, without their falling out of the range of
what may be termed neutral, non-emphatic, main stress. Thus,
greater prominence would be associated with a higher rise after
the stressed syllable.

It is important to note that rise in pitch from a stressed syl-
lable to the post-tonic is not the only cue to its stressed-
ness. (This is evident in the case of monosyllabic stress
groups, where there are no post-tonics to carry such a rise.)
Instead, I propose, the relation to surrounding stressed syl-
lables may determine a syllable as stressed. That is, if a
syllable falls into place in a rhythmic pattern and an intona-
tional contour, established by preceding and/or succeeding
stressed syllables, and if its duration, its vowel quality,

and its lack of sted do not contradict it, such a syllable will
be perceived as stressed. It may further warrant a characteri-
zation as ACCENTED if it is succeeded by one or more post-tonics
and has an associated pitch rise; if there is no such pitch
rise to post-tonics the stressed syllable is NON-ACCENTED.

The distinction between accented and non-accented stressed syl-
lables does not apply to monosyllabic stress groups.

The distinction between stress and accent, as outlined above,
would bring Standard Danish on a par with German, as described
by Bannert (1985), with British English, as described e.g. by
0'Connor and Arnold (1961), and with Dutch, as described by

't Hart and Collier (1979), where a similar distinction can be
made between stressed syllables which are tonally prominent
(accented) and stressed syllables which are not (non-accented).



semi tones

15

10

TEXT AND INTONATION 49

centi-

O

J
L i 300 seconds

Figure 2

A model for the course of fundamental frequency in
short sentences in Standard Danish. (1) Syntactically
unmarked questions. (2) Questions with word order in-
version and/or interrogative particle; non-final de-
clarative and interrogative clauses. (3) Terminal de-
clarative statements. Large points denote stressed
syllables, small points depict unstressed syllables.
Full lines represent the Fo pattern of prosodic stress
groups; broken lines indicate the sentence intonation
contour.
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Figure 3

Stylized tracings of the course of fundamental fre-
quency in statements (S - left) and questions (Q -
right), which are prosodically neutral (open circles
and dotted lines) or have emphasis for contrast
(stars, points and full lines) in initial position
(top), medial position (mid), and final position
(bottom). Stars denote the emphatically stressed
syllables, large points denote other stressed syl-
lables, and small points depict unstressed syllables.
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It appears, then, that in read speech in Danish, at least the
speech I have analysed so far, stressed syllables are normally
also accented. In the materials I have Tooked at before the
present one, this has been true without exception, which is

why I have not thought to introduce a distinction between stress
and accent before. In retrospect, the behaviour of stressed
syllables surrounding an emphasis for contrast could have pro-
voked a discussion of accented versus non-accented: Stressed
syllables which are neighbours to an emphasis for contrast
suffer a reduction or deletion of their F, pattern, cf. figure
3. However, I am not sure whether this reduction is not also

a de-stressing (that is how it has been treated previously).
This is clearly a point where empirical research is called for,
both in terms of acoustic and perceptual studies. - It is not
my intention, and I am not able here, to do more than suggest
the utility of a distinction between stressed syllables which
are associated with a tonal change, and those which are not.

I also want to suggest that stress is binary: either a syllable
is stressed or it is not (whatever the criteria may be that
determine this), but accentuation is a continuous function.
Syllables are more or less accented in proportion to the amount
of pitch change they are associated with, everything else being
equal.

There is one snag about the dichotomy accented/non-accented, if
it is to apply to stressed syllables only. There are 104 syl-
lables with secondary stress in the text. (The decision about
syllables carrying secondary stress has been reached on purely
formal grounds: secondary stress occurs when a main stress gets
reduced in composite words, and in phrasal units (cf. Rischel
1980). This is an emergency procedure, since I do not know how
to localize, consistently, secondary stresses in running speech
by prosodic criteria. Even so, a certain arbitrariness invari-
ably persists in the assignment of secondary stress.) 95 of the
104 secondary stresses are succeeded by unstressed syllables.

21 of those 95, i.e. 22%, are associated with a rise in Fgp.

Does this mean that secondary stresses may also be accented?

Or does it mean that the stress reduction is only partial? Pre-
viously, secondary stresses have been characterized prosodic-
ally as lacking the pitch rise typical of main stress, but re-
taining all other stress cues (duration, quality, sted). -

If accented/non-accented is a relevant distinction in stressed
syllables, then lack of pitch rise is not a feature confined to
secondary stresses. Conversely, if there are secondary stresses
with associated pitch rises, then accentuation is not confined
to stressed syllables.

There is a vast amount of research to be done on stress in
Danish, not Teast perceptual experiments - and it will also be
evident from the discussion in the afternoon that stress and
accent are among the most elusive phenomena in speech produc-
tion and perception.
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APPENDIX 1

Transcript (the first of five pages) of the analysed text.
Stress marks have been added, to designate emphasis (*), normal
main stress () and secondary stress (). Glottal attacks (?)
are also marked. Pause durations are likewise given in paren-
theses (in centiseconds).

I dénne opgave skal du pve tdg-quéstions, altsa péhéngsspﬁrgsmé].(?S)'
Disse intonéres Ténten som én tonegruppe med en faldende stigende
kérne,(42) Péller som to tonegrupper, hvor den anden udtales med
faldende stigende manster.(150) Det forste du skal foretage dig i
dénne Opgave er at lytte pa pihangssporgsmil PUdtdlt som en énkelt
tonegruppe.(100) Betingelserne for at f4 en Pénkelt tonegruppeud-
tale ¥ér,(60) Pénten at pihznget falger efter en impérativ,(68)
P&ller at bade pdhanget Tog den foranstillede deklarative konstruk-
tion Per négative eller pos(i)tive,(55) Péller at tileren stiller

den tiltalte person frit (23) med hénsyn til at svare ja eller

nej (16) pa det givne sporgsmal.

Dvelse et.(120)

I dénne dvelse skal du ove impérativer med et Péfterfalgende pihang.(140)
Du harer forst speakerens Pindtaling af p&hzngsspargsmilet,(60) og
Pﬁmidde]bar‘t herefter kommer s@tningen Pi en filtreret form,(52) sdledes
at du hgrer intonationen WP fkke segménterne.(150) Du skal forsage

at synge méd p& den filtrérede sétning(44) - du kan for eksempel synge
pa™'m' (51) -"é1ler du kan vélge bare at lytte til intonationen i den
fi1tréred§ s#tning.(135) I den éfterfalgende pause (16) er det din tur til
at ?ndté]e péhangsspﬁrgsmé1et med den r%gtige intonation. (182) Efter

dit forsgg horer du spéakerens version (28)Péndnu en gang,(40) Pog

kan heréfter gare réndnu et forsdg.(60) (Jaevnfor modellen.)(125)

Hlsk (at)‘sét(te) t211eren p& nll Pi,nden du starter.

(((exercise)))
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A PHONETIC STUDY OF THE
STAD IN STANDARD DANISH

ELI FISCHER-JORGENSEN

Abstract

Chapter I gives a brief survey of phonological interpretations
of the Danish stgd, the dialectal and historical background,
and previous phonetic investigations.

Chapter II gives an account of the material, subjects and pro-
cedures used in the present investigation.

Chapter III contains the results. In accordance with Svend
Smith a distinction is made between the first and the second
phase of the stgd.

The first phase is characterized acoustically by a higher pitch
level and often a higher intensity level than syllables without
stgd, and by a relatively high subglottal pressure and airflow,
thus generally by a relatively high expenditure of energy. In
the second phase, the stgd phase proper, there is a strong de-
crease in intensity, particularly in the lower part of the
spectrum and, for the majority of the speakers, a noticeable
decrease in fundamental frequency and/or aperiodicity. More-
over the airflow is low, and inverse filtering shows a decreas-
ing amplitude of glottal flow peaks. There is also a slight de-
crease in subglottal pressure, and all speakers have a constric-
tion of the vocal folds and often of the ventricular folds as
well, but with large interindividual variation as to the degree
of constriction. On the boundary between the first and the
second phase most speakers have a strong contraction of the
vocalis and lateralis muscles, obviously preparing for the
glottis constriction of the second phase.

Chapter IV discusses the stgd in relation to phonation types
and concludes that the stgd is closely related to creaky voice
though without sharing all of its characteristic features.

Moreover the causal relations among the various properties of
the Danish stgd are discussed. The author cannot follow Svend
Smith in assuming that a sudden contraction and relaxation of
the respiratory muscles resulting in a quick rise and fall in
subglottal pressure, constitute the primary factor. There is
rather an independent contraction of a number of muscles, and
neither the high pitch in the start nor the fall in pitch and
intensity in the second phase can be explained by the subglot-
tal pressure contour. The high pitch level in the start may be
explained by activity in the cricothyroid, and the decrease in
pitch and the low intensity in the second phase is probably
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due to the glottis constriction, although the fact that the
decrease in intensity starts rather early, raises some problems.

Finally the question of the origin of the stgd is taken up
again. It is suggested that the st@gd in Danish perhaps origi-
nated from a reinforcement of the first syllable due to reduc-
tion and loss of a following syllable in common Scandinavian.
The reinforcement may have been accompanied by a rise in pitch
so that developments in different directions (involving stgd
or tonal accents) were possible.
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I. INTRODUCTION

A. PHONOLOGICAL ASPECTS OF THE ST@D
1. ST@D AS A PROSODY

The Danish sted is a prosodic phenomenon connected with certain
syllables. It generally shows up as a decrease in intensity
and (often) pitch, in distinct speech ending in irregular vi-
brations (creaky voice), in very emphatic speech probably some-
times in a complete glottal closure. A distinction is often
made between "sted in the vowel" and "sted in the consonant".
But the stegd is not, primarily, connected with specific seg-
ments. The irregularities (or dip of the Fo- or intensity
curves) are generally found about 10-15 cs after the start of
the vowel; therefore, if the vowel is long they will coincide
with the end of the vowel, and if the vowel is short with the
beginning of a following sonorant consonant. The sted requires
for its manifestation a certain stretch of voicing. Therefore,
syllables ending in a short vowel or in a short vowel plus
voiceless consonant(s) cannot have sted in Standard Danish.
They are said to lack "sted-basis". As Danish syllables do

not have voiced obstruents after short vowels (phonetically
Danish [&] is a sonorant, not an obstruent), only syllables
with short vowel plus sonorant consonant can have sted. More-
over, the stod requires a certain degree of stress (primary or
secondary stress) and disappears if the syllable loses its
stress in the sentence. It also disappears in song (at least
in traditional higher style singing). These facts show that

it is not a segment but a prosody. In phonetic transcription
it is traditionally indicated by a raised comma (’) or some-
times by the symbol for a glottal stop (?) placed after a long
vowel or after a sonorant consonant following a short vowel
(see Note 1 on phonetic transcription).

2. STOD IN DIFFERENT WORD TYPES

The presence or absence of sted can often be predicted. This
is, however, not always the case; and there is quite a number
of minimal pairs (see below).

As far as native monomorphemic words are concerned, the pres-
ence of sted is characteristic of monosyllables (provided that
they have stgd-basis) in contradistinction to disyllables.

(1) Almost all monosyllables with long vowel have sted, e.g.
pil [pPi:’1]'arrow', hus [hu:’s] 'house', best [be:’sd] 'beast’'.
The only exceptions are the contracted forms far, mor, bror
[fa:, mo(:)p, beo(:)p] 'father, mother, brother', and, in the
younger Copenhagen standard ("Advanced Standard Copenhagen")
words with assimilation of /r/ to a preceding [a] or [o],

e.g. mark [ma:g] 'field'. (2) Almost all monosyllables with
short vowel plus sonorant consonant plus consonant have sted,
e.g. kant [kPan’d] 'border', helt [hel’d] 'hero', sans
[san’s] 'sense'. Only words with /r/ plus voiceless consonant
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are excepted, e.g. vers [veys] 'verse', birk [bipg] 'birch'.
(In this position /r/ was voiceless earlier and still is in a
very conservative norm.) (3) Of monosyllables with short vowel
p]us sonorant consonant some have sted and others not, and this
gives rise to various minimal pairs, e.g. ven [ven] 'friend’
vsS. vend [ven’] 'turn!' (1mperat1ve), man [man] (indefinite
pronoun) vs. mand [man’] 'man', spil [sbel] 'play' (noun) vs.
spil [sbel’] 'play!' (imperative) (final sonorants are very
short in Danish, and may have been too short to get sted, ex-
cept when they were geminated or in clusters; later shortenings
or assimilations of long consonants and clusters gave rise to
a number of minimal pairs with short vowel plus sonorant con-
sonant). The recent shortening of vowels before [5] has in-
creased the number of minimal pairs, e.g. fed [fed] 'clove' vs.
fed [fed’] 'fat' (adjective), in the more conservative norm
[fe:’3].

Disyllables in -e [=] never have stgd. But disyllables in -er,
-en, -el [v (o), n, }1 vary (some were old monosy]]ab]es, some
polysyllables, and some are loanwords), and there is quite a
number of minimal pairs in -er, thus kzlder [kPelvp] 'cellar'’

vS. Keller [kPel’v] (a name), or lzser [le:sp] 'reader' vs.
leser [le:’sp] 'reads'.

As for polymorphemic words, the most general rule is that flex-
ives and derivatives do not cause any sted change. The presence
or absence of sted in inflected forms may therefore indicate
whether the stem is mono- or polysyllabic, e.g. tanken [t"angn]
definite form of tanke 'thought' VS. tanken [tPag’gn] definite
form of tank 'tank'. However, in many cases the sted of mono-
syllabic stems is lost, e.g. before endings in -e [s], for
instance the plural -e in nouns and adjectives (hus [hu:’s]

'house’', plur. huse [hu:sa]), and genera]]y before -ede [989]
(preterite of weak verbs), whereas in other cases there is ad-
dition of sted, e.g. in the definite form of stedless nouns in
short vowel plus sonorant consonant, e.g. ven - vennen [ven]
[ven’n]. The ending -er [o] behaves inconsistently, which may
give rise to minimal pairs like piber [pPi:bv] plur. of pibe
[pPi:ba] 'pipe' or nomen agentis of the verb pibe [pti:bs]
'peep' vs. piber [p"i:’bo] pres. of the verb pibe. There is
inconsistency even .with the same grammatical ending, e.g. ven
[ven] 'friend', plur. venner [veno] and han [han] 'male’, plur.
hanner [han’vp].

Monosyllabic first parts of compounds often lose their sted,
e.g. sol [so:’1] 'sun', but solskin ['so:1, sgen’] 'sunshine'.
On the other hand, disyllabic verbs or verbal derivatives (as
well as complex adJect1ves) with prefixes or as second part of
compounds often have sted addition. Whereas e.g. tale [tPe:1s]
'to speak, speech' and the nominal compound udtale ['ud th=:la]
‘pronunciation' do not have stﬂd there is sted addition 1n the
verbs betale [be'th=:’15] 'pay'’ and udtale [ ud, th=:’1a] 'pro-
nounce' and in the noun udtalelse ['ud, the:’ lalse] 'utterance’
derived from the verb udtale. (Further examples illustrating
the rules are found in the word lists, Appendix I.)
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Integrated foreign words follow the sted rules for native words.
Polysyllables with stress on the last syllable are treated as
monosyllables, e.g. supplikdnt with sted on -kdnt 1ike the mono-
syllable kant (except some French words with final vowel). Di-
syllables and words with penultimate stress generally do not
have sted (1ike native disyllables in -e, e.g. kane), e.g.

kdno, panordma. Words with stress on the antepenultimate have
sted on this syllable, e.g. fé1io (the native pattern may in
this case be the type 1dbene ['1g:’bena] definite plur. of the
monosyllabic noun 1gb [1g:’b] (but native trisyllabic words

may also lack sted, e.g. Igbende [lg:bsns] pres. participle

of the disyllabic verb 1gbe [1g:ba]). Sometimes foreign words
are treated like compounds, e.g. lat. scribunt with sted on
-bunt. (Latin words traditionally get sted, but otherwise sted
is very rarely transferred when Danes speak foreign languages.)

Thus the rules are complicated and not always exceptionless,
and the conditions may be both phonological and morphological;
although it is connected with the syllable,the sted may charac-
terize morphological types.

3. LINGUISTIC DESCRIPTION OF THE ST@D

The first description of the Danish sted is given by Jens
Pedersen Hgysgaard (1743, 1747, 1769). He sets up a system

of four so-called "&ndelav" (i.e. 'breath types' or 'phonation
types') based on a cross-classification of sted and vowel length
(with a terminology which varies somewhat in the three differ-
ent books). Hgysgaard does not give examples of four very
similar words like kzle, kaler, kalder, Keller [kPe:ls,
kPe:’1p, kPelp, kPel’p], but many pairs; his examples are per-
fectly clear, and he is well aware of the fact that his four
"dndelav" are based on a cross-classification of sted and vowel
length. He also distinguishes clearly between "&ndelav",
stress, metrical ictus, and the role of pitch and duration in
stress. Moreover, he gives the main rules for the occurrence
of sted with many examples and a number of minimal pairs, and
he proposes that the different "&ndelav" should be indicated
in orthography by means of accents. As a first description of
the sted, this is an admirable achievement. It influenced the
description of Danish prosody deeply for the next hundred
years, and it is still considered useful by many dialectol-
ogists. The only deviation from later descriptions of the
stegd is that Hgysgaard considers words with sted on a syllable
final vowel (e.g. [sg:’] as belonging to the type [hal’] (i.e.
stgd in syllables with short vowel plus sonorant consonant),
and not to the type [hz:’1] (i.e. sted in words with long
vowel). The reason may be that he heard the type [hal’] as
"stopping of the breath", and the type [ha:’1] as first stop-
ping of the breath and then "giving it speed again", i.e.
rather [h=’=1] with a rebound of the vowel, as it is still
often pronounced (and obligatorily so in the Zealandish sted
in Tong vowels). And he may not have had this rebound finally.
Moreover, in the distribution of the sted he is influenced by
his Jutlandish origin. In his main work on prosody (1747)
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he mentions that strictly speaking one might set up a fifth
"dndelav", viz. for words with apocope and lengthening of the
final consonant, as in skinne 'shine', e.g. in Jutlandish.

Some of Hgysgaard's followers made a few revisions, e.g. con-
sidering the type [sg:’] as having sted in the vowel, or adding
a 6th type (thus Rask considered the contracted type far [fa:]
to be a special type with overlong vowel, cp. Bjerrum 1959).
Levin (1844) distinguished the stpd-opposition from the length-
opposition, but in a not too clear way, which was not accepted.
Later Jessen (1861, cit. Bjerrum 1959) proposed this distinc-
tion again, and since then it has been customary to distinguish
the two oppositions completely. At the same time the grammari-
ans started describing the type [h#®:’1] as having "stgd in the
vowel" and [hal’] as having sted in the consonant, e.g. Lyngby
in the fifties (cp. Bjerrum 1959, p. 226), Bruun (1883), and
Jespersen (1897-99). This was, in a way, a step backwards from
a functional point of view.

Uldall (1933) places the stsd among the consonants in his sound
chart, but later (1936) he describes it as a prosody. However,
at this stage of Hjelmslev's and Uldall's linguistic theory a
marginal unit which can occur only initially or finally in a
syllable, but cannot occur in both positions, is a prosody, and
thus /h-/ is also a prosody.

Martinet (1934 and 1936) emphasizes that the sted is a prosody
in the more traditional sense of the word, arguing that it dis-
appears in unstressed syllables and in song, and that its place
in the syllable is automatically regulated and without phono-
logical value. Martinet also states that although a Tong vowel
with sted may be somewhat shortened, it does not represent a
neutralization of long and short vowels, realized as short (as
proposed by Uldall 1935), since it keeps the quality of a long
vowel; this is particularly clear in the cases of /o/ and /a/,
where the difference in quality between short and Tong vowels
is obvious (e.g. [=: - a]). Martinet also mentions the only
exception, viz. the so-called enclitic sted in a case like

lad os ['la’os] with [a], where the enclitic word begins with

a vowel, but he considers this case as dialectal. - In any case,
this type of enclitic sted is no Tonger common in Standard
Danish (cf. Brink and Lund 1975, p. 511f), and the case is a
very special one, cp. that in e.g. lad mig ['lam’ai] the en-
clitic sted occurs in the following consonant.

Aage Hansen (1943), who has given the most detailed description
and discussion of the functional aspect of the sted, also de-
scribes it as a prosody. He considers it as connected with the
syllable, but characterizing certain word types, in the first
place monosyllables; but also, in prefix words and compounds,
the last part of a complex unit. :

In glossematic and generative descriptions it has been attempted
to get rid of the exceptions, and thus of the sted, in the
ideal (glossematic) or underlying (generative) representation.
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Hjelmslev (1951) interprets the words containing short vowel
pTus sonorant with sted as containing a cluster consisting of
sonorant plus /d/ in "ideal notation", whereas words without
stgd are assumed to end in a single consonant. As for disyl-
lables in -er, -en, -el, the words without sted are interpreted
as ending in /e¢/ plus sonorant consonant, whereas the words
with sted are interpreted as monosyllables ending in /r, n, 1/
e.g. [le:sp] /le:ser/ vs. [le:’sp] /le:sr/.  He gives various
other (rather arbitrary) rules. Rischel (1970) prefers gemina-
ted consonants to d-clusters. Basbgll (1971-73) improves
Hjelmslev's rules on various points. In his paper 1972 he
simplifies the description by permitting morphological con-
ditions in accordance with generative phonology (this was not
permitted in the glossematic expression system). Heger (1980)
gives rules for monomorphemic native and foreign words. A de-
tailed and very instructive description of sted-occurrence in
native Danish words, including sted-addition and sted-loss in
inflected words, derivatives and compounds, is given in Bas-
bg11's latest paper (1985). In this paper (which has infTuenced
the description given in the start of this section) he does not
set up underlying forms with consonant clusters, etc., arguing
that since these are in most cases purely ad hoc, i.e. without
any other justification than the occurrence of the sted, very
little is gained by this analysis, so that it is just as simple
to indicate sted occurrence in the lexicon.

B, ST@D IN DANISH DIALECTS
1. OCCURRENCE OF ST@D AND TONAL ACCENTS

The map (figure 1) shows that although most Danish dialects
have sted, the sted is lacking in the southern part of Denmark,
on the island Bornholm south of Sweden (as also in the old
Danish dialects in present-day southern Sweden), on the island
Amager close to Copenhagen, and in a very small area in the
northernmost part of Zealand. (The diaTects are, however, now
to a large extent being supplanted by Standard Danish or re-
gional standards). Some of the dialects without sted have a
tonal difference instead, not only the dialects in Sweden but
also dialects in southern Funen and South East Jutland and
some of the smaller islands in this district. Finally, there
are areas in Funen, southern Jutland and some islands in Katte-
gat (e.g. Anholt) which have sted but also show- tonal opposi-
tions or traces of tonal oppositions. The tonal system of the
dialect in Felsted in South East Jutland has been described

in detail by Marie Bjerrum (1947). In this dialect old mono-
syllabic words have a rather low rising-falling tone movement,
whereas old polysyllables have a two-peaked movement, the
second peak being normally lower than the first. The tonal
difference is accompanied by a dynamic difference and a certain
lengthening of accent 2 words with apocope. Since Jutlandish
dialects have apocope of final -e in former disyllables, the
number of minimal pairs is much higher than in Standard Danish,
e.g. corresponding to Standard Danish hus - plur. huse [hu:’s
-hu:se] Jutlandish dialects with sted have [hu:’s - hu:s],
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Figure 1

Stod and tonal accents in Danish dialects (after
Kgster et al. 1982)

and in Felsted the difference is ['hu:s] with the one-peaked
tonal accent 1 vs. ['hu:s] with the two-peaked accent 2. The
dialects of eastern Funen have been described by P. Andersen
(1958). Here the manifestation of accent 1 and 2 is rather
complicated. In some areas the sted is accompanied by a rising
tone, in others rising tone and sted may occur in different
words, but monosyllables with short vowel plus voiceless con-
sonant may have falling tone, and the corresponding disyllable
rising tone. The dialect on the island Arg (Kroman 1947) has

a tonal difference, but with a different distribution depending
partly on vowel length.

2. DISTRIBUTIONAL RULES FOR THE ST@D

The distributional rules may also differ somewhat within the
stod-areas. In contradistinction to Standard Danish the Jut-
landish dialects generally lack sted in words containing a short
vowel plus sonorant consonant plus consonant, e.g. kant 'border'.
Jutlandish also Tacks sted in verbs with unstressed prefixes,
e.g. betale 'pay' (but it often has sted in derivations of such
verbs, e.g. betaling 'payment’' (see, e.g., Ringgaard 1971 and

K. Kristensen 1979). On the other hand, Zealandish dialects
have sted in positions where the standard language does not have
sted, e.g. after short vowels before voiceless consonants, con-
sistently so in the definite form of monosyllabic nouns 1ike
kzppen (Zealandish [kP=’bin], definite form of the word kap
'stick', but also in some other words in -er, -en, -el, and in
verbs with prefix, e.g. benytte [be'ny’ds] 'utilize'.
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Moreover, Zealandish dialects generally have sted in a disyl-
labic second member of compounds, also in syllables with short
vowel plus voiceless consonant (Ejskjer 1967). Long vowels
with sted differ in this dialect from short vowels with sted
by having a short reappearance of the vowel after the sted.
The short vowels with sted seem to be somewhat longer than the
corresponding short vowels in Standard Danish.

3. ACCOMPANYING TONAL CONTOURS

The accompanying tonal contours in sted dialects are different
indifferent areas. The normal Fo-contour in stressed plus un-
stressed syllable in Jutlandish and Funish is rising-falling,
with the fall starting in the stressed syllable if it has sted
(Fischer-Jogrgensen 1983). A similar contour seems to have
characterized the old standard norm. In the modern Copenhagen
standard, described by Thorsen (e.g. 1983 with further refer-
ences) the stressed syllable (only syllables without sted are
described) is low rising and the following unstressed syllable
high, with following unstressed syllables gradually falling.
North Zealandish dialects have, according to Kroman (1947), a
rising-falling contour in disyllabic words with sted, and a
falling-rising contour in disyllabic words without staed.
Andersen (1949) 1is sceptical, and assumes a falling-rising
contour in North Zealandish in both cases. I have, however,
found a rising-falling contour for several North Zealandish
speakers in words without sted (Fischer-Jgrgensen 1983), in
contradistinction to both Kroman and Andersen.

4. WEST JUTLANDISH ST@D

A large area in the western part of Jutland, which has normal
Danish sted, also has a second type, the so-called West Jut-
landish sted (see the map figure 2). It has been described in
detail by Ringgaard (1960). Its distribution differs complete-
ly from that of the common Danish sted. It is found in poly-
syllabic words and in old apocopated disyllabic words before
the stops /ptk/ following a voiced sound. Corresponding to
Standard Danish hat 'hat' - plur. hatte, West Jutlandish has
[hat - ha?t]. This sted is also found in compounds. Accord-
ing to Ringgaard there is a complete closure continuing into
the following stop, which is unaspirated. It is not really a
sted, i.e. a prosodic phenomenon, but part of a preglottalized
stop consonant. It is obviously similar to the glottal stop
found in many East English dialects, and also in Flamish dia-
lects, e.g. English [be?ta] or [be?s] for better. The glottal
closure may also simply replace the stop in West Jutlandish,
1ike in English, but Tess often. This phenomenon is also found
in North West.Funish and sporadically in Jutlandish dialects
with tonal differences (Ella Jensen 1961). The West Jutlandish
"stgd" will not be treated in the following.
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V-stad overalt foran p, ¢, k.

L]
Y V-sted ph volal foran . 1, &,
/7]

vk, rp, Qtu v Jt < ° Kt
V-sted ph kons. foran p, 7, k.
Vestod pd vokal foran p, 1, k.

Figure 2

West Jutlandish sted in Danish
dialects (after Ringgaard 1960)

o0 before -p, -t, =k

after all sounds

TAFR before -p, -t, —k under
—_— special conditions

C. THE HISTORICAL BACKGROUND

1. CORRESPONDENCES BETWEEN DANISH ST@D
AND SCANDINAVIAN WORD TONES

There is a close correspondence between the distribution of
Danish sted vs. no sted and the Swedish and Norwegian accents
1 and 2 (as well as the South East Jutlandish accents), the
sted corresponding to accent 1 and no sted to accent 2.

From a phonological point of view the systems are different.

In the first place Swedish and Norwegian compounds have only
one accent, spread over the whole word, whereas in Danish each
part of a compound or derivative may have stgd or no sted

(In Felsted most compounds have only one accent, but they may
have two). The Danish sted is connected with a syllable, not

a whole word (though it may characterize certain word types).
Secondly, whereas the Danish sted must be considered the marked
term of the opposition (in the Praguian sense), it is accent 2
which is the marked term in the languages with tonal accents.
This statement can be supported by various facts. In the tonal
languages there is no phonological opposition in monosyllables
(they do not have the Danish exceptions, e.g. [ven] vS. [ven’]),
and as monosyllables have accent 1, this must be the unmarked
term. Further, in unstressed position, where there is no op-
position in any of the languages, the tone in Swedish and Nor-
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wegian is close to accent 1, whereas Danish has no sted, and

in unassimilated foreign words Swedish and Norwegian generally
use accent 1, whereas Danish has no sted (see Basbgll 1972).
Moreover, Elert (1970) argues that whereas accent 2 has a posi-
tive (connective) function, indicating that the following un-
stressed syllable belongs to the same word, e.g. vadka, accent

1 is neutral in this respect, e.g. vdken, vdk en.. .

In the Targe majority of words the distributional correspond-
ence is, however, clear: accent 1 = stod, accent 2 = no sted.
The influence of various morphological endings is also mostly
parallel in the involved languages. One more specific differ-
ence is that accent 1 does not, like the stod in Standard
Danish, require a long stretch of voiced sounds. Thus words
with short vowel plus voiceless consonant of the type hat, hatten
have accent 1, but no sted in Danish (except for the type
hatten in Zealandish dialects). However, various older Danish
linguists have observed a difference in prosodic contour be-
tween disyllabic words with short vowel plus voiceless conso-
nants corresponding to accent 1 and accent 2 words, respective-
ly, e.g. between fedtet definite form of the noun fedt 'fat'
and fedtet as participle of the verb fedte 'fatten' either a
difference in pitch (Verner 1878, Jespersen (reluctantly) 1913,
Mgller 1922), or a difference of force and length (Aage Hansen
1943), particularly for Jutlandish speakers. More recently
Basbg11l (1972) has noticed a difference for Funish speakers.

I made a difference myself when I was younger, the accent 1-
word having a shorter vowel, a more abrupt stress, and perhaps
a higher pitch than the accent 2-word, but the difference is
not consistent in my present speech, and it is hardly found in
the modern Copenhagen standard speech. Anyhow, it seems prob-
able that Danish used to share with the other Nordic languages
an accentual distinction between two word types even in cases
where there is no sted-basis, whereas Danish differs categoric-
ally from the other languages in this respect if we 1ook only
at Modern Standard Copenhagen.

Seen in a historical perspective Danish stgd and accent 1,are
(roughly speaking) found in wordforms which were monosyllabic
in old Scandinavian after the syncope (i.e. after around 900),
whereas no sted and accent 2 are found in wordforms which were
disyllabic at that time. In old Danish the definite article
was a separate word, and its presence did not affect the ac-
centuation of the noun form, but it came to be used enclitical-
ly, and around 1200 it seems that the stem and the definite
article fused into one word. However, this did not affect the
accentuation of old monosyllables, which kept their accent
(accent 1) also when inflected with the definite article.
Later (around 1200-1500) monosyllables with final /r, 1, n/
after consonant developed a svarabhakti-vowel and became di-
syllabic, but kept their accent 1. The difference between the
accents was thus phonemicised (see, e.g., Oftedal 1952 and
G&rding 1977).
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2. THEORIES CONCERNING THE
HISTORICAL DEVELOPMENT

According to what was said above a common dependence on word
types differing in syllable number seems clear. But what is
still - and will probably remain - very uncertain is when and
how the development of the accents and sted took place, whether
the sted developed out of a tonal accent or vice versa, or
whether perhaps both developed out of a common, perhaps more
dynamic difference. These problems have been the subject of
intensive debate among Scandinavian linguists. Only some of
the main arguments will be mentioned in the following.

a. Time of origin The fact that accents and sted are not in-

dicated in the orthography makes it very
difficult to say when they have emerged. Some short charac-
terizations of the Danish language by foreigners from the 16th
and 17th century may be interpreted as pointing to the exist-
ence of the stgd. The Swede Hemming Gad has often been quoted.
In 1510 he wrote that "the Danes press the words out as if they
would cough, and seem to take pains to twist the words in their
throat before they come out" (e.g. quoted by Jespersen 1913).
This may be the first description of the sted. But the first
explicit description is not found until Hgysgaard (1743), and
the Swedish accents have not been mentioned until 1737 (very
briefly by A. Nicander, see e.g. Elert 1970, p. 41-42).

Most scholars have placed the origin of the sted somewhere be-
tween 1100 and 1500. But most of the arguments are rather
dubious. It has often been maintained that the sted must be
younger than some definite sound changes (e.g., the weakening
of final stops or the lengthening of final /m/), because the
sted could not be applied to the words before the sound change
in question had operated (Verner 1878, Jespersen 1897, Kristen-
sen 1898, Skautrup 1944). But this type of argument does not
hold, because the stgd rules may have been productive for
hundreds of years (they still are) and can have applied when
new sound changes made it possible (cf. also the criticism by
A. Pedersen 1912). Several scholars have also argued that

the sted must have originated later than the introduction of

a large number of loanwords from Middle Low German (around
1350-1500), which now have sted, since if the sted had already
existed at that time, the speakers would have used forms with-
out sted which were more Tike the Low German prosodic form
(Storm 1875, Verner 1878). But it is very improbable that
Danish speakers should have tried to imitate the foreign pro-
sodic contour. It is much more probable that they have treated
the loanwords according to Danish sted rules, as we still do
(the argument could also be used to prove that we did not yet
have stgd in the 19th century since there are loanwords from
this century and even from the 20th century which have sted).

The most problematic category of words are the verbs with un-
stressed prefix and sted. This word type was rare in 01d
Scandinavian, but was introduced in great numbers from Middle
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Low German. However, as Aage Hansen argues (1943), assuming
that the sted originated later or simultaneously with these
words does not explain why they got sted. We must assume that
the type existed beforehand, and 01d Scandinavian actually had
a certain number of prefixed verbs (Kock 1901) which must have
had unstressed prefixes. But the rule for sted application in
these cases is not part of the monosyllable rule, but must be
due to a special rule.

It is much safer to argue that the sted must be older than sound
changes which have changed words (which actually have sted) in
a way that made the sted rules inapplicable to them, e.g. the
addition of the definite article and the introduction of svara-
bhakti vowels. However, what can be concluded from such cases
is only that there must have been two distinct prosodic con-
tours before these changes, i.e. before approximately 1200, and
that the one characterizing monosyllables was maintained in these
words in spite of the new changes which made them disyllabic,
but we cannot know whether these contours were tonal or sted-
like at that time. Oftedal (1952) assumes that they might have
been stress differences accompanied by tone differences, cf.
that accent 2 in Swedish and in some Norwegian dialects has a
secondary stress on the second syllable. Before the changes
mentioned the two accents were only junctural (indicating the
number of syllables of the word); after the changes they were
phonemicized, and e.g. 01d Norwegian veg-inn (the way) and
veginn (participle of 'to weigh') must have had their different
accents already when the definite article coalesced with the
stem. Garding (1977) adds that the speakers may have found it
important to keep the definite form of monosyllables apart from
that of disyllables. Smith (1938) suggests that a concentra-
tion of energy due to the apocope, supported by the need to
keep old monosyllables and disyllables apart and thus avoid a
number of mergers, caused the emergence of the sted. Skautrup
(1944) adopts this theory, and thus dates the sted to 1100-1200,
when the weakening of the unstressed syllables is assumed to
have taken place. It is, however, problematic how imminent

the danger of mergers was. Jutlandish, where the weakening
developed into a complete apocope, at least around 1300, had
lengthening of a sonorous consonant in apocopated disyllables,
e.g. in words like skinne [sgen:] and perhaps also a specific
prosodic contour, the so-called circumflex, as a remnant of

the disyllabicity, so that monosyllables and old disyllables
were kept apart. This is still the case in West Jutlandish,
and in East Jutlandish the difference did not disappear until
the last century, cp. that Hgysgaard mentions this lengthening,
and it is also documented in other dialects, and in a few
places the older generation still has lengthening; as for the
words with Tong vowel before voiceless consonant (e.g. hus),
Ringgaard still perceives a circumflex in West Jutlandish
(1959). And in Funish and Zealandish the apocope is much

later and still facultative in many dialects., and nevertheless
there are more cases of sted in Zealandish than in Jutlandish.
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b. Did the sted develop from a As for the relative age of
tonal accent or vice versa? tonal accents and sted most
scholars assume that there
was first a common Scandinavian tonal difference and that the
sted originated later. There are some good arguments for this
view, viz. that the tonal accents in Danish are found in pe-
ripheral and isolated areas and are disappearing, and in some
dialects in Funen sted and tone may be variants (Andersen 1965).
Kroman (1947) advanced the theory that the tonal accents in
South East Jutland and in the southern islands should be due to
a Swedish invasion in the Viking time. But this theory has not
been accepted by other Danish scholars, and it does not explain
the traces of tones in the small islands in Kattegat. It is
thus possible that a larger part or the whole of the Danish dia-
lect area has had tonal accents, but it is only a hypothesis.

We do not know either whether the southern Danish islands which
have neither sted nor tonal accents have had one of these dif-
ferences earlier or whether they never had any difference of
this kind. The fact that all Scandinavian dialect areas with-
out any distinctions are peripheral makes them look like typical
relic areas. Haugen (1970) suggests influence from neighbour-
ing foreign languages, but it seems improbable that German
should have had more influence in Lolland than in southern Jut-
land.

Even if it should be true that the sted has replaced an earlier
tonal difference, it does not necessarily follow that it has
developed out of a definite, e.g. rising, tone. But this has
been assumed by various scholars (e.g. by Verner (2/11 1874
(1903) and 1878). Verner suggested that a quickly rising tone
involving a tension of the vocal chords, might lead to an
"iberschnappen" ('snapping') and a short closure of the vocal
chords. He finds this assumption supported by his own pronunci-
ation of words with stgd and by reference to the occurrence of
glottal closure in Lithuanian and Latvian in connection with a
rising-falling tonal contour (for a detailed discussion of
Verner's theory, see Smith 1944). This theory was accepted by
Jespersen (1897 and 1913), by Ekblom (1938) and by several
others. But Verner's description of his own tone contour is
rather different from what has been found for other speakers
(see later in this paper), and nobody can know how a hypothet-
ical Danish accent 1 has been. In Felsted it is rather low,

in Funish it may be rising but also falling, in Skdne it is
mainly falling, and on the whole the phonetic manifestation of
the Scandinavian word tones is extremely varied, the only
general feature being that if one of the accents is two-peaked
it is always accent 2, and if both have one peak, the peak is
later in accent 2 than in accent 1 (Garding 1977). It is also
a general experience from tone languages that the phonetic mani-
festation is not very stable. - J. Forchhammer (1942) has an
interesting argument against Verner's theory, viz. that a rising
tone is generally obtained by stretching the vocal chords,and
that cannot produce the compression which he considers to be
the characteristic feature of the sted. On the contrary, a
falling tone with thickening of the vocal chords might rather
lead to a compression.
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Others think that the sted has originated from a strong con-
centration of stress on one syllable. Storm (1875) suggests
this possibility besides assuming an earlier rising tone.
Kristensen (1899) also thinks that the sted is due to a dynamic
development and, as mentioned above, Smith is of the same opin-
ion. This explanation has the advantage that a concentration
of energy could also be assumed for words with prefix, so that
a common explanation might be obtained.

Only few scholars have assumed the sted to be very old, e.g.
A. Pedersen (1912), who dates it back to the common Scandinavi-
an syncope.

Recently Anatoly Liberman (1976 and 1982) has advanced the
hypothesis that the sted was common to 01d Scandinavian (or
even Common Germanic), and that the tonal accents 1 and 2 de-
veloped much later in connection with free apocope.

According to Liberman the main function of sted is to divide
the syllable nucleus into two parts or morae, and sted is the
marked part of the opposition, compared to no-sted. Accents,
on the other hand, have a syllable-counting function; in
Swedish and Norwegian accent 2 can unite the constituent parts
of a word or a syntagm, and is marked compared to accent 1.

01d Scandinavian (1ike 01d Germanic) was a mora-counting lan-
guage, and the tool of mora-counting was sted. It had its

main domain in words with long vowel or short vowel plus sono-
rant consonant, irrespective of the number of syllables. This
was just the type of words which were first submitted to apo-
cope (12th - 16th centuries). Apocopated disyllables became
monosyllabic and indistinguishable from old monosyllables.

Thus the sted became a signal of monosyllabicity. Accordingly
words that remained polysyllabic lost their sted. Since the
apocope was free in the beginning (later it could become
obligatory or be given up again) and partly determined by
rhythmical conditions, the same word could become monosyllabic,
e.g. medially in the phrase, but keep its weak syllable finally,
and these full forms also lost their sted and thus became iso-
lated. In order to maintain the phonetic identity of the words
which had been split up, the sted of the apocopated forms was
transformed into a circumflex, which restored the disyllabicity,
and in Swedish and Norwegian the full forms developed a second
peak, an accent 2 which became the marked member of the opposi-
tion. The sted in old monosyllables was then weakened into an
accent 1. In Danish no marked accent 2 developed and the old
monosyllables retained their sted which, besides its mora-
counting function, adopted a subsidiary function of indicating
monosyllabicity.

Words in -er, -en, -el developed in a specific way. They have
accent 1 in Swedish and Norwegian and sted in Danish. Liber-
man admits that they may have been monosyllabic at the time of
the apocope, but he prefers the hypothesis that words ending
in a closed syllable have always had sted. - He also assumes
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that words with voiceless geminates had sted, and that this
stgd developed into the so-called West Jutlandish sted, which
is a juncture phenomenon.

Liberman's hypothesis is based on a very thorough knowledge of
all accessible facts about Scandinavian dialects, and he finds
various dialects representing what he assumes to be transi-
tional phases of the development: the common Danish sted, the
co-existence of sted and tonal accents in Funish and (according
to Kroman) North Zealandish, the partly mora-counting function
of accents on Krg, some traces of redundant stgd in SOrmland,
and two small dialect areas in Sweden (Hedemora) and Norway
(Flekkefjord), which have (or have had) accent 1 in words be-
fore certain geminates irrespective of syllable number, inter-
preted as a relic of the mora function.

Nevertheless, I do not find his arguments convincing. In the
first place I agree with Ringgaard (1983) that the theory is
contrary to the results of areal linguistics. Ringgaard states
that apocope in Sweden and Norway is late (16th century) and
rare, restricted to some northern dialects far from cultural
centers, and he finds it improbable that a phenomenon developed
in reaction to apocope in some remote Scandinavian dialects
should have spread over the whole peninsula. Liberman might
object that he does not talk of obligatory but of free apocope,
and according to Hesselman (1948-1953, p.33ff) free apocope is
found or has probably been found in many dialectal areas in
Central Sweden. Even so, it is, however, improbable that the
innovation should spread to large areas in southern Sweden and
Norway which did not have apocope, whereas it does not arise

in Danish dialects (except for a smaller area in southern Den-
mark) which all have full or free apocope. Moreover, whereas
the very specific facts found in two small dialects before
geminates (which are the corner stones of the theory) seem

very dubious as relics of sted, it seems much more probable
that the peripheral and isolated areas in Jutland with traces
of accents are relic areas where the tones are disappearing.

The systems in the various dialects which are seen as transi-
tional phases do not really correspond to steps in the assumed
development, which therefore remains hypothetical and must be
judged according to probability. And I find the suggested de-
velopment phonologically and psychologically improbable. How
can apocopated forms become indistinguishable from old mono-
syllables and then be turned back into disyllables by means of
circumflex and accent 2? Would it not be much more probable
that they have retained some tonal or dynamic features of the
disyllables from the start? Liberman admits that the speakers
must have felt them as variants of the full forms. How can
the sted then have become a signal of monosyllables?

Finally, it is not always clear when the terms "stgd" and
"accent" are used for purely functional entities (Liberman
defines them in purely functional terms) and when they are
identified phonetically. Liberman is rather uninterested in
manifestation, and he does not even use the phonetic argument
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he might have taken from Asiatic languages which - according
to strong comparative and historical evidence - in some cases
developed tone from syllable-final glottal closures (or other
so-called phonation types).

However, one does not have to assume that accents and sted

are successive phenomena in the individual languages. They
may both have developed in different dialects out of an earlier
distinction which had both dynamic and tonal features. This
may even be the most nrobable hypothesis. This seems to be as-
sumed by Oftedal (1952) and G&rding (1977). Uhman (1967) also
assumes a common origin but according to a specific model,
which will be mentioned in the following section.

In conclusion it must be stated that we do not have any re-
1iable knowledge about the origin of the stged. The problem
will be taken up again briefly in the final section of this
paper in the hope that some more arguments may be found
through a phonetic analysis of the sted in present-day Danish.

D. PREVIOUS PHONETIC DESCRIPTIONS
OF THE DANISH ST@D

1. OLDER DESCRIPTIONS

As mentioned in section A the sted was first described by Hgys-
gaard (1743, 1747, 1769). Phonetically he describes his four
"&ndelav" (1747) as "some peculiar thrusts and puffs of breath
in the pronunciation of syllables or their vowels and other
sounds ... different ways of exhaling the vowels". As for the
sted (a term proposed by Hgysgaard and meaning "thrust") he
says that it sounds like "a very little hiccup"”. After a short
vowel (e.g. sang [san’]) "it is as if it stops the breath"
("stepdende &ndelav"), after a long vowel "it stops the breath
and then immediately gives it speed again” (dobbelt ('double')
dndelav). In 1769 he changes the term "stgdende" to "stand-
sende" ('stopping') and explains that he first called it
"stgdende" because "it bumps in the pharynx" ('"det terner i
svelget"), but it is not really a thrust or push. It is rather
characterized by a stop of breath produced by closing up the
pharynx, which blocks the breath stream ("svalget lukker sig
for &nden"). At the same time he warns against the very strong
Zealandish sted. It should be milder.

This description ("svalget Tukker sig for lyden") was taken
over by his followers (Levin 1844, Hommel 1968). It is, of
course, not very probable that there is a closure in the
pharynx ("svaelget"), but Hgysgaard and his followers in the
middle of the eighteenth century hardly made any distinction
between pharynx and larynx; and later the sted is described
expressly as a glottal closure, e.g. by Sweet (1877), Verner
(1878) and Jespersen (1897-99, p. 297). Verner (3/7 1872
(1901)) also reported that he felt that words with sted re-
quired more energy in the throat, and he could feel a sudden
contraction of his throat muscles.
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2. THE FIRST INSTRUMENTAL
INVESTIGATIONS

In the years 1895 and 1896 Rousselot undertook the first in-
strumental (kymographic) investigation of the sted with one
informant. In 1899 he made another, more restricted recording
with Jespersen as informant. He found (see 1897-1901, p. 873-
879) that there was hardly ever a real pause (one case out of
50) but always an evident diminution of the vibrations. There
also seemed to be a vertical and horizontal movement of the
larynx. Nevertheless, Jespersen still describes the sted as

a glottal stop in 1912 and in the 1932-edition of "Lehrbuch
der Phonetik". In the second edition of his Danish phonetics
(Modersmélets fonetik 1922) he gives the same description in
the text, but in a footnote he modifies this description by
saying that a complete closure is only found in a strong form
of the sted, e.g. finally. In the interior of a sentence and
particularly before voiced sounds there is only a narrowing

of the glottis, involving a tension of the vocal chords, which
stiffen in their movement. The narrowing occurs in the last
part of a Tong vowel. If it occurs on a sonorant after a short
vowel, only the beginning of the sonorant consonant is heard.

The very rare occurrence of a complete closure in the standard
language (except for emphatic speech) was confirmed by a few:
later kymographic recordings: Selmer (1925), Heger (1931),
Ekblom (1933) and Abrahams (1943) (six speakers in all), but
there was in all cases a decrease of the vibrations. In con-
tradistinction to Jespersen Abrahams found that in syllables
with short vowel the minimum generally occurred at the limit
between vowel and consonant, rarely after the beginning of

the consonant. Abrahams also measured duration and found that
long vowels with stgd were slightly shorter than long vowels
without sted.

Selmer, Heger and Ekblom also investigated the Fo-contour in
words with sted. Through auditive observation of his own
speech Verner (1878) had found a contour which supported his
theory of the origin of the sted from a rising tone. Whereas
he had falling Fo in disyllables without sted, he found that
words with sted start on a Tow tone rising quickly about a
quint at the end of the stressed vowel until the closure, the
following unstressed syllable being low: Accent 1 words with-
out sted (e.g. drikker 'drinks') have a low start like the
words with sted, but the rise is cut off by the voiceless con-
sonant. Thomsen (in his obituary on Verner 1896-97) suggests
that this may be a special Arhus-pronunciation. But it does
not look Tike present Arhus speech (see later), and as Verner's
father was German and his mother from Zealand, it may have
been a rather personal contour. His sted-rules are obviously
influenced from Zealandish dialect, but his Fo contour is

not Zealandish either.

Selmer, whose informant (professor Brgndum-Nielsen) was from
Jutland, but speaking a somewhat artificial standard Danish,
found a moderate rise-fall in disyllabic isolated words without
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stgd and a pronounced rise-fall in the first syllable of words
with sted (before a possible break). - The contour is thus the
same, only more pronounced in words with sted. Selmer does not
find this difference important. Heger thinks that the strong
rise in the sted words investigated by Selmer might be due to
emphasis. His own informant (who had spent most of his life
in Copenhagen) had a conspicuous very deep fall in Fo in the
second part of the vowel with sted. - Ekblom, whose informant
was from Copenhagen, found - 1like Selmer - a moderate rise-
fall in words without sted and a stronger rise-fall in words
with sted, but in the cases of a break (which might be due to
the difficulty of measuring reduced or irregular vibrations

on kymograms) this was at the top of the curve, before the
fall, not after the fall as for Selmer's informant. Ekblom
also found a somewhat more abrupt rise in two disyllabic ac-
cent 1-words with short vowel plus voiceless consonant (and
thus without sted) than in the corresponding accent 2-words.
Like Verner he finds a similarity between the Fo contour of
words with sted in Danish and that of words with sted in
Latvian and Lithuanian. Whereas Heger recorded small sen-
tences containing words with sted, Selmer and Ekblom recorded
isolated words. This makes the judgement of the Fo contour
somewhat dubious, because it must be a combination of word

(or stress) contour and sentence intonation.

3. SVEND SMITH'S ANALYSIS OF THE ST@D

As for the production of the sted there has never, during the
whole period, been any doubt that it is produced by a constric-
tion or closure in the larynx, and it has been implicitly as-
sumed that the Tarynx was the primary source, i.e. that the
stegd was due to an innervation of the vocal chords.

However, this was called in question by Svend Smith, whose
thesis (1944) constitutes the first detailed and thorough in-
strumental investigation of the phonetic aspects of the sted.
It is a pioneering work, which brings a large number of new
facts and a new theory built on these facts. The most important
new contribution made by Smith is an electromyographic investi-
gation of the expiratory muscles. He used surface electrodes
because a preliminary experiment with needle electrodes gave
too many artefacts due to movements of the muscles. The elec-
trodes were placed on the abdomen between the navel and the
trigonum scarpae (which is close to the groin), i.e. rather

low down, in order to avoid interference from the heartbeat.
Smith considers the activity recorded at this place as repre-
sentative of the activity of the total complex of expiratory
muscles. There were five subjects, all speaking Standard
Danish. They pronounced a number of word pairs (one to three
times each), read as an enumeration of individual words with
non-final intonation, but shifting between words with and with-
out sted. There were 11 different word pairs in all, but not
all were read by all subjects, and some could not be used be-
cause of various disturbances. 83 pairs belonging to different
types (mono- and disyllables, words with Tong and with short
vowel) were analysed. In one word pair of a special type, viz.



STOD IN STANDARD DANISH 75

ending in a vowel ([t"=:’/tPa]) (which was, exceptionally,
read 17 times) no clear difference was found. But 53 of the
remaining 66 pairs showed more activity in the word with sted
than in the corresponding word without sted. The activity in
the words with sted is also more abrupt with a quick rise and
fall, whereas the activity in the words without sted is more
evenly distributed over the whole word. Smith concluded that
in words with sted there is a strong ballistic movement of the
expiratory muscles, whereas in words without sted it is a con-
trolled movement. A few whispered pairs showed the same dif-
ference. In the published curves (10 pairs) the difference is
very clear. Since it is found in 53 out of 66 pairs, it is
obviously significant, but at the same time it does not seem
to be a necessary condition for the production of the sted,
since it was absent in 13 pairs. It is, of course, possible
that some subjects may have used muscles whose activity did
not show up at the abdomen (e.g. internal intercostals). It
is said that there is large inter-individual variation par-
ticularly in the amplitude of the curves, but it is not stated
whether this variation implies a more or less clear difference
between pairs with and without sted and how the exceptions are
distributed on the individual speakers. - Unfortunately, it
was not technically possible to synchronise the electromyo-
graphic recording with an acoustic recording, so that one can-
not know exactly when the activity takes place.

Smith also analysed the sted from an acoustic point of view
by means of a direct oscillographic recording. There were

six speakers who, apart from the author, seem to have been
different from those who took part in the electromyographic
recordings. Smith managed to get hold of both Heger's and
Ekblom's informants, and they read the same material as in

the old recordings. Smith himself read a list of 46 word
pairs (each pronounced once, as an enumeration of words with
non-final intonation). The other speakers read only part of
the Tist; and only one read more than ten pairs. This time
the individual speakers are treated separately. Smith finds

a weak tendency to a stronger rise in amplitude and frequency
in the beginning of words with sted, but only in about 1/4

of the material, and rising frequency is mostly found in words
starting with a sonorant consonant. Only one speaker (OF,
Ekblom's subject) has a frequency rise in most of the words. -
What is much more general is a fall in amplitude in the second
part of the syllable in words with sted. Strangely enough
individual results are not given on this essential point.

In the conclusion p. 105 it is said that there is "often" a
decrease in amplitude, but no exceptions are mentioned in the
more detailed discussion. The decrease is treated as some-
thing given, and it is also in accordance with earlier kymo-
graphic recordings. Al1 illustrations show this decrease.

It may end in irregular vibrations but never in a complete
pause. There are obvious individual variations in the oc-
currence of irregularities. Three of the subjects have irre-
gular vibrations in all examples, one in almost all, one only
in one example out of ten, but he is from Funen where the sted
is normally weaker. Smith himself has irregularities in
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less than one third of the examples, which may perhaps be ex-
plained by the fact that as a speech therapist he considers a
stgd with irregular vibrations to be "non-normative". For most
of the speakers (except Smith) the irregular vibrations are in
the. majority of cases preceded by a fall in Fo, more or less
coinciding with the decrease in amplitude. The amplitude may
increase again after the minimum, particularly in Tong vowels.
In the case of Heger's informant Smith did not find the very
deep and abrupt fall in Fo indicated in Heger's measurements.
Smith assumes that this deep fall was probably due to the dif-
ficulty of measuring weak and irregular vibrations on kymo-
grams. For Ekblom's informant Smith found a Tess steep rise
and ~the irregular vibrations coming after the fall, not on the
top® of the curve.

Comparing the electromyographic and the acoustic recordings
Smith sets up the following hypothesis concerning the produc-
tion of the sted. There is a first phase, characterized by a
strong, ballistic contraction of the expiratory muscles, which
results in a heightened subglottal pressure. This higher pres-
sure may cause a proprioceptive reflex innervation of the vocal
chards. In the second phase the activity of the expiratory
muscles falls abruptly, which causes a fall in amplitude and
sometimes in frequency. A sted thus has two <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>