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something which has to be adhered to, even when the speaker speaks distinctly enough
to overcome the sluggishness’ of his speech production mechanism. In the same vein
I interpreted the less drastic reduction of rise intervals: found on less falling contours
(cf. Fig. 3), as an expression the markedness of less sloping ‘contours vis-3-vis more
sloping contours. The more marked contours are supposed to be subject to a more
careful control by the speaker, and the reduction in gestural distinctness with time is
accordingly less pronounced, which is reflected in steeper - and thus also higher - rises,
ceteris paribus.

CONCLUSION

All these arguments become circular if we do not determine what was first: the hen or
the egg. And it is my contention that in the beginning was production, with its con-
straints and natural tendencies. Perception adjusted to the inherent properties of speech
signals, which have therefore become part of the linguistic code, and which accordingly
have to be produced, even when articulatory constraints have been partly or completely
neutralized-or suspended. If "we speak in order to be heard in order to be understood",
then the speaker has to adjust to the listener’s expectations, which holds true not Jjust
at the level of the phrase or sentence/utterance, but also in the relatively small details
of temporally restricted structures. The alleged invariance in prosodic stress group
patterns in Danish is thus a perceptual, rather than an articulatory invariance.
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PERCEPTUAL INVARIANCE IN DANISH
STRESS GROUP PATTERNS

Nina Gronnum

INTRODUCTION

This paper summarizes observations made in previous investigations and tries to see
what impact they may have on the account of the production and perception of the tonal
patterns associated with the prosodic stress group in Standard Danish. I should point
out from the outset that I have nor carried out the perceptual experiments that would

THE PROSODIC STRESS GROUP

A prosodic stress group in Standard
Danish consists of a. stressed syllable
and all succeeding unstressed ones,
independently of intervening syntactic
boundaries (within the same intonation
contour). This unit is the carrier of a
recurrent tonal pattern, which in
Standard Danish has a low falling
start, a quick rise, which generally
reaches its peak during the first post-
tonic syllable, and a fall during suc-
ceeding post-tonics. 1t is important to
note that syntactic boundaries cannot
be traced in this pattern. It reaches
across aity boundary within the simple
sentence. Thus the pattern in Fig. 1
would describe any one of the three
underlined sequences in HANDBOLD-
SPIL, ER MEGET ANSTRENGENDE (hand-
ball-playing is very strenuous); BANA-
NERNE I XASSEN ER RADNE (the bana-

_have been natural follow-ups to the acoustic observations. - For a general account of
Danish intonation, see Grennum (1992). .

The stress group pattern in' Standard Danish

FREQUENCY

TIME

Figure 1. Prosodic stress group pattern in
Standard Danish

)

nas in the box are rotten); ALLERGI_ER EN INFAM SYGDOM (allergy is an infamous
desease) (stressed vowels are in fat script. Note that the prosodic stress: group onsets
with the stressed vowel, and any syllable initial consonants attach to the preceding stress
group, cf. Thorsen 1984b). The course of this pattern is independent of the segmental
composition of the stress group, i.e. it is independent of the duration of the stressed
vowel and independent of the voicing of consonants. The segments simply line up on
the pattern (or leave holes in it if unvoiced) according to their duration, as exemplified
in Fig. 2 which depicts (stylized) Fo patterns of DAMEFRAKKE (ladies’ overcoat) and
ANSTRENGENDE (strenuous). This is important for the argumentation to follow.




78

Papers from a sympos1um, Stockholm, August 12 - 14, 1992

FREQUENCY

an s%l\s.a nand

—

TIME

Figure 2. Two prosodic stress groups with different segmental structure - se¢
Jurther the text.

When the stress group is too short t0 complete af full nse apd fall, the Fo
pattern is truncated, and in the extreme case - a monpsyllable with short quel ;:lrl-
rounded by unvoiced consonants - all thatrisrleft of the pattern is the brief initial fall,
of. Thorsen (1982, 1984a). In other varieties of Danish the stress group pattern is
different, and there are also different strategies for handling variation in the total dura-
tion of the stress group, cf. Grennum (1992, pp. 63-65).

ise from low to hi ) ,

g: :tlrs:ss group pattemgilsl in most variants of Danish qualitatively constant, 1i.€. ygﬁ
find the same low-plus-high-falling pattern (or whatever the_pattem may be) in
positions, disregarding cases where extra prominence of some kind occurs,rcf R Gmnrtxllllcrir;
(1992). But the pattern varies quantitatively. This is partlcula:ly so for the magni ©
of the rise from low to high, cf. Fig. 3. (The following §tatements s_nould all be read
under a *ceteris paribus® condition:) (1) The rise varies with the quaht}f of thef stthress:ed
vowel, being smaller after high than after lpw vowels. (?) The magnitude of U efr:;e
varies with position in time: the rise diminishes :progre;sswelx from :start to end O - e
utterance or phrase. (3) The magnitude qf the rise varies with the intonation contour
it rides upon, being smaller on more declining contours.

insic Fo differences between vowels of different jaw/tongue height B
i?fﬁ:§ well established fact that vowels with high versus fow jaw/tongue; posmc?ns
have intrinsically different Fo levels. There is a vast literature on the subject whic
space does not allow me to review, Readers are re;ferred to fl;cner-lmgensen (1990)
and the references there. Intrinsic Fo differences between high and low vo_wels have
been attested also in Danish, cf. Petersen (1978, }979, 1989, 19%6) and Dyhr (199Q).
Petersen (1979) found that the difference is larg¢r in stressed tl}an in unstressed v?g.ls,
and it is Jarger early in declarative utterances than late, ceteris paribus. 'I:heseall er(-i
ences are not negligible. They amount stressed vowels to 10-12 }.Iz in male an2
20-25 Hz in female voices, respectively (Petersen 1978), corresponding to about
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Figure 3. Examples of stress group pattern rises as a function of the quality of
the stressed vowel, position in time and position on more or less sloping contours.

semitones, which is well beyond the ’just noticeable difference’ for perception of pitch
differences in the frequency range concerned. Petersen (1986) established that these Fo
differences - though perceptible - are compensated for, parsed out, in the decoding of
the signal by the listener, so that an [i] with an objectively higher Fo than an [a] 1s
heard as having the same pitch as [a] (granted, of course, that the difference corre-
sponds to what we measure in actual speech), or - inversely - that an [i] and an {a] with
the same Fo are heard as having different pitches, the [a] appearing higher than the [i].
He found, furthermore, that when spectral cues to vowel quality are ambiguous, higher
Fo lends preference to identification with higher vowel quality, and inversely. Thus,
if the spectrum is ambiguous between [u] and [o], higher Fo will yield more [u]-identi-
fications, and vice versa. There is thus no doubt that intrinsic Fo differences are an
acoustic as well as perceptual reality. They are something speakers produce and listen-
ers interpret.

Several explanations have been offered in the literature over the years, some
based on articulatorily constraints, some on acoustic facts, and some based on perceptu-
al considerations, explanations which are summarized in Fischer-Jergensen (1990). If
the phenomenon derives from articulatory or acoustic constraints, the intrinsic Fo
differences between different vowel qualities must be regarded as automatically condi-
tioned by the peripheral speech production mechanism or by impedance relations be-
tween the supra- and subglottal systems. They are thus beyond the speaker’s immediate
control. If the phenomenon has a perceptual basis, it must be considered speaker
controlled: it is something the speaker produces to achieve a certain perceptual goal.
An ‘automatic’ explanation - on the one hand - is not tantamount to saying that the
differences must therefore be imperceptible and that the listener accordingly cannot
compensate for them in his decoding of the signal: the intrinsic Fo differences are
produced involuntarily by the speaker but they are perceived by the listener, who
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proceeds, however, to parse them out, to ignore them. Because the 1i§tene(ir is 2[1213002

speaker a;nd thus "knows" that, when he himself intends to prpduce an {i] a}r: an.u 1 on

the same pitch they come out with different Fq‘s, t?en - in analogly - he "a:qltendea

"know" that an [i] and and [a} with (appropriately) dlffer%lt ;9 1evelys i:g; 1’1e ende
| itch by the speak d it is thus he will obliging| .

to have the same pitch by the § er, an ) D ot 1o

he other ! | lanation does not contradict the fact 7
On the other hand, a perceptually based exp , e e rptiict:
jeri jginally from articulatory constraints. Son impl;

phenomenon may derive onginally Irom articii O ot has &

i i j higher Fo, ceteris p: , Which

increased jaw and/or tongue height yields hig! o, ceferis P

favourableJ influence on the perception of vowel quall(tly,: th:d nll:ingffe?ezr;:aixslc;fc;;?

i he physiologically condition
low F1 of high vowels. Thus, the physiologically CC F p o
bodied in speakers’ and listener :
tually useful. When these facts become em in spe e Luneor
1 inguisti i tively utilize the Fo difterenc
scious) linguistic knowledge, speakers may actively U
articul)aUOf (or impedance relations) creates, and perhaps ;ney lr:;),/ ::Zzoiiz%iez?‘t:
itude d the values which physio 7
them, i.e. carry the magnitude beyond ‘ ¢ : oustics die-
g hat i i ed vowel duration before voic

tates, in the same way that in English increas : oiced sounds

has t;een enhanced beyond what mere articulatory constraints prompt. In bx::tf. ( i:;?z;

ever the reason, Or reasons, since severalrfactors may collaborate, we can state

[i] becomes more [il-like if it 1s produced on a higher Fo than an [a}.

Assimilation of intrinsic Fo differ-
Peter 80) found that intrinsic Fo
Petersen (19 ound that in
FRECHEY differencés in stressed vowels spill
over to succeeding post-tonics. L.e.
W the same post-tonic vowel, say an [u],
7N has a higher Fo after an [i] than after
-~ S an [a], cf. Fig. 4. The difference 1s
smaller than the difference between
~ N, stressed [i] and [a], but it is ;tanstical-
SN W ly significant. In the second post-ton-
S N ic vowel there are reminiscences.of
the difference between the preceding
’ stressed vowels, but here the dif{er-
@ ence is no longer statisticallly signifi-
cant. These facts have consequences
TIME for the magnitude of the rise after the
stressed vowel., The rise from low to
high has several functions. It signals
stress, i.e. it singles out the low sylla-
ble as the stressed one. And every-
thing else being equal, the magnitude1 of dthe rise wxig: ita,gn‘?é tl};ahﬁzgrfii :fg ?\:2?;232:
on the stressed syllable: higher rises lend more promi X , | degree
normal neutrai main stress, the rise must - for a given position 1
g;;::r;lclln?::e z; ;?zen intonation cont;)ur slop)e - have a certain perceived magnitude
i for some variability, of course). o o
(lea‘lmgI rwoﬁilnassume that if the listener compensates for, parses oqtf,f mtrmssxch S\xlifirn
ences in the stressed vowel, he will also parse out th; effect these d1f errtztrl\icses ave on
succeeding vowels. Petersen (1980) offered a tentative explanation fo D

Figure 4. Stylized stress group patterns with
different stressed vowels - see further the text
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to succeeding post-tonics in terms of an attempt by the speaker to maintain a rise from
low to high of a magnitude which ensures that the stressed vowel still be perceived as
stressed. Ie. he saw it as governed by perceptual demands, namely the need for appro-
priately signalling stress location and degree of prominence. I do not think this is very
likely. It would make good sense, if the intrinsic difference between the two stressed
vowels was transferred 100% to the post-tonic, i.e. if the rise after [i] was of the same
magnitude as after [a], but this is not the case. I think it more likely that we are having
to do with true coarticulation, or assimilation. Petersen’s explanation is also contradict-
ed by the fact that we do compensate perceptually for intrinsic differences in stressed
vowels. Granted that we do that, i.e. if we hear the pitch of [i] as being lower than its
Fo dictates, then we should aiso, as a matter of consequence, interpret the physically
smaller rise from stressed [i] to a post-tonic [u], the smaller interval, as being larger
than it is physically. Accordingly, there would be no need for a‘controlled spill-over.
If - on the contrary - we interpret the effect on the post-tonic vowel as a true coarticula-
tion, it becomes comprehensible (1) that a post-tonic vowel should exhibit differences
in Fo depending on the height of the preceding stressed vowel and also (2) that the
intrinsic difference is not transferred 100% to the post-tonic, it grows progressively
smaller until the function dies out. Thus, whether the difference between stressed [i]
and [a] be controlled or automatic, it is - like so many articulatory phenomena - not a
temporally very sharply defined on/off function. Once the process has been initiated
it exhibits a certain inertia, as in all other progressive assimilation.

Recapitulate: ifthe intrinsic Fo difference between stressed vowels were assimi-
lated 100% to the post-tonic, we would expect the rise from stressed [i] to post-tonic
[u] to be of the same physical magnitude as that from stressed [a] to post-tonic [u], and
we would expect these rises to be perceived as having the same pitch nterval, but the
whole Fo course would be positioned higher up in the speaker’s range. If no assimila-
tion to the post-tonic occurred, we would expect the rise from stressed [i] to post-tonic
[u] to be smaller than the rise from stressed {a] to post-tonic [u], and the difference
would equal that between stressed [i] and [a]. If assimilation is only partial, the rise
from stressed [i] must be smaller than the rise from stressed [a], but the difference in
magnitude must be less than the difference between stressed [i] and [a]. The difference
in the magnitude of the rise could be brought about either by adjusting the slope of the
tise (cf. Fig. 5a) or by manipulating its duration (cf. Fig. 5b).

My own data (from 1984a) seem to indicate that it is the situation sketched in
Fig. 5b we are dealing with, cf. Fig. 6. Le. the smaller rise after high vowels is
accomplished by arresting the rise earlier in time, rather than by adjustment of its slope.
Note that the differences observed in Fig. 6 are nor due to differences in duration
between (shorter) high and (longer) low vowels. Firstly, we are well into the post-tonic
syllable when the high turning-point is reached. Secondly, there is nothing to indicate
that turning points in the Fo pattern are lined up with certain segment boundaries, cf.
Fig. 2. It is easier to account for the shorter and thus smaller rises after high vowels
as an attempt on the part of the speaker to keep the perceived rise of constant magni-
tude, in face of the fact that speakers and listeners compensate for intrinsically deter-
mined Fo differences in the stressed vowels, and granted also that these differences are

partially assimilated to the succeeding post-tonic vowel. This supports an assumption
that we are in fact dealing with a speaker-controlled phenomenon, an adjustment to the
demands that the listeners’ interpretation of the signal make.
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Figure 5. Stress group paitern rses under different assumptions - see further
the text.

5 sermitones

L ] d vowel (solid
Figure 6. Average Fo patterns of six words with low stressed {
linge‘.:) and six words with high stressed vowel (dashed lines), by four speakers.

Intrinsic Fo and position in the utterance 7 ] )
Petersen (1979) observed that intrinsic vowel dlfferences: are sm.allelf later in the uttf:l"r
ance than earlier. Therefore the difference in rise magnitude will also be smal{er, cf f
Fig. 7. He saw this as an expression of an underlying attempt to produce rises o

Nordic Prosody VI

FREQUENCY
?
;
;oW I difference
/// ’ L
/I II
/ 7/
1o ,’ II B
Y )
v / / , I difference
4 te S /
! 4
II i,
// ,’,
] ’ ) /I
a o
early late

TIME

Figure 7. Stylized stress group pattern rises as a function of stressed vowel
height and position on the intonation contour.

constant magnitude, but suggested that in initial position we are dealing with a target
undershoot in the rise from stressed [i]. I cannot wholly ascribe to that explanation
either. Firstly, in normal declarative utterances the first high peak is well below the
upper limit of the speaker’s range, and speakers easily accomplish high rises initially
in the utterance. Secondly, there are several indications that articulatory gestures are
more distinct initially in the utterance than finally, a fact which should favour maximat
rises initially. However, it is of no consequence for the matter at hand - the vanation
in the magnitude of the rise from stressed to post-tonic vowel - whether its variation be
speaker controlled or due to articulatory constraints. Given (1) that intrinsic Fo differ-
ences between vowels of different tongue/jaw height exist, (2) that they prove to be
compensated for, parsed out, perceptually, and (3) when these differences furthermore
assimilate partially to the succeeding post-tonic, then these facts demand of the speaker
that he produce rises which - in accordance with the embodied linguistic knowledge of
speakers and hearers - are perceived with the adequate pitch intervals. It seems then
as if - for a given position in time - the speaker is less likely to change the rise of the
slope than to change the timing of the high turning point. This last observation - that
speakers apparently adjust the duration of the rise rather than its slope - may find its
explanation in the fact that, ceteris paribus, rises grow progressively less steep through
the utterance, cf. Fig. 3. Le. for a given position in time, on a given intonation con-
tour slope, the siope of the rise from stressed to post-tonic is to be held constant, and
that leaves only rise duration to be adjusted if its magnitude is to be varied.

I have suggested previously (Thorsen 1980, Grennum 1992) that progressively
less steep and smaller rises through the utterance are to be seen as an expression of the
fact that all articulatory gestures - including prosodic ones - are less distinct at the offset
than at the onset of the utterance. Like other "natural” articulatory phenomena this too
becomes patt of the linguistic code, part of the signal for utterance onset and offset, and
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