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ASPECTS OF DANISH INTONATION

Nina Thorsen

A MODEL OF DANISH INTONATION

Intonation in short sentences in Advanced Standard Copenhagen Danish (ASC)
may be accounted for in a model, cf. Figure 1. (For a detailed account of
the procedure that led to the formulation of this model, see Thorsen, 1976.)
A basic assumption, underlying the model, is that the complex course of Fo
in an utterance is the outcome of a superposition of several components:

(1) A sentence component which supplies the INTONATION CONTOUR. (2) The
contour is overlaid by a stress group component which furnishes the STRESS
GROUP PATTERNS (both exemplified in Figure 1). (3) To the resultant of
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Figure 1. A model for fundamental frequency in short sentences in Advanced
Standard Copenhagen Danish. 1: statement questions, 2: interroga-
tive sentences with word order inversion and/or with interroga-
tive particle, and non-final periods (variable), 3: declarative
sentences. The heavy circles represent stressed syllables, the
empty circles unstressed syllables, and the broken circles repre-
sent syllables with assimilated or elided /o/. The full lines re-
present the fundamental frequency pattern associated with stress
groups and the broken lines denote the intonation contour.
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those two cbmponents is added a stgd component, rendering STPD MOVEMENTS.
(However, as stgd words had been excluded from the material, the model does
not include this particular feature.) These first three components are lan-
guage specific and thus "speaker controlled". (4) Finally, intrinsic Fo lev-
el differences between segments and coarticulatory variations at segment
boundaries supply a MICROPROSODIC COMPONENT, which is not consciously con-
trolled by the speaker, but due to inherent properties of the speech pro-
duction apparatus.~—The same point of view about "layers" in intonation has
been expressed previously by several authors, see e.g. Bolinger (1970),
Bruce (1977), Cohen and 'tHart (1967), Collier and 'tHart (1975), 'tHart
(1966), "tHart and Cohen (1973), and Lehiste and Peterson (1961), and for a
more thorough account, see Thorsen (1977 and forthcoming).

As may be seen from the full lines of figure 1, the stress group pattern

can be described as a (relatively) low stressed syllable followed by a high-
falling tail of unstressed syllables. This pattern is a predictable and re-
current entity, allowing, however, for contextual variations in the magni-
tude of the rise from stressed to unstressed syllable, which decreases from
the beginning to the end of the utterance. In fact,. it was this observation
which led to the definition of the stress group in ASC Danish as a stressed
syllable plus all succeeding unstressed syllables (within the same non-com-

pound sentence), irrespective of intervening word- or morpheme boundaries,
and it also led to the definition of the intonation contour as the course
described by the stressed syllables alone, cf. the broken lines of figure
1. - The same concept of the intonation contour can be found in Bolinger's
(1958, 1970) treatment of American English, and it is similar to the "de-
clination Tine" from which the "hat" patterns set off in Dutch, cf. e.g.
Collier and ‘tHart (1975) and 'tHart and Cohen (1973).

Figure 1 may be accounted for in a different manner, namely in terms of top-
lines and base-lines which are tangents to the maxima and minima, respec-
tively, in the Fo course. This would be in accordance with the way Bruce

and Ga&rding (1978) describe Swedish, and, Tikewise, with the description by
Breckenridge and Liberman (1978) of American English. A feature common to
all three languages is the fact that both Tines decline for statements

(more or less steeply), but the top-line declines faster than the base-Tline,
so that top- and base-lines together create a wedge-shape.

The intonation contour tends to vary systematically with sentence type, as
suggested by figure 1: declarative sentences having the most steeply falling
contours (about 25%/sec.), at one extreme, and statement questions (i.e.
questions where only the intonation contour signals their interrogative
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function) having "flat" contours, at the other extreme. In between these

two are found other types of questions as well as non-final periods. Further,
there seems to be a certain trade-off between syntax and intonation contour:
the more syntactic information is contained in the sentence about its non-
final or interrogative function, the more declarative like, i.e. the more
steeply falling is its intonation contour, cf. Thorsen (1976, p. 134-135).
Such a trade-off has also been observed for other languages, see e.g. Bo-
linger (1964), Cohen and 'tHart (1967), Dane¥ (1960), von Essen (1956),
Hadding-Koch (1961), and Miko¥ (1976).

PERCEPTION OF INTONATION CONTOURS

The observation of the trade-off between syntax and intonation contour Ted

to the formulation of the following questions:

(1) will listeners identify three types of contours, in correlation with
the actual course of Fo?

(2) if the answer to the first question is affirmative: are these cate-
gories linguistic, rather than purely phonetic?

(3) how early, or how late, in the utterance are the various contours per-
ceptually differentiated?

Space does not allow for a detailed account of the four tests that were de-
signed to answer the above questions (the reader is referred to Thorsen
1978) but a summary of the results will be presentéd, as well as a discus-
sion of "terminal rises".

The search for two or more (linguistic and/or attitudinal) categories of
sentence intonation is anything but new, see e.g. Dane$ (1960), Delattre

et al. (1965), von Essen (1956), Garding and Abramson (1965), Hadding-Koch
and Studdert-Kennedy (1963, 1964, 1965, 1974), Isaenko and Schddlich (1963),
Johansson (1978), Miko¥ (1976), Studdert-Kennedy and Hadding (1972, 1973),
and Uldall (1960, 1961). The primary motivation for conducting yet another
experiment on the identification of intonation contours was the fact that

it has not been done with Danish material before. Furthermore, the material
and procedure deviate somewhat from thoseof previous investigations.

A small part of the material recorded for the original analysis was selected
for identification. I.e. natural speech was employed. The reason for this
choice lay first and foremost in a curiosity to see how the contours, as
actually produced by a speaker, would be identified, and whether the obvious-
1y and rather systematically different contours can serve a perceptual and
Tinguistic purpose. Secondly, experiments with real speech would be a nat-
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A

ural prerequisite to ones with synthetic speech, i.e. the relevant param-

‘eters for systematic variation in synthetic speech would appear in this

fashion. Thirdly, the objection that could be raised against the many in-
vestigations conducted with synthetic speech (or "semi-synthetic" speech,
i.e. vocoder reproduced segments with externally controlled Fo) that Tisten-
ers are exposed to stimuli that could never occur in real speech, is muted
from the outset. A further advantage is the fact that the stimuli presented
to subjects are fairly long, comprising three stress groups (7 syllables in
all), whereas the studies by Hadding-Koch and Studdert-Kennedy, and Studdert-
Kennedy and Hadding, which, in outline and purpose, most closely resemble
the present study, were conducted with utterances containing only one
stressed syllable {'For Jane' and 'November', respectively).

Five recordings by a male subject of a statement Der gdr mange busser fra

Tiflis. 'There are many buses out of Tiflis.', a non-terminal main clause
Der g&r mange busser fra Tiflis, s& vi kan godt lade bilen std. 'There are

many buses out of Tiflis, so we may well leave the car.', and a question
with word order inversion G&r der mange busser fra Tiflis? 'Are there many
buses out of Tiflis?' were selected for identification. By means of a seg-
mentator the sequence { 'man 'guSA fo ‘gsifLis] was isolated from the 15
items. The 15 stimuli conséituted a quasi-continuum on the “slope-scale",

ranging from flat to steeply falling contours. Durational differences be-
tween segments across the three sentence types were small and in no case
statistically significant, so we may assume that shbjects' Judgments were
based solely upon the Fo course in the stimuli.

Test 1

In test 1 (designed to answer the first question above) 10 ASC speaking
subjects identified stimuli as being either declarative, non-final, or in-
terrogative (forced choice). Three clear peaks in the identification func-
tions appeared, pointing towards categorical perception. Further, responses
are highly correlated with the course of Fo, i.e. the higher Fo runs, the
more responses for interrogative, and the lower Fo runs, the more responses
for declarative (irrespective of the speaker's intention): A number of Fo
measurements were performed in the 15 stimuli and Spearman rank correlation
coefficients between responses and each of these measures were calculated.
It turned out that responses correlated very highly with Fo of the last
stressed vowel, ['1] (rs=.98), with the succeeding unstressed vowel, [Qi]
(rs=.98), and with the slope of the intonation contour (i.e. the base-line)
(as defined by the Fo difference between ['u] and ['i], and their time

26




interval) (rs=.95). Correlations were high between responses and the level

of Fo in the second stressed vowel, ['u] (rs=.89), the succeeding unstressed
vowel, [OA] (rs=.77), and the top-line (as defined by the Fo difference
between [ ] and [ i], and their time interval) (rs=u88)o Correlations were
rather low, however, between responses and Fo in the first stress group
(['a]:rs=.18, [?]:rs=«64) and also low between responses and the rise from
stressed to unstressed vowel in the second and third stress groups ([ 'ul-
[OA]2TS=.38, ['i]—[bi]:rs=.3o).——-The rather high correlations between re-
sponses and all of the Fo course in the second and third stress groups and
with top-line and base-line slopes are, of course, partly due to the fact
that these parameters are interdependent: Spearman rank correlation coeffi-
cients between a number of pairs of Fo measurements, as well as the Kendall
coefficient of concordance between several such measurements were calculated,
and it turned out that during the second and third stress groups all points
correlate highly with all other points and with top-line and base-line slopes
as well - the correlation or concordance being the higher, the closer the
points of measurement are in time. In other words, if one point (or top-Tine/
base-Tine) is high, so are all other points of the Fo course, and vice versa.
Further, Kendall partial rank correlation coefficients could not single out
any one pérameter which was more independent of the others than any other
parameter.

In conclusion, we may say about the results of test 1 that they confirm the
1mp1ication of the model in figure 1: intonation contours are more widely
separated in later than in early parts of the utterance. Since the correla-
tion/concordance between points in the Fo course in the second and third
stress groups are high, it is not possible to establish a single parameter
which, independently of all other parameters, will account for listeners'
identification. Rather, identification may be determined by all of the later
part of the Fo course, probably, however, with the level of the final stress
group having slightly more weight than that of the second stress group, cf.
the high correlation coefficients between responses and [ 'i] and [oi], re-
spectively.

Terminal rises

It is interesting to note that the magnitude of the final rise, i.e. ['i]-
[,1]> shows only a slight (rs=030) and non-significant correlation with re-
sponses (and no correlation at all, rs=.05, when this rise is expressed in
percentage of the level of the stressed vowel). This must be taken to mean
that the magnitude of the final rise was not, in this experiment, a percep-
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tual cue to the identification of intonation contours, but its placement on
the frequency scale, i.e. the levels of the final stressed and succeeding

unstressed vowels, were.

However, Danish Tisteners are not insensitive to terminal rises: In the
course of some informal experiments, conducted at the Institute of Linguis-
tics, Uppsala University, with the ILS-system for analysis and synthesis of
speech, the declarative sentence Der gdr mange busser fra Tiflis. was re-
corded (by the author). It was then resynthesized with the final unstressed
syllable, -1is, being raised 60 Hz, in steps of 10 Hz (everything else being
kept constant). These 6 utterances, together with the original, were later
played back to a group of phoneticians in Copenhagen. The first two steps

up of -1is made no apparent difference. At +30 and +40 Hz listeners reported
that they heard a statement, but a rather obstinate one. At +50 Hz the utter-
ance began to sound interrogative (to some listeners), and at +60 Hz the
utterance was classified as a question by the majority, but a rather sur-
prised or disbelieving echo-question. Other listeners would not accept the
utterance as a question at all but dismissed it as being wholly unnatural.

This illustrates very nicely a point where real and synthetic speech part
company: it is possible to make listeners respond in certain (and often pre-
dictable) ways to cues, or rather combinations of cues (cf. below) which are
not found in real speech, but analyses of and perceptual experiments on real
speéch may then serve to dissolve any ambiguity as to which of the cues,
found to be operative in synthetic speech, is the dominant one in speech
perception. The interpretation presented here for Danish could probably al-
so apply to the results obtained for Swedish (and American): Hadding-Koch
(1961) found 1in her analysis of Swedish that statements tend to end in a
terminal fall, questions in a terminal rise (but there were differences to
observe in earlier parts of the utterance, also). In experiments with syn-
thetic stimuli, Studdert-Kennedy and Hadding (1972, 1973) found that if a
low peak 1is heard (in the stressed vowel of 'November'), listeners tend to
interpret the utterance as a statement unless it is followed by a large
terminal rise (in the final, unstressed syllable). If a high peak is heard,
listeners tend to interpret the utterance as a question, unless they also
hear a large terminal fall. In other words: everything else being equal,
the higher the terminal rise, the more questions are heard, and vice versa;
or, again everything else being equal, the higher the terminal peak, the
more questions are heard, and vice versa. They conclude that peak and per-
cejved terminal glide. are the two factors that seem to govern Tinguistic
Judgments of intonation contours (although they are not just and simply

28




additive in their effects). However, in consequence of the line of argument
for Danish above, I would be inclined to give top priority to their peak
Tevel.

Test 2

If the categorization performed by subjects in test 1 were purely phonetic,
i.e. the continuum had been divided into three equally large bits, without
any regard to linguistic analysis, then one would expect listeners to divide
the same continuum into two equally sized bits when presented with only two
categories to choose from. Accordingly, the test tape from test 1 was pre-
sented to 7 of the 10 subjects for identification as "declarative" or "non-
declarative" (forced choice). (Test 2 was run 6 months after test 1 and sub-
jects did know that the tapes were identical.) It turned out that the stimu-
11 that were labelled "non-final" in test 1 were not split up into two equal-
1y sized portions, each one going to the declarative and non-declarative
categories, respectively. With one exception, the formerly "non-final" stim-
uli were now categorized as "non-declarative®” and this may be taken as an
indication that 1inguistic categories were at play.

Tests 3 and 4

From the results of test 1, we might expect stimuli to be rather well iden-
tified even when the third stress group is missing, given that responses in
test 1 correlated fairly highly with Fo of ['u] and [oA], but identification
should not be much better than chance, given only the first stress group to
judge from. Likewise, we may predict that identification should not be
affected much in the absence of the first and second stress groups. If the
predictions holdwater it will be a further support of the hypothesis that
earlier parts of the utterance do carry information about the contour, on
the one hand, and that the final stress group alone may do the job, on the
other hand.

In test 3, 4 of the 10 ASC speakers were presented with mutilations of the
7 stimuli that had been identified best in test 1. One, two, three, four,
and five syllables, respectively, were cut away from the end of these 7
utterances. The resulting 35 stimuli were presented, randomized, together.
Subjects had to determine whether the cuts they heard originated from a de-
clarative, a non-final, or an interrogative utterance (forced choice), It
appeared that identification deteriorated but slightly, unless only the

29




Test 4 comprised mutilations of the 9 stimuli that had been identified best
in test 1. The first and the second stress groups were cut away. This has
no apparent effect on identification, and we may conclude that although
earlier parts of the Fo course do carry information about the intonation
contour, the end of the utterance alone may suffice to identify the contour
which it rides upon.

CONELUSION

Thus, the predictions made above are borne out, and the model (fig. 1) as
well as the results of test 1 are confirmed.

For a further discussion of the linguistic significance of these results,
the reader is referred to Thorsen (1978).
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