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Editorial note

A change in grant policy has necessitated a change in publi-
cation dates. The present volume only covers the fall term
of 1983, and the account of personnel, publications, courses
etc. is postponed to the next volume of ARIPUC (vol. 19, 1985)
which will cover the calendar year 1984.
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GLOBAL AND LOCAL FUNDAMENTAL FREQUENCY VARIATION
AND LARYNX HEIGHT: SOME PRELIMINARY OBSERVATIONS

NIELS REINHOLT PETERSEN

The paper presents data on the relation between fun-
damental frequency declination and larynx height,

and between the stress determined fundamental fre-
quency variation and larynx height. The results can
be summarized as follows: a) Fo declination seems to
be accompanied by a concomitant declination of larynx
height, b) the Fo rise from stressed to the first
posttonic syllable in Standard Danish is accompanied
by two different patterns of larynx height variation:
in one the larynx rises, 1n the other it lowers.

The findings are discussed in the light of theories
for the production of Fo.

I. INTRODUCTION

The fundamental frequency (Fo) variation in a sentence may be
described as the composite result of the superposition of Fo
movements associated with units of greater or lesser temporal
scope, ranging from the text, through the utterance, sentence
and phrase to the prosodic stress group. The segmentally con-
ditioned Fo variation will not be considered here.

The more locally determined Fo variation is commonly agreed to
be caused by the activity of the intrinsic laryngeal muscles,
primarily the cricothyroid muscle (see e.g. Collier 1975,
Atkinson 1978, Honda 1983, and Ohala 1978, who gives an exten-
sive review of the literature), and to some degree assisted by
the extrinsic laryngeal muscles, i.e. the inferior extrinsic
muscles (the sternohyoid, sternothyroid, and thyrohyoid muscles)
for Fo lowering, and the geniohyoid muscle for Fo raising.
(See further Ohala 1970, Sawashima, Kakita, and Hiki 1973,
Collier 1975, Erickson and Atkinson 1976, Atkinson and Erick-
son 1977, Erickson, Liberman, and Niimi 1977, Atkinson 1978,
Honda 1983.)
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The physiological mechanisms that underlie the overall funda-
mental frequency declination, which seems to be universally
associated with terminal declarative utterances, are less
agreed upon by researchers, and they have indeed been subject
to less experimental research. One explanation was brought
forward by Lieberman (1967), who, within his theory that claims
subglottal pressure to be the major source of Fo variation,
associated this type of Fo declination with the subglottal
pressure declination which can be observed during such an
utterance. The theory in its general form is hardly tenable
(see Ohala 1978 for a review on the "larynx vs. lungs"-contro-
versy), but the results reported in Collier 1975, where the
EMG activity of a number of Taryngeal muscles were examined
together with subglottal pressure in Dutch sentences of vary-
ing stress patterns, indicate that the slow Fo declination
could only be accounted for by subglottal pressure (whereas
the local Fo variation superimposed upon it had to be - and
could be - explained in terms of the activity of the laryngeal
muscles examined). This explanation is repeated in Cohen,
Collier, and 't Hart 1982, but recently (Collier 1983) data
have been reported which suggest that it only applies under
certain conditions of stress distribution in the sentence.

Another explanation - although also referring to the pulmonic
system - has been advanced by Maeda (1974). On the basis of
the observation that the vertical position of the larynx -
like Fo - shows an overall decline over the utterance, it is
hypothesized that the decreasing lung volume causes a con-
tinuous lowering of the sternum, which via ligaments and mus-
cular tissue pulls the Tarynx downwards with a fundamental
frequency decline as the result. Other researchers, however,
have not found the larynx lowering reported by Maeda; on the
contrary, Gandour and Maddieson (1976) and Ewan (1979) report
that - if anything - the larynx rises during the utterance.

Maeda (1979) gives a modified version of the hypothesis. In
the material presented he also fails to find the Fo decline
to be accompanied by a larynx height decline!, but he finds
that the laryngeal ventricle shows an overall tendency to
shorten during the utterance. Under the assumption that
ventricle length can be used as an estimator of vocal fold
length, the following mechanism is hypothesized: The decreas-
ing lung volume exerts a pull upon the trachea. This pull is
transferred to the cricoid cartilage and - if the thyroid
cartilage is fixed - is thought to tilt the cricoid cartilage
in relation to the thyroid cartilage, whereby the vocal folds
are shortened and, consequently, Fo lowered.

Now, the explanations outlined above imply that gross funda-
mental frequency declination is an automatic consequence of
inherent properties of the speech production apparatus - or
more specifically, of the pulmonic system. The mere fact that
Fo declination is so widespread in terminal declaratives among
the languages of the world speaks in favour of this view. On
the other hand, there is evidence which quite convincingly
supports the notion that Fo declination is actively and pur-
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posefully controlled by the speaker: Fo declination can convey
information about sentence type and function as is the case

in Danish (Thorsen 1979, and 1980a) where terminal declarative
sentences have the steepest declination, syntactically and
lexically unmarked questions have no Fo declination, and non-
final periods and interrogative sentences with word-order in-
version and/or interrogative particle have intermediate degrees
of declination (cp. figure 1 below). The slope of declination
tends to be steeper in short than in long sentences (see e.g.
Maeda 1974, Sorensen and Cooper 1980, Thorsen 1980b and 1981).
This means, if declination were a by-product of the function
of the pulmonic system, that the expenditure of air per unit
time should be greater in short than in long utterances. This
is not very probable. Resetting (partial or complete) of the
declination Tine has been shown to take place without inter-
venigg inhalation (Sorensen and Cooper 1980, Thorsen 1980b and
1981).

The aim of the present paper is not to point at answers (let
alone decisive ones) to the questions of the nature of the
physiological mechanisms responsible for Fo declination, or
whether declination is actively controlled or not, but merely
to present a small corpus of data on grosser and finer Fo and
larynx height variation, which may be taken into account in
the further discussion of the questions.

IT. METHOD
A. MATERIAL

The point of departure for the design of the material was Thor-
sen's model for Danish intonation (see e.g. Thorsen 1980a)

which is reproduced in figure 1. It is seen that in declarative
sentences the prosodic stress groups are superimposed upon a
gradually declining line connecting the stressed syllables.

The prosodic stress group in Standard Danish is constituted
tonally by a relatively low stressed syllable followed by a
high-falling tail of unstressed ones.

The test word used was the nonsense word ['fi:fi] in which the
local Fo variation would be represented by the rise from the
stressed syllable to the first posttonic. The variation through
the sentence could be observed by inserting the test word in
different places in a carrier sentence. In order to make it
easier for the subjects, however, the test word was inserted

in three sentences as follows:

1) ¢ ['fi:fi] forkortes vokalen [i 'fiifi fa'gPpides vo'gh=?1p]
2) vokalen i ['fi:fi] forkortes [vo'gha?lp i 'fi:fi f£a'§"p:des]
3) vokalen forkortes ¢ ['fiifi] [vo'gh=?1n fA'&hn:gas R T

Since the three sentences were identical with respect to stress
distribution and vowel length pattern (the stressed syllables,
which are underlined, were all long), it was thought justified



r——g
4 REINHOLT PETERSEN

to use this procedure and yet be able to treat the data as if
they had been extracted from the first, second, and third
stress group of one and the same sentence.

semitones

15(

A 1 e 1

O

" i
00 200 300 Cs
Figure 1

A model for the course of Fo in short sentences in ASC Danish.
l1: syntactically unmarked questions, 2: 1interrogative sen-
tences with word order inversion and/or interrogative particle
and non-final periods (variable), 3: declarative sentences.
The large dots represent stressed syllables, the small dots
unstressed ones. The full lines represent the Fo pattern as-
sociated with stress groups, and the broken lines denote the
Intonation contours. Zero on the logarithmic frequency scale
corresponds to 100 Hz. (Reproduced from Thorsen 1980b).

The sentences were arranged in eight random orders in a reading
st

B. RECORDING

The recording equipment consisted of a television camera (Sony
AVC-3250 CES) and a video-recorder (Sony U-Matic type 2630).
The frame frequency of the equipment was the normal 50 frames
per second. The speech signal was recorded on the sound track
of the video-tape via a Sennheiser MD 21 microphone placed
about 15 cm from the subject's mouth. In order to synchronize
speech and video signals a timer signal was recorded on the
video-tape using a timing device (FOR-A CO. type VTG 33). On
playing back the tape, the timer signal was displayed on the
monitor screen in minutes, seconds, and centiseconds and it
could, moreover, be registered together with the speech signal
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on an ink writer as pulses for seconds and centiseconds. In
this manner it was possible to relate each TV-frame to the
speech signal.

During recording the subject was seated in a dentist's chair
with a fixed head-rest. The camera was placed at the level of
the subject's thyroid prominence and at right angles to his
mid-sagittal plane at a distance which allowed the area between
the subject's chin and sternum to be covered by the field of
vision. For calibration purposes the recording of the speech
material was immediately preceded by a short recording of a
millimeter scale placed in front of the subject's thyroid
prominence in his mid-sagittal plane. Each subject read the
1ist once, so that eight repetitions of each test sentence was
obtained. Subjects were instructed to use a neutral declarative
intonation.

C. SUBJECTS

Recordings were made of three male speakers, PD, PM, and NR

(the author). PM and NR are phoneticians, and PD is an en-
gineer and member of the technical staff of the institute.

They are all speakers of Standard Danish, although PM, who has
grown up in Jutland, has some dialectal influence which, however,
did not seem to be reflected to any essential degree in his Fo
pattern.

D. REGISTRATION AND MEASUREMENTS

The following acoustic curves were made: duplex oscillogram,
two intensity curves, and an Fo curve. The timer signal was
also registered on the mingograph. Measurements of Fo and
larynx height were made at the midpoint of the stressed and the
first posttonic vowels of the test words. The locations on the
video-tape of the frames in which larynx height was to be meas-
ured were determined from the acoustic curves and the timer curve.
Since the interval between frames was 2 c¢s (the frame frequency
being 50 Hz), the temporal inaccuracy of a frame in relation

to the corresponding point of measurement as determined from
the acoustic curves was ¥ 1 cs. The video recorder was equip-
ped with a step function which made it possible during play-
back to "freeze" the picture and step forward frame by frame
and read off larynx height in the frames selected for measure-
ment. Larynx height was determined from a scale drawn on the
monitor screen on the basis of the millimeter scale which had
been recorded on the tape prior to the reading of the material.
The vertical position of the larynx could be measured with an
accuracy of ¥ 0.5 mm.
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Table I

Mean distances in cs of point of measurement from the beginning
of the sentence, mean fundamental frequencies in Hz, and mean
larynx heights in mm (arbitrary zero), with corresponding stand-
ard deviations, in stressed syllables ('V) and first posttonic
syllables (OV) in the three stress groups 1n the sentence.

Ist ~ 2nd 3rd

stress group | stress group | stress group

'V LV 'V LV 'V B ;

t b 4 27 47 82 102 154 177
s|1.246| 2.532 | 1.885| 1.669 | 4.234| 4.734

NR Fo.Y | & b 148 99 125 89 103
s| 5.685] 7.285 | 2.843| 4.999 | 1.769| 3.464

LH-Y 6.9 5.1 6.4 5.1 4.1 4.0

s| 0.835] 0.885| 1.061| 1.246 | 0.641] 0.0

% X 21 36 66 82 116 137
s|1.727 ] 1.727 | 4.241| 3.454 | 3.871| 4.309

pp | Fo X| 114 130 110 121 9/ 114
s|.5.089].5,9951] 9.376] 7.525] 2.78071 4.790

LH %4 32.9.1'35,9 33.4 | 35.5 3z.] 34.1
s| 1.126f 0.991 | 0.916| 1.069 | 0.641| 0.835

SR aR e 65 | 82 | 116 | 138
s| 1.188] 1.959| 1.069] 1.246 ] 1.832} 3.012

PM Fo-Y 114 1ol 103 119 94 108
s| 5.231 6. 7761 1.750] 2.840 1 -3.382] 5.89%4

LH.Y 22531241 21.6 | 24.3 19,5 }121.8

s| 0.463| 0.991| 0.916| 0.707 | 0.926| 1.581

11T, RESULTS

Mean fundamental frequency, larynx height and distance from
the beginning of the sentence are given in table I, and funda-
mental frequency and larynx height means are plotted in figure
2 as a function of time.

A, OVERALL Fo DECLINATION AND
LARYNX HEIGHT VARIATION

In order to obtain a quantitative estimate of the overall Fo
and larynx height variation, regression lines and correlation
coefficients of these variables versus distance from the be-
ginning of the sentence were computed. The computations were
made on the basis of the raw data, and stressed and first post-
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Figure 2

Fo and larynx height (in mm, arbitrary zero) as a function of

time through the sentence. Stressed syllables are indicated

by large and first posttonic syllables by small dots, and con-

nected by lines within each stress group. The least squares
regression lines, computed on the basis of the raw data and

for stressed and first posttonic syllables separately are also
shown, heavy lines for stressed syllables and light lines for

first posttonics.
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tonic syllables were treated separately. The regression lines
are shown in figure 2, and the slopes (in Hz and mm per second)
are given in table II together with the correlation coefficients.

Table II

Fundamental frequency and larynx height variation as a function
of time. Slopes in Hz/sec. and mm/sec., respectively, and
correlation coefficients for stressed and first posttonic syl-
lables. ++: p<0.01, no indication: p>0.05.

stressed Ist posttonic

syllables syllables

slope r slope r
NR Fo | -18 -0.927++| -33 -0.955++
LH -2.31-0.7964++| -0.9| -0.499++
PD Fo | -18 -0.737++| =15 -0.735++
LH -0.8| -0.318 -1.7 ] -0.607++
PM Fo | -21 -0.902++] -30 -0.906++
LH -3.0| -0.813++| =-2.5| -0.655++

The data show very clearly that fundamental frequency as well
as larynx height decline as a function of time through the
sentence. The correlation between Fo and time is high and
highly significant in all cases (p<0.01). The correlation be-
tween larynx height and time is generally lower but still sig-
nificant (p<0.01) in all cases but one, viz. PD's stressed
syllables, where p>0.05. There may be two reasons for the
lower correlation of larynx height with time. One is simply
the greater random variation of the data in relation to the
systematic variation attributable to differences of position
in the sentence and to stress. The other is the tendency,
which is seen with all subjects, for larynx height to decline
less between the first and the second prosodic stress group
than between the second and the third ones. This means that
larynx height declination is less adequately described by a
straight 1ine than is Fo declination. A curvilinear function
with an increasing negative slope would presumably give a
better fit.

B, LOCAL FO- AND LARYNX HEIGHT VARIATION

Whereas there is in all cases an evident Fo rise from the

stressed to the first posttonic syllable, the corresponding
larynx height variation follows two different patterns (see
figure 2). The two subjects PD and PM have a higher larynx
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position in first posttonic syllables than in stressed syl-
lables, i.e. their larynx height pattern closely matches their
Fo pattern. A one-tailed t-test showed the differences in all
cases to be statistically significant (p<0.01) for both Fo and
larynx height in stressed vs. posttonic syllable.

For the third subject, NR, the fundamental frequency is also
significantly higher in first posttonic syllables than in
stressed ones (p<0.01), but the larynx height differences go

in the opposite direction, the larynx being LOWER in first
posttonic than in stressed syllables. NR's pattern of larynx
height variation as a function of stress seems to be less con-
sistent than that of PD and PM. The differences are smaller
and could only be proved statistically significant in the first -
two stress groups (p<0.01 and p<0.05, respectively).

IV. DISCUSSION
A. FO DECLINATION

The data presented above suggest that slow, overall fundamental
frequency declination in terminal declaratives is somehow con-
nected with larynx height. But the very fact that the larynx
declines over the utterance makes it difficult to interpret the
results in relation to the possible explanations for Fo declina-
tion outlined in section I above.

In agreement with Maeda's original hypothesis (Maeda 1974) that
the decreasing Tung volume lowers the sternum which in turn
pulls upon the Tarynx via the muscular and ligamental connec-
tions between the two structures, the observed larynx lowering
could be seen as the primary cause of Fo declination. Larynx
lowering could also, under the subglottal pressure hypothesis,
be viewed as a secondary effect of the lung volume decrease
without direct influence on Fo. And, finally, if Fo declina-
tion is actively controlled, larynx lowering could be the re-
sult of activity in the inferior extrinsic laryngeal muscles,
which are known to be associated with Fo lowering. Thus, the
present larynx height data are compatible with any of these
hypotheses.

The finding of a larynx height decline seems to weaken Maeda's
(1979) tracheal pull hypothesis, since this hypothesis pre-
supposes that the thyroid cartilage be fixed for the tracheal
pull to be effective in shortening the vocal folds, which
means that larynx height should remain constant over the sen-
tence.

The possibility that overall Fo declination could be caused by
a declining tension of the vocal folds as a result of a gradual
decrease of overall activity in either the vocalis muscle or
the cricothyroid muscle may also be considered less likely.

A decrease of vocalis activity would hardly influence larynx
height, and a decreasing cricothyroid activity would either
have no effect on observed larynx height (i.e. the position of
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the thyroid prominence), if the cricoid cartilage moves as a
result of cricothyroid activity, or it would raise the observed
larynx position if it is the thyroid cartilage that moves.

Thus, although the observations presented im Lhis study cer-
tainly do not make it possible to accept any single one of the
hypotheses attempting to explain Fo declination and discard
the others, they may to some extent narrow the field of candi-
dates. But, of course, more research on the topic is needed,
particularly research focused on the behaviour of physio-
logical parameters under conditions which have been shown to
influence Fo declination, such as sentence length and type
(cp. section I above).

B. LOCAL FO VARIATION

Whereas there is good agreement among subjects with respect to
the relation between overall Fo declination and Tarynx height,
the Fo rise from stressed to first posttonic syllable is ac-
companied by two different patterns of larynx height variation,
two subjects (PD and PM) showing an upward and the third (NR)

a downward larynx movement.

Local Fo movements are primarily attributed to the activity of
the intrinsic laryngeal muscles, particularly the cricothyroid,
and assisted by the activity of the extrinsic laryngeal mus-
cles. In the case of NR, his downward larynx movement may
indicate that the Fo rise from stressed to first posttonic
syllable is to be explained in terms of cricothyroid activity
alone, since contraction of the cricothyroid muscle may cause

a lowering of the observed larynx position, under the condition,
of course, that cricothyroid activity rotates the thyroid
cartilage and not the cricoid cartilage. If the extrinsic
muscles were involved, an upward larynx movement should be ex-
pected.

The low-to-high Tarynx movement with subjects PD and PM can
hardly be accounted for by reference to the cricothyroid muscle
alone. The extrinsic laryngeal muscles will have to be taken
into consideration also, and here two possibilities present
themselves: either the low larynx - and Fo - of stressed syl-
lables is brought about by contraction of the inferior extrin-
sic laryngeal muscles which are known to be associated with
low or lowering Fo, or the high larynx - and Fo = in first
posttonic syllables is due to contraction of the geniohyoid
muscle, which can be active in Fo raising (cp. the references
in section I above).

It seems difficult to explain the occurrence in the material

of two distinctly different larynx height patterns. The con-
ditions of recording were the same for all subjects, and they
all used their normal speaking Fo range without displaying
extremely large or extremely small Fo excursions. If anything,
the greatest activity of the extrinsic laryngeal muscles, and
hence the greatest low-to-high Tarynx displacement, should be
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expected for speaker NR, who in fact showed the opposite
pattern, since he is the one who has the greatest Fo rises
from stressed to first posttonic syllables.

Thus, there seems to be no other explanation than the very
general one that speakers within certain limits use different
strategies producing the same acoustic pattern.

V. NOTE

1. Maeda gives Fo and larynx height curves for two utterances.
In one of them there is certainly no larynx height decline,

but in the other there seems - to my eye - to be a larynx

lowering of 6-8 mm over an utterance of about 1.5 seconds.
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VARTABILITY AND INVARIANCE IN DANISH
STRESS GROUP PATTERNS™

NINA GRONNUM THORSEN

Three aspects of the fundamental frequency (Fo) pat-
tern associated with the prosodic stress group 1in
Standard Danish are examined in acoustic analyses

of recordings by four speakers. (1) Evidence 1is pre-
sented in favour of previous statements to the effect
that short stress groups will have Fg patterns which
are truncated rather than compressed editions of
those found with longer stress groups. (2) The shape
of the F@ pattern can be considered basically inva-
riant (for a given speaker) and independent of the
segmental structure of the stress group, but its sur-
face manifestation is modified by intrinsic Fg level
differences between vowels of different tongue
height, and by the intonational context. (3) Fp pat-
terns in extremely long prosodic stress groups are
investigated: With one speaker the falling slope is
decomposed into a succession of two shorter ones, with
a distinct partial resetting between them, which to-
gether describe an overall declination, much remi-
niscent of the way long sentence intonation contours
behave. With three speakers the F@ course through
the unstressed syllables is more akin to a mildly
undulating wave. The initial fall levels out and
falls again, or performs a slow fall-rise-fall.

I. INTRODUCTION

From various previous investigations the picture of the Fg pat-
tern associated with the prosodic stress group in Standard
Danish emerges fairly unambiguously. Its most salient features
are summarized below.

A prosodic stress group consists of a stressed syllable and
all succeeding unstressed syllables, if any. (Unstressed syl-

* A revised version appeared in Phonetica 41, 1984, pp. 88-102.
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lables before the first stressed one in the utterance consti-
tute a unit apart.) Its boundaries are purely prosodically
determined, lying always immediately to the left of a stressed
syllable. Accordingly, a prosodic stress group may cut across
any number of syntactic boundaries, and across syntactic bound-
aries of any rank below the level of the sentence, cf. Thorsen
(1978, 1980a).

More specifically, there is recent evidence to suggest that in-
itial consonants are dissociated prosodically from the stressed
vowel, cf. Thorsen (1982a, 1984) and Fischer-Jorgensen (1984),
to the effect that prosodically the stress seems to begin with
the vowel, and syllable initial consonants join up with pre-
ceding material, if any, or constitute a unit apart.

The Fo pattern associated with the prosodic stress group can be

| seen as an essentially invariant Fo wave, upon which the seg-
ments and syllables are superposed. In Standard Danish the
stressed syllable hits the wave at the trough before the fair-
ly steep rise to the Fo peak, which generally coincides with
the first post-tonic vowel. If stressed plus first post-tonic
syllable together are sufficiently short, however, the peak of
the Fog wave will only be reached in the second post-tonic syl-
lable, cf. Thorsen (1982a, 1982b). In other varieties of Danish
the timing of stressed and unstressed syllables with respect to
the trough and peak of the Fg wave will differ, and so may the
slope of the rising and falling flanks. Stylized stress group
patterns of Standard banish and two Jutlandish dialects are
depicted in figure 1; see further Thorsen and Nielsen (1981)
and Fischer-Jorgensen (1984).

The magnitude of the rise from the trough to the peak of the
wave is subject to contextual as well as individual variation.
(a) The rise is higher early on the intonation contour than
late, and it is higher on less steeply falling intonation con-
tours. These facts are reflected in the model in figure 2.

The rise is smaller, and under certain circumstances it may
even be absent, when the prosodic stress group contains only
one unstressed syllable. In Thorsen (1980b) I attempt to ac-
count for these phenomena as purely context determined, in-
voluntary variation of an underlying invariant pattern.

(b) Some speakers rise higher than others, and the slope of

the rise as well as the fall through the post-tonics is also
subject to individual variation. In one investigation (Thorsen
1980a) one speaker demonstrated a syntactically determined
variation in the height of the Fo rise from the valley. The
rise was highest to a post-tonic syllable belonging to the same
word as the stressed syllable, lowest to a post-tonic belonging
to the same word as the succeeding stressed syllable, and inter-
mediate when the post-tonic syllable constituted a separate
word between the two stressed syllables. In other investiga-
tions this same speaker does not, however, mark syntactic bound-
aries and structures tonally any more than do the other seven
speakers I have looked at so far. See further below about
distinctness levels.




VARIABILITY AND INVARIANCE

FREQUENCY
4

Standard Danish

15

Figure 1

Stylized stress group patterns in three types of
Arhus, and Thy.
unstressed ones.

o
TIME

Danish: Standard Danish,
The big dots represent stressed syllables, small dots

semi -
tones
15 -
; 1
L
10 |-
i 2
5
3
! A 1 N 1 J
0 100 200 300
centi-
Figure 2 seconds

A model for the course of fundamental frequency in short

utterances in Standard Copenhagen Danish.
ally unmarked questions, (2) interrogative

(1) Syntactic-~

utterances

with word order inversion and/or interrogative particle;
non-terminal declarative and interrogative sentences

(variable),
large dots represent stressed syllables,
unstressed ones. The solid lines represent
associated with prosodic stress groups, and
lines denote the intonation contours proper.

(3) terminal declarative utterances.

The

the small dots

the F@ pattern
the dashed




16 THORSEN

The account of stress group patterns in terms of an Fo wave
upon which segments and syllables are superposed should make
intrasyllabic Feo movements predictable from the shape of the
wave where the syllables hit it (falling, rising, falling-
rising, etc.), and so they generally are - except that any
movement may be modified by microprosodic (segmental) phenom-
ena and by sted, cf. Thorsen (1979). Unstressed syllables in
Standard Danish (which 1lie on the high-falling flank) have
falling movements, though the first post-tonic may be rising-
falling or even purely rising, due to slight differences in
the timing of that syllable with respect to the peak of the Fg
wave, differences which are derived from differences in the
duration of stressed plus post-tonic syllable, cf. above.
Short stressed vowels (which lie just before the rise begins)
are generally falling. When the stressed syllable contains a
long vowel and/or a postvocalic sonorant consonant, the final
part of the syllable may be rising. The first stressed vowel
on an intonation contour is more often purely rising, however.
In this case one may think of the initial falling part of the
trough of the wave as being cut off as an adaptation to the
high initiation of the intonation contour.

Another consequence of the "passive" alignment of segments
with the Fo pattern - the pattern making no timing adjustments
to the segments or vice versa - is that Fo patterns should be
truncated when the segmental material is insufficient for a
complete full rise (and succeeding fall) to occur. Thorsen
(1982a) contains arguments and preliminary evidence for the
truncation hypothesis, and I have seen no signs of compression
of Fo patterns in the data I have collected so far.

The description of Fo patterns in Standard Danish is largely
confirmed in the investigation by Fischer-Jorgensen (1984) of
the acoustic manifestation of (main, secondary and weak) stress
in various types of Danish. However, the insensitivity of Fo
patterns to sentence internal syntactic boundaries, which is
characteristic of the material I have collected, is apparently
not an unequivocal feature of the more conservative standard
speakers and the numerous dialect speakers studied by Fischer-
Jorgensen. I am inclined to think, though, that this differ-
ence is one of speech style rather than of dialect or sociolect,
and I believe that the possibility of marking syntactic bound-
aries - also tonally - is one that is open to every speaker.
Jorgen Rischel (personal communication) emphasizes that syn-
tactic and prosodic boundaries and structures in speech pro-
duction is not an either-or. We may conceptualize a highly
articulate (distinct) level of production where the super-
ordinate structure is imposed by the syntax, and at the other
extreme a stage with a prosodic structure which works in terms
of uniform principles of rhythmization and is independent of

any syntactic boundaries (within the sentence). Between these
levels are stages where the two structurings intertwine, and a
speaker may choose to operate, i.e. produce his actual speech,
from levels "above" or "before" the most exclusively prosodical-
ly structured one. - This choice would then correspond to what
I termed choice of speech style above.
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The present paper is an attempt to (1) provide (further) docu-
mentation for the truncation of Fo patterns in short prosodic
stress groups; (2) provide documentation for the passive align-
ment of segments and syllables with the Fg pattern, i.e. to
establish the (lack of a) relation between the segmental struc-
ture of the stressed and post-tonic syllable(s) and the loca-
tion in time and frequency of the peak of the Fo pattern;

(3) provide data on Tong prosodic stress groups (i.e. stress
groups with a large number of unstressed syllables).

IT. PROCEDURES

A. MATERIAL
1. Fo PATTERN TRUNCATION

If the truncation hypothesis is correct, a prosodic stress
group consisting of one stressed syllable will contain less of
an Fg rise than a prosodic stress group with one or more post-
tonic syllables, and monosyllabic stress groups should be fur-
ther differentiated according to the segmental composition of
the stressed syllable: long or short vowel, voiced or unvoiced
post-vocalic consonant(s).

Eight words with short and long vowel, succeeded by unvoiced
obstruent(s) or a sonorant consonant were se]ected kit Keats,
bit, beat, guld, Kool, tinm, team [g" id ghi. ds bid bi-d gul
ghu-1 dsen dSi-m]. (Long vowels aré indicated here with on]y
one dot after the vowel symbol.) These words were embedded in
terminal declarative utterances, as the second of four pro-
sodic stress groups. The carrier sentences are listed in Ap-
pendix I,A with translations. The first stress group in these
utterances was likewise monosyllabic, so we get a direct succes-
sion of three stressed syllables on a declining intonation con-
tour. = The Fo pattern in these monosyllabic prosodic stress
groups may be compared with the words with post-tonic syllables
in the material to be described in the next section.

2. Fo PEAK LOCATION

If the shape of the Fo pattern is constant (for a given context
and speaker, cf. the introduction) and if time compression does
not occur, cf. above, the peak of the pattern should be constant
in time and frequency with respect to the preceding Fe minimum
and independent of the segmental composition of the prosodic
stress group (long or short stressed vowel, one or two post-
vocalic consonants). A true peak can only be reliably identi-
fied in a continuously rising-falling Fo movement, and accord-
ingly the material is made up of words which are voiced from
the onset of the stressed vowel through two post-tonic syl-
lables.

Twelve words were selected with short and long, and low and
high stressed vowel succeeded by zero, one or two postvocalic
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consonants: kanderne, kinderne, salmerne, skyldnerne, sadlerne,
vidnerne, damerne, dynerne, talerne, kuglerne, bagerne, pigerne
['gPanans 'gPenans ‘'salmans 'sdylnans 'sadlans 'vidnane
'dz+mans 'dy'nans 'dSz-lans 'gPu-lane 'bzrans  'bMi-ans].
TRe Tast twd words have no consonant phonetically affer the
stressed vowel. These words were embedded in terminal declar-
ative utterances, as the second of four prosodic stress groups.
The carrier sentences are listed in Appendix I,B with transla-
tions.

3. LONG PROSODIC STRESS GROUPS

Seven prosodic stress groups were constructed, containing from
three to nine unstressed syllables (the stressed vowels are in-
dicated orthographically here with acute accents; reduced main
stress (secondary stress) in the second part of the compounds
is indicated with grave accents): (journa)list pd Poli(tiken),
dnsat pa Poli(ttken), drbejdsmand pa Poli(tiken), sportsredak-—
tor pd Poli(tiken), moderedaktdr pa Poli(tiken), udenrigsredak=—
tgr pd Poli(tilken), udenrigskorrespondént pa Poli(tiken).

These phrases were embedded in short terminal declarative ut-
terances, which were variations on the same syntactic and
semantic theme. The utterances are listed in Appendix I,C

with translations.

The total of 27 utterances from the three corpora were mixed
with 10 other utterances and 11 short texts to be recorded for
other purposes. The 48 items were randomized three times,
each randomization yielding two pages of reading material,
totalling 6 pages, to be read twice by each subject, in order
to obtain 6 recordings of each utterance (text).

B. SUBJECTS, RECORDINGS AND
TECHNICAL PROCEDURE

Four phoneticians, two males (NRP and JBC) and two females (GB
and NT (the author)) read the material, in two sessions on sep-
arate days. They all speak a form of Standard Copenhagen Danish.
Subjects' style of speech can be characterized as conversational
but distinct.

The recordings were made with semi-professional equipment
(Revox A-77 tape recorder, Sennheiser MD21 microphone) in a
quasi-damped room at the Institute of Phonetics on Agfa PE 39
tape, at 7% i.p.s.

The tapes were processed by hardware intensity and pitch meters
(F-J Electronics) and registered on a mingograph (Elema 800)

at a paper speed of 100 mm/s. By adjustment of the zero-line
of the pitch-meter to the lTower limit of the subject's voice
range and full exploitation of the record space of the mingo-
graph galvanometer, a measuring accuracy of 1 Hz for males and
2 Hz for females is attained.
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In unidirectional Feo courses with constant slope, only the
beginning and end points were measured, according to a proce-
dure outlined in Thorsen (1979, p. 63-66). In more complex
Fg courses the turning points (minima and maxima) were meas-

ured as well. In the data on long prosodic stress groups the
procedure was simplified and the unstressed vowels were rep-

resented by a single Fo point, the midpoint (in time as well

as frequency), which was an uncontroversial procedure since

all such vowels had monotonically falling Fo movements. (The
Fo movements are all so short and slight that it does not much
matter which point you choose as the one measuring point: the
initial, medial or final (or any other) Fg value. Changing

the location of the measuring point will transpose all the
unstressed vowels by very nearly the same (negligible) amount
upwards or downwards, relative to the stressed vowels in

figure 6 below.) There are instances where two vowels cannot
be reliably segmented from the intervocalic consonant (typical-
ly in -korres(pondént) which is pronounced without any inter-
vocalic consonant at all: [gPp(-)as]), and the measuring points
are then (somewhat arbitrarily) assigned time coordinates -
relative to the onset and offset of the two vowels - in analogy
with vowels where a midpoint can be unmistakably located. The
distance in time of each point from the first Fo value meas-
ured (which is assigned the time coordinate zero) was also
determined. Fo and time measurements were averaged over the
six recordings by each subject. Average Fog values were con-
verted to semitones (re 100 Hz) and average tracings drawn.

No correction was attempted for intrinsic Fo level differences
between stressed vowels of different tongue height.

Standard deviations on the average Fg and duration values are
generally small, i.e. rarely above 5% of the mean, so produc-
tion stability across different readings is rather good and
the figures must be fairly reliable indications of speakers'
behaviour.

ITT. RESULTS
A. Fo PATTERN TRUNCATION

Average Fo tracings of the eight mono-syllabic test words, to-
gether with the preceding and succeeding stressed syllable,
are depicted in figure 3. The data will only be evaluated
qualitatively.

The second of the three words in the tracings is the one pri-
marily under scrutiny here. First of all, it is very evident
that monosyllabic prosodic stress groups have nothing 1ike the
Fo rise which characterizes prosodic stress groups with one

or more post-tonic syllables, see the words in figure 4.
Secondly, the occurrence and magnitude of a rising Fg movement
is coupled (though not narrowly correlated) with the duration
of the voiced portion of the syllable: A stressed syllable
with a Tong vowel succeeded by a sonorant consonant (Xool,
team) tends to have a final Fg rise (with NRP the rising part
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even exceeds the preceding Fo fall - but in GB's team it is
actually lacking). A short vowel succeeded by an unvoiced con-
sonant (k<t, bit) is unidirectional and falling with three sub-
jects, though the fall is slight (extending over less than a
semitone); one subject (NT) has a correspondingly very slight-
ly rising movement in this condition. In the intermediate con-
text, with a Tong stressed vowel succeeded by an unvoiced con-
sonant (Keats, beat) or a short vowel succeeded by a sonorant
consonant (guld, tin), the number of cleanly falling Fo move-
ments equals the number of falling-rising movements (with very
slight rises), except that JBC's guld is unidirectionally (but
very slightly so) rising.

The first word in the tracings in figure 3 is likewise stressed
and monosyllabic. Its Fo movement is rising. (Some of the
words with long vowel and sted (ny, Iys) have a rise-fall,
where the falling part can most probably be ascribed to in-
fluence from the stod, cf. Fischer-Jdorgensen, 1984.) The
rising movement in these vowels can hardly be seen as a com-
pression of the Fo pattern associated with a stressed plus
post-tonic syllable(s), for a number of reasons. (1) A stressed
vowel in the first stress group of an utterance will be rising
also when it is actually succeeded by one or more unstressed
syllables, so rising movements in this position are not peculiar
to monosyllabic stress groups. (2) The initial falling part

of this supposedly compressed Fo pattern is missing. (3) Last-
ly, there is no reason to assume that the first stress group

in an utterance is subjected to time compression of the low+
high-falling Fe pattern, when such is not the case in later
prosodic stress groups. - I think a more Tikely explanation

- as mentioned in the introduction - is to see the rising Fo
movement in the first stressed syllable of an utterance as an
adaptation of the Fo wave pattern to the high initiation of the
sentence intonation contour: The first stressed vowel in an
utterance is approached from a considerably lower value (or -
if it is initial - from zero). The "ideal" slight fall plus
rise succeeding this rapid movement or jump is smoothed out
into one continuous rise.

The third prosodic stress group in the utterances had post-
tonic syllable(s) (which are not depicted in the tracings in
figure 3). There is no systematic difference between the
stressed vowels of that stress group and the preceding ones

in the figure, which is further evidence against compressed

Fo patterns in monosyllabic prosodic stress groups. (In
rék(ker) there are three instances of falling-rising vowel Fg
movements: this vowel is Tonger than the other vowels in the
same position and therefore contains the beginning of the rise
to the post-tonic syllable.)

I think there is every reason to conclude that the Fg pattern
associated with a prosodic stress group in Standard Danish is
truncated rather than compressed in time when the segmental
material is insufficient for a complete (falling=)rising
(-falling) gesture to develop. - Likewise, the account of
intrasyllabic Fg movements sketched in the introduction can be
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maintained: the first stressed syllable in an utterance is
rising, whether it is succeeded by post-tonic syllables or not,
in adaptation to the high beginning of the sentence intonation
contour. Succeeding stressed syllables are falling, but a
final (slight) rise may occur when the vowel is long and/or
succeeded by a sonorant consonant. The occurrence or not of
this rise is subject to intra- as well as inter-speaker varia-
tion. In other words, the timing of the stressed syllable
relative to the valley of the Fo wave varies slightly, and as
we shall see below a speaker may also tend to generally trans-
pose (by a couple of centiseconds - right or left) his prosodic
stress group on the Fg pattern, compared with other subjects.

B. PEAK LOCATION

Average Fo tracings of the 12 test words are depicted in figure
4. Average Fo and time coordinates of the Fo minimum the Fo
maximum and the difference between them, are given for each
subject in Appendix II.

A number of observations can be made from visual inspection of
figure 4:

1) Fe minima are considerably lower in words with low stressed
vowel than in words with high stressed vowel.

2) Fo maxima are also lower in words with low stressed vowel,
but the difference is smaller between Fg peaks than between
valleys.

3) Apart from differences due to intrinsic Fg level differ-
ences in the stressed vowel, a speaker's Fp patterns are re-
markably similar across the twelve words.

4) The most noticeable inter-speaker differences are the
steepness and extent of the rise from the Fg minimum: NRP has
higher and steeper rises to the peak than JBC, GB, and NT (in
this logarithmic display).

5) There is furthermore a slight difference in the way sub-
jects align segments and Fe: NRP tends to locate his Fg pivots
later, relative to the chain of segments, than do GB and NT;
JBC takes an intermediate position. (NRP and NT were also
speakers for the investigation reported in Thorsen (1982b),
and here the trend was the opposite: NRP would generally
locate his Fo peak earlier than NT, relative to the post-tonic
segments. The previous and the present recordings of NRP and
NT do not give reason to believe that differences in speech
style or rate are involved. On both occasions the speech of
both subjects can be described as fluent, conversational but
distinct, and I cannot explain the opposite tendencies in the
two recordings as anything but random variation in the way
speakers may choose to coordinate their laryngeal and supra-
laryngeal gestures, a variation with rather narrow limits or
margins which cannot be transgressed, however.)

Some of the qualitative observations above are quantified in
Table 1.

1) The difference between Fo minima in words with low and
high stressed vowel is statistically significant with all
subjects, though of different magnitude for males (7-8 Hz,
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corresponding to approximately 1% semitones) than for females
(about 20 Hz, corresponding to approximately 2 semitones).

2) The Fg maximum is likewise significantly higher in words
with high stressed vowel with all speakers, but the difference
is smaller (3-4 Hz, or half a semitone, with the males and
10-15 Hz, or one semitone, with the females). Note that all
the words ended in the same sequence [-ans], and the differ-
ence in the level of the Fg maximum is therefore not due to
intrinsic differences in the post-tonic syllable(s). The only
way to account for the difference in Fo peak level in the mater-
ial is as a form of coarticulation or carry-over from the in-
trinsically different low and high stressed vowels. This is
in complete accordance with Reinholt Petersen's (1980) obser-
vations and conclusions.

3) Since intrinsic differences between low and high stressed
vowels are only partially carried over into the post-tonic
vowel, we get a significantly smaller Fg rise from valley to
peak after high stressed vowels than after low stressed vowels,
though the difference is slight (3-8 Hz).

4) With NRP and NT the Fg minimum has a significantly smaller
time coordinate, i.e. it occurs sooner after high stressed
vowel onset than after low stressed vowel onset (about 2 cs),
and

5) the Fo maximum is significantly earlier with all subjects
in words with high stressed vowel (4-5 cs).

6) The effect of (5) is a rise of significantly shorter dura-
tion after high vowels with JBC, GB, and NT (2-4 cs) (even
tho%g?)in NT's case it is partially counteracted by the effect
of (4)).

7) The slope of the rise differs among speakers, but for a
given subject it is constant, irrespective of the nature of
the vowel, except that JBC has a slightly but significantly
steeper rise after low stressed vowels.

A further dependence upon the segmental structure of the
stressed syllable (apart from the nature of the vowel) appears
when kanderne and kinderne are compared with the other five
words with Tow and high vowel, respectively. The stressed syl-
lable of kanderne and kinderme has a short vowel in a phonetic-
ally open syllable, whereas in the other words there is either
a postvocalic consonant or a long stressed vowel. The Fo max-
imum tends to be timed sooner in the two words with short
stressed syllable than in the rest of the words (cf. Appendix
II). This tendency is most marked with kanderne. With JBC

and NT it is parallelled by a similar tendency for earlier Fo
minima.

Any further systematic differentiation (within or across
speakers) in Fo minimum and maximum values and timing, accord-
ing to the segmental structure of the stressed syllable, is
not apparent in the material. In the tracings of figure 5 the
time course difference between words with short (kanderne,
kinderne) and long stressed syllable is disregarded, and the
grand mean of all six words with low versus high stressed
vowel is presented. The line-up point is the Fo minimum.
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For the clarity of exposition, let me present first the con-
clusions I have drawn from the data. (1) Invariance - where
Fo patterns are concerned - should be understood to apply to
production AND perception. (2) The alignment of segments and
syllables with the Fg pattern hinges upon the Fg minimum which
is Tinked up, roughly, with the end of the stressed syllable,
but there is room for a certain, slight inter-and intra-
speaker variation in the exact alignment of the Fg minimum
with the segments of the stressed syllable. With these pro-
visos, the difference between dashed and full Tine tracings

in figure 5 can be accounted for in a principled manner and

a hypothesis can be maintained of underlying invariant Fo
patterns with which the segments are aligned in a passive
fashion, being strung along the Fo pattern, departing from the
minimum, 1ike beads of varying length onto an undulating string.

The difference in placement in the frequency range (higher in
words with high stressed vowel) is straightforward. High and
low vowels have inherently different Fo levels, high vowels
having higher Fg than low vowels, ceteris paribus. The physio-
logical mechanism responsible for the Fo difference in stressed
vowels of different tongue height carries over into the post-
tonic syllable, though with somewhat reduced effect. See
further Reinholt Petersen (1980) and the references therein.

If the magnitude of the perceived interval between valley and
peak is to be the same (for a given speaker, and for a given
location on the intonation contour, cf. figure 2 and the intro-
duction), irrespective of the nature of the stressed vowel,
then the Fg rise should be smaller after high than after Tow
vowels. This reasoning rests upon Hombert's (1977) findings
that Tisteners compensate (partially) for intrinsic Fo level
differences between vowels of different tongue height, so for

a low-to-high Fg interval to be perceived as having the same
magnitude, it must be physically smaller after high vowels

than after low vowels, ceteris paribus. The very nearly iden-
tical slopes in the (falling and) rising dashed and full line
tracings in figure 5 could result from a voluntary and con-
trolled gesture on the part of the speaker to render such
movements with a certain inclination (and then JBC falls some-
what short of the ideal). They could also be due to a muscular
or mechanical constraint, i.e. these slopes are the fastest that
each speaker can comfortably produce in the recorded speech
style and rate (in which case there must be something that
speeds up JBC's rise from low vowels). Whatever the explana-
tion, the near constant rising slopes cause a shorter duration
of the rise after high vowels, or else the peak will "over-
shoot" and be too high perceptually, relative to the valley of
the pattern (¢f. above).

High vowels are shorter than low vowels, ceteris paribus, cf.
Fischer-Jorgensen (1964) and Bundgaard (1980) for evidence from
Danish. This is reflected in the difference in the duration

of the initial fall in words with low and high vowels, being
longer in words with low vowels, cf. Table I. If the alignment
of segments and Fg hinged upon the onset of the stressed vowel,
such a difference in Fo fall had no raison d'étre, and high
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and low vowels would simply occupy a shorter or longer stretch
on an Fg pattern with a time constant pivot. If, on the other
hand, we assume that the alignment of segments and Fg pattern
hinges upon a coordination of the Fg minimum with some point
later in the chain (as presupposed in figure 5) approximately
around the end of the stressed syllable, then we would expect
the Fo pattern in words with a Tow stressed vowel to extend
further "backwards" from the Fg minimum than in words with a
higher, and shorter, stressed vowel. With this account the
small difference between kanderne, kindernme and the rest of
the words with respect to the absolute timing of the Fg mini-
mum (earlier versus later) is a natural consequence of the
fact that these two words have shorter stressed syllables and
therefore shorter initial falling movements, i.e. earlier Fg
minima, than the rest of the material.

To conclude this section: Fundamental frequency patterns
associated with prosodic stress groups in Standard Danish can
be considered underlyingly invariant if we take invariance to
apply to both production and perception. Departing from the
Fe minimum, located near the end of the stressed syllable, the
Fo pattern develops its rise-fall independently of the seg-
mental composition of the stressed and post-tonic syllable
(short or long stressed vowel; zero, one or two intervocalic
consonants). The one major influence upon the physical mani-
festation of Fg patterns stems from the (high-low) nature of
the stressed vowel. The whole pattern is transposed upwards
and the rise is abbreviated in prosodic stress groups with
high versus low stressed vowels, in a hypothesized interplay
between an intrinsic, physiologically determined constraint
and a perceptual demand for equal low-high pitch intervals.
The underlying invariance leaves room for a good deal of inter-
and intra-speaker variation, however. Different speakers have
different magnitudes and/or slopes in the falling and rising
part of the Fo pattern. The coordination of Fg minimum with
the stressed syllable varies slightly - with the same speaker =
from one word to the next, as witnessed by figure 4, but con-
sidering the words as a whole there is also an overall trend
towards relatively later segment/F@ minimum intersections

with some subjects than with others.

As mentioned in the introduction, Fo patterns are subjected to
further modification as a function of their intonational con-
text. This contextually determined variation may be automatic
and involuntary, or it may be more directly speaker controlled,
cf. Thorsen (1980b). Whichever it is, we may still consider
the underlying Fo pattern an invariant entity which is subject
to certain sandhi modifications.
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C. LONG PROSODIC STRESS GROUPS

Average Fg tracings of the seven prosodic stress groups, in-
cluding the succeeding stressed syllable, are depicted in
figure 6. The two stressed vowels (the heavier dots) are de-
signated V, and V, , respectively in the following. (V, was
not the first stressed vowel in the utterance as a whole, how-
ever. It was preceded by one prosodic stress group.) V, was
an [i] in all seven utterances, whereas V, varied. No correc-
tion for intrinsic Fo Tevel differences between V,'s of differ-
ent tongue height is attempted in the figure. - Let me mention
first a couple of aspects which tie up with the preceding sec-
tion, then briefly touch upon a relation which could deserve

a more thorough treatment (for which this material is not
suited, however), and then I shall proceed to the matter under
scrutiny here, namely the tonal behaviour of the unstressed
syllables in the seven prosodic stress groups in figure 6.

As in the peak location material above, NRP has the highest

rise to the first post-tonic syllable. - The difference in
intrinsic Fo level between vowels of different tongue height
is clearly reflected in V, in figure 6. - We may note in

passing that the duration of the prosodic stress group increases
progressively with increased number of unstressed syllables.

I have previously stated (1978 and 1980b, for example) that in
short utterances (i.e. containing no more than three to four
stress groups) the stressed syllables will be distributed along
straight lines, whose declination varies with the function of
the utterance. These lines constitute the intonation contour
proper. (With the rather modest range of variation - well
within the octave - exhibited by Standard Danish speakers in
the type of utterance and style of speech investigated, intona-
tion contours will be approximately rectilinear, irrespective
of the mode of display - logarithmic or linear.) With in-
creased utterance length, in terms of a larger number of
(equally long) prosodic stress groups one or more partial re-
settings of the intonation contour occurs, i.e. the sentence
contour is decomposed into a succession of shorter phrase con-
tours, each with its own declination, the ensemble of which
exhibit an overall downdrift. The division of the intonation
contour into prosodic phrases bears no simple relation to syn-
tactic structure; see further Thorsen (1982c).

The assumption of straight line intonation contours in short
utterances implies tacitly that the time and frequency intervals
between neighbouring stressed syllables should be directly pro-
portional. The greater the distance in time, the greater the
frequency interval. However, till now I have only ever in-
vestigated utterances with fairly equal prosodic stress groups
(containing two to four post-tonic syllables). With a set of
utterances such as the ones treated here we should be able to
form a more precise idea of the way the stressed syllables are
scaled in relation to each other in terminal declarative ut-
terances. But due to shortcomings in the way the material is
structured I shall restrict myself to the formulation of a

hypothesis, which is then open to testing in a future experiment.
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In Appendix IIla time and frequency coordinates to the two
vowels depicted in figure 6 are given, as well as the slope

of the straight line that would connect them. It appears that
V, ([i]), which is the end point of the intonation contour,

is very nearly constant, and the very slight variation is not
correlated with the duration of the preceding prosodic stress
group. The behaviour of V; is obscured by the variation in
vowel quality, and the relatively large variation shows no
clear trend (apart from its correlation with vowel height).
Consequently, the slope between V, and V, exhibits an apparent-
ly random variation. In Appendix IIIb I have performed a rough
compensation for intrinsic Fg differences in V,. The frequency
variation is then reduced, but the correlation with stress group
duration (as expressed by the time coordinate of V,) is non-
significant (NRP) or non-existent (JBC, GB and NT). In other
words the variation in V, frequency is unrelated to the dura-
tion of the prosodic stress group it initiates. Conversely,
the slope of the line connecting V, and V, shows a clear and
significant tendency to be less steep with increased prosodic
stress group duration (the correlations range between 0.71 and
0.85 and are significant at the 0.05 level or better).

Let me then, for the moment, assume that with an appropriate
measuring and compensation procedure both stressed vowels in
figure 6 had come out with near constant frequency values,
irrespective of their mutual timing. The only way the intona-
tion contours in the utterances as a whole could be rectilinear,
in spite of the non-uniform time spacing of the second and
third stressed syllables, would be if the first stressed syl-
lable (not depicted in figure 6) in the utterance decreased

in frequency with increased duration of the second prosodic
stress group, i.e. with increased total utterance duration.
(The longer the second prosodic stress group, the less steep
is the 1line connecting the second and third stressed vowels.
With an assumed rectilinear intonation contour, the extension
of this line "backwards" in time to the first stressed vowel
will also be less steep, i.e. the first stressed vowel will

be Tower in frequency as the duration of the second prosodic
stress group increases.) Such an inverse relation between

the Fg level of the beginning of the intonation contour and
its total length is counterintuitive, and would be in distinct
opposition to previous findings, on Danish as well as other
languages, cf. Thorsen (1982c? and the references therein.
Spot checks in the material reveal that this is also not the
case here.

There are several possible sources of error in the procedure.
The reduction of all vowels, short as well as long, to one
point may not be felicitous; the compensation for intrinsic

Fo level differences with equal amounts across all speakers

is bound to be unsatisfactory; the influence from different
syllable initial consonants is not accounted for at all.
Therefore I do not wish to carry the discussion further than
to hypothesize that the stressed vowels of an utterance are
scaled without regard to their mutual timing. A stressed vowel
is lower than the preceding one by a certain amount. However,
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this frequency interval is sensitive to utterance length in
another way, namely as defined by the total number of stressed
syllables. The interval between the only two stressed syl-
lables of a terminal declarative is larger than between a pair
of stressed syllables in a declarative with three or four pro-
sodic stress groups, cf. Thorsen (1982c). In other words, we
may conclude that (a) variation in prosodic stress group length
entails a variation in the slope of the lines connecting neigh-
bouring stressed syllables, and (b) variation in the number of
prosodic stress groups (stressed syllables) entails a variation
in overall slope.

Two distinct patterns of behaviour emerge where the unstressed
syllables in the prosodic stress group are concerned. NRP
treats the unstressed syllables in much the same fashion that
long sentence intonation contours are produced, whereas JBC,
GB and NT employ a different strategy.

When the number of unstressed syllables equals or exceeds six,
NRP decomposes the falling slope into two separate, successive
slants with a distinct partial resetting between them (of an
order of magnitude of 1.5 to 2.0 semitones). ("Partial" be-
cause the post-tonic of the second declination does not reach
the level of the first post-tonic in the stress group.) The
two slopes together describe an overall downdrift. The factor
determining the location of the resetting could be one of
several: (1) In these utterances it coincides with the first
word boundary in the stress group. (2) It occurs after a syl-
lable with secondary stress, i.e. after a syllable which in
non-compounded form would have main stress and would according-
ly be succeeded by an Fg rise to the succeeding post-tonic syl-
lable. Consequently, this secondary stress and the succeeding
unstressed syllables could be said to constitute a pseudo-pro-
sodic stress group. "Pseudo" because the secondary stress does
not fall into place on the intonation contour with the truly
stressed syllables of the utterance. (3) This same boundary

is also the boundary before a prepositional phrase, i.e. a
major syntactic boundary. Whether one or the other factor is
decisive in NRP's speech can only be found out in a new materi-
al.

With JBC, GB and NT the humps and bumps in the declining un-
stressed syllables hardly deserve the name of resetting, and
they are furthermore not consistently located - relative to
the chain of syllables. I prefer to describe these Fg courses
as very slightly undulating S-shapes or waves, where an initial
fall levels out - or rises slightly, depending on the speaker
and on the length of the stress group - and then falls again
at the end of the pattern.

It is conspicuous that the four speakers apparently attempt

not to Tet the Fo pattern transgress the intonation contour,
i.e. the unstressed syllables do not drop below a line connect-
ing the two stressed vowels, except in the two longest stress
groups with JBC. In a previous analysis (Thorsen, 1982c), one
subject (JR) distinguished himself from other speakers by his
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very sharply falling post-tonics which (though their number

did not exceed three) often happened to cut through the intona-
tion contour proper. He might, accordingly, have represented
yet another distinct pattern of behaviour in this material.

Differences between subjects aside, the long prosodic stress
groups here bear witness to a less passive control of the Fg
pattern than I have previously assumed, at least when the pro-
sodic stress group is sufficiently long. There are apparently
limits (set by each speaker) to the extent of Fg declination
tolerated in a series of post-tonic syllables, and when this
1imit is reached measures are taken to restore the pattern,

at least in planned, read speech. Spontaneous speech may be
less neatly regulated in this respect.

IV, FINAL COMMENTS

My final comments will serve as a sort of footnote to the title
of this paper. A low plus high-falling Fp pattern associated
with a stressed plus one or more unstressed syllables, trun-
cated to a greater or lesser degree as the prosodic stress
group is cut short of segmental material, is retrievable in
every circumstance. The pattern is subjected to considerable
“free" (i.e. inter-and intra-speaker) as well as contextual
variation. I do not know which of these facts is most sig-
nificant and amazing from the point of view of speech produc-
tion and perception, but I do think that we should pay more
attention to the variability in speech production, in casu in
the production of prosodic phenomena. This is an aspect that
models tend to gloss over and ignore: by their very nature
linguistic models rather stress the invariance aspect and
underrate the plasticity exhibited by speakers in a number of
ways and conditions. However, the variation within or across
speech production "items" is by force a greater challenge to
any model which seeks to quantify its elements, than is the
invariance.
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APPENDIX 1
The test words and sequences (underlined) in their carrier sen-
tences with translations. The stressed vowels are indicated
orthographically here with acute accents.

A. Fo pattern truncation

Nyt kit binder bédst.
“New putty holds better.

Den ny Kéats kénder han Tkke.
He does not know the new (edition of) Keats.

Seks bit r@ékker Tkke.
Six bits are not enough.

Den ny béat kénder han Tkke.
He does not know the new beat (music).

Nyt quld glimter mést.
New gold glistens more.

Lys Kool slukker tdrsten.
Light Kool quenches your thirst.

Nyt tin 7ltes hirtigt.
“New pewter is quickly oxidized.

Et nyt téam dldes hirtigt.
A new team grows quickly old.

B. Fo peak location

Gldssene og Kdnderne var méget gamle.
The glasses and the jugs were very old.

Nésen og kinderme var méget vdrme.
The nose and cheeks were very hot.

Teksten til sdlmerne var méget gdmmel.
The 1yrics of the psalms was very old.

De fléste af skyldnerne var méget gdmle.
Most of the debtors were very old.

Tréngerne og gddlerne var méget gamle.

The bridles and the saddles were very old.

Fdrevareren og vidnerne var méget gdmle.
The counseT and the witnesses were very old.

Billedet af ddmerne var méget gdmmelt.
The picture of the ladies was very old.
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5ptagelsen af tdlerne var méget gammel.
The recording of the speeches was very old.

Puden og dynerne var méget gdmle.
The pillow and the eiderdowns were very old.

Kdllen og kiglerne var méget gdmle.
The cTub and the balls were very old.

Sldgterne og bdgerne var méget gdmle.
The butchers and the bakers were very old.

Kdrlene og ptgerne var méget gdmle.
The grooms and the maids were very old.

C. Long prosodic stress groups

Kmidsen er journalist pd Politiken. (3)
Knudsen is a journalist for Politiken.

Péter blev dnsat pd Politiken. (4)
Peter was employed by Politiken.

Han stdrtede som drbejdsmand pd Politiken. (5)
He began as a labourer at Politiken.

Ldrsen er spdrtsredaktdr pd Politiken. (6)
Larsen is a sports editor with Politiken.

Lissi er mdderedaktor pd Politiken. (7)
Lissi is a fashion editor with Politiken.

Han éndte som udenrigsredaktdr pd Politiken. (8)
He ended up as editor of foreign affairs with Politiken.

Han begyndte som udenrigskorrespondént pd Politiken.
He began as a foreign correspondent to Politiken.

The number in parentheses indicates the number of unstressed
syllables in the prosodic stress group.
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APPENDIX TI

Average values of Fg (in Hz) and time (in cs) coordinates of
the Fo minimum, the Fg maximum, and the difference between
maximum and minimum in 12 words. Standard deviation of Fo
means are generally well below 5% of the mean, whereas standard
deviations of time values range between 10 and 15%.

Fo minimum Fo maximum Fo max-min

Hz cs Hz Ccs Hz cs
Subject NRP
kanderne 79.3 7 1250 103.8 2653 205 7 1.7
kinderne 84.3°. 0.7 106.0 23.5 ok o S A
salmerne L R S B | 105.3 30.8 27505 171
skyldnerne 852 . 1.2 107.8  26.8 2.5 "16.0
sadlerne P oS gl i 1) 102.2  30.0 24.9° 16,3
vidnerne 83.8 - 13.8 106.3 4852 2ra8 - 5.4
damerne 8.2 . 13.8 103.5 .. B3l 2518:. 55,9
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APPENDIX ITIA

Average time (cs) and frequency (semitones re 100 Hz) coordi-

THORSEN

nates to two stressed vowels (V, and V,) surrounding a varying
(from three to nine). The slope
of a straight line connecting V, and V, is given in semitones/

number of unstressed syllables

second.

indicated to the left.
two females (GB and NT).
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APPENDIX IIIB

As Appendix IIla, except that a rough compensation for intrin-
sic Fo level differences between vowels of different tongue
height (V,) has been performed by adding 0.5 semitones to the
values of [i] and [o-], and 2.0 semitones to [a], [a*], and

[o°].

number of NRP JBC
unstressed
syllables v, v, V, Slope v, V, Slope
3 ([1i]) -2.1/5 -4.2/75 -3.0 1.6/5 -0.2/75 -2.6
4 ([a]) -2.7/4 -4.3/91 -1.8 1.215 -0.3/92 -2.3
5 ([a-]) -2.2/9 -4.0/107 -1.8 1.4/6 -0.3/106 -1.7
6 ([v-]) -1.8/6 -4.1/124 -1.9 2.2/6 -0.5/123 -2.3
7 ([0+]) -1.6/7 -4.4/127 -2.3 2.6/5 -0.3/121 -2.5
8 ([u-]) -2.0/7 -4.2/142 -1.6 1.7/5 -0.5/141 -1.6
9 ([u-]) -1.9/6 -4.1/150 -1.5 1.4/5 -0.6/154 -1.3
GB NT
3 ([i]) 11.1/4 7.2/5% -7.5 11.9/6 6.2/76 -8.1
4 ([a]) 12.0/3 6.8/76 -7.1 11.8/8 5.6/101 -6.7
5 ([a+]) 11.2/6 7.0/93 -4.8 9.8/6 5.4/111 -4.2
6 ([o+]1) 11.8/4 6.4/106 -5.3 13.0/5 6.2/124 -5.7
7 ([o+]) 10.5/3 6.8/111 -3.4 11.6/6 5.2/130 -5.2
8 ([u-]) 12.6/5 6.8/125 -4.8 11.8/7 5.8/144 -4.4
9 ([u-]) 12.4/5 7.0/141 -4.0 12.2/6 5.7/155 -4.4
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THE ACOUSTIC MANIFESTATION OF STRESS IN DANISH
WITH PARTICULAR REFERENCE TO THE REDUCTION
OF STRESS IN COMPOUNDS*

ELI FISCHER-JORGENSEN

The present investigation of Danish stress is based

on a rather extensive material from Standard Danish
and from Jutlandish, Funish and North Zealandish dia-
lects. It is found (1) that unstressed syllables

are distinguished from stressed syllables by not being
able to have stgd or phonological vowel length, by
shorter duration, by a different Fo pattern which can
be described as a different placement on an undulating
Fo wave (but Fo pattern differences are not the same
in different dialects), and finally often by lower
intensity, at least as far as the endings -e [s] and
-er [v/o] are concerned. (2) Syllables with second-
ary stress retain stgd and phonological vowel length
but are distinguished from stressed syllables by
shortening (although not as much as unstressed syl-
lables), by Fo, behaving in this respect like unstres-
sed syllables, but hardly by intensity except for the
dialects which have low Fo on unstressed syllables.
(3) Syllables which are reduced by unit accentuation
(in relation to a following stressed syllable) lose
stpd and (at least for monosyllabics) phonological
vowel length; they are somewhat more reduced in dura-
tion and partly in intensity than syllables with
secondary stress, and they behave, as do syllables
with secondary stress, like unstressed syllables in
the Fo pattern of the stress groups.

*) This report is a considerably enlarged - and in some de-
tails revised, version of Fischer-Jprgensen 1983.
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I. INTRODUCTION

It is not my intention to enter into any general discussion of
the phonology of stress in this paper, but it may be useful to
start by stating what I mean by stress.

I use accent as a more general term covering stress and tone.
Stress is used to indicate culminative accent, by which one
syllable is made more prominent than other syllables in the
given unit, whereas tone or tonal accent characterizes a syl-
lable or part of a syllable or a word without giving special
prominence to it. It is inherent in the idea of prominence
that something stands out compared to the surroundings. Thus
stress is a concept of relations in the speech chain. This
makes it problematic to set up a definite number of absolute
stress levels for a given language. Phonetically stress is a
property of a syllable. Phonologically it may also belong to

a syllable. This is the case in simplex words where one syl-
lable is more prominent than the others. But it may also char-
acterize a larger (meaningful) unit, e.g. a member of a com-
pound or a phrase. Word stress may be called potential in the
sense that it characterizes that syllable of a word which will
be stressed if the word is stressed in the actual sentence.
Stresses may be reduced in compounds or in certain phrasal
structures. Stress reduction in compounds may be regarded as
lexicalized syntactic reduction of stress (see, e.g., Martinet
1954). These reductions are rule governed. Moreover, the
speaker is always free to give more or less prominence to words
which he finds more or less important in a given sentence, and
in the extreme case of explicit or implicit contrast the mani-
festation is normally conventionalized. This paper only deals
with word stress and stress reduction by rule in neutral, de-
clarative sentences. The main problem will be the acoustic
manifestation of stress, more specifically the acoustic differ-
ence between main stress and reduced stress in compounds.

The search for acoustic differences raises some problems. Some
phoneticians want to define stress from the point of view of
speech production as increased effort on the part of the speaker.
Fénagy (1958 and 1966) emphasizes that stress should be defined
physiologically and that the acoustic consequences of the effort
may be varied and shifting, and may even be conventionalized so
that they are no longer effects of the effort but convention-
alized signals, like e.g. the duration of vowels in Russian
(compared to the much smaller lengthening in Hungarian which

is really caused by more effort), and these conventions may be
different in different languages. However, even if it may be
true that stress can be defined in a simpler and more consistent
way from the point of view of production (more evidence is still
needed on this point), information on the physiological effort
must be conveyed to the listener through the speech wave. A
feature that functions in speech must be found at all stages

of the speech communication act.
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There is, however, another reservation to be made: Since
stress is to a large extent rule governed, it is often pre-
dictable. Moreover, a syntactic construction may be suffi-
ciently characterized by grammatical means so that the stress
difference is redundant. Chomsky and Halle (1968, p. 25-26)
emphasize that stress can be predicted to a large extent from
semantic and syntactic facts, so that the listener expects
stress to appear at certain points of the utterance and will
perceive it even if there are no acoustic cues indicating it.
It may be a perceptual fact without any physical basis. They
go so far as to maintain that "there is no acoustic evidence
to support the view that perceived stress contours correspond
to a physically definable property of utterances". - This
general formulation is exaggerated. But there is no doubt
that it may happen, and it has even been proved by Berinstein
(1979). She asked a number of English, K'ekchi and Spanish
subjects to indicate the placement of stress in a sequence:
bibibibi which was manipulated in different ways. In the con-
trol case, where all syllables were alike, 80% of the English
subjects placed the stress on the initial syllable, and more
than 40% of the K'ekchi subjects (who have final stress in
their mother tongue) placed the stress on the last syllable.
And there was still a certain bias when the syllables were
different. But the importance of acoustic cues and the pre-
sence of acoustic differences in normal speech has been demon-
strated in many experiments. And, as Katwijk (1974) remarks,
stresses placed in a wrong position are easily noticed, and
they are even very disturbing in normal speech situations.
Thus, it may nevertheless be worth while looking for acoustic
differences. One must, however, be prepared to find acoustic
differences which are not normally used in the perception of
stress and, on the other hand, one must also envisage the pos-
sibility that cues found in tests with synthetic sounds may
not be used normally in the subject's mother tongue. He may
know them from a different dialect or language.

In spite of these reservations I think that it is possible
through an acoustic analysis to find the properties which may
be supposed to be most important in a given language. An
acoustic analysis is the first step towards the goal of find-
ing the perceptually relevant cues.

The acoustic properties which have most often been found to
correlate with stress are (1) increased duration, (2) increased
intensity, and (3) deviations in fundamental frequency (Fo).
Another fairly frequent property is precise vowel quality ver-
sus schwa or at least a centralized quality; sometimes unstres-
sed syllables are also characterized by lack of aspiration.

A specific durational cue mentioned by Bolinger and Gerstman
(1957) is "disjuncture", i.e. the distance between syllable
centers. This distance may be shortened in compounds compared
to a sequence of independent words.

The Fo deviation in stressed syllables need not be a movement
upward, though high or rising pitch is the most common feature.
It may also be a downward deviation (Bolinger 1958a). The de-
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cisive thing often seems to be a relatively abrupt shift of
level or direction. Cohen and 't Hart (1967), and 't Hart and
Cohen (1973) found that in Dutch a rise-fall in the same syl-
lable was the most prominence lending contour, but a simple
rise or a fall (the latter only in the last accented syllable
of the phrase) may be sufficient.

The timing may also be important. In Dutch a rise in the be-
ginning of the syllable or a fall at the end have been found
to be the most favourable placement for the perception of
stress (Katwijk 1969 and 1974). (For a more detailed discus-
sion of timing in Fo contours, see Thorsen 1982a.)

In quite a number of languages it has been found that Fo changes-
are perceptually most important, e.g. in English (Fry 1955 and
1958), Bolinger (1958a and b), Morton and Jassem (1965)), where-
as intensity is the weakest cue. Fo has also been found to be
important for the perception of stress in German (Isatenko and
Schadlich 1964, and Bleakley 1973) and in Dutch (Katwijk 1974),
in Polish (Jassem 1959), and in French (Rigault 1962)). In
French there are also obvious differences in duration (Bengue-
rel 1971), but hardly in intensity (Spang-Thomsen 1963).

There is not complete agreement about English. Scholes (1971)
found intensity to be the most important cue between syntactic-
ally conditioned stress differences as the good flies quickly
past and the good flies quickly passed, at least in natural
speech (in synthetic speech the temporal differences turned out
to be more important), and Lieberman (1960) found intensity dif-
ferences to be dominant compared to duration in English pairs
like conduct = condiict.

However, both for English and for most other languages the
hierarchy which is most frequently set up is (1) change in Fo,
(2) increased duration, (3) increased intensity. Hyman (1977)
considers this to be a universal hierarchy. But that can hard-
1y be upheld. Berinstein (1979) proposes instead to consider
this hierarchy to be the unmarked one, which is valid only for
languages without phonemic contrast in tone or vowel length.

If one of these properties is phonemic it will be superseded by
the other cues in the hierarchy. She finds confirmation of
this hypothesis in the fact that in K'ekchi, which has phonemic
vowel length, duration is the weakest cue for stress, whereas
it is used for this purpose in Cakchiquel, which does not have
phonemic vowel length. Similarly, Janota (1967 and 1979) found
intensity to be more important than duration in Czech, which
has phonemic vowel length, whereas Polish which does not have
phonemic vowel length has the unmarked hierarchy (Jassem 1959).
Fonagy (1958) also draws attention to the extensive and con-
ventionalized increase of duration of stressed syllables in
Russian (which does not have phonemic vowel length) compared

to the small differences in Hungarian (which does have phonemic
vowel length). But even without interference from the phonemic
factor there may be deviations from the unmarked hierarchy.
Botinis (1982) thus finds duration and intensity to be more
consistent cues than Fo in Greek, and Bertinetto (1980) finds
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duration to be the most important cue in Italian. He takes the
difference 1limen for the various cues into account, which has
not always been done.

On the whole, there is some uncertainty in comparing the rela-
tive importance of properties measured in different units, ex-
cept in the cases where a cue is less frequently used, or not
used at all. Finally, it should be mentioned that some phon-
eticians prefer to measure the energy integral, not the peak
intensity as most have done. In this way duration and in-
tensity are combined into one feature, which for short vowels
is justified by the integration time of the ear. Lieberman
(1960) finds this to be the best measure for English stress
(cp. also Lea 1977). Rossi (1970) and Rossi et al. (1981) do
not use intensity but a calculated Toudness value, based on
compensation for intrinsic vowel intensity and the integration
time of the ear. In principle this is, of course, a correct
procedure for arriving at the loudness value. But in this way
physical duration is reckoned twice (as part of loudness and

on its own,as is also the case when the energy integral is
used). It is probably safer to avoid these problems by keeping
vowel quality, Fo, and duration constant when investigating the
perceptual importance of intensity by means of synthetic sounds
(which has also been done by various experimentors). In measure-
ments of natural speech one may at least stick to comparisons
between vowels of the same quality, or one may compare relations
or differences between similar pairs of vowels instead of ab-
solute values.

Most investigators have compared full stress and weak stress.
But one cannot be sure that the same cues are used for the dis-
tinction between full stress and reduced stress, as found, e.qg.
in compounds in Germanic languages. It would no doubt have
been methodologically preferable to start this study of Danish
stress by a study of full stress vs. weak stress (stressed vs.
unstressed syllables) and from there go on to the more com-
plicated problems of reduced stress in compounds. But I had a
20 years old material on compounds which had never been util-
ized. I thought it only needed a few supplements, which then
grew into a rather large corpus. I have, however, used this
material and some other recordings made for a different pur-
pose to give some necessary information on weak stress (section
V.A). The Fo differences between stressed and unstressed syl-
lables in Danish have been thoroughly investigated by Nina
Thorsen, but there are hardly any published results for in-
tensity and duration measurements in Danish stressed and un-
stressed syllables.

As stress in Danish compounds has not been investigated in-
strumentally before, this is a preliminary pilot study. For
such a first study you may (1) choose a well delimited material,
perhaps consisting in nonsense words, read by speakers of the
same dialect, as a safe starting point for later enlargements

of the field, or (2) you may wish to get a wider, but more
superficial overview, e.g. using various types of compounds in
natural sentences spoken by subjects with different dialectal
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background, in order to get an impression of the main problems
and find the points which would be worth a more detailed in-
vestigation. I have chosen the latter approach. But this, of
course, implies that not all complicating factors can be kept
apart, and the conclusions must therefore necessarily be pre-
liminary.

IT. THE DANISH PROSODIC SYSTEM
A. VOWEL LENGTH AND ST@D

Danish has distinctive vowel quantity, which has quite a con-
siderable functional load in words of two or three syllables
(e.g. /mi:ls mils/). There is hardly any concomitant differ-
ence in vowel quality except for /a/, /o/ and /o/. Postvocalic
consonants do not show any consistent difference in duration
after long and short vowels (Fischer-Jorgensen 1964, and Peter-
sen 1973).

Almost all monosyllabic words, as well as final stressed syl-
lables of polysyllabic words, with long vowel have "sted". The
same is true of the great majority of monosyllabic words and
final stressed syllables with short vowel plus sonorant con-
sonant. “Sted" is a specific accent (transcribed [?]), which
in its typical form is characterized acoustically by a drop in
intensity and Fo, often ending in creaky voice in the latter
half of the long vowel or the beginning of the sonorant conso-
nant after the short vowel. But the creaky voice may be prac-
tically absent, and there is, on the whole, a rather large vari-
ation in the manifestation of the sted. Its presence is to a
large extent rule governed (it corresponds historically to
accent 1 in Swedish and Norwegian), but there is a number of
minimal pairs, mainly disyllabic words with the endings -en,
-el, —er where one member of the pair is an old monosyllable,
(e.g. Igber [1p:?bo] 'runs' vs. Ipber [1g:bo] 'runner') and
also some monosyllables with short vowel plus sonorant conso-
nant (e.g. ven [ven] 'friend' vs. vend [ven?] 'turn!'). (For
the rules governing the presence of sted see, e.g., Aage Hansen
(1943), Hjelmslev (1951 (49€3)), and Basbell (1972 and 1971- ¥\
2973); for its manifestation see Smith (1944) and Petersen
1973).

B, STRESS
1. GENERAL (TRADITIONAL) DESCRIPTION

Stress is traditionally described on an auditory basis, and a
language may be characterized by its distribution of stresses
in simplex words, compounds, phrases, and utterqncgs.’,(ln the
following the accent marks - and ~ are used to indicate main
and secondary stress, respectively, in orthographic examples,
whereas ' and are used in phonetic transcriptions, weak
stress (= unstressed syllable) being left unmarked.)

—
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The Danish stress system is very similar to that of German or
Dutch. Simplex native words consist (with very few exceptions)
of an initial stressed syllable with full vowel, followed by
0-2 (rarely 3) unstressed syllables with schwa. Foreign words
may, however, have stress on any syllable and full vowels in
unstressed syllables. Unstressed syllables do not have sted
and have only short vowels.

Compounds and derivatives have only one main stress in the

standard language with the exception of a very specific type,

in which the first member is an intensifying prefix, e. g

bombesikker 'absolutely sure' compared to bombesikker 'pro-

tected against bombs'. I should prefer to regard this as a
lexicalized emotional accent. Nina Thorsen has called my at-

tention to the type julBdften 'Christmas Eve' and pdskemdrgen

'Easter morning', which’I should be inclined to regard as se-
Zquences of two words completely parallel to Séndag morgen =
‘Sunday morning', but often wr1tten as one word because of /fggégé%y
their specific meaning. ! Arhs ke Y, o8 )i kbt 22!

In some West Jutlandish dialects a Targe number of compounds
are described as having two main stresses (cp., e.g., Ejskjer
1954). It remains to be investigated whether this type is
phonetically different from a syntactic combination of two
words and how it is perceived by the dialect speakers. In a
number of cases it will be signalled as a compound by means
of other features, e.g. lack of sted in the first member, and
the identification as a compound will be supported by the re-
latively large individual variation, some speakers using two
main stresses and others stress reduction in the same words.

The majority of compounds and many derivatives in Standard
Danish are characterized by having main stress on the first
member and secondary stress on the second member, e.g. en
sortméjse 'a coal tit' vs. en sdrt méjse 'a black tit'.
(Only a few derivative suffixes have weak stress, viz. -ig,
-17g, and probably -ing and -isk, and several, particularly
foreign, suffixes have main stress.)

In more complex compounds and derivatives there may be a gra-
duation of secondary stresses depending on the construction,
e.g. (dyjrskiie)plids ‘cattle showground' vs. krigs(skiueplads)
'theatre of war' (where the stronger secondary stress is indi-
cated by “ ). There is, however, mainly for rhythmical reasons,
a tendency to shift the strongest stress to the last member,
particularly after monosyllabic first members, thus < “ " to

24y 7, and this pattern has been lexicalized in several cases.

A limited number of complex compounds and derivatives have

main stress on the second member, e.g. Langfridag 'Good Friday',
particularly certain types of derived compound adjectives:
barndgtig 'childish', sandsijnlig ‘probable' (more often than

in German, but less often than in Dutch).
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The second member of a compound with main stress on the first
member retains sted and vowel length; and in quite a number of
cases a second member which has no sted as a simplex word even
acquires a sted (e.g. sende [sena] 'send', but opsende
['obsen?s] 'send up'); and the first member of the compound,
when it is monosyllabic, normally loses its vowel length and
stod, e.g. hus [hu:?s] 'house', but husmand ['hus man?] 'small-
holder'. But when the main stress is on the second member of
the compound, the first member has not only reduced stress

but loses its sted and, at least when it is monosyllabic, also
its vowel length, e.g. Zg¢s [1g:7?s] 'loose' lpsdgtig [1gs'agdi]
'prostitute’.

Prefixes are often unstressed, e.g. always be-, er-, whereas

u- is vacillating. As the root morpheme for has stress and the
prefix for- is unstressed, we get minimal pairs like forbénet
‘the foreleg' and forbénet 'ossified, pigheaded’.

Danish phrasal stress differs from e.g. German or English, in
that in a neutral Danish utterance all main stresses are of the
same weight. Danish has no obligatory "sentence accent" or
"focus", and there is no tendency to have a heavier stress in
the last stress group. Nor is there any general tendency to
stress the second member of a noun or verb group more than the

first. On the other hand, a number of_speeial_glg\J/knitsggn;,.

c]ear]y d1st1ngu1shed from the above mentioned sequences of
equal stresses. These two factors are obviously connected.
Examples of stress reduction, "unitary stress" (or "unit ac-
centuation", to use Rischel's terminology (1982)) are et glas
gl 'a glass of beer', fru Hdnsen 'Mrs. Hansen s gd 1 vdndet
'go swimming' in contrad1st1nct1on to gd 7 vdndet 'walk in the
water', lese romaner 'read novels' in contradistinction to
lése romdnen ‘read the novel', std op 'get up' but std op
‘stand'. These latter distinctions are characteristic of
Danish, and a large number of minimal distinctions could be
quoted. Some rules are given by Jespersen (1922) and a thorough
discussion with formulation of new rules is found in Rischel
1980 and 1982. By this reduction the reduced member loses
stod and, at least when it is monosyllabic, also vowel length,
i.e. it is treated in the same way as the first part of com-
pounds with main stress on the second member. Rischel uses
the term "unit accentuation" in both cases (for compounds:
"intra-word unit accentuation").

2. NUMBER OF STRESS DEGREES (VARIOUS
PHONOLOGICAL DESCRIPTIONS)

It has been discussed how many degrees of stress should be set
up on the basis of the above mentioned facts. Jespersen (1897-
99 and 1922) sets up four degrees (apart from emphasis), but

at the same time he remarks that this is arbitrary. And if it
is done on a purely auditory basis, he is right that it is
arbitrary.
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Andersen (1954) sets up four degrees of what he calls "weight"
(he uses "stress" in a somewhat different sense): "levissimus",
"lTevis", "semifortis" and "fortis". They are mainly defined
by their segmental structure and their possibility of having
distinctive vowel length and sted. Levissimus syllables only
contain the vowel [s]; levis syllables may contain all vowel
qualities, but do not distinguish long and short vowels and
cannot have sted. This covers weak syllables in foreign

words (e.g. verdnda), weak suffixes (-ig, -lig, -ing), syl-
lables reduced by unit accentuation, and a few particularly
weak second members of compounds (e.g. mdndag [man?da] 'Mon-
day'). Both semifortis and fortis may distinguish long and
short vowels and may have sted, but the fortis syllable is
perceived as dominating the semifortis syllable. Fortis

thus covers what was called main stress in compounds above,
and semifortis covers reduced stress on second members of
compounds. Other Danish dialectologists have taken over these
four degrees and their definitions (although they generally
allow levissimus syllables to contain the vowel 7 (e.g. Ella
Jensen 1944 and Inger Ejskjer 1954), but they call them de-
grees of stress, not of weight.

A surface phonological description may combine the criterion
of syllable structure with the commutation criterion.

"Fortis" and "semifortis" are evidently commutable, cp. the
example en sdrt méjse 'a black tit' and en sortméjse 'a coal
tit' above. There are many examples of this type. It may

also be possible, at least for a very distinct style of speech,
to set up two degrees of secondary stress based on examples

of the type dyrskueplads vs. krigsskieplads, mentioned above.

The distinction between levis and levissimus is more problem-
atic. If [«] is described as a variant of /e/ and /e/ as done
by Hjelmslev (1951), there must be a separate very weak stress
level conditioning this reduction of vowel quality. I would,
however, find it simpler to regard [=] as a separate phoneme
which may sometimes be in free variation with other phonemes.
In this case the syllables with [a] need not constitute a
separate stress level.

If, for the time being we consider syllables with weak suffixes
like -7g, -1l7g and weak syllables in foreign words, like
verdnda melodi, etc. as constituting phonologically un-
stressed syllables, it can be stated that there is commutation
between this level and the level of main stress, although there
are very few minimal pairs, e.g. pldstik 'PCV' vs. plastik
‘plastic gymnastics', and b7lliget ['bilisd] 'cheapest' vs.
bil{et [bi'lisd] 'motorist'. Rischel (1970) succeeded in giving
rules for the stress placement in Danish morphemes, including
most foreign words, but there were some exceptions, e.g. August
(name) vs. august 'August', so that stress is not completely
predictable.

Syllables with reduced stress due to unit accentuation create
difficulties. There is no perceptible difference between pre-
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tonic syllables in foreign words and the first part of com-
pounds or phrases with unit accentuation, e.g. sanddlen 'the
sandal' vs. sandsynlig 'probable', or en banderdle 'a revenue
label' and en bande rdvere 'a gang of robbers' (and in this
paper they are not provided with any stress marks). On the
other hand, the distinction between this type of stress reduc-
tion and secondary stress is not clear. There are no commuta-
tion examples since the syntactic surroundings are always dif-
ferent. The distinction must therefore be based on the possi-
bilities of distinctive vowel length and sted. This criterion
is, however, not always quite reliable. In complex compounds
there may be loss of sted in syllables with second degree re-
duction in medial position, e.g. in vdnd [van?] 'water' in
indervandsbéd ‘submarine'; on the other hand, it happens in
very distinct speech that a disyllabic word reduced by unit
accentuation retains a weak sted, e.g. han springer Jp ‘he
jumps up', and a long vowel in a disyllabic word is rarely so
strongly reduced in duration that it merges with a phono-
logically short vowel, e.g. there is a small difference of
duration between lese op 'to read aloud' and lezsse dp 'to
load'. Finally, in syllables with short vowel plus obstruent
where neither vowel length nor sted are involved, it is a real
problem whether there is any difference of prominence, and the
syllables must then be assigned to different degrees of stress
by generalization from the clear cases. But this may be con-
sidered a rather dubious procedure.

In normal conversation - and particularly in allegro speech -
there may be what Rischel (1982) calls "loss of ranking differ-
ence" or "shrinkage of structure", so that all stresses below
main stress are reduced to weak stress. In that case secondary
stress in compounds may coincide with weak stress, e.g. with
the stress of weak suffixes, as -ig and -lZg, or posttonic syl-
lables in foreign words. Rischel assumes that this happens.

In an oral communication Rischel has given the example utjske
'‘monster' vs. emfdtiske ‘emphatic'. In this case the position
after the main stress is the same, so that one might in prin-
ciple apply the commutation test, but it is hardly possible to
find minimal pairs. Personally I am inclined to believe that
there is a small difference in syllables immediately after the
main stress, e.g. in bybus 'town bus' vs. rébus 'rebus', or in
natirgas 'natural gas' vs. Ddlgas (name), or ulige 'unequal’
vs. milige 'possible', but not if there is an intervening weak
syllable, in which case the weak derivative ending receives a
certain rhythmically conditioned prominence, e.g. péngegrisk
‘avaricious' = mdlerisk 'picturesque', or fldskegds 'bottled
gas' = dnanac 'pineapple' (foreign words may even get sted in
this case, e.g. Pdradic ['phaa,di:?s] 'Paradise').

In a more abstract phonological analysis it is evidently pos-
sible to reduce the number of stress degrees considerably, de-
riving most of the differences from the syntactic structure
including the relations within compounds. I have argued brief-
1y for this point of view in an old paper (1961 (1948)), main-
taining that it is completely arbitrary to set up 3 or 4 degrees
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of reduced stress in a language. It is only a way of stating
its syntactical possibilities. The important thing is always
a comparison between two members and two members only, but
this comparison may take place on different levels. It is not
possible to identify the degree of stress from one syntactic
group to another. Hjelmslev (1951) sets up two degrees of
stress in Danish, and Rischel (1972) has discussed these prob-
lems in much more detail. He states that it is possible to
describe the facts by means of cyclical rules, but that it is
simpler to derive the prominences in one operation directly
from the syntactical tree structures. Basbgll (1978) finds
it still simpler to base the rules on boundaries of different
degrees. One thus comes down to a distinction of only two
phonological stresses (cf. also Liberman and Prince (1977)).

3. THE PROBLEMS OF PHONETIC MANIFESTATION

Reducing the stresses to two on an abstract phonological level
does not, of course, make it superfluous to look for acoustic
and physiological manifestations not only of strong and weak
stress, but also of stress reductions. They still have a func-
tion in distinguishing different constructions.

Some of the questions that may be raised are: What are the
acoustic properties (if any) distinguishing different degrees
of stress and different types of stress reduction (apart from
sted, vowel Tength and specific vowel quality ([=]))? Is it
duration, Fo, or intensity, or a combination of two or all of
them, and are these combinations different in different types
of reduction? In the first place one might compare main stress
and weak stress. The material used in the present investiga-
tion was, however, not intended specifically for this purpose,
and it is rather limited what can be said about duration and
intensity, whereas the Fo contours were so regular in spite of
segmental differences that they have been treated in more de-
tail. The main purpose was a comparison between main stress
and secondary stress (of the first degree), e.qg. mdle bdtten
and mdlebdtten, and between secondary stress and stress reduced
by unit accentuation. Although they do not occur in the same
syntactic surroundings, they may contain the same segments and
occur in the same prosodic surroundings, e.g. éﬁtq tog mdle-
bptten frém 'Otto took out the painting box' and Otto vil mdle
botte fém 'Otto will paint box number five'. As for the dif-
ference between secondary stress and weak posttonic stress,

I have only (at the last moment) analysed one pair: wtyske vs.
Herrenhitiske (or politiske).

4. STRESS GROUPS

On the preceding pages the Danish prosodic system has been
seen in relation to the grammatical structure, to simplex and
complex words and phrases. This is useful for a comparison
with other languages, and as a background for the description
of the acoustic manifestation. But when describing this mani-
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festation it may be more useful to start from actual utterances
with various stress reductions, and to divide the utterances
into stress groups each containing one and only one main stress.
At the abstract level where the reduction rules operate, the
boundaries between such groups must be syntactically determined,
e.g. dverleégen / drdk / et glas #L 'the chief physician drank

a glass of beer', where Iégen is reduced in relation to dver,
and glds in relation to #7. This is the type of boundaries

used by Rischel (1982) and Basbgll (1972) for the purpose of
the phonological analysis of reduction rules, and also by Ander-
sen (1954). However, for a phonetic description it may be dif-
ferent. That will depend on the degree to which syntactic
boundaries are reflected in the prosodic structure. There may
be expected to be various interferences in different norms and
styles of speech. For Advanced Standard Copenhagen (ASC)
Thorsen considers each prosodic stress group to start with the
stressed syllable, as it will be described in more detail in

the next section.

[II. PREVIOUS DESCRIPTIONS OF THE ACOUSTIC
MANIFESTATION OF STRESS IN DANISH

Jespersen (1897-99, 1914, 1922) defines stress physiologically.
A stressed syllable is pronounced with a higher amount of total
energy, including expiration, vocal cord movements and supra-
glottal movements than an unstressed syllable, and the listener
is able to judge the energy used by the speaker by comparison
with the way he would pronounce the sequence himself. Stressed
syllables may be higher or Tower in pitch than unstressed syl-
lables. They are normally higher, and this is the case in
Danish. The higher pitch of stressed syllables in Danish is
also assumed by Bo (1933) and Jerndorff (1896, quoted by Bo).
But Jespersen and Bo state that there may be deviations in
particular styles. Bo finds, e.g., a tendency for small child-
ren to reverse the pattern. But in order to find examples of

a normal lowering of stressed syllables these authors refer to
foreign languages. Jespersen mentions Swedish and Norwegian

as examples of languages where the stressed syllables may have
Tower pitch. Forchhammer (1954) quotes Sievers for the obser-
vation that this type of pitch movement is used in Southern
German dialects, whereas in Danish it may be a sign of irrita-
tion, or it may be an individual peculiarity which will be very
unfortunate for one who wants to become an actor. None of
these authors refer to the occurrence of this peculiarity in
Copenhagen speech. Arnholtz (1939-40) mentions the low pitch
level of stressed syllables as a recent development in vulgar
Copenhagen speech which is now spreading to other classes.

He considers this to be a very dangerous development which will
render the whole of our classical poetry inaccessible (!),

and which must therefore be fought down. (In the following
issue of the same periodical (1941) Bergsveinsson publishes an
Fo curve based on a gramophone record spoken by Arnholtz, and
which shows lTow falling Fo on stressed syllables.)
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Kroman (1947) has a different attitude. He states that there
is no standard pitch movement in Danish, but different norms

in different parts of the country according to the dialect of
the area in question. Most Danish dialects have higher pitch
“on stressed syllables than on unstressed syllables. But in
Northern Zealandish it is different. The main part of North
Zealand has a low falling-rising pitch on stressed syllables
with a higher pitch on following unstressed syllables in words
without sted, but a rising-falling contour with lower pitch

on the following unstressed syllable in words with sted, where-
as a few dialects on the East coast of Zealand and on Amager
have low rising pitch on the stressed syllable in all word
types (and the same is true of Bornholm). The Copenhagen pro-
nunciation is said to be influenced both by the coastal dialect
and by other North Zealandish dialects. Poul Andersen (1949)
is very sceptical as to the existence of a difference between
words with and without sted in North Zealand, but agrees that
there is low pitch on the stressed syllable and high pitch on

a following unstressed syllable. He also mentions this in

his textbook (1954) and adds that the same is often heard in
Copenhagen speech; but in Standard Danish the stressed syl-
lable has higher pitch, and in disyllables the contour is
rising-falling. Andersen also describes the stress of com-
pounds with main stress on the first member. This first
member is dynamically stronger, and is said on a higher pitch
than the second member (except at the end of questions). More-
over, the two members are temporally closer together than se-
parate words, and the first member is characterized by a dynamic
and tonal delay or gliding on, announcing that more is coming.
This is no doubt a very good description of Andersen's own
pronunciation which (although he is from Copenhagen) is not

in its prosodic aspects influenced by the younger Copenhagen
norm but rather by a lifelong occupation with Funish dialects,
and I think it also covers the conservative standard (described
by Jespersen and Bo) which I have spoken myself. Smith and
Thyme (1978) consider the tempo to be the most important
feature in compounds.

In a long series of studies (1976-1983) Nina Thorsen has de=
monstrated convincingly that low pitch in stressed syllables
is now the general norm in Standard Copenhagen. Her informants
are relatively young (in their mid twenties to mid forties),
and in her first papers she cautiously talks about "Advanced
Standard Copenhagen", but in her latest papers she describes
it as simply Standard Copenhagen, and this is certainly justi-
fied. The quotations above from older phoneticians seem to
indicate that it is a relatively recent phenomenon in the
higher sociolect, but the intrusion into the higher norm may
well have taken place earlier than these quotations seem to
indicate. From my childhood, about 60 years ago, I remember
very well the low pitch on stressed syllables in the speech

of my Copenhagen cousins, and also in the speech of an uncle
and aunts from Copenhagen, born in the eighties of the last
century, and that was the higher sociolect. My attitude to
this norm was very negative at that time (that is why I re-
member it clearly), but I have adopted it since then (though
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it took me a long time to realize that I had changed my way
of speaking).

Thorsen (e.g. 1979 and 1980c) gives the following description
of the relation between stress and Fo in the Copenhagen Stand-
ard: A Danish utterance may be divided into prosodic stress
groups, each beginning with a syllable with main stress. The
stressed syllable is said on a relatively low pitch, and from
there the pitch glides or jumps (about 2-3 semitones) up to the
first posttonic syllable. The following posttonic syllables
have gradually decreasing pitch. If there are less than four
unstressed syllables they generally remain above the level of
the next stressed syllables, and if there is only one post-
tonic syllable, it may remain at the level of the preceding
stressed syllable. Unstressed syllables preceding the first
stress group are normally said on a lower pitch, at least after
a pause. The extent of the fall depends on the number of post-
tonic syllables and on the individual. Some speakers have
steeper falling slopes than others. She places the boundary
between the prosodic stress groups at the start of the stressed
syllable and not in accordance with syntactic boundaries, be-
cause she has found that in Advanced Standard Copenhagen syn-
tactic boundaries are not reflected in the Fo contour (e.g.
1980c), and the boundary is placed before and not after the
stressed syllable because the relation between the stressed
syllable and the posttonic syllables is more stable and can be
described in a much simpler way than the relation between the
stressed syllable and the preceding unstressed syllables. More
specifically, the prosodic stress group boundary seems to be
located immediately before the stressed vowel, excluding any
initial consonants which associate tonally with the preceding
stress group, if any, or constitute a prosodic unit apart
(Thorsen 1983a, p. 189-190, and 1983b).

The Fo patterns of the stress groups are superposed on the
general intonation contour, which is decreasing in statements,
level in questions not otherwise characterized as questions,
and with intermediate slopes in questions characterized as such
by other means (inversed word order or question words) and in
non-final phrases. The intonation contour is carried by the
stressed syllables,which thus have successively decreasing
pitch in statements and the same pitch in questions. This de-
scription is summarized graphically in figure 1 (from Thorsen
1980b, p. 122).

The intrasyllabic Fo movements are determined by the Fo pattern
and by segmental factors. Long stressed vowels are generally
falling-rising with predominant fall, short stressed vowels are
falling (there is thus truncation, not compression). Both may,
however, be rising in the first stress of the utterance and in
cases where the preceding unstressed syllable(s) go(es) down
below the next stressed syllable (1980b). The first posttonic
syllable (which is placed at the peak of the pattern) may be
falling, rising-falling, or (more rarely) rising. A1l follow-
ing posttonic syllables have falling pitch.
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semitones
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Figure 1

Thorsen's model for the course of fundamental frequency in a
short terminal declarative sentence in Copenhagen Standard
Danish. The big dots represent stressed syllables, the small
dots unstressed syllables.

Secondary stress in compounds is only mentioned briefly (1980b,
p. 125 footnote). Syllables with secondary stress are said to
behave tonally like unstressed syllables (which is also in ac-
cordance with my own earlier observations), whereas they re-
semble stressed syllables in all other respects (vowel quality,
vowel quantity and sted).

Thorsen recognizes three degrees of stress: main stress, second-
ary stress, and weak stress. Danish has no obligatory sentence
accent, but there may be emphasis for contrast, which is char-
acterized by a high rising pitch on the syllable in question,
and (more important) a deletion of the Fo deflections (the rises
from the stressed syllables) of the neighbouring stress groups
to the effect that the immediate surroundings except the first
posttonic syllable fall away sharply from the stressed syllable
of the emphasized word (1979 and 1980b).

In a paper with Jul Nielsen (1981) Thorsen gives brief descrip-
tions of Fo patterns in Jutlandish. The material is limited,

a small number of sentences read by two dialect speakers from
Thy in Northern Jutland and two speakers of Regional Standard
Danish from the Arhus area, but the differences from the Copen-
hagen pattern are obvious. A1l four informants have high

CSs's
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rising pitch on the stressed syllable and Tower falling pitch
on the posttonic syllables with the difference that the first
posttonic syllable starts at a rather high level in the speech
of the Arhus informants, but very low in the sentences of the
Thy dialect speakers.

Schematically the three patterns are given in figure 2 (Thor-
sen 1982a):

Standard Danish Arhus Thy
*
.. c'u‘ e
5 o, ¢
z . % o “ivp
w o ® A . : .
3 $ : ®
w X . .
AR ZA 3 o 50
'. ° ke

TIME
Figure 2

Stylized stress group patterns according to Thorsen
(1982a) in three types of Danish: Standard Danish,
Arhus regional speech, and Thy dialect in West Jut-
land. The big dots represent stressed syllables, the
small dots unstressed syllables.

The patterns in Copenhagen and Jutland can be described as in-
versed, but it is also, according to Thorsen, possible to de-

scribe them as the result of different timings in relation to

the same undulating Fo wave. This has the advantage that the

direction of the intra-syllabic movements can be more or less

predicted from their position on the wave.

Thorsen has not published any measurements of duration and in-
tensity, but she has stated that it is her general impression
that the hierarchy of acoustic cues for stress in Danish is
(1) Fo, (2) duration and quality, and (3) intensity (1980b),
in spite of the fact that vowel duration is phonological in
Danish and should thus, according to Berinstein, be the least
important cue.

IV, MATERIAL, INFORMANTS AND MEASUREMENTS

The present paper is based on two recordings, one from 1961
and one from 1982. The 1961 material was only partly proces-

»

sed at that time and put aside due to lack of time. It is here
considered as a pilot investigation and is only partly utilized.
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The 1961 material comprised a number of word groups with two
main stresses and comparable compounds with main stress plus
secondary stress, consisting of the same words. Some had
change of sted, and some were rather complicated. For the
present investigation therefore only the following were util-
ized:

sé#d suppe 'sweet soup' vs. sddsuppe 'a kind of fruit soup'
sort méjse ‘'black tit' vs. sortméjse 'coal tit'

sort kjole 'black dress' vs. sortkjole 'blackcoat’

hvds mdske 'a grim mask' vs. gdsmdske 'gas mask'

The words s#d suppe and sddsuppe have sted in [8]. The other
words have no sted.

These pairs were placed in the same surroundings in four dif-
ferent sentence positions: (a) in the middle of relatively
short declarative sentences, (b) at the end of the first part
of a longer sentence (in non-final position), (c) at the end
of a declarative sentence, (d) at the end of an interrogative
sentence. (a) or_(c) were used as answers to (d), e.g.

(d) Har du ndgensinde sét en sortmeéjse? (a) Jd, jeg sd en
sortméjse i skdven © gdr. ‘'Have you ever seen a coal tit?'
'Yes, I saw a coal tit in the forest yesterday'.

Moreover, there were a number of word groups with stress re-
duction due to unit accentuation compared to groups with two
main stresses. The following have been measured:

kdssen blev sdt dppe pa Ldftet 'the box was stored in the

Toft'
VS. kdssen blev sat op pa loftet 'the box was moved to the
loft'
and han sdtte kdssen oppe pa loftet 'he placed the box in
the Toft'
VS. han satte kdssen Jp pd ldftet 'he moved the box to the
loft'.

Further measurements were made of the words en kdnde ‘'a jug',
en vdndkande 'a water jug', en kande vdnd 'a jug of water' and
en tom kdande ‘an empty jug', placed in the frame kan fandt ...
1 kgkkenet 'he found ... in the kitchen'. A1l the sentences
used are listed in Appendix I.

This material was read once by 10 informants. Three were left
out here because their type of speech was considered to be
sufficiently represented by the others. The seven informants
whose curves were measured were: (a) BS, born 1922, and HP,

born 1938 , both representing "Advanced Standard Copenhagen
speech" (ASC); (b) PD, born 1905, EF born 1911, and JR, born

1934, all representing Standard Danish of a somewhat more conserva-
tive type (CSC). They have grown up outside of Copenhagen in

civil servant families speaking Standard Danish, but they had

all lived for many years in Copenhagen; (c) BF, born 1935,
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and SR, born 1940, both in Southern Jutland; they speak Stand-
ard Danish on a (Jutlandish) dialectal background (DSC).

(The sentences with sdrt méjse and sdrtméjse were only spoken
by four informants.)

The 1982 material likewise comprised word groups with two main
stresses compared to compounds with main stress on the first
member, but moreover in various cases comparable word groups
with unit accentuation. The words were varied in syllable
type and syllable number. The following triplets (and pairs)
were recorded:

1 sdd suppe 'sweet soup', sddsuppe 'a kind of fruit soup',
en sfd suppedds 'a pretty kettle of fish' (more idiomatic:
en ken suppedas)

2 mdt lampe 'dim lamp', ndtldmpe 'bedside lamp', mdt lampét
‘dim bracket Tamp'

3 Han lod Spies réjse sdgen ‘'he let Spies bring the matter
up'
Han tog Spiesréjsen méd ‘he included the Spies-travel'
(Spies is the name of a well-known travel agent),
Han lod Spies rejse méd 'he let Spies come along'

4 Péters ven skdber sig 'Peter's friend puts on an act'
Mi giver vénskabet problémer 'Now the friendship gives
problems'
Péters veén skaber problémer, 'Peter's friend gives prob-
Tems'

5 gds brénder 'gas burns', gdsbrénder 'gas burner',
gds brender néd 'gas burns down'

6 mdle kdssen 'paint the box', mdlekdssen 'painting box',
mdle Casandva 'paint Casanova'

7 mdle bftten 'paint the pot', mdlebdtten 'the painting
pot’',
mdle bgtte féem 'to paint pot number five', male bdtten
grén 'to paint the pot green'

8 ldmme ldr ‘lame thighs', ldmmeldr ‘lamb's thigh'

9 det vdrme apparat ‘the hot 1nstrument', vdrmeappardatet
"the heater', varme appardtet op 'to heat the instrument'

10 mfa f));llﬂ 'Pussy understands..', misforstdr ‘misunder-
stands..', mis forstdr spdg Pussy understands jokes'.

For numbers 3 and 4 the whole sentences are quoted in order to
facilitate the translation, but the other words and word groups
were also placed in sentences, which were as similar as. pos-.
sible, e.g. Otto vil mdle bftten strdks < morgun ‘Otto will
paint the box 1mmed1ate1y tomorrow morning', Otto tager mdle-
“botten frém i morgen 'Otto will take out the painting pot
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tomorrow', and Otto vil mdle botte fém i mdrgen 'Otto will

paint pot number five tomorrow'. - The words and word groups
were always placed in the middle or beginning of declarative
sentences since the 1961 material did not show any basic differ-
ences between the different positions, and since measurements
turned out to be difficult for words placed finally in the
sentences. There was also always a stressed syllable before

the test word except for the examples gdsbrénder, ldmmeldr

and mdlekasse and their counterparts. The sentences are listed
in Appendix II.

As mentioned in section II disyllabics reduced by unit accentu-
ation retain some vowel length and are thus not quite as weak
as monosyllabics immediately before a strong stress. Thus,

of the above examples only Zampét is a reliable example of

an unstressed syllable with full vowel. A few more examples

of this type were recorded in order to be able to compare weak
stress and main stress, e.g. sanddlen 'the sandal' vs.Sdndddlen
'Sand Valley' (a place name), barndgtig 'childish' vs. gdrn-
agtig 'thread-like'. Moreover, one informant read the words
billigst 'cheapest' and bilist 'motorist'. A recording of the
same two words spoken by five subjects for a different purpose
was also utilized.

Finally, secondary stress in a compound was compared to a weak
derivative suffix in the pair utyske 'monster' vs. politiske
'political’' and Herrenhitiske 'Herrenhutish'. These words
were also placed in sentences, which are listed in Appendix II.

A1l sentences were mixed in four different randomizations,

and the list was read twice by all informants. There are

thus eight examples of each sentence per informant. Most sen-
tences were read by 6 informants, but numbers 5 and 8 were
read by only four informants, the pair barndgtig and gdrndgtig
by three, and numbers 3 and 4 only by one speaker.

The Tists were mixed with sentences used for measurement of
segment duration (Fischer-Jgrgensen 1982). Those sentences
contained some compounds, which can be compared to the first
member used as a simplex, i.e. ndttefrdst, Ddnnevang, Ddnfoss,
mandfolk, mdndefald. They also contained a number of words
with weak syllables in -e [s] and -er [v] or [o], which to-
gether with some words from the main corpus were used in a
more cursory analysis of the difference between such syllables
and syllables with main stress. The words used were (1) in
sentence medial and final position: danne, natte, baste, lakke,
misse, mdnse, 8fnner, ldser, kaldser, pldaner, spiser, muldtter,
bdsser, voldkker; (2) in sentence medial position only: danse,
bdsse, tdle, Ddnneving, missekdt, mdleskive, tdlestrgm, ndtte-
frost, sgnnerne, mdser, pldnerne, bdsserne; (3) in sentence
final position only: mase, male, ladte.

The main informants used in this investigation were the same
as those used in the investigation of segment duration (1982).
There were 6 main informants: NR, born 1942, representing
Advanced Standard Copenhagen (ASC), EF, born 1911, represent-
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ing a somewhat more conservative norm (CSC), PH, born 1947,
speaking Standard Danish with a very slight tint of Lolland
regional language. His deviations from the ASC norm are,
however, probably due rather to the more conservative norm

of his parents than to Lolland dialect. He is therefore
regarded as a CSC speaker. Moreover, 0T, born 1928 in Himmer-
land in East Jutland, SR, born 1940 in Hjerting in South Jut-
land, IE, born 1926 in Vinderup in West Jutland, all speaking
Standard Danish on a perceptible Jutlandish basis, which is
relatively weak for OT, but very clear in the case of IE.

In his treatment of weak syllables OT belongs rather to the
CSC group, but in the contour of compounds he is in some re-
spects closer to the other speakers with Jutlandish background,
who will here be called DSC speakers. A1l main informants
have 1ived in Copenhagen for many years (between 16 and 52
years). The triplet mdle kdssen etc. was not read by SR, but
by two further informants, NK, born 1915, speaking Standard
Danish with a perceptible Funish accent, and by BJ, born 1946,
speaking Standard Danish with a perceptible Jutlandish accent.
(Somewhat more detailed information is given in Fischer-
Jorgensen 1982.)

Some of the sentences were also read by a number of dialect
speakers. The pair mdle bgtten and mdlebgtten was read by
four Funish dialect speakers (LA, MA, HV and IP) and two
speaking the Regional Standard Danish (RSD) in Odense on Funen
(EK and EH). IP also read the pair mdt ldmpe / ndtlampe, and
this pair was also read by a speaker of the Tower Copenhagen
sociolect (ST). The same two pairs and, moreover, the pairs
Sdndddlen /| sanddlen and sdd suppe / sddsuppe were read by

six bilingual dialect speakers from Jutland, who read the sen-
tences both in their dialect and in their Regional Standard
Danish, viz. TA from Thy, EA from Mors, JD from Fjends Herred,
BT from Uldum (all speaking Western Jutlandish); PN from Vend-
syssel (Northern Jutlandish), and PM from Himmerland (Eastern
Jutlandish). The same pairs were finally read by LH, who
speaks Arhus Regional Standard Danish. (More detailed informa-
tion on the informants is given in Fischer-Jorgensen 1982.)

The dialect speakers also read a number of sentences contain-
ing simplex words used for the measurement of segment duration.
These sentences are used as basis for a cursory analysis of
unstressed syllables, and particularly the general Fo-contour.
Recordings of six speakers of East Jutlandish dialect, and
seven speakers of North Zealandish were used for the same
purpose.

The recordings of the main informants were made on a semi=
professional tape recorder in a sound-treated room at the
Institute of Phonetics, University of Copenhagen.

The Jutlandish speaker PM, the Funish speaker JP, and the
Copenhagen speaker ST were recorded in Copenhagen. The re-
cordings of the other Jutlandish speakers were made on a Nagra
tape recorder at the Institute for Jutlandish Language and
Culture at the University of Arhus. Two recordings of Funish



66 FISCHER-JORGENSEN

speakers were made at the Institute of Linguistics in Odense.
The recordings of the other Funish speakers and those of the
Zealandish speakers were made in their private homes.

A11 tape recordings were processed at the Institute of Phonetics
in Copenhagen; they were registered on mingograms, comprising

a duplex oscillogram, an Fo curve, and two intensity curves

(one unfiltered, one highpass filtered at 500 Hz).

The duration of all segments and of the whole word (or member
of a compound) was measured, generally with an accuracy of

¥ 2.5 ms. However, [¢] and [8?] in spd could not be delimited,
and the same was often true of [1] and [s] in [ma:la].

The words varmeapparatet and vdrme appardt(et) made difficult-
ies and could only be partly segmented (these examples were
intended specifically for a comparison of the intensity of the
vowels). In some cases the initial or final consonant could

not be delimited from the surrounding words (e.g. en mdt Ldmpe).
The dialect recordings presented considerably more problems.

The Fo contours were traced for three examples of each word
and sketched for all words. They turned out to be extremely
stable, so that it was considered superfluous to measure all
curves and to construct average curves. In unstressed syl-
lables the duration is so short that no glide can be heard,
and one might choose to indicate only the point in time at a
distance of 2/3 from the start of the vowel, which according
to Rossi (1971a) and Rossi et al. (1981) corresponds to the
perceived pitch level, but for stressed vowels some glides

may be heard, and it is possible that the movement of a fol-
lowing sonorant should be added, so for the time being I have
preferred to simply trace the Fo movement and to present some
stylized curves describing the main features. According to
various studies in other languages (e.g. Fry 1958), the abso-
lute distance in Fo is not important for the perception of
stress. It is generally found to be an all-or-none phenomenon.
However, this may not always be the case. In a perceptual ex-
periment with synthesized isolated two-syllabic nonsense words
and higher Fo on the second syllable Rosenvold (1981) found
that Danish ASC listeners heard the first syllable as stressed
when the second was much higher, and the second syllable as
stressed when it was only slightly higher (but there was a
fairly clear cross-over point?. Thorsen (1983b) found an op-
posite tendency, and assumes that the second syllable in
Rosenvold's test material may have been too high to be a likely
stressed syllable in a one-word non-emphatic terminal declara-
tive utterance.

As for the intensity I have measured peak intensity in the
vowels, but because of difficulties with the calibration the
measurements were in mm. On the whole, the measurement of
intensity gives many problems because the relations to percep-
tion and to Fo are not sufficiently investigated. Very often
a secondary stress has a higher intensity than the main stress
in Danish, probably because Fo is higher. But what do we per-
ceive? I will return to these problems in section V.A.1.
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V. RESULTS

In the following sections different speakers will be compared.
It may therefore be practical to list the informants for Stand-
ard Danish again, divided into groups.

1961 1982
material material
ASC speakers: Speakers of Advanced HP, BS NR

Standard Copenhagen

CSC speakers: Speakers of a somewhat PD, JR, EF EF, PH, OT
more conservative norm

DSC speakers: Speakers with a clearly BF, SR YE SR
audible Jutlandish back-
ground
Speaker with a clearly NK

audible Funish background

A. THE RELATION BETWEEN MAIN STRESS AND WEAK STRESS

As the material was not directly intended for the purpose of
comparing main stress and weak stress, it is rather hetero-
geneous in this respect, but it contains a large number of both
categories, and a few examples were constructed specifically
with this comparison in mind.

1. VOWEL QUALITY AND ST@D

Most unstressed syllables in native Danish words have the
vowels [=2] or [v], or a syllabic sonorant. -er is pronounced
[v] in a more conservative norm, [o] in a more advanced norm.
It is here transcribed [o] in accordance with my 1982-report
on segment duration. With the exception of [v] none of these
sounds can appear in stressed syllables, and they are thus a
reliable signal for lack of stress (= weak stress). But many
unstressed syllables in foreign words and in Danish words that
usually or occasionally lose their stress in the sentence

have full vowels, so that a full vowel does not give any in-
formation about stress. On the other hand, only syllables
with main or secondary stress can have sted, so that a sted is
a reliable signal of stress. Just to give an idea of the ex-
tent to which these cues may be used, I counted their number
in a 1000 syllable corpus from four not very technical book
reviews in a newspaper. There were 142 occurrences of sted
and 189 occurrences of schwa or syllabic consonants. This
means that 331 or 33% of the syllables were characterized as
stressed or unstressed by these means.

Sted and schwa (or sonorant consonant) are thus important cues
for stress in Danish, but not sufficient cues.
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2. DURATION

Table I gives a survey of the duration of unstressed vowels in
the main material. There were 92 averages of the vowel [a] in
utterance medial position, distributed over seven informants.
[s] is always very short in this position, the grand mean for
all speakers being 4.4 cs. Since the material was not intended
for the measurement of unstressed vowels, it is rather un-
systematic as far as the quality of the preceding stressed
vowel is concerned. In most cases the preceding stressed vowel
was a short [a] which is, of course, much longer than [s], the
average difference being 8.3 c¢s. But [s] was also significant-
ly shorter (at the 1% level) than preceding short vowels with
smaller intrinsic duration than [a]. In utterance final posi-
tion the delimitation was rather uncertain.

There were 84 individual averages of the weak ending -er, pro-
nounced [o] or [o]. It is considerably longer than [s], the
grand mean in utterance medial position being 7.2 cs. It is
always significantly shorter than a preceding stressed short
vowel of the same intrinsic duration ([a]). In proclitic
position (in the prefix for-) it is shorter than in enclitic
position. It is even shorter than a preceding stressed [i].

In four averages the quality of the stressed and the unstres-
sed vowel were identical ([a]). Here, too, there was a sig-
nificant difference in duration (1.9 cs) between the two vowels.

Some examples were constructed with the specific aim of com-
paring stressed and unstressed syllables with the same (or
almost the same) segmental structure (see section IV), i.e.:
Sdnddalen / sanddlen, gdrnagtig / barndgtig, en mdt ldmpe /
en mdt lampét, billigst / bilist, and the nonsense words
mdmam / mamdm. In every pair it is possible to compare a
stressed syllable in one member with an unstressed syllable
in the other member of the pair, and in the two last pairs
both syllables can be compared. Moreover, the stressed vowel
can be compared with an unstressed vowel of the same quality
in the same word or phrase in barnagtig, en mdt lampét, and
in both members of the bilist and mamam pairs. As for sanddlen
this is not possible, because a and 7 could not always be de-
limited and because of the sted in the a of dalen.

The main durational differences are given in table II, and

more detailed measurements for the individual speakers to-
gether with information on Fo and intensity are found in Appen-
dix III, 1-5. For two of the pairs there is more than one
reading by NR. They have been averaged before the grand mean
of all speakers was calculated.

The first three pairs were p]aced in the middle of sentences
with four stress groups. The pa1r billigst / bilist was

placed in a frame det er ... de siger, and mdmam / mamdm were
said in the frame de sagde ... The pronunciation of this latter
pair did not always sound quite natural (although the second
member has a meaning as a nursery word for food), and for
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speaker IE they sounded so unnatural that they have been
left out in the grand mean.

It appears from table II A that the stressed syllable is al-
ways considerably Tonger than the corresponding unstressed
syllable in the other member of the pair (6.3 cs on the aver-
age). The differences are significant for all individual
speakers except for the difference between the second syl-
lables of mdmam and mamdm for two speakers; the magnitude of
the difference is such that it will in almost all cases be
clearly perceptible, the difference 1imen for vowel duration
being around 2.5 - 3.5 cs (see the references in E1i Fischer-
Jorgensen 1982, p. 159).

The differences in duration between stressed and unstressed
syllables are distributed over the segments, and there are
individual differences on this point (see Appendix III), but
the vowel is significantly shorter in unstressed than in stres-
sed position in almost all individual averages. In the second
syllable of b71l7gst and bilist the main difference is (for

all speakers) in the 7, which is 3.5 cs longer in bil7ist than
in billigst.

A comparison between the vowels within the same word (or phrase)
also shows that the vowel in unstressed syllable is significant-
1y shorter than the vowel in a preceding or following stressed
syllable in mdt lampét, barndgtig and bilist but rarely in
billigst, where the main difference is in the initial consonant,
and not always in mdmam and mamdn.

It is conspicuous that the first [a] is 3.6 cs shorter than
the second [a] in barndgtig, although the word barn [ba:?n]
has a phonologically long vowel with sted in the norm of all
the speakers, i.e. both sted and vowel length are lost in
barndgtig.

Thus, although vowel length is phonological in Danish, it plays
an important role in the manifestation of stress, contrary to
Berinstein's (1979) assumption. Moreover, the reduction of
duration in unstressed syllables also contributes to the re-
duction of loudness. The stressed vowels of the syllables
ldm, sdn, gdrn, b7, and md (first syllable) have an average
duration of 11.3 cs and the corresponding unstressed syllables
of the other members of the pairs an average duration of 7.3
cs. According to the Munson curve (see, e.g., Rossi et al.
(1981)), a difference between 7.3 and 11.3 cs should give a
reduction of about 4.5 phones.

Duration seems to play the same role in the dialects as in the
standard language. Since all Jutlandish dialects and some of
the Funish and Zealandish dialects have apocope, there are not
many examples of [s#] in the dialect recordings. In the Zea-
landish dialects without apocope the duration of [s] is 5.3 cs
on the average, and the duration of -er is 6.1 ¢cs. In the Jut-
landish dialects the duration of [e] in Kalle is 5.9 cs, and
the duration of -er is 5.5 c¢s, i.e. [e] is slightly longer
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and -er slightly shorter than in the standard language, and in
Jutland they are not distinguished in duration, and they may
not be distinguished in quality either, —er being [a] or [a].
But on the whole, the durations are comparable to those in the
standard language.

The name WNdnna was read by seven East Jutlandish speakers and
by six North Zealandish speakers in initial position of the
sentence. The second [a] was shorter by, on the average, 5.4
cs with the East Jutlandish speakers and 3.9 cs with the North
Zealandish speakers, and this difference was significant for
all individual informants.

The pair Sdnddalen / sanddlen was read by some of the Jutland-
ish informants. Some of them had, however, a long [o:] in the
first syllable of Sdnddalen, so that their recording could not

be used (see Appendix III, 6-7). For the West Jutlandish
speakers and the North Jutlandish speaker, the syllable san-

was 6.4 cs shorter than Sdn- and the vowel 2.7 cs shorter.

The East Jutlandish speaker PM and the speaker of the Arhus

RSD had a difference of 6.4 cs in the syllable and 2.3 cs in

the vowel. This is in good agreement with the standard speakers.

3. THE Fo CONTOUR

A1l informants have a difference in Fo between stressed and
unstressed syllables, but not quite the same. It is therefore
practical, for the purpose of this description, to distinguish
between the groups set up in the beginning of section V: Ad-
vanced Standard Copenhagen (ASC), a somewhat more conservative
norm (CSC), and Standard Copenhagen on a dialectal (i.e. Jut-
landish or Funish) background (DSC). (As far as the Fo con-
tour of stressed and unstressed syllables are concerned, OT
belongs to the CSC-group.) It is also practical to treat the
dialect speakers together with the speakers of the standard
language because the DSC-speakers are influenced by their dia-
lectal background. The growing influence can be seen by com-
paring SR's two recordings from 1961 and 1982. In 1961 he had
lived in Copenhagen for only one year, and at that time he had
a very small rise (about 1% semitone) on the first posttonic
syllable and sometimes none at all. In the 1982 recording his
rise is higher and consistent (at least after single consonants;
there were no examples of clusters).

a. Different types of contours seen It is possible to de-

as different timing scribe some of the de-

viations in the way

suggested by Thorsen, i.e. as a different timing in relation
to the same or a similar Fo wave. Thus both the relative
height and the direction of the Fo movement in stressed and un-
stressed syllables can be seen as a consequence of their place-
ment on the wave. In figure 3 I have depicted some typical
cases. These sketches should, of course, only be seen as rather
crude indications of the main trends.
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Figure 3

Stylized stress group patterns for various types of Danish.
Thick lines represent stressed vowels, thick dots surrounding
sonorant consonants, and thin lines unstressed syllables.

Type 1 is the typical ASC contour as described by Thorsen. The
stressed syllable is low, often falling (i.e. starting at the
end of the falling slope of the previous wave) with a jump or
glide up to the first posttonic syllable, followed by a fall
through the following unstressed syllables. This type is used
by all the ASC speakers of the present investigation (NR, HP,
BS, two young Copenhagen speakers JBC and ODL, and the speaker
of the lower sociolect ST). The second unstressed syllable
may be higher than the first posttonic if the stressed plus
first posttonic syllables are too short to reach the peak of
the pattern (Thorsen 1982b). Examples from the present in-

vestigation are, e.g., mon sdnnerne kdmmer, and Ndnna tdkker
for gdven.

Type 2 differs from type 1 by having a more rising stressed
syllable. It is often used by the CSC speakers, who may, how-
ever, also use type 1. Figures 4 and 5 give some examples of
the difference between type 1 and 2. The sentences in figure
4 are read by the ASC speaker HP and the CSC speaker PD from
the 1961 material, the sentences in figure 5 by NR (ASC), PH
(CSC) and EF (CSC) from the 1982 material. The CSC speakers
also often seem to have a somewhat steeper rise and fall than
the ASC speakers, i.e. larger intervals; but there are, of
course, individual differences in this respect (Thorsen also
found a tendency towards a steeper fall for the CSC speaker JR
(1980a)). Anyhow, the most conspicuous characteristics of the
ASC pitch contour from a perceptual point of view, at least in
the subtype used by speakers of the lower sociolect, is not
the height of the unstressed syllables but the slow falling-
rising movement of the stressed syllable. - In both types an
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initial voiced consonant normally has falling Fo (i.e. it be-
longs to the end of the preceding wave, also when the stressed
vowel is rising), except when the word is the first stressed
word of the sentence, in which case the initial consonant may
be rising, or falling, or even.

Type 4 in figure 3 is characterized by a generally rising ini-
tial sonorant consonant (it may be falling after a stressed
syllable), a high rising vowel (long vowels may be rising-
falling), and a falling or rising-falling following sonorant
consonant, followed by Tower unstressed syllables. This type
is used by West Jutlandish and North Jutlandish dialect speak-
ers, normally also in their Regional Standard Danish (RSD).
This type was also, on the whole, used by the East Jutlandish
speakers analysed in this investigation, with the exception of
PM and LH. (The location of these dialects can be seen on the
map in my report on vowel duration (Fischer-Jorgensen 1983b).)

Type 3 deserves a somewhat more detailed analysis. It is in
between type 2 and type 4 and is characterized by a rising Fo
in the stressed vowel, having a low start and a strong rise
after a sonorant consonant (which is generally falling) and

a somewhat higher start after voiceless consonants. A follow-
ing sonorant consonant continues the rise, but from there the
curve decreases rather abruptly. In figure 3 two subtypes

(3A and 3B) are distinguished. The difference between them
depends on the duration of the medial consonant(s). After a
single consonant (except when it is particularly long, which
may be the case for s) and after a few very short clusters
(e.g. sometimes mb) the first posttonic vowel will be higher
than the preceding stressed vowel, whereas after almost all
clusters (and sometimes s) it will be lower than the pre-
ceding stressed vowel. The contour is in fact the same in the
two cases, but it will have reached a lower level at the vowel
start after a longer consonant (cluster). It looks as if the
Fo contour is planned independently of the segmental structure
(cf. also Rossi et al. (1981, p. 31-32) and Thorsen (1982b)).
This independent planning is, of course, not restricted to
type 3, but it is more conspicuous in type 3 because it has
consequences for the relative height of stressed and unstres-
sed syllables. In types 1 and 2, where the rise continues

for a time after the stressed syllable, the posttonic will
also be high after clusters (but as mentioned above the rise
may continue in the second posttonic after a short intervening
consonant in type 1). In type 4 the first posttonic will al-
ways be lower than the stressed vowel (except sometimes in an
initial word with single short intervening consonant). Figure
6 shows some superposed Fo contours with the start of the
stressed vowel as line-up point, demonstrating different loca-
tions of unstressed vowels on the same contour after single
consonants and clusters.

Type 3 is used by the North-East Jutlandish dialect speaker

PM (Molbazk Hansen, who first drew my attention to the two
subtypes), by the speaker of the Arhus Regional Standard, and
by most North Zealandish dialect speakers. However, the latter
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approach type 4 in the sense that they often have a lower vowel
after single obstruents. On the other hand, the East Jutlandish
speakers may approach type 3 in the sense that they often have

a relatively high vowel after single sonorant consonants.

Thus in both cases unstressed vowels tend to be higher after
sonorants than after obstruents. This cannot simply be ex-
plained by the duration of the consonants, for in Danish medial
stops are not longer than sonorants.

It is generally assumed that North Zealandish dialects have the
Copenhagen type pattern with high rise to the first posttonic
(perhaps except for words with sted, see section III). But
this is obviously not the case (except for one of my six in-
formants, living about 20 km east of Copenhagen but speaking
genuine dialect). Figure 7 shows the same sentence (practical-
ly), read by the informant ST, who has a typical ASC contour,
and by a typical informant from North Zealand. They are clear-
ly different. Probably there has been a confusion between
stress group contour and sentence intonation. Most of the
North Zealandish informants had a pronounced rise in the last
word of the sentence, also in declarative sentences, and if

one collects isolated words or sentences with the test word in
final position, one will get this intonation. (The dialect in
Dragor on Amager has a specific contour which is not included
in any of the 4 types - with low falling stressed syllables

and (generally) gradually rising posttonic syllables.)

The Funish speakers have different norms. Some come close to
type 3, some to type 4, but the number of examples is not quite
sufficient to draw any valid conclusions.

The DSC speakers have been listed under type 3 in figure 3.
Since most of them are from West Jutland, and one from Funen,
it may seem surprising that they are closer to the North Zea-
landish type. As a matter of fact they do not really belong
to type 3. In the first place one of them (IE) has rising Fo
on initial sonorant consonants. This is also sometimes the
case for BJ, whereas the informant with Funish background has
mostly level initial sonorant. On this point they are closer
to type 4. On the other hand, they now and then have a high
posttonic also after consonant clusters as after single con-
sonants. And on this point they approach type 2. Evidently
their contour is a compromise (with somewhat variable results)
between their dialect (type 4) and their present environment
(types 1 and 2). It is not really type 3, but the compromise
comes close to type 3. (In Fischer-Jorgensen 1983a I indicated
the initial consonant of type 3 as rising, because I had based
my description mainly on the DSC speakers.)

Thorsen and Jul Nielsen (1981) have placed the first posttonic
lower than the stressed syllable in the schematic pattern for
their Arhus speakers (Figure 2); but in their tracings it may
be slightly higher or at the same level for speaker BBA, so
that there does not seem to be any real deviation from my de-
scription. As for their Thy speaker, they have placed the
first posttonic quite low in the schematic pattern (Figure 2),
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but according to their tracings of individual sentences he
does not really go all the way down, so on this point there
is no contradiction between our results either.

Some of the dialect speakers from Jutland read the sentences
both in their dialect and in their Regional Standard language.
Most of them (TA, EA, JD, PN) used exactly the same Fo contours
in their standard language as in their dialect. But two (PM
and BT) had adopted the Copenhagen standard, so that there is

a clear difference between their dialect and their standard
language. Figure 8 gives curves of the same sentence

in dialect and in standard language as read by the West Jut-
landish speaker BT.

b. Modifications in utterance initial The description given
and final position above of the different
types is valid for
medial stress groups. In final and initial stress groups there
may be some modifications. In Jutlandish dialects and regional
standards the stressed syllable of the Tast stress group in
declarative sentences is not rising but falling or rising-
falling. This may be described as a displacement of the stres-
sed syllable to the falling slope of the Fo wave, but I should
prefer to see it as a change of the wave itself under influence
of the strongly declining sentence intonation in terminal de-
clarative sentences. The same change is rare in Funish or
North Zealandish dialects because the terminal declarative
sentence intonation does not generally have this declination.
On the other hand, ASC and CSC speakers often have a rising
Fo movement on the first stressed syllable, particularly if
it is preceded by initial unstressed low syllables (cf. Thor-
sen's description in section III). Initial unstressed syl-
lables need not, however, be said on a low tone. There are
very many examples in my recordings of a higher start with
fall down to the first stressed syllable. It is rare in the
speech of the DSC speakers, but very common for ASC and CSC
speakers, particularly in the frame de sagde ... 'they said
" (used in my investigation of vowel duration 1982, where
sagde has strongly reduced stress which may count as weak
stress), but also in sentences like Han tog mdlebdtten frém
‘he took out the painting box', or Han vil mdle bgtten strdks
'he will paint the box immediately', whereas a single pronoun
starting a sentence, e.g. Jeg kébte ... 'l bought ...', or
Hans s¢gnner ... 'his sons ...' will normally have a low Fo,
and this may, of course, also be found in the other examples.

c. The relation between the prosodic Unstressed medial
structure and grammatical boundaries syllables always
belong to the fal-
1ing slope of the preceding stress group, also where they be-
long to the following stressed syllable syntactically, or even
as part of the same word. This is understandable in types 1
and 2, where the stressed vowel starts at the bottom. But in
types 3 and 4, where a stressed vowel after a voiceless con-
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Sentences read by BT in her West Jutlandish dialect (—— ) and
in her RSD (----=) which, in contradistinction to the RSD of

other West Jutlandish speakers, is very close to the Copenhagen
CSC norm (.... = voiced consonants).
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sonant may start at a rather high level, one might envisage
the possibility of a weak prefix starting the rise. This is,
however, not the case. The unstressed syllable is falling or
low level. There is only one sentence where three of the West
Jutlandish speakers pronounce the last unstressed syllable on
a higher level than the preceding one, i.e. [han kMa'se:pd ¢
san'da:?1], where [san] is higher than [e], but the intrasyl-
labic movement is not rising, but level.

This means that the boundary between fall and rise does not
coincide with syntactic or word boundaries. On the whole,

as emphasized by Thorsen, such boundaries are not marked in
any way in the stress groups of ASC speakers. She found, how-
ever, some indications of such boundaries in the speech of a
CSC speaker (JR) (1980c). But as she did not find any differ-
ence between his contours and those of the ASC speakers in a
different investigation (1982b, p. 189), she was inclined to
think that it was rather an accidental utilization of a possi-
bility that was open to all speakers (Thorsen 1980a, p. 25).
However, the present investigation supports the assumption of
a difference between ASC and CSC speakers on this point, al-
though it is only a difference of degree, the CSC speakers
being more inclined to mark the syntactic boundaries.

A syntactic boundary might appear in different ways: (1) One
might, e.g., expect a more extensive fall between two neigh-
bouring syllables of a series of descending unstressed syl-
lables. The 1961 material contained some sentences with
rather long series of unstressed sy]]ab]es, which m1ght have
invited to such a break, e.g. en “ndgdende | beskrivelse
‘a thorough description' or: undersdgelse | af den gdmle ..
"investigation of the old ..'. But no break was visible, not
even for the oldest of the conservative speakers (PD, born
1905). There seems to be such a tendency for some of the dia-
lect speakers, but the material does not permit a statement
on this point.

(2) In the case of a single unstressed syllable one might ex-
pect it to be on a higher level when it belongs to the pre-
ceding stressed syllable than when it belongs to the following
stressed syllable. This was what Thorsen (1980c) found for
JR, and a similar tendency can be found in the present data.
The CSC speakers of the 1961 material (particularly PD and JR)
often pronounce the proclitic indefinite article en on a lower
Fo than the preceding stressed syllable, e.g. fdndt en kdnde
'found a jug', whereas the enclitic definite article is always
said on a higher Fo, e.qg. etnogréfen 'the ethnographer'. The
lower Fo of the proclitic article is also used by the DSC
speakers but hardly ever by the ASC speaker HP. In the sen-
tence Hdnne misforstir spdg (of the 1982 material), in which
there is no word boundary between mis and for, all speakers
(except SR) have a higher Fo on fbr than on both mzs and stdr.
In Hdnnes mis forstdr spdg 'Hanne's pussy understands jokes'
only the ASC speaker NR and two of the CSC speakers (PH and OT)
have a higher Fo on for, whereas the CSC speaker EF and the
DSC speaker SR and (part]y) 1€ have for s]1ght1y lTower than
mis. Finally, in Hdnnes mis forstdr spdgen 'Hanne's pussy
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understands the joke', where for belongs to a following
stressed syllable, only the ASC speaker NR has a consistently
higher Fo on for, whereas EF, OT and PH have an Fo which may
be sometimes h1gher, somet1mes lTower than mZs, but at least
not as high as in the first sentences, and SR and IE have for
Tower than both mis and stdr. In the sentence hans pldn
forkdstes ‘'his project is rejected' (in contradistinction to
hans pldner frémmes 'his projects are furthered'), one of the
three CSC speakers has a lower Fo on for than on pldn.
Finally, in the sentence ...en mdt lampét... 'a dim bracket
lamp' the ASC speaker NR always, and OT mostly, have a higher
Fo on Zam than on both mdt and pét. EF has this pattern in a
few cases, but otherwise she and PH have Zam lower than pét,
and SR and IE have Zam lower than both mdt and pét.

The 1961 material also contains the examples en stdr bedrdger
'a great swindler' and en stdrbedrager 'a great (professional)
swindler'. A1l three CSC speakers, and one DSC speaker had a
difference, the syllable be being always higher than stor in
the compound, but generally lower in the separate words (or
sometimes slightly higher, but not as high as in the compound),
whereas the ASC speaker HP did not have any difference, be
being always higher than stor.

Nina Thorsen (oral communication) suggests that in the examples
mis forstdr, mdt lampeét and stdr bedrdger the relatively low
unstressed syllable may be due to the fact that it is the only
unstressed syllable of the contour (cp. Thorsen 1982b, p. 125),
which is not the case in the compound, where the member with
secondary stress behaves like an unstressed syllable as far as
the Fo contour is concerned (see below, V.B.2). That may be of
influence, but at any rate there is a difference between the
ASC speakers, who have high Fo in all these examples and the
others, who often have a lower Fo, and who have this lower Fo
particularly when the syllable belongs syntactically to the
following stressed word, cf. that the CSC speakers in the 1961
material always had a high Fo in the last unstressed syllable

of, e.g., etnogrdfen, although this was also the only unstres-
sed syllable.

(3) Closely related to the behaviour of a single unstressed
syllable is the tendency for the last of a series of unstres-
sed syllables to go down below the next stressed syllable,
particularly in the cases where it is part of the next word or
when it belongs to the following word as part of a unit accent-
uation group.

In the 1961 material the CSC speakers PD and EF have more ex-
amples of this kind than the ASC speaker HP, and it is not be-
cause they start the posttonic syllables at a lower level.

In the 1982 material this phenomenon is hardly ever found in
the recordings of the ASC speaker NR, but it is not infrequent
for the other speakers. Three examples can be quoted where a
syllable is part of the following word. In the sentence

Sgren kom med nogle barndgtige ddtalelser 'Seren made some
childish remarks' EF has a Tower Fo on barn than on dgt in
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six out of eight readings, whereas the other two informants
who read this sentence (NR and PH) have a higher Fo on barn.
In the sentence han kassérede sanddlen sidste sdmmer ‘he dis-
carded the sandal last summer' the CSC speaker PH and the DSC
speakers IE and SR have a lower Fo on san than on ddlen, where-
as NR, EF, and in almost all cases OT have a higher Fo on san.
(A11 the Jutlandish speakers (except for PM) have, in accord-
ance with their whole pattern, low Fo on san.) In both the
above quoted sentences the low Fo is favoured by the number of
preceding unstressed syllables. In the sentence han vil mdle
Casandva ‘'he will paint Casanova' (where Casandva is the last
word of the sentence) only the DSC speakers IE, BJ and NK have
a lower Fo on Casa than on nova.

In the examples with phrasal unit accentuation the distinction
between the ASC speaker NR and all the others (the CSC speakers
PD, EF and OT, and the DSC speakers IE and SR) is very clear.
In the sentence Otto vil male bdtten grgn imdrgen 'Otto will
paint the box green tomorrow' all except NR have a Tower Fo

on male than on bdtten, and in Otto vil mdle bgtte fém imorgen
'Otto will paint box number five tomorrow' all except NR have

a lower Fo on bptte than on fém (0T has one and EF two counter-
examples out of eight). In the sentence Jle spiser sddsippe
til middag (and the same with sdd suppe) spiser is lower than
séd for all informants except NR, who, however, in this case
has two examples with lower Fo on spiser (for the CSC speakers
spiser 1s also Tow in relation to the preceding stressed word
Ole). The relation between the unstressed syllable and the
following stressed syllable in these cases may be due to a
particularly high Fo on the syllable carrying the unit accen-
tuation more than to a particularly low Fo on the unstressed
syllable (see section V.C.2). These differences between ASC
and CSC speakers can only with difficulty be interpreted as a
displacement of the syllable on the Fo wave. The problem of
the influence of grammatical boundaries is complicated because
various factors may interfere: the number of unstressed syl-
lables, the steepness of the fall in various norms, the distinct-
ness of the speech style, etc. However, as far as I can see

on the basis of the present material, CSC speakers differ from
ASC speakers particularly in cases where there are grammatical
boundaries. These preliminary results should, of course, be
controlled by further investigations with this specific purpose.

d. Syllables with sted.

Syllables with sted, which are not treated by Thorsen, raise
some problems. They often have a decrease of Fo in the latter
half of the syllable, and this favours a lower Fo on the fol-
lowing unstressed syllable. For the ASC speakers it is, how-
ever, very rare that it gets lower than that of the preceding
syllable. There is not a single example for the speaker NR and
only a few for HP and BS, although both texts contain quite a
number of words with sted. But the CSC speakers often have a
lower unstressed syllable after a sted. The degree of tongue
height of the stressed vowel plays a role. High vowels, which
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have a higher intrinsic Fo, are more often higher than a fol-
lowing unstressed vowel than low vowels. In the 1961 material
the CSC speakers have, e.g., a higher Fo on the unstressed [p]
in ['edno'gra:?fp] but often a lower Fo on the unstressed syl-
lables in [be'sgri:?v}sa] and [be'sgre:?ved], and the CSC
speakers of the 1982 material generally have a higher Fo on

the final unstressed syllables of [aba'ka:?d3], [san'da:?lp],
['blom?sdp] and ['pla:?np], but often a lower Fo on the un-
stressed vowel of ['sbi:?sp], sometimes [pPe:?do], and all (ex-
cept the ASC speaker NR) have consistently lower Fo on the
posttonic syllables in the words [kPa'se:?pda] and [pta'se:?-
vda]. These differences between words with higher and lower
vowels cannot be explained by the number of following unstres-
sed syllables. The DSC speakers have almost regularly lower Fo
after sted; the same is true of PM's Himmerland dialect and
mostly for the North Zealandish speakers. Kroman (1947) was
thus right that there tends to be a difference between words
with and without sted in the dialects of North Zealand, and Poul
Andersen's criticism (1949) was not justified on this point.

-

Figure 9 shows the sentence han passérede Sdnddalen, read by

i NR (ASC)

hanpha !'s e? 1Dp3doe ‘s A n. 4. 8t ki
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Figure 9

Fo tracings of two sentences with stgdd read by an ASC (NR) and
a CSC speaker (EF).

cs
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the ASC speaker NR and the CSC speaker EF. It is difficult

to fit the description of the Tatter curve into the pattern

of an undulating wave with possible displacements of the syl-

lables. There is simply no peak (nor any valley) between the

two stressed syllables, although there are two unstressed syl-
lables between them.

e. The perceptual relevance of the Fo contours.

It has appeared from the preceding pages that, within the same
norm, the same dialect or sociolect, the Fo relations between
stressed and unstressed syllables are very stable. It must
thus be possible for the listener to use Fo as a perceptual
cue for stress. But the differences between different norms
are conspicuous. In type 1 and type 4 the relations are almost
reversed. And types 3 and 4 are not only used in dialects but
in the regional standards of dialect speakers. Almost all
Danes are thus exposed to all these norms, e.g. in radio and
television, and this does not seem to give any difficulties
(with the exception of some compounds, see sectionV.B.2).
Probably the other cues (vowel quality, sted, duration) will
be established after a few words, and the listener then adapts
to the Fo contour of the speaker, and once this adaptation has
taken place he may also use Fo as a cue when it deviates from
his own norm. Similar differences are found between North-
and South German stress groups and between the word tones in
various Swedish dialects (see, e.g., Gdrding 1977) without

any serious consequences.

Even within the same norm there may be ambiguous cases. Thor-
sen (e.g. 1980a and b) characterizes stressed syllables in

the ASC norm as syllables that are jumped or glided up from.
But this description does not fit all cases, for there need
not be any following unstressed syllables. It is quite normal
that a sentence ends with a stressed syllable, and there may
be a series of stressed syllables in the middle of the sen-
tence. Thus there is not always a jump or glide up from a
stressed syllable, and a falling series of Fo movements will
be ambiguous. (But the relation to the declination line might
give a cue, and if other cues show one of them to be stressed,
the following must also be stressed, since if it were un-
stressed it would be higher.) On the other hand, there may be
a jump up from an initial unstressed syllable to the stressed
syllable, and in a one=stress sentence one cannot be sure
whether a sequence of a low level plus a high rising syllable
is stressed-unstressed or unstressed-stressed. There may,
however, be more subtle Fo cues which decide the matter.

In sentences of one stress group the sequences det er billigst
(de siger) and det er bilist (de siger) may have roughly the
same Fo contour (=-=“ ). These sentences were read by NR

and by four other ASC speakers for the purpose of an EMG-in-
vestigation, and by NR again for the purpose of this investi-
gation. There were clear differences of duration, but the Fo
contours were similar (see Appendix 1III,4). However, NR

had a much higher rise in the unstressed than in the stressed
[1isda] (but this difference was not found for all the other
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speakers). Some had a slight decrease at the end of the un-
stressed [lisd], but the most obvious and really consistent
difference was in the timing of the rise: in billigst the
rise starts in the Z or sometimes already in the first 7,
whereas in bZl7st it never starts until the boundary between

7 and the following Z. Thorsen (1982a and 1983b) has shown
that the Fo level of the 7 alone may be a sufficient perceptual
cue for the stress difference, in synthetic speech with no
other cues present. The same timing of the rise as in bilist
is found in some other words of the same type, e.g. kalds,
muldtter. The frame det er ... de siger will give further

Fo cues. det er [de:] will be slightly lower before a stres-
sed syllable and (more important) the following de will be
higher after a stressed syllable than after an unstressed syl-
lable.

4, INTENSITY

The intensity of weak syllables has not been measured, but
visual inspection of the curves showed that in by far the most
cases the unstressed vowels [s] and [o] of the Copenhagen
standard have lower intensity than the preceding stressed
vowel, although they generally have a higher Fo. But the
speaker of the Copenhagen Tower sociolect ST, who has a high
rise in Fo, generally also has higher intensity. The West
Jutlandish dialect speakers have both lower Fo and Tower in-
tensity in unstressed syllables. The same is true in most
cases for East Jutlandish and North Zealandish speakers. In
the cases where they have a higher Fo on the unstressed syl-
lable, i.e. often after sonorant consonants, they also mostly
have lower intensity, but some of the East Jutlandish speakers
and one of the North Zealandish speakers often have higher
intensity in this case. The North Zealandish speaker who fol-
lows the Copenhagen norm and PM, who also in his Standard
Danish follows the Copenhagen norm have higher Fo but lower
intensity on unstressed syllables, 1ike the Standard Copenhagen
speakers. The intensity contour of the individual speaker is,
however, more variable than duration and Fo.

In some cases it is possible to compare syllables with the same
full vowel quality. The examples with Sdnna as first word of
the sentence all have a rising Fo contour in the standard lan-
guage, but they have Tower intensity in the second unstressed
syllable. In Ndnna, however, NR has generally a rising inten-
sity contour, and the same is true of the North Zealandish
dialect speaker who follows type 2, as well as of PM and often
of some of the other East Jutlandish and North Zealandish
speakers.

0f the examples which can be compared pairwise (see Appendix
II1), the pair Sdnddilen / sanddlen, which has been read by

14 informants, partly with different Fo contours, is the most
informative. Al1l the Jutlandish dialect speakers (Appendix
I11,6-7) have lower intensity on the weak syllable san- than on
the following stressed syllable, and almost all have higher
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intensity on the stressed Sdn- than on the following syllable
with secondary stress (JD has Sdn- slightly lower, but the dif-
ference is much smaller than in sanddlen). This is in accord-
ance with their Fo contour (except for PM's RSD). The same

is true of the standard speakers with Jutlandish background.
The only Jutlandish speaker who has a more rising intensity
contour (in her RSD) in Sdnddalen than in sanddlen is the one
(BT) who has taken over the Copenhagen Fo contour in her RSD.
Thus the difference between the intensity contours of Sdndddlen
in her dialect (--) and in her RSD (-~ ) follows the difference
in her Fo contours. Of the non-Jutlandish standard speakers,
who all have a high Fo fall in the second syllable of Sdnddalen,
two have approximately the same intensity contour in the two
words and one has intensity contours that follow his Fo contour
very clearly, so that both Fo and intensity are reversed com-
pared to the stress relation, i.e. lower Fo and lower intensity
on the stressed syllable. One, however, (NR) has an Fo-inde-
pendent intensity contour which parallels the stress relation.
He has the same Fo-independent intensity contour in the pair
billigst / biltst. For the other three pairs NR and the other
standard speakers (except those with a Jutlandish background)
have an intensity contour which either follows the Fo contour
against the stress relation, or which is the same for the two
words.

Thus, if a weak syllable has low Fo, it also has low intensity.
If it has high Fo there are individual differences, and the
same individual may behave differently from one word to the
next (NR).

The reason why I have only looked at relations and not made any
measurements (except in mm for the word pairs) is that measure-
ments would not tell us much more; and as long as we do not know
more about the perceptual value of intensity and its relation

to Fo, quantitative evaluations do not seem worth while, except
for a Timited and specifically constructed material. Rossi et
al. (1981) consider Fo and intensity to be mutually independent,
because Fo is produced by the laryngeal muscles and intensity

by the subglottal pressure. But that is not certain. He gives
an example of an isolated [a:] with rising Fo but falling in-
tensity in the latter half. It is possible that this decrease
of intensity in the one-sound-sentence is due to the decrease

of the subglottal pressure at the end of a sentence (cp. Lieber-
man 1967), but in the interior of a sentence the subglottal
pressure seems to be rather constant, and variations in connec-
tion with stress, except for emphatic stress, have been found

to be rather small (see e.g. Katwijk 1974). Moreover, a ten-
sion of the vocal folds may very well result in a longer closure
phase and a larger amplitude and thus contribute to both Fo

and intensity rise (see Hirano and Ohala 1969, and Ohala 1973
and 1977). Further, acoustically, higher frequency of vibration
will automatically give higher intensity. This may be counter-
acted by compensatory adjustments in the production, but it is
at Teast dubious whether such compensations take place for full
vowels within a Timited range of the chest voice. One may
therefore expect Fo and intensity to follow the same trend, and
the contours are in fact often similar. The traditional view
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is that the relation of cause and effect is the opposite, i.e.
that higher subglottal pressure in stressed syllables causes
Fo to increase. But in the first place the subglottal pres-
sure differences observed in speech can only cause a relative-
1y small rise in Fo (see, e.g., Ohala and Ladefoged 1970 and
Ohala 1970 and 1973), and in the second place nobody will
probably assume that a high Fo in unstressed syllables, as it
is the norm in the Copenhagen standard, is caused by a height-
ened subglottal pressure. But the similar trend of Fo and
intensity is not a necessity; there may be compensations and
individual production habits.

The problem is now how perception works.

Stress may be signalled conventionally by either high or low
Fo, but Tow intensity in stressed syllables can hardly ever

be a signal for stress. If both intensity and Fo decrease in
unstressed syllables - as they do in West Jutlandish dialects -
they may support each other perceptually, and if Fo increases
and the intensity decreases in unstressed syllables, as was

the case in several examples with [s] and in some examples

with full vowels in Copenhagen speech, intensity may perhaps
act as a separate cue. But if both rise, as it is often the
case, one may assume either that the intensity contour counter-
acts the perception of stress, or that it passes unnoticed
because Fo and intensity are expected to move in the same
direction. One cannot know for sure which expectation is

the stronger: the expectation to have the same contour in
intensity and Fo, or the expectation to have lower intensity

in unstressed syllables, and this may determine possible per-
ceptual compensations. More research is needed here.

In the case of weak [2] and [po] following a vowel of different
quality the problem is complicated by the phenomenon of in-
trinsic intensity. The open back vowel [v] is known to have
high  intrinsic intensity, so that when it is of lower inten-
sity than the preceding vowel there seems to be an intended
intensity reduction in the unstressed syllable. As for [s],
its intensity does not seem to have been investigated. It can
only be compared with other vowels in unstressed syllables.
One of the informants has read the words [mdna] and [mdna] in
the same environment. Here [2] had a definitely higher in-
tensity than unstressed [a] (Fo was about 1 semitone higher).
This points to a rather high intrinsic intensity of [=], but
further investigations are required (and a complication is
that the degree of openness of [s] is rather variable). In
perception the Toudness relations may be changed relative to
the intensity relations, because the listener compensates for
the intrinsic intensity although we do not know whether this
compensation is due to a comparison with his own effort (cp.
Ladefoged 1967), or to social experience (which is probably
the case with intrinsic pitch and duration), or dependent on
the auditory mechanism because the vowels with low intrinsic
intensity seem to be just the ones which have their formants
dist;ibuted over more critical bands (see, e.g. Rossi et al.
1981).
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5. CONCLUSION

The difference between stressed and unstressed syllables seems
to be manifested acoustically by a combination of duration,
Fo, and intensity.

The differences in duration are clear and significant and com-
mon to all speakers and dialects. Moreover, since the duration
of unstressed vowels is so short that the integration time of
the ear plays an important role, duration also influences
lToudness.

There are also clear and stable differences in the Fo contour,
but they are not the same for all speakers and dialects. The
intensity differences are more problematic, but intensity
seems to play an independent role at least for the weak vowels
[e] and [o], and also in some other cases, though very irregu-
larly. In Appendix III indications of duration, Fo, and in-
tensity are combined for the word pairs with different stress.

B, MAIN STRESS AND SECONDARY STRESS

As mentioned in section II Danish compounds with main stress
on the first member are considered to have secondary stress
on the second member. The problem is now how this secondary
stress differs from main stress, or more precisely: What is
the difference between a combination of two main stresses and
a combination of main stress and secondary stress?

Both the 1961 and the 1982 material contain a number of sen-
tences with compounds that can be compared with a combination
of separate words with the same or nearly the same segmental
structure, e.g. en mdt ldmpe 'a dim lamp' and en ndtldampe 'a
bedside lamp'. In the 1961 material each sentence was spoken
only once in four different sentence positions, which makes it
impossible to distinguish accidental and systematic differ-
ences for the individual speakers. Therefore this material
will only be treated briefly. A more detailed analysis will
be given of the 1982 material, where each sentence was read
eight times. In the 1961 material one might expect to find
some differences according to sentence position, for example
more shortening of the second member medially in the sentence
than finally. But no such tendency could be seen. The only
recurrent feature is that the Fo differences are less clear
at the end of a statement, and sometimes they could not be
measured in this position.

As mentioned in section Il syllables with secondary stress
retain their vowel quality, their phonological vowel length,
and their stpd (they may even acquire one), so that fewer cues
are at the disposal of the listener than for the distinction
between main stress and weak stress. The differences must thus
be looked for in duration, Fo, or intensity.
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1. DURATION

Compounds might be expected to involve some shortenings, par-
ticularly of the second member, but perhaps also of the first
member because of the increased number of syllables in the
stress group, and perhaps a shortening of the distance between
the stressed vowels giving an impression of a more intimate
connection. The investigation has therefore been concentrated
on these possible differences between compounds and separate
words.

The main material contained 10 pairs for comparison, read by
one to seven ASC, CSC and DSC informants. The pairs are listed
(with translations) in section IV and the full sentences in
Appendix II. The compound members of the pairs are also listed
in Tables III-VII. The most important data for each pair are
given in Appendices IV-V together with data for some comparable
examples of unit accentuation, which will be treated in a later
section. For each word the appendix gives the duration of the
first and second member as well as the duration of their vowels
if they could be delimited; moreover, the differences between
the different types are given. The sequence with two main
stresses is always 1listed as number one, the sequence with main
stress plus secondary stress (compound) as number 2, and the
sequence with unit accentuation and weak first member (within
one word or a syntactic group) as number 3, e.g. (1) mdt ldmpe,
(2) ndtiampe, (3) mdt lampét, or (1) mdle bdtten, (2) mdle-
botten, (3) mdle botte fem, and the line "1-2" gives the dif-
ference between the sequence of two words with main stress and
the corresponding compound. For the present, only this differ-
ence will be treated.

a. Reduction of the first member In recordings of the same
of a compound informants made for a dif-
ferent purpose (see Fischer-
Jorgensen 1982), there were sentences of the type %han sagde
- mdle to gdnge, han sagde mdlekdsse td gdnge. In these examples
there was almost always a reduction in the duration of the
first member of the compound compared to the simplex word in
the same frame. In the examples mdle = mdlekdsse, spoken by
4 informants, the shortening of the first member was 4.2 cs
on the average, and the difference was significant for all four
subjects (the vowel [a:] was shortened by 2.7 cs on the aver-
age). In the pair ddnne - Ddnneving (5 speakers), the shorten-
ing of the first member was 3.5 cs, in ndtte - ndttefrost (7
speakers), the shortening of the first member was 5.3 c¢s, in
mdnde - mdndefald (1 speaker) 4.6 cs, misse - missekdt (1
speaker) 4.1 cs, dan - Ddnfoss(6 speakers) 3.1 ¢s, man - mdnd=
otk (1 speaker) 2.5 cs, mis - mslyd (1 speaker) 4.0 cs, nat
- ndtpotte (1 speaker) 3.3 cs, but nat - ndtlampe (6 speakers)
no shortening. The shortening was distributed over the seg-
ments, the vowel being responsible for between one third and
half of the shortening. In ndtldampe the t was lengthened, the
vowel shortened by 0.9 c¢s. Thus, with the exception of the
last pair, there was always an appreciable shortening of the
first member, and it was significant for all speakers.
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In the present material the frame was different. The words
were spoken in normal sentences and there was always the same
number of syllables in the sentences, thus: Jle spiser sdd
suppe til middag VS. Ole spiser sddsuppe til middag, or Otto
vil mdle bftten strdks i morgen VS. Otto tager [ta:] mdlebgtten
frém © mérgen. This gave a different result. Table III gives
a survey of the data. More detailed measurements are given in
Appendix IV, 1-10.

I tried to find examples of different types: mono- or disyl-
labic first and second members, long and short vowels, second
member with prefix, etc., but the choice was restricted by the
possibilities of finding sequences of the same (or almost the
same) segmental structure that could be used in natural sen-
tences.

Table III

Reduction in duration (in cs) of the first member of compounds
compared to the first word of a sequence of two separate words
with main stress and (practically) the same segmental structure.
* Indicates significance at the 1% level. There were 8 readings
of each word. The numbers 1-10 corrcspond to the numbers in
Appendix IV.

R B AR OF SR IE BJ NK average

1 15g87 sobe 3.0% 0.5 -0.2 1.6% 3.6% 4.9% 1.2
'nad,lambe! 0.4 0.3 -1.3 0.2 0.2 2.4* 0.4
3 'sbi:’s 1.3 1.3
,Baisp
4 e 1.6% 1.6
, Sga: ?bd i ¢
'gas,bgeno® 1.2 1.5 0.3 0.5 0.9
'ma:ls
s 1.4 -0.3 3.1* 1.0 0.6 -0.3 4.3% 1.2
7 ima:le bgdn 3,0%-0.4 2.6* 1.8 0.5 -0.9 0.9
‘Lame 10:? 0.1 . 2.1 1.8 3.1 1.7
9 ‘'va:meaba = _ %
s 2.071.5 0,5 1.8 -0.9 1.5 0.9
10 'misfo 0.5 0.2 1.4% 4.0% 2.3* 0 W
|sdo:’?
average W i T T B R P R Rk

1) In ndtlampe and misforstar the initial consonant has not been in-
cluded because it could not be delimited from the preceding word.

2) In vdrme—- the [=] has not been included because it could not be
delimited from the following a.

3) EF had two readings of gdsbrénder/gds brénder. They have been
combined in this table and in tables IV-V and VIII-X but not
in the counting of individual averages in the text.
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(A11 individual averages have been included in the grand mean
in tables III-X. Except for tables IV and X it does not make
much difference whether the two speakers BJ and NK, who read
only one pair, or the two pairs read by only one informant are
included or not.)

Table III shows that there is a tendency to shortening of the
first member (73% of the averages have a shortening), but it
is slight (1.4 cs averaged over speakers) and inconsistent.
It does not exceed 2.5 cs (which may be considered the lowest
limit for an audible difference) except in 9 cases out of 48,
and it is only significant in 15 (31%) of the averages.

There does not seem to be any clear difference due to the struc-
ture of the sequences (i.e. mono- or disyllabic first member,
long or short vowel, etc.). The only consistent difference is
that all speakers have more shortening in sddsippe than in
ndtlampe. This is hardly accidental, for the dialect speakers
make the same difference, and moreover, sdgdsippe was the word
with most shortening in the 1961 material, and ndtiampe the word
with least shortening in the sentences used for the duration
analysis mentioned above. One reason may be that sgd suppe

(in two words) is not very commonly used, whereas sgdsippe is

a current word, and some speakers seemed to take pains to pro-
nounce sgd suppe in two words. This was also the only pair
which, in the given context, would be ambiguous disregarding
the stress difference. There is, as might be expected, a cer-
tain similarity between the treatment of mdlekdsse and mdle-
bgtte. The same three speakers have shortening in both words,
and the same two have lengthening. But on the whole, many dif-
ferences seem to be accidental. Nor is there any clear group-
ing of speakers. The differences between BJ and NK may be
accidental, since they have only spoken one pair each, and in
the examples in frame sentences NK does not have more shorten-
ing than the other speakers.

A shortening that is so inconsistent and of such small extent
can hardly have any function for the perceptual distinction of
compounds and sequences of two words.

It is a problem why the shortening in the normal sentences is
much less pronounced than in the frame de sagde ... to gange
mentioned above. It cannot be due to speakers or words. The
speakers were the same, and the words were of the same type.
One pair was identical: mdle vs. mdlekdsse. For the four
speakers who read this pair both in the frame and in the normal
sentences, the shortening of the word was 4.2 cs in the frame
and 1.3 cs in the sentence, and the shortening of the [a:] 2.7
and 0.5 cs, respectively. In both cases the relevant stress
group was lengthened by two syllables. One might think of an
influence from the total sentence length.(Lehiste (1980) has
shown that the length of the frame may be of influence). The
sentence with mdlekasse in a frame was two syllables longer
but had the same number of stress groups as the sentence with
mdle. The normal sentence with mdlekasse had the same number
of syllables but one stress group less (3 versus 4) than the
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sentence with mdle. One might then conclude either that an in-
crease of the total number of syllables causes shortening, or
that reduction of the number of stress groups prevents the
shortening. I am inclined, however, to think that the explana-
tion should be sought in the sentence type. There is a stronger
boundary between a test word and its frame than between verb
and object in a normal sentence, and this boundary may cause
lengthenings (cf. Fischer-Jorgensen 1982, p. 179). The word
mdle is longer in the frame than in the normal sentence for

the four speakers common to both recordings (5.8 cs), and the
same is true of the vowel [a:] (3.7 cs). In the normal sen-
tence the [a:] of mdle is only 14.9 cs, i.e. it is rather close
to a short [a], and therefore it does not tolerate as much
shortening as the longer [a:] of the frame sentence.

b. Reduction of the second member Table IV gives a survey
of a compound of the reduction of the
second member (with sec-
ondary stress) (for more details, see Appendix IV). The
shortening of the second member is much more consistent than
the shortening of the first member. It is found in 43 of the
48 averages (90%); it is significant in 31 cases (66%), and
the grand mean is 2.9 cs averaged over speakers, 3.2 cs aver-
aged over words. But it is not quite consistent. There is a
conspicuous lack of shortening in gdsbrénder. It may be part-
ly due to the fact that in this case the words were not com-
pletely identical. There is sted in the n in gds brénder, but
not in gdsbrénder, and a sted may have a shortening effect.
On the other hand, the conspicuous shortening in vénskabet
may be due to the fact that -skabet has sted in contradistinc-
tion to the separate word skaber. Moreover, in this example
the full word skaber was the last stressed word of the sen-
tence (in the other cases a stressed syllable followed), so
that it may be somewhat lengthened. But there is more to it,
for also the initial consonant (b) is shortened less in gds-
brender (0.3 cs) than other initial consonants (-sippe 2.0 cs,
~lampe 1.0 cs, —kasse 1.4 cs, -bgtte 1.7 cs, and -IGr 1.5 cs).
If the two words vénskdbet and gdsbrénder are left out, the
averages will be somewhat higher for NR, PH, OT and EF, and
the grand mean will be 3.1 c¢s. Leaving out NK and BJ, who
read only one pair, will make a difference here, increasing
the average by 0.5 cs.

Again all informants have more shortening in sddsuppe than in
ndtlampe. But the second member of sdgdsuppe is not much more
shortened than the second member of e.g. mdlebdtten (for four
of six speakers it is shortened less), so one should perhaps
not only look for special reasons for the large difference be-
tween sddsuppe and sgd suppe, but also for the small differ-
ence in ndtlampe VS. mdt ldmpe.

One might think of an influence from syntactic differences,
but this is not obvious. Both s#d suppe and mdt ldmpe repre-
sent attributive adjective plus substantive, and these se-
quences as well as the corresponding compounds are all objects




ACOUSTIC MANIFESTATION OF STRESS 95

Table IV

Reduction in duration (in cs) of the second member of compounds compared to

a sequence of separate words with main stress and (practically) the same seg-
mental structure. The reduction of the vowel alone is given in parentheses.
* indicates significance at the 1% level.

NR PH EF oT SR IE BJ NK av.
S Vs asns! 6.2% . “4,3% 5. 2% - 5.3% Vel 3k 76,8*% 5.4
5907,50b3°  (2.5%) (2.4%) (2.3%) (3.1%) (2.2%) (1.7) (2.4)
2 'nad,lambe 2.0 157 4.9% ilgd Js1®5 - 5. 2% 2.9
(1.1) (0.8) (0) (-0.4) (-0.2) (1.5) (0.5)
3 'sbi:?s saisp 1.0 1.0
(0.8)
4 ‘'ven sga:?bd 5.4%
R (3.1%) (3.1)
5 'gas bezno? -0.3 1.4%: 0.3 0
6 'ma:ls 4. 4% - 3.4% 0 3.6% 4.6% Y 1.3 2838
kPasn (2.0) (0.8) (0.5) (1.4) (1.2) (-0.6)(0.4) ( )
7 ‘ma:ls 5.0% .~ A,6% :.5.8% . 5u/X=tl,7 7.6%
,bgdp (1.8*%) (1.1) (2.1*) (2.6*)(-1.0) (3.0%)

8 'lams, lp:? a,5% ' 34*  §.9* 3.9%
(2.8* ) 1R.3%) {1:7%) 189

9 '‘va:mesaba 3:1% +0RI 1A 3.9* & 08 7.6*
0

— —
N NDW NP =B OwWw o wo
. . .

. . ok ® . . . o . .
O PO NNDO OO O— O — D
~ ~

,Ba: 7% (2.5%) (0.4) (1.5) (5.0%) (0.2) (4.6*) (2.4)

10 'misfo 2.9 4.8* 3.3* 4.2 -1.7 -0.3
 sdp:? (2.2%) (2.7%) (2.6%) (4.0%)(-1.7*)(-0.4) (1.6)
average 3.5 .34 3.6 “3.5 {4 48  LA2NEEAE
(2.1) (1.5) (1.6) (2.5) (-0.1) (1.9) (0.6)(0.4)1.3 1.7

1) The final unstressed vowel or syllabic consonant was not included except
for suppe because of difficulties of delimitation and because it was not
always the same in the two members of the pair.

2) The second vowel in gdsbrénder could not be delimited from the [x]

3) The difference between the average over speakers and over words is
diminished if the speakers who read only one pair (and the pairs read
by only one speaker) are left out: 3.4/3.3.
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in the sentences: Jle spiser sddsippe (sgd suppe) til middag
'0Ole has (a special type of) fruit soup (sweet soup) for din-
ner' and jeg kdbte en mdt ldmpe (en ndtlampe) til sdvekdmmeret
‘T bought a dim lamp (a bedside lamp) for the bedroom'. And

in the example gds brénder / gdsbrénder the words gds brénder
are subject plus predicate, and here one should expect a less
intimate connection so that one might expect a clearer shorten-
ing in the compound gdsbrénder. 1t might also be possible

that the consonant cluster [sbk] and in ndtlampe the cluster
[da1] invite to a slower pronunciation.

It is not possible either to find any reason for the differ-
ences between speakers. SR has the slightest shortening, IE
the strongest, and they are both from Jutland. SR has the
lowest average of all subjects, but he has a very unequal
distribution: some words are shortened considerably, some not
at all.

For the longer words (vdrmeappardtet and misforstdr), there is
great divergency among the speakers, but not in the same way.
IE has more shortening than everybody else in vdrmeappardatet,
less than everybody else (except SR) in misforstdr. No speaker
is quite consistent. This seems to show that shortening of
the second member of the compound is very common, but that it
is not a necessary feature of compounding. In this connection
it should be mentioned that OT's pronunciation of sdgdsuppe
generally sounds to me as two words, although he has just as
much difference in duration as the other speakers. And SR's
s@dsuppe and ndtlampe sound a few times 1ike two words, but
they are just as much shortened as in other cases (see below,
section V.B.2).

c. Reduction of the distance between It appears from table
the sounds of the first and second IV that the vowel is
member in compounds responsible for only

about half of the
shortening of the second member. Particularly the preceding
consonant seems to be involved. That may have something to do
with a disjuncture in separate words compared to compounds.

Table V gives the reduction in the distance between the vowels
in the first and second member of a compound (the vowels with
main and the vowels with secondary stress) compared to the dis-
tance between the two vowels with main stress in a correspond-
ing sequence of two words. The intermediate consonant cluster
has also been measured, but vowel distance (i.e. inclusion of
the first vowel) gives larger differences and may be more
interesting because it seems to be a plausible hypothesis that
one perceives the syllable as starting approximately with the
vowel. Experiments have shown that it is not that simple
(see, e.g., Marcus (1979) with references). The whole struc-
ture of the syllable and particularly the type and number of
initial consonants play a role. But since the pairs compared
have the same structure, this is not very important, and vowel
start seems to be a reasonable choice.
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Table V

Reduction of the distance (in cs) between the start of the first vowel and
the vowel with secondary stress in compounds compared to the distance between
the vowels in a sequence of two words with main stress and (practically) the
same segmental structure. * indicates significance at the 1% level.

NN PH EF OT SR IE BJ NK  av
1 'spd?,sobe  4.9% 1.3 3.2% 3.1% 4.4%  5.2% (e
2 ‘nadlambe 0.7 1.1 0.2 0.8 1.5 3.6% 1.3
3 'sbi:?s kaisn 17 3at
4 ‘'ven, sga:?bd 3.0* 3h0
5 ‘'gas, bgzno 0.9 0.6 0.9 13 0.9
6 ‘ma:le kbasp 2.7% 1.7 5.2%  2.1% 0.3 - 0.8 5.0 85
7 maile bgap  3.1%  3.2* 3.4% 3.8* 1.0 0.7 2.5
8 lamelpi? 2.8% 2.3% 1.7* 2.8+ 2.4
B xsoha 5.5% © 1.2 .-2.5.  4.3* 0.3 5.3* 2.4
e AR R RN et 2.9
average g.1 1.8 2.0 2.8 2.3 2 0.8 5.8 §2.5%2.3

The distance is reduced in compounds in 47 of 48 averages (98% of the cases),
but it is significant in only 25 averages (52%); this reduction has a some-
what more even distribution across words and speakers, but it is of slightly
less magnitude than the reduction of the second member (2.5 cs as an average
over speakers vs. 2.9 c¢s). Of course this measure is a combination of shorten-
ings in the first and second member and not an independent feature, but it
might have been expected to be the best measure. Probably the best measure
is the combined shortening of first and second member. This is shown in
table VI. The combination of shortenings in first and second member gives

an average of 4.3 ¢s. This means that in many cases it will be audible but
not always for all speakers (cf. the average 2.3 cs for SR).

It can be concluded that there is very often a reduction of duration in com-
pounds, and in many cases it will be audible, but it cannot be a sufficient
cue.

d. Supplementary evidence from the 1961 Four pairs from the 1961 material
material and the recordings of dialect have been analyzed, i.e. sdrt
speakers méjse VS. sortméjse, sort kjdle

VS. sortkjole, sdd siuppe VS.
sddsippe, and hvds mdske vs. gdsmdaske. The sentences are listed in Appendix
1

The first member of the compound was shortened in 58% of the cases but not
very much, the grand mean being 1.3 cs, and there were differences according
to words and to speakers, but no clear distribution according to speaker
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Table VI

Standard Danish

Reduction (in cs) of first and second member and total reduc-
tion of compounds compared to a sequence of two separate words
with main stress and (practically) the same segmental structure.
The difference in distance between first and second vowel is
also given (10 word pairs).

NR PH EF 0T SR IE BJ NK  av.

first

member Fud UG B0 18 0.9 1.2 elg L BE s

second
tedbEr 3iebr el 3.6° 3.5 1.4 4.9 13t 32 7Y

total re-
rocs 485 73,8 .1 4%6 5.3 2.3 6.1 120 - 16..3: 25453

g¥stance 2.7 A8 2 B 2.3 2.7, 0877 8.0 5205

categories. The speaker who had the most consistent shorten-
ing (14 out of 16 cases, or 88%) was the CSC speaker PD.

There was a much more pronounced tendency to shorten the sec-
ond member of the compound. This shortening was found in 83%
of the cases with relatively small differences between speakers
and words. The grand mean was 3.4 cs.

There was also a tendency to shorten the distance from the
start of the first vowel to the start of the second vowel, the
grand mean being 2.6 cs and the shortening taking place in

73% of the cases. There is thus complete agreement with the
results of the main material.

The pairs sdd suppe / sddsuppe, mdle bftten / mdlebdtten and
mdt ldmpe / ndtlampe were also read by a number of dialect
speakers, four West Jutlandish speakers (BT, TA, EA and JD),
one from Vendsyssel (North Jutland) (PN), and one from North-
East Jutland (PM) and moreover by a speaker of the Arhus Re-
gional Standard. The pair mdle bgtten / mdlebgtten was also
read by six Funish dialect speakers. The Jutlandish dialect
speakers read the sentence both in their dialect and in their
Regional Standard Danish (RSD). A detailed account of the
measurements is given in Appendix V followed by surveys of
the differences corresponding to tables III-VI for the Stand-
ard Danish speakers. A brief summary corresponding to table
VI for the standard language is given in table VII. It
appears from this table that the Jutlandish speakers have a
slight shortening in the first member of a compound, the
average being 1.1 c¢s. This shortening is found in 68% of the
individual averages, but it is only significant in 26%.
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Table VII

Reduction (in cs) of first and second member and total reduction
of compounds compared to a sequence of two separate words with
main stress and (practically) the same segmental structure.

The difference in distance between first and second vowel is
also given.

A. Jutlandish (3 word pairs)
BT TA EA JD PN PM LH av.

Fingh 1.7 0.9 0.8 3.2 0.8 0.3 -0.2 1.1
member

SQEBNC L 20 00 NS B A3 R s
member

total re-
s 254 4.1 2.Q TN 359 246 1.9 .: 345

distance 2.0 + 2.0+ L8 43 3.5 w14 w34

B. Funish (1 word pair)

MA LA HV  EK  EH i
el Gt s L A e 1 1.5
SERRAC R IY 0,5 0 TR 1.2
Stk Te" g9 1.0 B 70 34 2.8
distance . :~3.4> - 05 5.9 ..2:3-1.1 1.3

In the second member the shortening is more pronounced (2.4 cs);
it is found in 82% of the averages and is significant in 50%.
Finally, the shortening of the distance between the first and
the second vowel is 2.4 cs. It is found in 88% of the averages
and is significant in 56%. This corresponds to the shortenings
in the standard language. The Funish speakers have a shortening
of 1.5 ¢s in the first member of mdlebdtten, 1.2 ¢5 in the sec-
ond member, and 1.3 cs for the distance, that is less shortening
than for the other speakers but with a good deal of variation.
(IP, who had a large reduction in the second member, has been
left out, because her pronunciation of this word was unnatural).

In some cases compounds read by the Jutlandish speakers sounded
as two words, also when the durational relations (reductions)
were as expected (see the next section).
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2. Fo-CONTOUR

a. Different types of compounds For the analysis of the Fo

and speakers contour it is practical to

distinguish between different

types of compounds according to the number and placement of un-
stressed syllables. The examples used in the main material be-
Tong to five different types (v indicates unstressed syllables
here, — main and secondary stress and | the grammatical bound-
ary; only the compound is cited as example, and the number of
speakers is indicated in parentheses):

(a) —| — v sddsuppe (6), ndtlampe (6), gds-
brénder (4), Spiesréjsen (1), ven-
skabet (1)

b) — | —u mdlekdssen (7), mdlebdtten (6)

(c) — | — ldmmeldr (4)

Rl eralagy mis forstdr

(e) = v]u v — (u) vdrmeapparatet

(ﬁdsbpénder was read in two different sessions by EF, so that
there is a total of 5 averages of this word.)

The four pairs used from the 1961 material all belonged to type
(a). Most of the examples thus belong to types (a) and (b).
These types are used here as examples of very clear differences
between the Fo contours of sequences of two words with main
stress and compounds with main plus secondary stress, and as
examples of differences between various categories of speakers.
The three remaining types are used to show that the location of
unstressed syllables and the presence of sted may sometimes blur
the distinction, so that there may be cases where Fo is not a
sufficient cue for compounds. Sketches of the different con-
tours are given in figure 10. They are only meant as rough
indications of the main trends. (There are, of course, indi-
vidual differences.) (See Appendix IV.)

In a sequence of two main stresses the second will start a new
stress pattern but, due to the general declination in declarative
sentences, on a slightly lower level. As described in section
V.A.2, the stressed syllable will be placed at the bottom of
the Fo wave for the ASC and CSC speakers and often be falling-
rising, with a tendency to be more falling for the ASC, and
more rising for CSC speakers. For the DSC speakers (who, in
practically all the examples are represented by IE and SR, who
have a West- and South-West Jutlandish background), and for
the West Jutlandish dialect speakers the start is higher and
the movement is rising, particularly for the dialect speakers
(in syllables with sted most speakers have falling Fo, see,
e.g., the Fo contour of the syllables sg¢d in Appendix IV.1).

In compounds, however, the syllable with secondary stress be-
haves Tike an unstressed syllable in the Fo pattern. This
also means that there will be differences between speaker cate-
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(mat lampe)

a

(natlampe)

(m&le bptten)

b

(malebgtten)

(léamme 1r)

Cc

(lammeldr)

(mis forstdr)
d

(misforstdr)

(varme apparat)

e

(varmeappardt)
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Figure 10

Rough sketches of Fo patterns for various types of com-

pounds and various categories of speakers.
vowels are indicated. Thick lines = vowels with main
thinner lines = secondary stress, thin lines

stress;

= weak stress.

Only the
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gories corresponding to the differences described in section
V.A.2 for unstressed syllables. In type (a)—I1— v in figure
10 this is very clear; the ASC and CSC speakers show a jump

up to a higher level as is the case with unstressed syllables,
and the syllable itself will be high-falling (not rising-
falling as it may happen for an unstressed first posttonic
after a single consonant - in compounds there will in most
cases be an intervening cluster).

The ASC and CSC speakers of the 1961 material are in agreement
with the speakers of the main material, except that the oldest
CSC speaker (PD) sometimes has a slightly lower Fo on the sec-
ond member of compounds than on the first member.

Almost all North- and West-Jutlandish speakers have a low
falling (or sometimes simply low) Fo on the syllable with
secondary stress, as was also the case with their unstressed
syllables (type 4 in figure 3), and this is also true of the
East Jutlandish speaker PM and the speaker of the Arhus Regional
Standard, as well as of the DSC speakers and the Funish speakers;
i.e. in compounds there is hardly any difference between type

3 and type 4. But PM and BT, who followed the Copenhagen
standard in their RSD, for unstressed syllables, also approach
that pattern (without always reaching it) in compounds in

their RSD. Two of the West Jutlandish speakers (EA and TA)
differ from the others by having a low rising Fo on the second
member instead of low falling. This does not sound as a

normal compound (see below).

In type (a) the distinction between main stress and secondary
stress is further strongly supported by the behaviour of the
last, unstressed syllable, which is high after main stress but
continues the fall after secondary stress. The Jutlandish
speakers have apocope of [s] in their dialect, but in their
RSD the [s] is generally pronounced. It is, however, low both
after main and secondary stress.

Type (b) —vl— v only differs from type (a) by having an un-
stressed syllable after the main stress. This has the effect
that the syllable with secondary stress comes somewhat lower
down, following the unstressed syllable on the descending
slope of the wave, and is not quite as conspicuously different
from syllables with main stress as was the case in type (a)
where it was the first posttonic. But it is still clearly dif-
ferent from a syllable with main stress, being rather high
falling for ASC and CSC speakers, and for the DSC speakers and
the dialect speakers it is clearly different from syllables
with main stress by being Tow falling in contradistinction to
the high rising syllable with main stress. Moreover, the last
unstressed syllable which for the standard speakers is high
after main stress and low after secondary stress makes the
difference quite clear. The DSC speakers often have a higher
Fo on the syllable Ze in male in the compound.
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Types (c)— v |— and (d) —iv — differ from types (a) and (b)
by not havin; a final weak syllable to indicate whether the
preceding syllable has main stress or not. Moreover, in the
examples chosen the syllables Zdr and stdr have sted and_there-
fore a falling Fo movement. There will thus only be a q1ffer-
ence in level between secondary and main stress, and this 1is
not always quite clear. There are some cases of overlapping,
where it is not possible to decide from the Fo contour alone
whether the syllable has main or secondary stress. In (c)
there is, however, a cue in the following word, which has re-
duced stress and is thus higher after the stressed Idr than
after the 74r with secondary stress.

Whereas in (c) the weak syllable following the first stressed
syllable belongs syntactically to this preceding syllable |
(ldmmeldr), it belongs to the following syllable in (d) (mis-
forstdr). In the sequence of separate words (mis forstdr)
there is, moreover, a word boundary between mis and for in
contradistinction to what is the case in the compound. Now,
as mentioned in section V.A.2, the CSC and DSC speakers have
a tendency to place an unstressed syllable at a Tower level
when it belongs grammatically to a following stressed syllable,
and thus they make a difference between mis forstdr and mis-
forstdr, which is not quite consistent for the CSC speakers
but which is consistent for the DSC speakers. Only the ASC
speaker NR has complete overlapping (cf. the discussion in
section V.A.3, p. 82).

In type (e) -v vv—(w there is the further complication that
there are three intermediate unstressed syllables, so that the
last syllable comes rather low down. The CSC and DSC speakers
have more often rising Fo on the syllable r4dt with main stress
(although it has sted) than on the rdt with secondary stress,
but all speakers have overlapping cases.

The texts contained a number of other compounds which did not
have any counterparts consisting of separate words. These
words were also read by the DSC speakers NK and BJ. They be-
longed to the types a, b and c, and their Fo contour was in
complete accordance with the description given above of the
compounds in the test words.

b. "Equal stress" in some Jut- As mentioned in section II,

landish compounds. some compounds in Jutlandish

dialects are described as

having equal stress on both members. In the present material
the words ndtldmpe, sddsippe and mdlebdtten, read by the West
Jutlandish speaker EA, sounded to me as two separate words,
and in TA's pronunciation I could not decide whether they were
two separate words or not, sometimes I tended to hear one word,
sometimes two. The word sddsippe has been left out in the
measurements for these two speakers because there was nothing
in the environment that could indicate what word was meant,
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and so it could not be decided whether they had used the wrong
word or had intended the right word; moreover, this word was
not natural for them. There was no clear difference in these
pairs in their RSD either; some other compounds in the texts
which were not members of pairs (Ddnféss, sdvekammeret) sounded
as normal compounds. In the pronunciation of the RSD speaker
from Arhus the words sddsippe and ndtlampe, but not mdilebgtten,
also sounded as two words. Some of the compounds read by the
DSC speakers made the same impression of being two separate
words. In the 1961 material this was true of sddsuppe and
sortkjole read by SR, and of these words plus sortméjse read by
BF. A small informal listening test with two ASC Tisteners

and one CSC Tlistener showed much uncertainty in the identifica-
tion of these words. In the 1982 material I heard two of SR's
examples of sddsippe and all OT's examples of the same word as
two separate words, and I was in doubt about the stress in some
examples of ndtlampe.

Asked directly both OT and EA declared that there was a differ-
ence; they had meant them to be compounds. And of course these
words are grammatically compounds and not simply separate words.
In the case where they consist of attributive adjective + sub-
stantive (e.g. sddsuppe, sdrtkjole) they might be separate words
as long as they have no definite article. But both OT and the
DSC and Arhus speakers who used these words would place the
definite article at the end (sddsuppen, sortkjolen), whereby
they are characterized as compounds. So did the West Jutlandish
speakers in their RSD in the case of mdlebdtten. And words 1ike
mdlebdtte and ndtlampe do not give any grammatical sense except
as compounds. But they may be described as compounds with equal
stress, i.e. they may constitute two stress groups.

The durational relations in the words heard as separate words do
not generally differ from those found for other speakers
whose compounds were heard as quite normal. OT even has a

very clear durational difference between sddsuppe and sgd sippe
But in most cases there were deviations from normal compounds
in the Fo contour (see Appendix IV and V).

Both EA and TA (particularly EA) had rising Fo in the syllable
which should have secondary stress, i.e. in this respect it
behaves as a syllable with main stress starting a new stress
contour. For OT and SR the difference seems to 1ie in the last
unstressed syllable of sddsippe (and ndtlampe). It was slight-
1y higher than the preceding syllable which was rather level,
and for SR this only happened in the two examples which I heard
as having two main stresses. LH had rising Fo in the sonorant
consonant following the vowel in -Zampe and no Fo difference
between sgd suppe and sddsiuppe. This seems to indicate that
the Fo movement is a more important cue than duration, at 1§ast
for ASC and CSC listeners. In the 1961 material, however, it
was difficult to find any explanation of the differences. It
would be interesting to undertake some well planned Tistening
tests both with Copenhagen and dialect listeners. They might
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show more clearly what are the important perceptual cues. The
problem is not quite simple. The Copenhagener does not simply
use his own norm in listening. He is not confused by the fact
that most dialect speakers have Tow falling Fo in unstressed
syllables and in syllables with secondary stress, whereas he
himself has high falling Fo. The listener probably quickly
adapts to this difference. But when the dialect speaker has
rising Fo he hears a stressed syllable because in the dialect
this normally signals stress, and he expects syllables with
secondary stress to be treated like unstressed syllables as far
as the Fo contour is concerned.

3. INTENSITY

Peak intensity has been measured in mm, and the sequence of

two main stresses was compared to the sequence of main stress
plus secondary stress for each pair. If the compound has a
more extensive decrease or a smaller increase in the second
part than the sequence of two words (i.e.” _ vs. —— , or
——VS.— "), the contribution of the intensity to the reduc-
tion of the second part of the compound was considered positive
(see Appendix IV). This was the case in 80% of the pairs for
IE, SR and EF; and for IE 67% of the individual averages were
significantly different, but for EF and SR only 9 and 17%,
respectively. For PH there were 50% positive relations, for

NR 25%, and for OT 13%. There are thus great individual dif-
ferences, and the positive cases are very rarely significant
except for IE. It is therefore not probable that these differ-
ences have any value as cues for stress differences. The con-
sistent difference for IE can probably be explained by the fact
that she has a very low Fo on syllables with secondary stress.
SR also has a relatively low Fo combined with secondary stress,
but EF has a high Fo.

In the 1961 material the intensity relations are also irregular,
but here too, EF often combines high Fo and low intensity.

For the Funish and Jutlandish speakers the result is quite
different (see Appendix V). There were 41 individual pairs,
76% of these were positive, and for 49% the difference was
significant. Six of the ten exceptions were due to the record-
ings in standard language of BT and PM, and they do not really
use a regional standard but the Copenhagen standard. If they
are excluded, there will be 89% positive pairs, of which 57%
have a significant difference.

This means that almost all the speakers who have lTow falling
Fo on syllables with secondary stress have a relative decrease
in intensity, whereas those who have a high falling Fo, do not
have this decrease in intensity. Thus the intensity differ-
ence seems to depend on the Fo difference and may not be an
independent cue. But EF has high Fo combined with Tow intens-
ity. She thus seems to use intensity as a separate factor,
but even in this case it is only a tendency, since only one of
her nine positive averages shows a statistically significant
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difference. This generally negative result was one of the
reasons why I did not find it worth while for the time being
to re-record the whole material in order to get dB-measures
instead of mm.

The Jutlandish examples read by TA, EA, and LH, which sound to
me as having two main stresses, have a clear intensity differ-
ence like the other compounds in Jutlandish. This does not
seem to have influenced my identification. It is possible that
the Jutlandish speakers themselves use different perceptual
criteria. However, dialectologists with a Jutlandish back-
ground also describe a number of compounds as having two main
stresses (e.g. Ejskjer 1954).

4. CONCLUSION

The analysis of compounds with secondary stress on the second
member shows that they differ from a sequence of two words with
main stress both in duration and in Fo. The shortening is small
and inconsistent in the first member of the compound, whereas
the shortening of the second member and of the distance between
the start of the two vowels is more pronounced and more regular.
The total shortening is quite considerable, 4.3 cs for the
standard speakers and 4.2 cs for the Jutlandish speakers on

the average.

The difference in Fo contour is in almost all cases quite clear,
but it is not the same for different categories of speakers,
i.e. for different dialects and sociolects. This does not seem
to hamper mutual understanding except in the cases where some
Jutlandish speakers use what listeners from other dialects hear
as equal stress on the two members of the compound.

The differences in intensity seem to follow the differences in
the Fo contour: Speakers who have high falling Fo on the second
member of compounds tend to have higher intensity too, whereas
those who have low falling Fo also have low intensity. There
are, however, exceptions; higher Fo may be combined with Tower
intensity, particularly for informant EF, but it is only a
tendency. There seems to be individual differences in the de-
gree to which Fo and intensity vary in parallel.

Fo seems to be the decisive factor in the cases where CSC
listeners hear two equal stresses in Jutlandish dialects or
Standard Danish influenced by Jutlandish.

C. STRESS REDUCTION IN THE SECOND MEMBER OF
COMPOUNDS COMPARED TO STRESS REDUCTION IN
UNIT ACCENTUATION

As mentioned in section II there is a clear difference between
the reduction of stress in second members of compounds and in
first members of a unit accentuation group, since the reduced
second members of compounds retain their sted and their phono-



ACOUSTIC MANIFESTATION OF STRESS 107

logical vowel length difference, whereas syllables reduced by
unitary stress loose their stod and - at least for monosyl-
labics - also the vowel length difference. But the question
is whether there is any difference between the two types in
the cases where there is short vowel and no sted, i.e. whether
there are also differences in other features which might be
relevant as cues for stress perception.

The main material contains a number of examples of stress re-
duction by unit accentuation which may be compared both to
words with main stress and to words with reduced stress in
second members of compounds. The pairs are listed in section
IV with translation and the sentences are Tisted in Appendix
II, but it may be practical to repeat the triplets here (with
number of speakers in parentheses): sdd suppe / sddsuppe /
sdd suppedds (6), mdt ldmpe / ndtldompe / mdt lampét (6), mdle
kdssen / mdlekdssen / mdle Casandva (7), mdle bdtten / mdle-
bytten / mdle botte fém (6), gds brénder / gdsbrénder / gds
brender néd (4), mis forstdr spégen / misforstdr spdg / mis
forstdr spdg (6), Spies réjse / Spaesregsen / Spies rejse méd
(1), vén skdber sig / venskabet / vén skaber problémer (1).
(The sentence Sdnna misforstir spdg may also be pronounced with
unit accentuation, but a complex compound need not be weakened
as first member of a unit accentuation group.) There were
further two examples where only main stress and unit accentua-
tion reduction could be compared: det vdrme appardt / varme
appardtet dp (6), and mdle bdtten / male bdtten grgn. Three
examples from the 1961 material were also analyzed: vdndkdnde
/ kande vdnd, and (only for comparison with main stress):

sdt dppe / sat Jp and sdtte kdssen dppe / satte kdssen op.

1. DURATION

As mentioned in section V.B.1, there is only a very weak ten-
dency to shorten the first member of compounds (1.4 cs on the
average). In unit accentuation there is no shortening at all
of the preceding stressed syllable (0.2 cs on the average).

This means that the stressed syllable of the preceding prosod1c
stress group which is expanded by the reduced word, e.g.,

mdle bptte | fem (vs. mdle | bgtten) is not shortened.

The reduced syllable is, however, shortened, and more so than

in the second member of compounds. Table VIII gives the differ-
ences in duration between syllables with reduced stress and syl-
lables with main stress. The reduction in duration is con-
siderable: 5.3 cs on the average. There is shortening in 46
(92%) of the cases. There is no clear grouping of speakers:

the ASC speaker and the DSC speaker IE have the strongest re-
ductions, and the DSC speaker SR the smallest reduction, but
still 3.4 cs, which is probably audible. There are more con-
spicuous differences between words. The shortening is of con-
siderably Targer magnitude in intraword unit accentuation

(7.4 cs) than in phrasal unit accentuation (4.0 cs), but the
example mdle bptte fém comes very close to the reduction in
intraword unit accentuation (6.8 cs). The pair with the least
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Table VIII

Standard Danish

Reduction in duration (in cs) of a word or syllable weakened by unit accentua-

tion compared to a word or syllable with main stress and the same segmental
structure, following the same stressed word (A), or preceding the same stressed

word (B). * indicates significance at the 1% level.
P NA PH  EF I R - BJ NK av.
1 !sdb? sobs g ox 5 gx 5.3% 5.3% §.5% 10.4* 6.9
da.?s
'mad lam'phed 9.1%* 6.0% 6.7% 7.8% 5.9% 9.0 7.4
'sbi:?s kaiss
oAl 5.3% 5.3
4 'ven sga:bo
pro'ble: ?mp el 4.0
5 ‘'gas bsznp
Ao V62 0* ' 0.7 <D0.2 1.0
R L e at B b R e 10.9% 7.3% 3.5 8.0
no.va
/¢ 'maile bgds g gx p g 7.2% G.2% 5.3% 10.6% 6.8
'fem?
10 'mis fosdo 40 gx 4. 9% §.2%  §.5% 0.9 4.9 5.2
'sboi?
B.
7d ma:ls 'bgdp g 4%  gx 3.9% 5. {x 2.4% 3.2% 3.9
'geen?
9 va:me aba
P 2.2% 3.0 . 1.2 -0.8  2.9* $it
- 5.3\5.1

average .08 411 4.85 62 34 78 5 I3 5368

shortening is gds brender ndd vs. gds brénder (1.0 cs). ['bezno]
was also hardly shortened as second member of a compound (see
above V.B.1, where it was supposed to have something to do with
the Toss of sted). In varme appardtet dp the relatively slight
shortening is probably due to the long distance between the re-
duced syllable and the following main stress. The long vowel [a:]
of varme [va:me] is only reduced by 1.6 c¢s and certainly not re-
duced to be as short as a phonologically short vowel. The other
example with a long vowel is male in male bdtten grgn. The vowel
is here shortened by 2.5 cs.-

The shortening in these words is somewhat more pronounced than

the shortening in second members of compounds. In table IX the

two types are compared. The syllable with unit accentuation has
more reduction than the compound in 31 (79%) of the 39 comparable
pairs, and the difference is significant in 24 pairs (62%). IE has
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Table IX

Reduction in duration (in cs) of a word or syllable weakened by unit ac-
centuation compared to a sequence with secondary stress and the same seg-
mental structure following the same stressed word (reduction in unit ac-

centuation - reduction in the compound). * indicates significance at the
1% level.
NRY - PHCEET O TRNSE L 1E Ry onk av.
1 'sg87? soba 1.3 50,1 Do gl 3.6% 1.5
'da:?s
2, 'mad lam ' 7 94 4 gs 3. 5% '6.3% 4.2% 6.5% 5.5
tpred
3 ‘'sbii%s 4.3% 4.3
Kaisa 'med
4 'ven sga:bp . y:
pro'ble: 2mp 1.4 1.4
5 'gas bemno 4 g« g6 0.4 -0.2 0.7
'ned”?
OSSPl & asa‘y 3w 3.8% {,7% 4.7 8.7% 6.0% 1.5 5.0
no.va
7 'ma:ils bpds 3 g« _q gx 1.4 0.5 4.6% 3.0% 2.5
'fem?
tgad 2
10 'mis fosdo * 7 4% [0, 2.6% 2.3* 0.8  5.2* 2.9
'sboi?
average 4.8 2.0 1,6 2,338 5.4 6.8 T A5G R 2658

') In no. 2, lam in the compound is compared to Zam in unit accentuation,
whereas in table IV the [b] of Zampe was included in the comparison
with main stress.

2) EF had two readings of misforstdr vs. mis forstdr spdg.

3) The difference between the average over speakers and over words is
diminished if the two pairs read by only one speaker (and the two
speakers reading only one pair) are left out: 3.2 3.0 cs.

a significant difference in all five pairs, and the smallest dif-
ference is 3.0 cs; thus she seems really to use this distinction
consistently. For the other subjects there are one or two word
pairs with very little difference. The types are thus not kept
consistently apart by means of duration. Zampet compared to
ldmpe is the only word pair with a consistent and clear differ-
ence for all speakers (average 5.5 cs, minimum 3.5 ¢s). In
other words, some speakers have very small differences, but the
tendency is very clear. The only clear counterexample is véen
skaber problémer vS. vénskabet. This may perhaps be due to the
lack ?f sted in skaber vs. skabet (cf. the example gdsbrénder
above).
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One might also expect to find a difference in the distance from
the preceding word (see table X), because the second member of
the compound belongs to the preceding part (and there was a
difference in distance between the vowels of the compound com-
pared to two words with main stress), whereas the reduced syl-
lable with unit stress belongs to the following word syntactic-
ally, and one should therefore not expect a shortening of the
distance from the preceding word. However, the distance is in
fact shortened in this case too. The first 8 cases in table X
can be compared to the shortening in compounds. The shortening
is here seen in relation to an identical preceding stressed
word. The average shortening of the distance is here 1.1 cs.
It is found in 71% of the averages but is only significant in
21% of the pairs. It is thus less than in compounds where the
shortening was 2.3 cs with 98% positive and 54% significant
cases. But that there is a certain shortening shows that the
word boundary is not marked very clearly (the difference from
compounds is only significant in 15% of the averages). The two
last examples show the reduction in distance to a following
stressed syllable to which the reduced word belongs syntactical-
ly. This shortening seems to be somewhat more pronounced in
male bftten grgn. The relatively small reduction in varme may
be due to the many intervening weak syllables. The syntactic
connection thus seems to play a certain role, but more examples
would be needed to prove it.

In the 1961 examples the syllable sat in sat dp was shortened
by 7.5 c¢s compared to sdt dppe, and the vowel by 3.7 cs, and
sat in satte kdssen Jp was shortened by 8.3 cs and the vowel
by 3.5 cs compared to sdtte kdssen Jppe (seven speakers). For
all speakers the a in kande was shortened more in kande vdnd
than in vdndkande, and the same was true of the whole word,
but the differences were small.

2. THE Fo CONTOUR

Like syllables with secondary stress syllables with reduced
stress due to unit accentuation are also treated as unstressed
syllables as far as the Fo contour is concerned, i.e. they form
part of the descending slope of the preceding stress group,

and if the preceding word is monosyllabic the reduced syllable
will therefore be high-falling in the pronunciation of ASC and
CSC speakers, whereas it will be somewhat lower if it is pre-
ceded by weak syllables. In all cases the difference from main
stress is clear, except for mis forstdr and mis forstdr spdyg
because of the fall of stressed stdr, which has sted (as was
the case for the difference between a compound and two words).

In principle the Fo contour will thus be the same in the second
member of compounds and in syllables reduced by unit accentua-
tion, e.g. mdlebdtten and mdle botte fém. The individual
speakers often do have small differences between the two types,
and there is a consistent difference (i.e. the same in alleight
tokens) in 15 out of 39 pairs (thus in 38%), but the difference,
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Table X

Reduction of the distance (in cs) between the start of the vowel with reduc-
tion due to unit accentuation and the vowel of the preceding stressed syl-

lable (1-10),

or the start of the following stressed vowel (9 and 7d) com-

pared to the start of vowels in two consecutive stressed syllables.

NR PH EF oT SR IE BJ NK average
1 'spd? sobs 5 3 44 o.5x 3.2% 4.0% 5.0% 3.1
‘da: ?s
2 'mad lam -
e 1.0 1.1 1.5 1.2 2.2 3.9 1.8
3 'sbi:?s saise 01
'med
4 'ven sga:bo 1.0
pso'ble: 2mp x
5 ‘'gasbwmno 55 g4 _0.4 -0.1 0.3
'ned?
P amile kTama 5 g g 5,308 §72° 0.8 08 1.5
no.va
7c 'mailabgde 5 4w 10 1.8 1.6 1.8% -0.1 1.4
tfem?
10 'mis fosdo 55 0.7 _0.1 -0.2 -1.1 -0.4 0.3
'sboi?
average 11 68 1.1 21 L7153 1.11.0
7d 'ma:le 'bgdnp 4 4 o5 o 5% 5.0* 2.5% 3.8% 3.4
'guen?
9 va.me aba
ko SRR E RS KBRIMESS 4 B F A S 1.1
average 3.4 0.8 0.7 4.4 1.0 3.3 2.3.2.3
total average 1.7% 08 1.1 2.1 1.5 2,8 0.3 0.3 4

.31

which mainly consists in a different height of the weakened
lable, is not the same for all speakers, nor is it the same
the different words read by the same speaker, and therefore
these differences hardly have any value as perceptual cues.

syl-
for

There is only one more general tendency: The CSC and, still
more, the DSC speakers, in contradistinction to the ASC speakers,
show a certain tendency to have a relatively lower Fo on a weak
syllable which belongs syntactically to the following word

(see section V.A.2). Seen in relation to the preceding stressed
syllable this tendency is not very obvious for the CSC speakers
in the 1982 material except for two of the three speakers in




112 FISCHER-JORGENSEN

misforstar (see section V.a.2), and in mdle bptte fém vs.
mdlebdtten. It is true that suppe is lower in en sdd suppedds
than in sddsuppe for all three CSC speakers, but that may be
because suppedds is the last word of the sentence. A relative-
ly Tow Tevel in relation to the following stressed word is
counteracted in most of the examples by the final position of
this latter word. But it is clear in the two examples where
the following stressed syllable is not the last stressed syl-
lable of the sentence, i.e. Otto vil mdle bptte fém i mdrgen
and Jeg kdbte en (gdmmel) mdt lampét t<l sdvekdmmeret (igdr).
This is, however, mainly due to a particularly high Tevel of
the word which carries the unit accent. The syllables fém

and -pet do not Tie on the general declination line of the
sentence, but are either on the same level or higher than the
preceding stressed syllables for all speakers. This cannot be
due to a difference in intrinsic Fo, for the intrinsic differ-
ence between [a] and [e] is less than three Hz (according to
Petersen 1976), and for EF and PH the difference is consider-
ably larger. It cannot, either, be a simple resetting in a
longer sentence. It is true that PH has a rather irregular
declination line, but EF does not have resetting in other sen-
tences with four to five stresses. The relatively high Fo is
mostly accompanied by higher intensity. In the sentences
kdssen er sat dp pa ldftet and han fdndt en kande vdnd © kdk-
kenet (from the 1961 material) Jdp is not only higher than sat,
and vdnd than kande for four out of five CSC and DSC speakers.
They are also higher than the preceding stressed words (kdssen
and fdndt, respectively) for three of the five speakers.

3. INTENSITY

The difference in intensity contributes somewhat more in the
case of reduction by unit accentuation than in compounds with
secondary stress. In the latter case there were very great
individual differences, the grand mean for all speakers being
55% positive cases, i.e. cases where the intensity difference
parallels the stress difference, but with only 4% significant-
ly different cases. In the former case, i.e. unit accentua-
tion, all speakers except NR had reduction of intensity in the
majority of cases, the grand mean being 65% positive and 23%
significant cases. Thus there is a somewhat stronger tendency
to decrease the intensity in the stress reduced member of a
unit accentuation group, and this cannot be explained by the
Fo contour, but it is only a tendency, and it cannot be of
much importance as a perceptual cue.

4. CONCLUSION

Reduced stress due to unit accentuation differs from secondary
stress in compounds by loss of sted and (at least in mono-
syllabics) of phonological vowel length, by a more pronounced
tendency to reduction in duration and a slight tendency to more
reduction in intensity.
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D. SECONDARY STRESS IN COMPOUNDS
COMPARED TO WEAK STRESS

As mentioned in section II, Rischel has suggested that in syl-
lables with short vowels there is hardly any difference be-
tween secondary stress and weak stress. In an oral discussion
he gave the example utyske 'monster' (compound) - emfdtiske
‘emphatic' (derivative). This has been tested in a single pair.
Instead of emfdtiske which has sted, I chose politiske for

three informants to be compared with utjske; then, as this

might be said to be a very common word with more reduction than
the more rare word utjyske, I chose herrenmitiske (which certain-
1y cannot be said to be a common word) for three more informants.

A1l speakers had a very clear and highly significant difference
in the duration of tysk vs. tisk (9.7 cs on the average). The
vowels were only significantly different for three speakers
(two examples of politiske and one of herrenhitiske), and the
closure of the ¢t for two speakers. The main difference was in
the aspiration, which was 8.6 cs in utyske and 2.7 cs before
the derivative <sk, thus practically reduced to [d] (with the
exception of SR's pronunciation of politiske), and this lack
of aspiration may be interpreted as indicating a following weak
syllable, since it is a general rule that Danish stops are un-
aspirated before [2] and the weak ending -Zg. Moreover, four
of the six informants had a clear difference in the Fo contour
of the two words, and two had an inconsistent difference. OT,
SR and IE have a much higher pitch in -tZsk than in -tysk, and
NR has a rise in -t<sk and a fall in -tysk, whereas PH and EF
sometimes have a rising-falling contour in -tisk but never in
-tysk. This difference evidently depends to a large extent

on the difference in the duration of the preceding consonant,
which is much longer in -tjsk, so that the Fo contour has come
farther down when the vowel starts. However, this does not
explain the whole difference. If the curves are superposed
they fit completely for NR, who has a rise in tZsk and a
(higher starting) fall in tjysk. But for PH and EF tjysk starts
at a too high level and, what is more important, for OT, SR
and IE, who generally have a relatively low Fo on second members
of compounds but otherwise a higher unstressed syllable, tysk
is considerably lower than it should be according to the Fo
wave of politiske. Finally, NR, PH and OT have a significant
difference in the intensity which is lower in -tzsk, although
Fo is higher, and EF and IE have a tendency in the same direc-
tion.

Thus, in this example there was no merging of secondary stress
and weak stress. But more examples are needed, also examples
with other consonants than stops, before any safe conclusion
can be drawn about the general tendency.
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VI. GENERAL CONCLUSIONS

The present investigation is in many respects very preliminary,
and the conclusions must be taken with some reservations. I
can only hope that it will provoke some more intensive studies
of restricted problems combined with perceptual tests.

The preliminary conclusions are the following:

(1) Weak stress is distinguished from main stress in Danish
by Toss of sted and phonological vowel length, by duration,
by the Fo contour and, for weak syllables with [a] and [v/2]
also - though less consistently - by intensity, in the sense
that lower intensity is often combined with higher Fo. The
shortening of unstressed syllables may be considerable; for
the word pairs where syllables of the same structure could be
compared it was 6.3 cs on the average. This must be of per-
ceptual importance. The same must be true of the Fo differ-
ences, which are very clear and stable within the same norm,
but of different type in different dialects.

The data for Advanced Standard Danish (ASC) is in complete con-
formity with Nina Thorsen's description of the ASC stress con-
tour, i.e. a low predominantly falling, stressed syllable plus
a high posttonic with a gradual fall of following, unstressed
syllables. (This is here called type 1.) Speakers of a
slightly more conservative norm (CSC speakers) follow the same
pattern in principle, but with small deviations: somewhat more
frequently low rising stressed syllables and a tendency to
lower an unstressed syllable which belongs syntactically to
the following stressed syllable and after sted. (This is here
called type 2.) A North-East Jutlandish speaker (PM) and a
speaker of the Arhus regional standard had generally rising Fo
in stressed syllables and a quicker fall, so that posttonic
vowels after single consonants are higher than the stressed
vowels, whereas they are lower after clusters (type 3).
Finally, West Jutlandish speakers have high and rising stressed
syllables and a steeper fall, all unstressed syllables being
relatively low (type 4). The North Zealandish speakers follow
type 3 in principle, but approach type 4 after obstruents.
East Jutlandish speakers (apart from PM) follow type 4 in
principle, but approach type 3 after sonorants. Copenhagen
standard speakers with a Jutlandish background compromise be-
tween type 2 and type 4, and thus come close to type 3.

The relative importance of duration and Fo should be investi-
gated by perceptual tests. The importance of intensity is
more problematic. For full vowels it generally follows the Fo
contour and increased intensity can hardly be expected to sup-
port the impression of weak stress, unless the increase is
smaller than should be expected,if intensity is expected to
follow Fo. It remains to be investigated what type of compen-
sation the listener will make. But for the time being I assume
that intensity is less important as a perceptual cue than both
Fo and duration.
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(2) Secondary stress in second members of compounds is dis-
tinguished from main stress by a reduction of syllable dura-
tion (on the average 2.9 cs in the standard language, thus

less than in unstressed syllables). There is also a shortening
of the distance between the start of the vowel in the syllables
with main and secondary stress (2.6 cs), and a very weak ten-
dency to shorten the first member of the compound (1.4 cs on
the average). The total shortening, i.e. the sum of the
shortening of first and second member of a compound thus amounts
to 4.3 cs on the average, but there are large variations ac-
cording to words and speakers, and there are countercases with-
out shortening, which are nevertheless perceived correctly.

The Fo contour of syllables with secondary stress is the same
as for unstressed syllables and very stable. The Fo contour
of a compound thus differs clearly from the Fo contour of a
sequence of words with main stress. 85% of the individual
pairs were consistently distinguished, but there was some over-
lapping in certain word types.

The intensity is very variable in Standard Danish and only sig-
nificantly lower for one informant, who has Tow Fo on secondary
stress. In Jutlandish secondary stress has lower intensity,
following Fo. Its perceptual importance is thus dubious.

(3) Reduced stress due to unit accentuation differs from
secondary stress in compounds by loss of sted and (at least

in monosyllabics) of phonological vowel length, by a more pro-
nounced tendency to reduction in duration, and a slight tenden-
cy to more reduction in intensity. The Fo contour is practic-
ally the same, but there may be a difference in relation to

the following stressed syllable. It approaches weak stress,
but it may have overlapping both with secondary stress and

with weak stress.

(4) The very limited material (one pair spoken by six in-
formants) shows a clear distinction between secondary stress
in a compound and weak stress in the derivative -isk.
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APPENDIX T

The 1961 material.

t

3A.

3B.

4A.

4B.

a o
. &

Qo oo

Vi far sikkert s@dsuppe/sdd sippe til formad.

Hvis det viser sig at menlen stdr pd s@dslppe/séd
stppe, skal jeg ikke have ndget.

Kan du Tide s@dsippe?/séd sippe?

Néj, jeg bryder mig ikke om s@dsuppe/séd suppe.

Har du nogens1nde sét en sdrtméjse /sort mere?

J&, jeg sa en sbrtméjse/sort méJse pd tlren ig 1gar

Hvis man skal Gpna at fa 6je pad en sortméjse/sort
méjse, md man forhdlde s1g meget rolig.

Jeg har aldrig opnaet at sé en sOortméjse/sort méjse.

Dorthe vil méget gérne hdave en sort kjéle.

Hun vil have en sort kjole pa ti1 fésten.

Har Dorthe fdet en sort kjole?

Hvis DArthe ikke far Tov at T4 en sort kjole, bliver
hun forn&rmet og gdr Tkke méd.

En katdlsk prést blev tidligere 6fte kaldt for en
sortkjole.

Nar man kaldte den kat6lske pré&st for en sortkjole,
blev han forn&rmet og gik sin véj.

Kaldte madnden pr&sten for en sértkjole?

Ja, men han kalder ham kin for en sértkjo le
nar han er vréd.

Enhvér déltager i dvelsen md sélv médbringe en
gasmaske.

Man skal have gasmaske p§ héle aftenen.

Har du féet anskaffet en gasmaske?

Hvis du ikke har fdet fat 1 en gasmaske, kan du Tkke
komme méd til dvelsen.

Han havde en hvas maske p5 héle aftenen.

Han gdr d1tid rdndt og viser en hvas maske.

Gar han altid rindt med sddan en hvas maske?

Hvis han altid viser sddan en hvas masE vil han
ikke égne sig til stillingen.

Kassen blev sat oppe / sat op pd 1oftet.
Han sdtte kassen Oppe / satte kdssen 6p / pad 16ftet.

Han fandt en kande, en vandkande / en kande vand /
en tom kande 1 EBEkenet

The sentences a,b,c,d within each group (1,2,3,etc.) were read
in the given order, a and b (and ¢ and d) in immediate succes-
sion, but otherwise the order was random, and other sentences

were interspersed. - 3A was read by some speakers, 3B by others.
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APPENDIX 11
The 1982 material

4a  Jordb&r er billigst om sOmmeren

The numbers of the sentences correspond to the numbers in Ap-
pendices III and IV and in the tables.

In some cases the sentences varied in details for different
speakers, the variants are given in parentheses.

A. Main stress vs. weak stress

1a Blomsten hdvde nogle gdrnagtige stdvdragere.
b  Séren kém med nogle barndgtige ddtalelser.

2a %eg f;k (kobte) en (en gammel) mat lampe til sdovekammeret
igdr

b %eg f;k (kobte) en (en gammel) mat lampét i forgdrs
igdr

3a Han passérede Sanddalen sidste sommer (i forgdrs)
b Han kassérede sanddlen sidste sommer (i forgdrs)

3a Det er Sdndddlen de siger
b Det er sanddlen de siger (NR only)

b Jéns er bilist om en hals (NR only)

4a Det er billigst de siger

b Det er BiTfst de siger  (CM6 material)

5a De sagde mamam
b  De sagde mamam

B. Main stress (a) vs. secondary stress in compounds (b) and
unit accentuation reduction (c)

1a 81e spiser EE% sippe til m1ddag((dé g)
b le spiser s@dsuppe til middag (dagli
¢ Det var en s@d suppedas

2a Jeg fik (kébte) en (en gdmmel) mdt lampe til sGvekammeret

(igdr)

b %eg f;k (kobte) en (en gdmmel) ndtlampe til sdvekdammeret
ig&r

c Jeg f;k (kdbte) en (en gammel) mat lampét til sOvekdmmeret
(igr s

3a  Han lod Spies réjse sdgen
b Han tog Spiesréjsen méd  (EF only)
¢ Han lod Sg1es rejse méd
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O

o0 oo

C.

b
C

APPENDIX Il (continued)

Péters vén skaber sig
NG giver vénskabet problémer  (EF only)
Péters vén skaber problémer

Hendes gas brander darligt
Hendes gasbrander sdder
Hendes gds brender néd

Han vil mdle kassen ni

Han tog mdTlekdssen méd
Han vil male Casandva

Otto vil male btten straks i mérgen (hér i gdrden)
Otto tager malebgtten frém i mérgen

Otto vil male bptte fém i morgen

Otto vil male batten grén i morgen

Hendes 1amme 1&r sygner hén
Hendes 1ammel3r smager godt

Péter smed det varme apparat néd pé@ kékkengilvet
Péter tog varmeapparatet méd til sommerhiset
Péter vil varme apparatet 6p i forvéjen

Sannas (Hannes) mis forstdr spégen
Sanna (Hanne) misforstar spag
Sénnas (Hannes) mis forstdr spég

Secondary stress in compounds vs. weak stress

Han var et Gtyske mod sine bgrn.
I det politiske kom han til kort.
Det Herrenhltiske var ham imdd.
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APPENDICES III-V

Introduction

In Appendix III syllables with main stress are compared to syl-
lables with weak stress of the same (or almost the same) seg-

mental structure; in Appendix IV syllables with main stress (a)
are compared to syllables with reduced stress as second member
of compounds (b), or weakened by unit accentuation (c¢), and the

latter two are compared with each other. In Appendix V syllables

with main stress are compared to syllables with reduced stress
as second member of compounds, read by some dialectal speakers.

The duration measurements are averages of 8 tokens (for the
dialect speakers sometimes only 6). In Appendix III the dif-
ference in duration between the first and the second vowel of
the same word is also given if they had the same quality.

In Appendix IV-V the distance in cs between the start of the
vowels of the first and second syllable (with stress or re-
duced stress) is also given.

In the graphs for Fo and intensity the time relations are not
maintained in details. The Fo graphs are based on 3-4 super-
posed tracings and on sketches of all eight tokens. The tokens
were generally very similar. Vowels with main stress are re-
presented by thick lines, vowels with secondary or weak stress
by thin 1ines, and sonorant consonants by dots. There may be
dips in Fo for sted which are not indicated because the curves
were not sufficiently clear. The absolute vertical dimensions
are not comparable between individuals since the scales dif-
fered. In the row for differences (below the graphs) a + indi-
cates that there is a consistent difference in all eight tokens,
a + in parentheses that there are some overlappings, and a 0
that there is no clear difference. The difference may be
either in the direction or in the level of the syllables, or
both, or it may be in the intervening or following unstressed
syllable. But a following stressed syllable, e.g. (mdt lam)pet
or (mdle bptte) fém is not included in the comparison. It is
only included in the graph in order to show the difference in
height from the preceding stressed syllable.

The intensity graphs are based on measurements of 5-7 tokens.
The horizontal lines indicate the relative height of the peak
measured in mm (because the calibration curves could not be
used). The dB scale was not linear, but the upper part has
beea somewhat compressed in the graphs, though not sufficient-
ly to show dB distances. Based on a few dB measurements and
on a comparison with an earlier calibration curve it can be
said that very roughly 0.5 mm in the graph corresponds to 1
dB in the Tower part of the square, and to about 2 dB in the
upper part. The indications of higher or lower within the
same graph, or larger or smaller difference between pairs
are, however, correct, also seen as dB differences. There
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were only a few cases with displacement of the differences on
the vertical scale and slightly larger differences for the
higher pair where this was uncertain. They have been marked
with a ?. For a few later recordings by NRP (of billigst -
bilist and Sdnddalen - sanddlen) both Fo measurements in Hz

and intensity measurements in dB have been given. The Fo in

Hz has been measured at the 67% point of the vowel duration

(in [da:?1n] only the part until the abrupt fall or start of
the irregular vibrations has been included in the vowel dura-
tion). A + in the row for differences means that the intensity
relations parallel the stress relations, i.e. a syllable with
weaker stress shows a larger decrease (or a smaller increase)
of intensity in relation to the syllable with main stress

than was found in the sequence of two main stresses (or, in
Appendix II,1 and 3-5, than in the reversed sequence: weaker
plus main stress), e.g. sddsuppe VS. sfd suppe ~ _ VS. — —

or - — vs. _ — . A - means that intensity and stress re-
lations are reversed, and a 0 that there is no difference in
the relations. (In the comparison between secondary stress in
compounds and stress reduced by unit accentuation + and - are
based on the preliminary experience that the latter is weaker.)
One might also give the interpretation that a + means that the
intensity relations support the perception of the stress differ-
ences, a - that it counteracts this perception, and a 0 that
intensity does not play any role. However, as it is rather
uncertain how the listener perceives intensity combined with
sometimes higher, sometimes lower Fo on the more weakly stressed
syllable, this may be a premature interpretation.

* means that the difference is significant at the 1% level ac-
cording to the Mann Whitney test. (In the dialect recordings,
which often comprised 6 readings only, significance at the 5%
level is also indicated (by a * in parentheses).) Since the

Fo curves have not been measured, no stars for significance are
added to the plusses for Fo differences. But since a + means
that there is a consistent difference, the weight of a + for Fo
is the same as a +* for intensity and a (+) for Fo has the same
weight as a + without star for intensity.
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Appendix III,l1

FISCHER-JORGENSEN

Differences in duration (in c¢s), Fo, and peak intensity between (a) gdrndgtig
and (b) barndgtig in a medial stress group in Standard Danish. See further
the introduction to App. III-V.

Duration Fo Intensity
diff. a:-a
(agt) >
g/b a: n a g/ba:in a:-a aina i Ja a a:-a
NR a 8.8 1.3 %7 B2 .8 2a* M iy 3 ey
B 8.9°5.0°14.6:-20.0- -5.7 S o s
a-b 1.7 8.4* -0.3 0.6 10.8* 7.8 + -
PH"a" 9.8 15.4 54310515 30,6 B 3% \J‘\‘ N o
bt R0 5.2 9.9 2.7 -0,9* \ gl pac; 3
a-b 2.0 6.4* -0.5 0.2 7.9* 6.2* + 0
EFa 8.4 15.4 5.912.9 29.7 2.5*% her £ = .
N
b 6.1 P o e B e R R Gk Liph
a=b 2.3 Ta 650200 1 .9% - 6.6* + -
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Appendix III,2

Differences in duration (in c¢s), Fo, and peak intensity between (a) mdt ldmpe

el Theniie
and (b) mdt lampét in a medial stress group in Standard Danish. See further
the introduction to App. III-V.

Duration Fo Intensity
a-a
(mat) diff. S >
a 1 a m lam a-a ma lam /€,a a a/e a-a
R 2 4D.7 . 7.5 .4 6.3 BB 0T | e el T
b 10.3 5.6 5.4 5.5 16.5 4.9%|. . _ “ =
A ~
a-b 0.4 2.3* 6.0 0.8 9.1* -5.6% + 0
PHa 89 59 10.2 6.8 229 -1.3 [/ 7]~
L0 A9 6.2 BB N6 TR - o S-S
a-b -0.2 1.0 4.0~ 1.0 6.0 -4.2* + 0
; - -
fF3 085 64 1.8 68 215 3807 | e o T
b 8:84- 8.1 A6 B A8 TR LS 0, LB
v Y
a-b -0.4 1.8  3.2* 1.7* 6.7* -3.6* + 0
B 1.1 7. 12 6.8 2650 el 1 e T
B0 5.2 1.3 8.9 114 Rer L Nl =T
a-b 1.0 1.9% 3.9% 2.0% 7.8% -2,9% + -
SRa 8.3 6.5 9.9 6.1 22.5 -1.6%| 7 -] -_
BB 86 586 6.6 1 20 TR e e
a-b 0.3 1.8 4,0+ 0 5.9% -3.7* + -
IEa 12.4 7.9 13.4 10.8 32,1 -1.0 |.Z2-._'|~ "~ _
b. 12,1 . 6.6 : 8.7 7.8 23.1 3.4*| 2. a|- -
¢ _
a-b 0.3 1.3 4.7 3.0 9.0% -4.4* + T
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FISCHER-JﬂRGENSEN

Appendix III,3

Differences in duration (in cs), Fo, and peak intensity between (a) Sdnddalen

and (b) sanddlen in a medial stress group in Standard Danish. See further the
introduction to App. III-V.
Fo Intensity a a:?
>

s a n san da:?1p an a:?lnp a a:?| a a7
NRa 13.7 8.1 6.9 28.7 35.9 Sl s
b B3 S IB i e.E 3 N S

eric.s

a=b . 5.4% 3.0* 0.8-° 9.2% -2.2 + + <

P 124 7@ 9.0 "286°37.3 | TN R e Y
, ; ;-

b 10:4 6.3 6.2 9.9 389 ey Gk ;

achie .2.0% 1:.9% 0. 8% .7 N4 ] + il g
: o

EF &% 9.8 ©7.6 "6.2. 23,6 3.0 1 NN o g
! 5 § !

b 0740 6.3 U507 8.7 S386 | IR i —
| i

a<b  2.4* 1.3 1.2* 4.,9* -1.6 | + P B

0T a 10.8" 9.8 8.6, 20,2 361 1 Nar'iowli L% ’

b 8.8 6.9 4.8 205 38.2 | T e
a-b  2.0* 2.9% 3.8% 8.7* -2.1 + |
S W SR TR 070 963 T ke }-_

B W B TR A58 B
ab T TR S T TR -1 + Bk

z. . | ;
1.8 13.1.90.8510,8 34,7 5 40,5 7 1 % D xaions e g

b 12.17.8.2. B9 9T 4D L P % -,&

3D 102,65 2.9% 7.80 00, + TS
TS |

(one-stress utterance) —~—H—3~\—~--- e e adBo s ol

NR & 13.1°77.9 7,098,170 37.4 RS = Pl 0

b - 9,56 4,9 6.4 :.20.8: 41.7 S K s et
a-b  3.6* 3.0% 0.7  7.3* -4.3* |-1.1 20.3% 21.4*-5.9*-0.1 5.7

! *
+ i
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+ x5V 19 »2°9 Rk «fE 28 2 “x9°C q-®
s Ml *F =" 8'lc . 6Bl 6°6 Pv°Il €9 ' 9°2l q
o 6’0 2:81  L°S2 0°8. L°L - BW .29 ©° ONB
+ e ¥ TS x[" 1= x["C- x8"| xP°€ q-®e
s xl°¢- 0°81 6°Ll ¢co: 88 L'L . 80 9
s 1. 9% 1R §3L 09 678 200 ¥ N8
+ xP°y x'V- /"G 071~ x2°€- xV°E «£°2 q-e
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N A TS SO A S 1 ¢'0l 6°9 9°LL 6°lL ®© nHY
+ xP°9 x8°/- x1°0l x| °€- x["P- x€°€ %80 q-®e
P «x£°€- 6°1¢ €°6l S°0L #°LL 2L 1'¢l 9
A '€ I'vl  v°62 L 79 G701 6°8L R0
+ S 280 £/ P°0 x6"€- x6°1 xp°§ q-e
s *L°l- 6°6l 678l ¢'8 L'lL §°9 el q
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Appendix III,5

Differences in duration (in cs), Fo, and peak intensity between (a) mdmam and
See further the in-

(b) mamdm in a one stress utterance in Standard Danish.

troduction to App. III-V.

Duration Fo Intensity
diff. diff. -y
W e T me  dea AR SEASRRE Rl s
NN a  11.3 12.7 4.5 10.5 24.0 15.0 2.2* 9.0* .\__'.f | ==
W% 7.8 e 5.9 091, 15,9 21.1 -3, 1eskEgpil RSN aIE
a-b3.5% 4.6% 5.4% 0.7 B.T%-6.T% 5.3% T4.2F m 35
PH a 9.5 9.8 6.6 9.419.3 16.0 0.4 3.3* ,,-'p" i
b P8 Bk (Tl 943 14:297.0-2.9% aia | SLEGRL,
T T A 1 S 5 % B o P 0 0 £ ¥
BF. m.¢ 8.9 9.5 6.8 "B.6 184154 0.9 2,08 i |- -
by 7.9%5.:3 ; 5. 8.3 142 96.8 -2.0n Tpler | 0 il
3B 10 I LT 00 A F-T.0 0.0 e~ o o
OT ‘a - 9.2 13.1 6.8 10.1 22.3 16.9 3.0% 5.8+ | .. =T fo =
b 7.5 8.9 7.1 12.0 16.4 19.1 -3.1% -2,7* s
R Tn BT B AR T T >
B a 9.4 12.0 6.2 9.621.415.8 2.4*% 5.6%| ../ N |- -
b 8.5 10.3 8.5 11.3 18.8 19.8 -1.0 -1.0 5 B
3 0.0 17X 2 T A0 I 6. 0
IE a 10.1 13.6 12.8 16.5 23.7 29.3 -2.9% 5.6+ | .. \. [— —
b 794 1.8 0.4 13.5 20,9 23,97 ~1,7% ~3.0* &
T T T8 T I ST 25 T v ¥
MK a 12.1 10.0 7.9 8.6 22.1 16.5 1.4% 5.6 /% |-~
b 9.6 9.5 11.0 9.519.120.5 0 -1.4 Tl
PN P 1% T P L Y0 P Sl IR -
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Appendix III,6
West and North Jutlandish

Differences in duration (in cs), Fo, and peak intensity between (a) Sdnddalen
and (b) sanddlen in a medial stress group. D means dialect, RSD regional
Standard Danish. See further the introduction to App. III-V.

Duration Fo Intensity
: 5352
s a n san da:?l(?) an a:?lgl | aa:? a-a:
BT a 9.3 7.8 9.0 26.1 - e ol b o
D
Bob RS ERA . RB L B0ET R A &
a5 0.8 Z.7F 2.4 5.0 LR E
CHCR TR U Y TR [0 N i
RSD
bir. B.024.5: 5.7 49,3 el e n ) Ly
s<b - 0.8 4.3* 2.0% ' 1.3%.0. 0 N s
B0 04 LT BATT BR80T s g
RSD -
b 9.8 5.4 6.8 22.0 39.9 " -~
a-b -0.4 2.3* 1.3*  3.2* -0.2 € e 4
Bha 12.5 7 065080 . B AT T a e faves
RSD
b 11.2 5.9 9.1  26.2 40.8 ya e
a-b  1.3* 3.7* 3.8%*  8.8* -1.9 + o
Dta 9.8 9.8 1.8 34 274 G O -
b 96 T84 8.5 223 mmg |y ey, (o
asb 0.2 3.4* 5.5% 9.1* -3.5 + ¥ *
s
D a 1.6 9.1 8.3 29.0 39.2 gt e
RSD . t :
b 11.8 6.2 5.7 23.7 41.1 ~ "
g “~ i
a-b -0.2 2.9* 2.6* 5.3* -1.9 o +”
PN a 15.1 8.4 9.8 33.3 46.9 | /° - -
PaD a 46.9 -
b 11.2 7.8 9.0 28.0 41.6 : A
AR
a-b  3.9%* 0.6 0.8  5.3(*) 5.3 ¥ +

1) JD(D) has [2] [2:7?] for [a] [a:?] and no [p].
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~ Appendix III,7
East Jutlandish

Differences in duration (in cs), Fo, and peak intensity between (a) Sdnddalen
and (b) sanddlen in a medial stress group. See further the introduction to
App. III-V.

Duration Fo Intensity
aca
>
s a n san da:?1ln an a:?lp a a:?|a-5
PM MG 3

PN o F Sl e 24.9 28.3 N~ 5

B 95 AT T RS 28.3 e

Rebt DT e 0 + o+ *}
PM i Dy il
RSNy 10,5 “ 5.4 8.1 2407 27.9 i
B r g i 0 b 8.8 27.0 ol S 4
Balil g gn g AT g e + 4
it 9.8 a5 ala e e | Mg S
b0y Bz B9 283 9.9 N i

a=b -0.9 -2.8% 3.,8% g.0% -3.3 + *
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Appendix IV,1

Duration, distance (in cs), Fo, and peak intensity in (a) §gg
stppe, (b) sddsippe, ‘and (c) sdd suppedds, and the differences a-b,
a-c, aud b-c in Standard Danish. See further Introduction to

App. III-V.

Duration .Distance Fo Intensity
NR spd?  sobs o $ — o | g oo ‘ g o
a 29.5 34.9 12.5 28.4 | N ~- 1 a5
b 26.5 28.7 10.0 YT AR B S S L
c 0.4 287 BB LY T v
a-b 3.0  6.2* 2.5% | 4.9% + =
a-c -0.6 B 2% B9 2% R + -
b-c  -3.6* 0 (A7 “me* + 0
PH g !

g ;
a 26.9 . 30.1 996 L 258 ¢ | o0 o
i r i

b 26,4 . 2H8 RPR. ko ] RN =
c 27.7 245 6.0 | 240 NNy oy el
a-b 0.5 4.3* 2.4* | 1.3 + -
a-c -0.8 5.6* 3.6* | 1.4 + +
beg: 218 1.8 -y 0.1 (+) +
EF ‘
a 2857 9.3 9] 956 S G- e
b 24,7 241 5.6 | 22.4 ~ . —
c 23.6 24.0 4.1 | 23.1 i P v
a-b  -0.2  5.2* 2.3* | 3.2% + +
a-c 0.9 5.3* 3.8% | 2.5% + +
b-c Tod A - 1.5 3 o0l (+) +

continued
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(Appendix IV,1, continued)

FISCHER-JORGENSEN

Duration Distance Fo Intensity
oT sgd? soba o [/, S o $ O @9 @ o
a 27.9- 35.4  13.3 28.4 b LRI N R 7
b 26.3 30.1 10.2 25.3 ~ N\ - e
c 26.3  30.1 7.9 25.2 ~ N\ oy
a-b 1.6 5.3% 3 1* 3.1* L
a-c 1.6  5.3* 5.4* 3.2% AR S
b-¢ 0 0 2.3% 0.1 LRy sl oy '
SR
a 28.9  34.1 11.0 289 | ) sxoioic i
b 25.3 29.8 8.8 24.5 i S hindlen ‘
c 26.9 25.6 6.4 24,6 | A aFEE ] TR S
a-b 3.6  4.3* 2.2* 4.4% + +
a-c 2.0 8::5% «4.,6* 4.0* + B ;
b-c -1.6  4.2%  2.4* -0.5 (+) 0 !
i
;
IE | f
a 39.4 43.1 15.5 37.6 AR
A s |
b 34.5 36.3 13.8 32.4 , a_ -
= |
c 85.7 " 322 " 81 <0 N O e
a-b 4.9  6.8% 1.7 5,2% + +x i
a-c 3.7% 10.4%  7.4* 5.0% + + X
b-c -1.2 3.6 5,7* -0.2 0 ¥
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Duration and distance (in cs), Fo, and peak intensity in (a) mdt
1dmpe, (b) ndtlampe, and (c) mdt lampét, and the differences a-b,

See further introduction to

a-c, and b-c in Standard Danish.
App. III-V.!
Duration Distance Fo Intensity
NR at a lam lamb a | a—a | ma lam o/, a a a/¢
a 16.8° 1057 25.6---289.5.-11.4 .|-24.8 i = - -
b 0.4 1.2 283 2157103 | 241 TR & e e
| |
c 17.7. “10.3 ::16.5 5.4 | 23.8 o ¥ gt (W e
a-b . 0.4 -0.5 1.3 " 2ME1.0 | 0.7 + 0
a-c -0.9. 0.4 9.1* 6.0 1.0 | + 0
b-c -1.3 0.9 7.8* 4.9 0.3 1 + . 0
PH ! | |
E 10 29 5T W T | e S
{ W |
! ! : |
b I 88 2%.T Bl Wy RE.3 NG | T % ‘
c 17.4 9.1 16.9 g2 2.2 Lo Rl E T
a=b. 0.8 T 1.7 el T R {7195
a-c 0.1 -0.2 6.0*% $.0% 1.1 + ; -
b-c -0.2 -0.3 4.8* PR 0 ; 0 |
EF 5
a 16.0 8.5 21.5 27.4 7.8! 22.8 . Y Pt 8
| v e
b 17 :3..559:05 18:3: [ 22558485758 f 22.6 e e - - _
! S PR
c 16.1 8.9 14.8 4.6 , 21.3 Gty R g
: N
a-b -1.3 -0.5 3.2* 4.9 0 | 0.2 + +
a-c -0.1 -0.4 6.7*% 3.2* 1 - 1.5 + | 0
bee . Il 0.1 . 3.5% 3.2} 1.3 | 0 ‘ -
. i
1) The difference s-¢ is not included in the comparisons a-c and

b-c, only mat lam.

continued
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(Appendix IV,2, continued)

Duration Distance Fo Intensity
0T at a lam lamb a a—a) ma lam o/e| a a 9/¢
AMTIS2 1 10,1 25 - AR M2 25,2 Al RS
B7S800" Mo 28T, 3LE M6 24.4) el A Eaes o
c 19.0 10.1 17.4 7.3 2.0 2 P eRnge T e
a-b 0.2 1.5 0.4 -0.4 0.8 + -
a-c -0.8 1.0 7.8* 3.9 1.2 + -
b-c -1.0 1.0 6.3* 4.3* 0.4 +) 0
|
SR i
ge. 987 88 THRus  BRIE - 9.9 250 |k e ?
} bt —_ 3
b. 18,5 . 8,8 20,8 A5EEA0. 23,61 gl O g f
{ - <
c 18.3 8.0 16.6 5.9 22,91 ‘e e uTa
s ‘ ;
a-b 0.2 -0.5 1.7% 3.* -0.2 1.5] + - |
a-c 0.4 70,37 5.9% 4.0 2.2 + < 5
b-c 0.2 0.8 4.2 4.2¢ 0.7 (+) + ;
! z
IE z ;
g Ce6 BV 12,8 2% B8 184 NERT T e §
“® '~ - ;
b 20.4 1.6 29,6 386 < 1.9 312 | L= §
¢ 24.4 12.1 23.1 8.7 AMPL . pu sV
| - %
a-b 2.4 0.8 2.5% 5.2 1.5  3.6% + + §
a<¢ 2.4 0.3 . 8.0*% 3.9? + + * :
b-c 0 -0.5 6.5* 3.2 0.3} 0 x|
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Appendix IV,3

Duration and distance (in cs), Fo, and peak intensity in

(a) Spies réjse, (b) Spiesréjsen, and (c) Spies rejse (méd),
and the differences a-b, a-c and b-c in Standard Danish.
See further introduction to App. III-V.

Duration Distance Fo Intensity
EF sbi:?s i:? mais~? ai i: ai| i:? ai o/p i:? ai
a 806 850 . 204 150 Teod [oa i iy e
ot 5
b: . 29.3 9.1 .-25.4 14,8 T20.7 ot~ 2GS OEE

¢ 3.0 97 BMJNLe .8 0K I R TR

a-b 1.3 -0.2 1.0 0.8 1,7 + g +
a-c -1.4 -0.8 3% 39580 0.1 + t ¥
b-¢' «0.7 -0.6  4.3% 3.1%} -1.6 0 g %

Appendix IV,4

Duration and distance (in cs), Fo, and peak intensity in (a)
vén skdber, (b) vénskabet, and (c) Xéﬂ skaber (problémer), and
the differences a-b, a-c, and b-c in Standard Danish. See
further introduction to App. III-V.

Duration Distance Fo Int.
EF ven € sga:(?)b a:(?) €e-a: ven. - at by
a 16.8 5.8 30.7 1.8 25.7 | - -
.'l" s "

b 15.2 5.6 25.3 s S IR BRI e

c 16.7 5.7 26.7 8.5 2.7t e
figd X |

a-b 1.6* 0.2 5.4% 3.1*% 3.0% | + -*

a-c 0.1 0.1 4.0 c WL, W + -*

b-c =1.5% 0.1 -1.4 0.1 2.0 | 0 +
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Appendix IV,5

FISCHER-JORGENSEN

Duration and distance (in cs), Fo, and peak intensity . in
(a) gds brénder, (b) gdsbr@nder, and (c) gds brender (néd),

and the differences a-b, a-c and b-c in Standard Danish. See
further introduction to App. III-V.

Duration Distance Fo Intensity
NR gas a been(?)o  a— m» a ¥eno | a =

3 20:3 NS AT 26.9 i £ I )

b 25:1 11.3: - 34,0 26.0 o e it i &

¢ 26.34 1.4 .31 4. g VTR

wiblid
a-b 12+ 05 =09 0.9 + gy
a-c -0.1 0.3 1.6 -0.2 + 0
b-c -1.3  -0.1 $0* el 0 + *
| |
PH g
a 25.1 1.7 30.9 | 25.4 TR Vo ot o
i (4
b 23.6  1.% "29.5 24.8 d'\ e oY
] —

c 24.8 11.7 28.9 | 25.8 i A &
a-b 1.5 0.6 1.4* | 06 + oS
a-c 8.3 9 2.0% | -0.4 + T T
b-c -1.2 -0.6 0.6 -1.0 + bood
EF(A)

a 2247 99 308 |24.3 Pias % (TR

b 22.0 10.4 30.8 23.6 Ao ki

b o

¢ 23.1 1081 &9,3 24.6 > \. e, i

N\
a-b 0.4 -0.5 0 0.7 + +
a-c 1.3 -0.4 1.5 -0.3 + .
b-c -1.1 0.1 1.5 | -1.0 0 =

continued
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(Appendix IV,5, continued)

141

Duration Distance Fo Intensity
EF(B) gas buaen(’?)o] a-B2| a ganp a '
R 5% PR ¥4 29.3 24 .1 7 e a 3 D
b:< 22.0 :- 859 281 i 23.1 7N T
{
c 22,97 %P 20008 H3M.6 ok A
a-b 0.1 -0.1 B e 010 + i
a-¢ =8 -0.8 -0.1 | -0.4 + ; +
b-c -0.9 -0.7 -0.7 ! -1.4 0 ! -
oT
a 29 11.8 36.1 29.1 R ile % . SR |
|
b 26.4 11.6 361 27.8 Sl T
c 26.8 11.6  36.3 29.2.0 | it LR R
; !
a-b 0.5 0.2 0 1.3 + 0
a-c 0.1 0.2 -0.2 -0.1 + i = i
b-c -0.4 0 -0.2 -0.4 0 i - %
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Appendix IV,6

Duration and distance (in c¢s), Fo, and peak intensity in (a) mdle kdssen,

(b) mdlekassen, and (c) mdle Casandva, and the differences a-b, a-c and b-c

in Standard Danish.

See further introduction to App. III-V.

Duration Distance Fo Intensity
NR ma:ls a: kPas a ‘ a: —a |maile an/a, a: a
a 36.6 16.3 38.3 16.4 . 39.9 s s P
b 85,2 AR .98 750 ' 3748 < 5 G -
E gy X o
T | AL T R T 9.8 - | ARV LR
| |
a-b 1.4 0.4 4.4 2.0+ | 2.7* + E
a-c 0 -0.1 12.7* 6.6 | 1.8 | + Y
T R Y S 1 8.3* 4.6*  -0.9 0 +
PH | g
2., 28,8 TTA2E 8.8 107 ¢ | 3L0 . f g e
b 8.8 it o 25.4 9.9 30.3 | %X I
A i
I A TN R R R . G AR 1) AR
e LA
acho: 803 L 06 - 3.4% - .08 Bas + L0
R oo F.o0. - -8 )% {4 + |+
Boe - o Fiilib 3.8  2.9% of i 0 i
EF ’
& . 28.9 T ASRENT 3.3 §.4 ] A3 SheE b e 3
i o -~
; L
b 958 A 23,7 IR R RN 9 -
b ] %
& Eam g, T LT, 220 7.3 30.2 S i
z 2 el S =
a-b 3.1 1.9 L R Y S L + +
a-c 0 0 5.3 g% "] 3.3* + +
N A 17x 1.6* | -1.9% + +

continued
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(Appendix IV,6, continued)

Intensity

Fo
"mails z.5/a

Distance

Duration

9.

a

35.2

35.0

a

khas

ma:ls

oT

155 38.2 13.5

31.1

15.3 33.6 12.1

30.1

15.4 28.9 7.4

30.4

orNmMm
. . .
-— 00

%5
o ©.0

IE

41.9

18.5 46.8 16.0

34.4

42.2

18.4 44.6 14.8

35.0

18.4 35.9 10.4

35.5

BJ

N

0
o™

16.9 38.1 14.7

31.1

é._/'”\, \

17.1 36.8 15.3

31.4

_ o + + + + +
o Z ’ ¢
+ +O , ++\“
i s /- i
\.. R4 . >
./ l/ / ¢/
* *
()] O MW ~ ~ < o MmN
. . . . . - . . . .
~ oo o O - O n o<
(3.0 ! o (3] ™ ]
x *x *
O O «— N~ o0} < (20} < WD -
. . . . . . . .
()] o wmnw -— -— o O v
] - - -
x X *
(o] MmMMO o O e O oW
. . L .. . . L] . . .
o — N O < N -— NN
o ™ o™ (32}
* *
o O\ g e ™ r~ ~ O TOoO
. . . L] . . . - .
~ oo o < N < — O N
-— R - - - | I ]
* *
L (32] o - (o] < oM MO
. . . . . . . L3
-— Lo I e [} o ) < ()] < o<
o ! o N o 11
3-8 . B
© .0 < © 0
p. 7
=
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Appendix IV,7

Duration and distance (in cs), Fo, and peak intensity of (a) mdle bdtten,

(b) mdlebdtten, (c) mdle bptte (fém), and (d) male bgtten (grgn), and the dif-
ferences a-b, a-c, b-c, and a-d in Standard Danish.
to App. III-V.!

See further introduction

Duration Distance T VR Intensity
ma:ls as bgd o) a.— g | ma:ls ¢§ é b T
NRa' 7832.6 - 15.6- B0 2050 357 *hl., o i s
| , S -~ T . i i
W I W R SEER 0l T3 S 3 oA N
%\_ o Vs %
c 32.2 159 21.2 7.8 | 33.3 p g S
B |
25,5 1.9 R 06 | 91a ) Ll 5 FHe
1 s mnt e T |
b 30* . LIoETHET el 3.4 G + e o~
a-c 0.4 -0.3  8.9* 2.7 2.4+ | + PR
b <-2.6% 0.6 3.9 0.9 | -0,7 | 0 R
a-d  6.1* 3.7* -1.5 0 4.4% | * +?
PHa 26.9 13.4 25.1 8.3 | 30.8 B = %
b . 27.3 . -18.2 - -20.5 7.2 27.6 - _‘/’”\\ b e
c 26.3 13.0 22.3 7.2  29.8 S e O PR
o G Sl S |
{ N ! e :
d 24.1 12.9 24.0 8.0  28.6 e a i
b, . 0.4 . O HEr 1 | 3.2¢ + Py
a-c 0.6 0.4  2.8* 1.1 1.0 : + L
hoe f.0 . 0.2 1.8 0 . | 0 ot 3
pvd 2B DR 4.9 0.3 2.2% 90| + Ry
EFa 28.8 14.6 24.6 7.4  30.9 e bl = A
: 'J - g 5 3
b 26.2 12.6 18.8 5.3 = 27.5 i P g f
! . Pt
¢ . 28.1 . 1397 N4 B2 29.9 LT S T
d 249 1.5 247 7.0 | 28.4 6 e SR T
N P 1
a-b  2.6*  2.0* 5.8% 2.4* | 3.4* | + SR !
B%c 0.7 0.7 c1.2%v 2.2% | 1 4.8 * B ;
b-c  -1.9  -1.3 1.4 0.1 | -1.6 (+) [y ;
a-d 3.9  3.1*  -0.1 0.4 2.5% % |+ !
1) ¢ and e(in fem and grgn) are not included in the: continued

comparison.
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(Appendix IV,7, continued)

Intensity

Fo

Distance

Duration

O\ &~

ma:ls

=¥

35.4

bgd

ma:ls

30.7 16.1 30.6 11.0

0T a

13.8 24.9 8.4 31.6

28.9

33.8

15.9 24.4 8.5

29.4

30.4

12.6 29.1 9.7

25.6

e (L B

+ +0O +

32.6

28.8 14.1 26.6 8.}

SR a

31.6

13.6 25.9 9.7

29.3

14.1 21.3 7.6 30.8

29.4

30.1

12.1 24.4 1.7

26.4

+ + + +

30.1 15.7 37.7 14.3

IE a

34.1

3

30.1 "

16.1

31

34.9

16.8 e7.1 8.6

315

eb

+ + 1+

31.0

13.8 31.9 "

26.8

bCCd
aaba
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Appendix IV,8
Duration and distance (in cs), Fo, and peak intensity in (a)

1émme 18r and (b) 14mmeldr, and the difference a-b, in Standard
Danish. See further introduction to App. III-V.

Duration Distance Fo Intensity
NR lame a 1p:? 1©0:? |a=1p:? lamelo:? | a ©p:?
a 937713.6  2BAT6.A 204 B JHEG LT
ke
b SRS TWNE - W T RN K i SR s P
.lvl.
a-b -0.1 0.2  4.5%+ 0.8 | 2.8% | + 3
f ‘
PH
| 2 a
a 29.8 12.3 263 17.4 (169 |, L e
| v
b 27,7 1.9 . 20961587 M8 L R ARG
a-b 2.1 0.6  3.4* 1.6% 2.3% | g L B
EF
a 26.9 10.3 24.1 18.4 16.6 e
v
b 28400 005 168 | 155 HhE e SR ST
[ |
a-b 1.8 0.7 ,8%  2.9% 1.0 S Y ;
i
oT i ;
a 35 13.2 271 185 203 | . -
A : 28:2. 16,0, 17,5 , =
b 29.4  12.1 3 1 1 R "\ h |
a-b I A% b 3.9  2.5% 2.8% + i + ;
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Appendix IV,9

Duration and distance (in cs), Fo, and peak intensity in (a) vdrme appardt,
(b) vdrmeapparatet, and (c) varme appardtet (op), and the differences a-b.
and a-c in Standard Danish. See further Introduction to App. III-V.

Duration Distance Fo Intensity
NR va:m a: aaba Ba:? a:? ja:-a:?va:mea axa:?P @ a a a:}
bt 26 TR ek 8.6 15,9 A, BT B
| B " — -

b 242 167 11.2 165 - 12.8 | 37,7 - .| |
; L oAby i Mg ST

c 24.8 16.4 13.1 20.1 15.9 } 37.8

-

|
|
a-b 20" ..01,2 3.2%  3.4*  2.5% 5.5%  (4) e

a-c 1.4 1.5 -1.9  -0.7 -0.6 24+ b b
PH | |

a 27.9 14.7 18.6 18.2 12.8 | 45.1! o e
ot / \A./ ‘{

b 26.4 145 18.8 17.3  12.4  43.9. "\ ~
(55 o s o s R
¢ 25.7 14.8 19.9 20.1 14.4 | 45.6 ’,~? i
: NN e i - o —
a-b 1.5 0.2 -0.2 0.9 0.4 | 1.2]. % e
a-c  2.2* -0.1  -1.3  -1.9* -1.6 - -0.5;, + L+
EF : | |
£ B 198 HEEN Y| ML &
| oS N . s
b 26.8 . 180 207 <58 M6 | ATOY it e
¢ 22.3 13.1 23.3 18.3 13.7 | 45.6]. il a
T e N s T %
a-b =05 0.1 -1.9 1.7 1.5 =25 (+) +
a-c 3.0, 2.0* -3.5* -0.8 -0.6 -1.1'  + 6 i

continued
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(Appendix IV,9, continued)

Duration Distance Fo Intensity

oT va:m a: saba Ba:? @:? |a:-ai? va:mea asa?P a: a a a:?

a 26.3 16.2 23.1 20.9 16.6 % 47.9 a-"~—~\ -

b 2B M A9 e YR 1.6 ) A5e o 3 P

! ’ :

c 25,1 13.6 19.6 22.6 16.8 = 44 .1 BRI e £, T

a-b 1.8 1.8 4.0 Q9 S 0M Y 3 T

a-c £ 2.6*  3.5%* -1.7  -0.2 ' 3.8*% + LN 4
: | ]

SR E

a 24.9 14.6 19.0 17.4 13.4 | 42.9 3 PR
¢ '/ \\f :

b i268 . 4.8 11858 16,6 - 13.2 | 2.6 LIpn. i e

€ 25,7 71807 194 19,1 14.8 | 43,4 W i =
aebt. 0.9 0.7~ T0.20 0.8, G2 03] B Tl s
a-c  -0.8° 0.6 -0.4 A7  -1.4 | -0.5 TR
IE | | g
a  33.8 7.9 241 27.2 2081568 | S| | P
b 32.3  16.9 221 19.6  16.2 | 51.5 | T\ et
: : 8. " 25, .2 | 54. SE RO
6. 80,9 "G A 288 254 19 | fli o
T T - GR  E  E N B
a-c 2.9%0i 135 0.3 1.8 1.6 | 2.7* - LR e
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Duration and distance (infgs), Fo, and peak intensity in (a) mis fbrst&f,
(b) m?fsforstc'ir, and (c) mis forstdr (spdg), and the differences a-b, a-c
See further Introduction to App. III-V.

and b-c in Standard Danish.

Duration Distance Fo Intensity
NR is 3 fo gdoi? B i i~ i-91? | po:?2 | i o D:?
a 146 6,0 "13.4 28.3 16.371n22.0 © 39.0 | Tt
b -4 - 7.4 92,8 254140 L .2%.9 . 38.3 =l I
G 13.5 6.4 <18.47 8.3 ' 6.6 225, 49,71l 2 4 ST
aaby - <05 <4 8% DS pi8 0% PP ianit 0.1, 0.7 0 -
a-c 0.1 -0.4 -1.0 10.0* 9.7 -0.5 =-0.7 | (+) -
b-c 0.6 1.0 -1.6* 7.1*  7.5% -0.6 -1.4 (+) +?
PH i
a 13.5 6.3 11.6 27.7 14.8 21.6 38.0 | \ =
b 18,37 685075 229 1844 2.8 ] B
¢ 13.9 .5.8 1.8 23.5.¥92,1:1420.9 . 36.2 LA ¥
g:b 0SB 0,1 v D49 A8 TSR IBRGE . 3.0 | . #) +?
a-<c -0.4 0.5 -0.2 4.2* 2.7* 0.7 1.8 (+) +
b-c -0.6 0.4 -1.1* -0.6 0 -0.9 -1.4 0 +
EF (A)
8. 133 56 120 7 28417 AET 1-.20.8 . 37.3 R = —
B* 4.9 5,3 118 20,8404 18.6 34.3 N\ - %
| | R
c  13.84 5.6 12.40.97,9¢ 196.4.§ 20:90:282,% | va 1=
S§=b  1.4* 0.3 0.2 73.3% 2,6% 2.2% 308 (+) +*
a-c  -0.1 0 -0.4  6.2* 6.3* -0.1 0 | 0 +*
b-c  -1.5% -0.3 -0.6  2.9% 3.2*% -2.3* -3.0%. + +

continued
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Fo -
D Dis

! mi

s

i=ps
34.3
37.0
-2.7*
44.1
39.6
42.9

Distance
-2.6*

21.

23.7
24.7
20.5
24.5

p:? | i-p

1%

2.8*
2.8

8.3
15.8
11.8

2.4%

sdp:?
20.7
18.3
28.6
24.4
22.1

1.3

11.9
13:2
13.4
13.3
13.4

Duration
fo

5.3
5.5
~f 8
8.6
7.5
8.3

is
12.8
-1.0
17
13%7
173

(Appendix IV,10, continued)
13.8
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Appendix IV,11

Duration (in cs), Fo, and peak intensity in (a) utyske and (b) Herrenhitiske,
and the difference a-b in Standard Danish. See further Introduction to
App. ITIT=V.

Duration Fo Intensity
NR u t h y/i sg thysg/tisg i N sy/iue | "5 i s
BT 3.8 s 7 Rd Sl ] Rty Lo A
b 6.6 2.7 4.6 5.3 5.1  24.5 L Eap
b . 0.1- 0.6 6.8% 2.4 0.3 9.9* + +*
PH !
“Hadh B By W B.1 . 6.977 408 3.8 A W b
b 6.9 3.6 2.6 5.7 12.6 24.4 LA e
a<b 0.4 0.8 5.5% 1.2 0.2 7.4 | (43 | #* |
. | ;
E
EF . :
a 5.0 5.0 4 B4 U119 30.7 B BGE L G hl bt
R 6.8 A% BRI F i B

a-b -0.8 0.4 4.6* 0.2 -0.7 4.6* : (+) . +
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Appendix IV,12

Duration (in cs), Fo, and peak intensity in (a) utyske and (b) polftiske,
and the difference a-b in Standard Danish. See further Introduction to
App. FIT-V.

Duration Fo Intensity
oT u/i t h y/i sg thysg/tisg u/i y/i » y/i'y/i s~
2 B0 Bl WS T 12.9 - 358 Mg osh Badas
b 89 59 0 B [ 13.5 | 25.7u Tl el R

|

S a0 DA TSN 0.6 . 1Bt okl Tl
SR | J

& B4 SR UG 131 3 g ST

b B B ASTREE . W.T 285 e
BB C 1.7 B AR SR Tl o BRSO el ik vy
IE

s im . BB DA NS AT AB Gk iad

b 9.8 3.8 1.8 8.4 14.4 28.3 | N

a-b 8.0% 18.6%. 2.0* 3.1* 17.4* + .
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Appendix V,1

Duration and distance (in cs), Fo, and peak intensity in (a)
sdd svppe and (b) sfdsuppe, read by Jutlandish dialect speakers.
D = dialect, RSD = Regional Standard Danish. * means signifi-
cance at the 1% level, (*) at the 5% level. Each measure is
the average of 6-8 tokens. See further Introduction to App.
ITI-V.

Mast Duration Distance Fo Intensity
Jutl. sgd? sob o o— g ' g o | @ s 0
i |
o 20 B8 o9 77 SR G WM
b 28.3. 21,9 T e.p 21.6 Nia  Tpre
T TR WA HL SR T R o R
! i
BT S8 A B
pp @ 21 257 9.8 | 23.0 v s
b :21.3 0RO UEE B T AT R
a-b  1.8(*) 0 0.4 of 2.4 | i
L 1
| ! 1
l —_—
i SRR M b B - ua s e Rt v e
b 27,5~ 33,37 9@ 1 B/aA | K R
H ™~
a-b  4.0(*) 3.0(*) -0.4 4.9(*)|  + 4
J | . i S
Sei i 38,8V €9.7 - 10.0 32.1 SN -, |
b 25.6 25.4 8.4 26.1 - - |
a-b 6.7 4.3* 1.6 6.0 + R

continued
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(Appendix V,1, continued)

FISCHER-JORGENSEN

Duration Distance Fo Intensity
North
Jutl. sgd? sob o l o—g | ] o o
PN a 39.8 32.3* 13.3 | 39.9 s
D | 5%
b 34.3 25.9 12.6 < U (O
NS —
a-b  5.5% 6.4* 0.7 8.8* ¥ >
East
Jutl
A 239 A9.11) v ka1 | MY e
D ;
b 228, 1597 Bil w222 | Ak gl id &R
| 3
&b . FAaedaae  £.6000 2.8 + P
P-4 22.3.-25.1 10,8 | 22.0 ~ . a0
RSD et
b 22.1 . 21LA B8 1119.9 e %5 N0 i
o R s 1% O P e b + +
LH . | g ALY 2
Rsp-@ 26205 20,8100 11,0 }.26.5 ;
Q -~
b -25.9: 18.4 18251 282 g
a-b  -0.7 2.4 0.8 | 2.3(%)| o +(*)

1) Only so could be measured.
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Appendix V,2

Duration and distance (in cs), Fo, and peak intensity in (a)
mdt ldmpe® and (b) ndtlampe, read by Jutlandish dialect
speakers. See further caption to App. V,1.

West Duration Distance Fo Intensity
Jutl. at? lam(b)? a a |a—a na lam - !
BT.oa 16.2 1858 B2 87 L 2o L i i b g
D
|
TR il P Sl N S e b 1
a<b  D.5 ~0.8 =L.1. <U.5]| -0.% +) ¥
BT a 15.2 27.6 9.5 11.4| 21.4 N
RSD o5}
b 13.9 27.6 9.8 10.6 | 20.7 2 i 22
1 8 o
a-b 1.3 0 .-0.3 Nal 0.7 + ;
TA 8°20.0 27.8 - = B0 | 27:4 P
D ’ f g% |
b 20.8.26.6 . = B:E 286 | AT he
, . o
a-b -0.8 1.2 0.2 | -1.2 (+) +(*)
TA a 17.3 28.1 8.8 9.7| 26.5 =
RSD ot fel e
b 16.3 28.3 8.3 9.6 | 25.1 / .
bR i ok
a=b . 3.0 :+0.2 7 058 0.1 1.4 (+) .
EA a 24.6 254 - 9.6 32.8 P A b
D o
b*24.9 28,2 4941318 ,‘/"/,u 2
a3 =0,.3 2.2 0.7 1 1.0(*) 0 |- il
EA <
ocp-a 17.8.36.3 11.6 1145 {*30.3 4 4 R
5 17.2 36.0 10.8 10,94 2824 A, I a
a-=b 0.6 2.3 0.8 0.6' 1.9 0 +

1) In the dialect the comparison was made between den mdtte
ldmpe and ndtlampe, since matte [ma?@] and nat [na?d] have
West Jutlandish sted, but not mat.There is also ? in [lam?b].

2) The initial consonant of nat could not be delimited.

3) Only Zam could be measured for EA,D.
continued
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(Appendix V,2, continued)

FISCHER-JORGENSEN

Duration Distance Fo Intensity
at lam(b)! a G R - |na Lam a a
T !
P 2 2.8 3.4 9.6 7.3| 32.4 2 A
b 16.4 33.6 8.8 8.2 26.7 ./ __ i
] i b
a-b  6.4* 0.8 0.8 -0.9 | 5.7*% L
JD ' N E IS
Rp @ 21-4 296 9.6 9.1 ] 286 -7 .07
b o2 26 S M8 28 |
a-b 0.7 2.0 -0.3 0.2 0.5 AL
North f : §
Jutl. § 1 !
| }
o o 2 Laee iy 12 e | S s e
b 21.5 31.4 11.212.8] 329! /. e |
. s 3 il H
25b. - 0.6l B 0T P 8a2 | + *
PN a 185 32.510.310.4 | 28.8 SN | -
b 19.8 33.310.4 9.6 29.8  / . (S
. N Vb i _
a-b -1.3 -0.8 -0.1 0.8 -1.0 ¥ +
East §
Jutl. i
PM i i
h a 13.3 18.8 6.6 6.0 20.3 |1/ . | s
b 14,0 18,278 6.3 1 2006 | pn i =
i ~ N\ i
asb~ -0.8° 0.6 -0.9 -0.3] «0.3 | e s
]
PM J 5% ". ! Theng —
wen 4 18,6 28,9 6.97.87-20.3 | W Ap |
b 14.4 24.5 7.6 7.8 | 201 | ./ - i - _
a-b  -0.8 1.4(*)-0.7 0 0.2 $¥ b
|
LH )| =
Rsp @ 147 27.2 8.1 9.2 239 ) . " 2
b 154, “26.7, 8:8:°9.7 B  p bl Fia b
|
a-b -0.7 0.5 0.1 -0.5{ 0.3 (e} cd 5
1) Only Zam could be measured for PN(D) and LH.
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Appendix V,3

Duration and distance (in cs), Fo, and peak intensity in (a)
mdle bdtten and (b) mdlebdtten, read by Jutlandish dialect
speakers. See further caption to App. V,1.

Nast Duration Distance Fo Intensity
Jutl. ma:1(s)! bgd a: ¢ |ai -3 ma:1(a)g(p), a: ¢

|
BT o 26446 10D 1B B8P il

D

b 22.8 16.0 11.5 6.1 | 24.3 | s~ &

a-b  3.6* 6.6* 3.0* 1.3 | 4.4* |+ +
Cep 8. 2B.3 3507 48787 L 0.8 (. ) mt

b 24.3 19.4 12.3 6.0 26.6 Nl N\ f o

a~b . 4.0% 5.6% 50 2.7*5 4.2*% *

|
e A B 204 BB 1B 206 |y e

b 27.4 24.8 14.4 8.8 @ 26.1 |.. 7 -

o
3

asb 1.0 A4.6% 1.2°+1.0 | 3.6(*)} (¢ [

a 40,1 34.3 134 9.3 |32.3 | A2 =

b 97.9. 31.7 129 9.3 | 986 1. Ao

a-b  2.2% 2.6% 0.2 0 | 2.7* (+) 4
A2 36.0 309 - 9.6 ' 36.3 WS P oin e
|
b 35.7 30.9 - 8.0 % TRTIN NP G B
a-b 0.3 0 1.6 % 1.1 (+) oAk
th 2 38.6 31.7 20.4 9.7 _§41.9 wavRans
b 36.1 30.0 18.7 9.2 g 85 o/ AR A
a-b.. 2.5" 1.7(*)1,7(*)0.5 | -3.3* 0 T ATk

1) In West Jutlandish dialect the definite article is a pro-
clitic [e]: ['mo:l € 'bgd] [e 'mo:l, bgd].

continued



158

(Appendix V,3, continued)

FISCHER-JORGENSEN

Duration Distance Fo Intensity
mail bgd a: g , ai- g Fa:l(a)¢d(n) a: ¢
oW 31,2 0l 94 4 82 i.-/“\ e
b~ 28,9 24.7 i~ B30 282 2" ~ B
asb 1,9 0 .5 1.4 3.9% R o
W atda g a0m . fem. i oan.g | ML e
bC 323 6.3 165 7B L.2Ba |7tk k ;
R LT R T
North é ? §
Jutl. ; |
A VT NI TR R R TR A A | s
b 35.8 28.1 - 105 3.0 | S| T _
a-b -0.2 0.7 e A I o i
Pep @ 38.9 32.4 18.610.3 41.9 E Wige] Fa
b 39.4 26.4 17.1 8.9 37.4 ' o e |
ab 0.5 6.00%)1.5 1.4() 4.50) < ;
East 5 :
Jutl. 1 ;
w24 219 40,6 7,97 237 j../“‘JA i i
b 31.5 19.2 9.7 7.4 21.6 '1/“ S B
TERTEEE U e 0
Pep @ 25.9 22.1 11.0 8.4 27.4 ‘/ w ST =L
b BER0- 1908 DB B - 26T g AR (AT |
ab 0.9 2.3* 0.5 1.5* 1.0* |+ 0 ﬁ
tha 31.6 29.0 15.910.0 35.3 i//\] i i
b 30.8 25.6 14.910.3 33.0 ./ ~| i ot ;
A 0.8 34 1035z [ 4 Vo s
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Appendix V,4
Duration and distance (in c¢s), Fo, and peak intensity in (a)
mdle bftten and (b) mdlebdtten, read by Funish dialect
speakers. See further caption to App. V,1.

Funish Duration Distance Fo Intensity

ma:]l bgd a: @ a:' - ¢ Jma:l(a)¢ n
MA 228 198 TRoLIRERE Ay T e
23. i y A X T, e g

b 259 120 9.5 5.3 ghel [
a-b -1.1 0.2 0.8 0.2 -3.4 - +*

LA o 274 223 120065 1223 | AT

; e -

b 269 21.8 12.9 6.0 ' 21.8 /S 2

ab A5 g8 097 .54 0.5 R o
;7 .
Wa 381 309 19.2 7.6 [40.2 i 7~ -

b 35.4 30.3 168 88 | 343 ..

a-b 2.7 0.6 2.6(*)-2.2

P8 a0.0 385 195 8.8 458 | M oHN T

b W6 29,0 1707 9,6 | 430 L ARG | =
b b6 Bis' 2.80Ngie 15t 1 s +
Ka 9.9 278 WM TA TG s T

b 30,1 . BT IR RN Lot i
b 3gx g.2e 1.2 1.0 ]R8 + +(*)
EH Ly s

a 28.6 21.3 11.6 7.1 | 28.1 | -

b 26.9 19.6 10.5 7.2 | 27.0 |-w > | = =

a-b 1.7 1.7(*) 1.1 -0.0{ 1.1 | + {
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Appendix V,5

Reduction in duration (in cs) of the first member of compounds compared to

the first word of a sequence of two separate words with main stress and the
same segmental structure, read by Jutlandish dialect speakers. D = dialect,
RSD = Regional Standard Danish. * indicates significance at the 1% level,

(*) at the 5% level. There were 6-8 readings of each word.

BT TA EA JD PN PM LH 1 average
|

'sgd? sobs D ~Fel . = 4.0(%) §.5%: 1.4 o P
RSD  1.8(*) - = 6.7(*) U ' ~1° |- 2.0

'ma:le bgds D 3.0% o . le 0,3, 1.9 <08 B8 A 7
RSD “R.0* "-2.2% ;2.5* 1.1 -0.8 08 0.8 1.6

'nadlamba D 0.6 - ~0.8. ~0.3 6.4* 0.6 =0.8 - 1.0
' rRSD:. 1.3 1.7 0.6 -0.7 - ~138 <008 TR0 L=l

average 1.7 0:9° 0.8 3.2 UBes 0, -0.2 ]1.1\1.3

w

Appendix V,6

Reduction in duration (in cs) of the second member of compounds compared

to the second word of a sequence of separate words with main stress and the
same segmental structure, read by Jutlandish speakers. See further caption
toapp. V,5.

BT TA EA JD PN PM LH average
'sp5? sobs D Y. 5 - - 3.0(*) 6.4% 3.2% 3.9
RSD 4.3*% I35 28 2.6
'ma:ls bgda D B.6% 4.6~.0 b.o* . i 5. 3.5
RSD: ' 5.6% -2.6%1.7(%)4.5*% 6.0%  2.3% 3.4% 3.7
'nadlambas D -0.8 8, 8.4 08 3.4 0.6 s
) RSD O w2, Bed - 20 L8 1.4 0.5 0.6

average 2.4

no
{ e
—
()]
w

b 3:1 ge D £ 2.4\2.1
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Appendix V,7

Reduction of the distance (in cs) between the start of the first vowel and
the vowel with secondary stress in compounds compared to the distance between
the vowels in a sequence of two words with main stress and (practically) the
same segmental structure, read by Jutlandish speakers.

BT TA EA JD PN PM LH average
'sgd? sobs D 0.9 4.9  8.8%  2.8* 4.4
RSD 2.4% 6.0% 2.1% 2.3 oy
'matls bgds D 4.4* 3.5(*) 1.1 3.9(%) 2.1 2.1% 2.9
RSD 4.2% 2.7*  3.3*  4.6%  4.5(*) 1.7% 2.3% 3.3
'nad lambe D -0.4 -1.2 1.0(*) 5.7* 3.2 -0.3 ¥.3
RSD 0.7 1.4 1.9 087 -1.0 0.2 A 0.6
average 2.0 2.0 1.8 4.3 3.5 1.4 1.6 |2.0\2.6
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THE PERCEPTION OF VOICE ONSET TIME: A CROSS-
LANGUAGE STUDY OF AMERICAN ENGLISH AND DANISH

JENS B, CHRISTENSEN

This paper examines the relationship between the pro-
duction and perception of the voicing distinction

for American English and Danish stop consonants in
initial position. In a comparison of tne production
of /p/ and /k/ for the two languages the Danish stops
were found to have longer aspiration. It was there-
fore hypothesized that perceptually, Danish listeners
would have a later cross-over point than American
listeners. This was tested in a labelling experiment,
using computer-edited, naturally produced stimuli.
The aspiration was shortened from right to left to
produce a series of stimuli ranging in VOT from +10
to +70 msec of the syllables pi, pu, ki, and ku. The
listening tests showed a statistically significant
difference in the expected direction for the labial
stimuli but not for the velars. This may be due to
the stimulus range which proved to be less appropri-
ate for Danish listeners than for American listeners.

I. INTRODUCTION

Voice onset time, or VOT, the temporal relation between the re-
lease of a stop consonant and the onset of vocal fold vibration
has been shown to characterize the phonological contrasts of
homorganic stops in initial position for most languages. On

the basis of spectrographic analyses of naturally produced syl-
Tables Lisker and Abramson (1964) proposed three categories

into which these languages seem to group their stops: 1) voicing
lead, assigned negative values, 2) coincident and short lag,
assigned zero or low positive values, and 3) long lag, assigned
high positive values. The stops in this last category have tra-
ditionally been called aspirated.
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Their main objective for setting up these categories was to
find "some single best measure" by which to separate the pho-
neme categories, and do away with the traditional concept of-
voicing, aspiration, and force of articulation as three mutual-
ly independent dimensions. They note that they have not been
able to find any language where force of articulation would
stand as one single feature, separating phoneme categories of
stop consonants. They consider force of articulation, or’
fortis/lenis, to be closely connected with aspiration. One
disconcerting factor which supports Lisker and Abramson's at-
tempt to eliminate fortis/lenis is that phoneticians are still
searching to find the physical, or acoustic correlate which
will adequately describe this feature. See e.g. Fujimura and
Miller (1979) and Kohler (1983).

It is well documented that VOT is a sufficient cue for listeners
to differentiate between the phoneme categories found in their
native languages according to the categories proposed by Lisker
and Abramson: for American English and Thai by Lisker and Abram-
son (1970), for Spanish, Abramson and Lisker (1973) and Williams
(1977), for Polish by Mikdés, Keating and Moslin (1976) and
Keating, Mikés and Ganong III. (1981).

Other cues have been shown to be operative in the perception of
the contrast between stop categories; a cutback of the first
formant, Liberman, Delattre and Cooper (1958), and the transi-
tion of the first formant, Stevens and Klatt (1974), (see also
Lisker, 1975), as well as the fundamental frequency at the on-
set of voicing, (Haggard, Ambler and Callow, 1970), (Abramson
and Lisker 1983).

Common to almost all cross-language studies is that they have
compared languages which in their voicing contrasts differ
across VOT categories. English has been contrasted with Thai,
which shows a three-way contrast, with Spanish and Polish, both
contrasting voicing lead with voicing lag. The theory of VOT
has influenced work in other areas of linguistics, e.g. child
language studies, where VOT was used to investigate possible
innate feature detectors in infants. In a study Eimas, Sique-
land,Jusczyk, and Vigorito (1971) found that one and four month
old babies were able to discriminate between pairs of stimuli
of +20 and +40 msec, but were not able to discriminate between
pairs of stimuli that both had VOT values of either <20 or >40
msec. Eimas et al. therefore concluded that the 20-40 msec of
voicing lag constituted a natural boundary, which incidentally
is found in Ameérican adult studies. Support for this claim

was found in a study on chinchillas (Kuhl and Miller, 1978)
where these in a labelling test showed nearly identical cate-
gory boundaries as those found in humans.

The cross-language studies clearly show that it is possible for
humans to learn various sets of categories. Spanish and Polish
listeners learn to distinguish between lead and lag, rather

than short and long lag, and Thai listeners learn to distinguish
among  three categories, lead, coincident, and lag for the
labial and alveolar places of articulation, as a function of
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the Tinguistic input they receive in the acquisition of their
native language. Spanish infants of 6-9 months seem to be
able to discriminate between the voicing contrast found in
Spanish.

A comparison of American English and Danish shows that in terms
of VOT categories the same contrast is found in both languages
(if the voicing lead is ignored in American English), namely
short lag contrasting with long lag. As will be shown below,
Danish aspirated stops differ from the American stops in that
they show considerably longer VOT values. In the acquisition
of the stop system for the two languages it is not necessary
for the Tlisteners to learn a completely new contrast. They
will have to learn to distinguish between the same categories
in both languages, both being near those found in the infant
studies, and in the studies on chinchillas.

The question to be addressed in this paper is, whether Danish
listeners, because of the longer aspiration, will show a later
phoneme boundary than American listeners do, or whether a new
contrast is learned in terms of these VOT categories. The ques-
tion of the effect of formal phonetic training will also be
tested to see whether phonetically trained subjects will access
a special phonetic mode as participants in perception experi-
ments. Furthermore, the universal difference found in both

the production and perception of stop consonants will be con-
sidered; whether these differences are still present as re-
flected in different cross-over boundaries for different place
of articulation, even though the stimuli have been constructed
in such a way that most of the cues which might account for the
perceptual differences have been eliminated.

II. PRODUCTION

In both languages there is a contrast between /b,p/, /d,t/,

and /g,k/ in prestressed position. Danish /d/ and /t/ are often
pronounced with a considerable degree of affr1cat1og following
the release (Fischer- Jargensen, 1980): [d ] and [d Sl
feature is not found in American Eng]1sh, and it is therefore
not relevant in a cross-language study of this kind, to compare
the production and perception aspects of the a]veo]ar stops.

The Danish /p/ and /k/ only contrast with /b/ and /g/ in syl-
lable initial position, when followed by a (sonorant +) full
vowel. Danish thus differs from English in that there is no
phonological contrast of the kind rapid / rabid, bagging /
backing. The Danish /p/ and /k/ are pronounced as voiceless
aspirated: [b"] and [8"]. /b/ and /g/ are pronounced as voice-
less unasp1rated [b], [§]. The American /p/ and /k/ are pro-
nounced like the Danish, but are not quite as aspirated as their
Danish counterparts. /b/ and /g/ are sometimes pronounced 1like
in Danish, voiceless unaspirated, and sometimes as fully voiced,
having voicing lead. This variant is most often found when pre-
ceded by a voiced sound. Since labelling tests have shown

that American listeners group stimuli which have voicing lead
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with those having short lag, it is safe to say that in terms
of VOT, Danish and American English both contrast short lag
with Tong lag. In order to see in what way the two languages
differ in their production of the stops within the short lag
and long lag categories VOT measurements for the two lan-
guages will be presented below.

A. DANISH PRODUCTION DATA AND
POINTS OF DELIMITATION

The Danish data were obtained from the recordings of two male
speakers: JR and NR. The test material consisted of the
labials and velars followed by seven Danish vowels: /%, e, e,
a, 4, o, u/ which were all pronounced long. The test word was
inserted in a carrier sentence: De ska(l) sige .... (They will
say ....). Speaker JR read the list three times and NR four
times, giving a total of 49 tokens for each of the four stops.

When measuring VOT, the point of consonantal release usually
does not constitute any problems. Voice onset is a different
matter, and various points have been used. Fischer-Jorgensen
and Hutters (1981) consider three different possibilities:

A) the start of vocal fold vibration, B) the point at which

F1 sets in, and C) the point at which the upper formants begin.
In VOT studies there seems to be some disagreement among in-
vestigators as to which point to use. Lisker and Abramson
(1964) do not include "edge vibrations", the vibrations of the
vocal cords before they are fully adducted. They are thus con-
sidering point B to be the starting point. Point C has been
used by e.g. Klatt (1975). Others use the word voice onset in
its strictest sense, e.g. Keating et al. (1981) (Keating, per-
sonal communication), and thus consider A to be the starting
point. This point is used in this study as well, for several
reasons, one being that the measurements were made from digit-
ized oscillograms.

In Table I are shown the results for the two Danish speakers.
Since the material is limited, the individual values were
checked against results found by Fischer-Jargensen (1980).

They were found to differ only slightly from her results, which
may be due to e.g. different carrier sentences, and the dif-
ferent position of the test word in the utterance (Lisker and
Abramson, 1967), and that Fischer-Jorgensen used point B for
voice onset, or vowel onset.

Table I

Danish stops followed by 7 vowels

Msec VOT Msec VOT
b + 14.9 p +  102.0
g + 294 k + -110.8
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Danish /b/ and /p/ followed by 7 vowels.
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Figure 1b

Danish /g/ and /k/ followed by 7 vowels.
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B. AMERICAN PRODUCTION DATA

The American material consists of data from Keating et al.
(1981). As mentioned above, the criteria for isolating the
voice onset were the same as used in this study. This makes
the results of Danish and American English presented here
suitable for comparison. Only the histograms were available
in the study by Keating et al., and the results therefore had
to be reconstructed by measuring the height of each block.
The histograms of the American production data are shown in
figure 2a and 2b. The calculated means are shown in Table II.

Table IT

American stops followed by
12 vowels (from Keating et al.
(1981).

Msec VOT
b+ - 5.6 p -+ - 57,6
g +: 15 .5 k +  71.7

When comparing the data for the two languages it is clear that
Danish aspirated stops are considerably longer than the corre-
sponding American ones. In the following it will be shown how
much this affects the perception of VOT by Danish and American
listeners, reflected in different cross-over boundaries, de-
spite the fact that both languages, in terms of VOT, use the
same categories, short lag and long lag.

I11. THE EXPERIMENT
A. CHOICE OF MATERIAL

Since the purpose of this study was to examine the temporal
relations between the release of a stop consonant and the on-
set of voicing as perceived by Danish and American listeners,
certain constraints 1imit the choice of test material.

The first decision to be made regarding the stimuli is of a
more general nature, namely whether synthetic stimuli or na-
tural edited speech should be used. In almost all American
investigations the use of synthetic stimuli seems to be pre-
valent, except for a few (e.g. Winitz, LaRiviere and Herriman
1975). The reasons are obvious: synthesized CV syilables al-
Tow us to simulate some of the acoustic correlates of the
gradual change of the vocal tract configuration from the stop
to the vowel. Synthesized stimuli, however, have up till now
had some buzzing quality to them, and it is therefore desirable
to use real speech whenever possible.
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Figure 2a

American /b/ and /p/ followed by 12 vowels. From

Keating et al. (1981). Permission by Patricia
Keating.

o HET
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Figure 2b

American /g/ and /k/ followed by 12 vowels. From
Keating et al. (1981). Permission by Patricia
Keating.
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Editing and splicing of real speech has until recently been
cumbersome (Fischer-Jorgensen, 1972), but with the development
of computer technology and its application in speech research
this has become a much simpler process. Stimuli, produced

from splicing of real speech have the advantage over synthetic-
ally produced stimuli that much of the speech-like quality is
retained in the signal. In this case natural edited stimuli
were preferred over synthetic stimuli.

The method entails, in this case, certain drawbacks. Removing
part of the aspiration will result in a discontinuity in the
spectrum along the time domain, and it is yet a question how
much this discontinuity will affect listeners' judgement of
VOT, and in what way.

The second consideration with respect to choice of test materi-
al concerns the more language-specific constraints a cross-
language study imposes. It is essential to construct a set of
stimuli equally acceptable to both groups of listeners. As
mentioned earlier, the Danish alveolar stops differ signifi-
cantly from the American ones in that the release of this type
of stop in Danish is accompanied by a considerable degree of
affrication, varying from greatest in most urban dialects to
being absent in the rural dialects of especially the west icoast
of Jutland. The test material therefore includes only labial
and velar stops.

The vowels following the consonant require some consideration
too. American investigators seem almost exclusively to favour
the vowel /a/. The requirement of mutual acceptability would
hold for any of the three point vowels /7, a, u/ as far as
formant frequencies are concerned (for a comparison of American
and Danish vowels in an F1-F2 plot, see Disner, 1980). The
reason for the frequent use of /a/ by American investigators
may be found in the fact that it is fairly easy to synthesize
with good results. Since the stimuli in this study are pro-
duced from edited real speech, this consideration is of no
consequence; on the contrary, there are various reasons why
this vowel should be avoided.

Following aspirated stops the vowel /a/ often shows "edge
vibrations" or "voiced aspiration" (Fischer-Jorgensen and
Hutters, 1981), the vocal cords begin to vibrate before they
are fully adducted. The acoustic correlate is a signal con-
taining energy of a low amplitude in the region of the funda-
mental frequency, but no energy in the region of F1, or higher
formants. After unaspirated stops voicing normally starts
simultaneously and abruptly in the whole spectrum. This also
seems to be the case for the high vowels /Z/ and /u/ when fol-
lowing aspirated stops. Using /a/ might therefore increase the
risk that editing aspirated stimuli might produce unaspirated
ones with a vowel onset characteristic of a vowel following
aspirated stops. This would consequently result in stimuli
containing possibly conflicting cues.
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By choosing /Z/ and /u/ we get a further advantage in the
bargain. One of the arguments against the salience of VOT as

a perceptual cue has been that Tisteners include F1 transitions
in their judgements (Stevens and Klatt, 1974). Since both
these vowels have the lowest F1 of all vowels, we will only get
a slight change of this formant during the transition from stop
to vowel, and thus minimize the spectral discontinuity in this
range.

The stimuli were therefore constructed from real tokens of
/p/ and /k/ followed by the vowels /Z/ and /u/.

B. STIMULI

From the recordings of the two Danish male speakers, JR and NR
one token of each of the test syllables [b"i, bMa, §"1, ghu]

was selected, viz. the first occurrence on the tape which had
been measured to have a VOT value greater than 90 msec. Some

of speaker JR's tokens did not quite show VOT values of this
duration, and in those cases the token with the highest measured
value was then used. The original VOT values thus ranged be-
tween 80 msec and 136 msec (JR's [pPu] and NR's [ghu]).

The entire CV syllable was stored in the buffer of a PDP-8
Digital Equipment Corporation computer and the point of voice
onset identified on a digitized oscillogram. The part of the
syllable containing glottal periodicity was stored in a sepa-
rate file. In the process of isolating the voiced portion of
the syllable (i.e. the vowel) care was taken to ensure a cut
at a zero-crossing in order to avoid offset clicks. The cursor
was then positioned 70 msec from the point of consonantal re-
lease, and the remaining part of the aspiration was deleted
from the buffer. A copy of the file containing the voiced
portion could then be read down into the buffer and added to
the 70 msec of burst + aspiration. This procedure was re-
peated, each time shortening the aspiration from right to left
in steps of 10 msec, resulting in seven stimuli ranging in
length of aspiration from 10 - 70 msec.

This was done with the tokens of both speakers, giving a total
of 28 labials and 28 velars. The stimuli were recorded on
magnetic tape, using a REVOX A77 open reel tape deck for sub-
sequent tape generation for the listening test.

C. PRODUCTION OF TAPE FOR THE
LISTENING TEST

The stimuli were transferred from the magnetic tape and stored
in separate files on the disk of a PDP-11/34 Digital Equipment
Corporation computer, using a sampling rate of 10.000 Hz and

a high-pass filtering of 80 Hz. This sampling rate is, in
effect, a low-pass filtering at 5.000 Hz, and it was not as-
sumed that acoustic information above 5.000 Hz would in any
way be crucial to the listeners in this experiment.
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Four series were generated, the first and second series con-
taining the labials and velars of speaker JR, respectively,
the third and fourth series containing the same tokens spoken
by NR. In each series the stimuli were duplicated ten times
each and recorded on magnetic tape in a randomized order in
blocks of 10 with an inter-stimulus interval of 2.5 seconds
and an inter-block interval of 4 seconds. They were all re-
corded on the same tape in the order mentioned above, with a
pause of approximately two minutes between series.

D. THE LISTENING TEST

The tape was presented to the subjects for labelling B or P
and G or K. Immediately before the test the subjects were
given a set of written instructions, explaining to them the
inter-stimulus and inter-block intervals. They were also in-
structed not necessarily to expect an equal number of B's and
P's or G's and K's. Orally they were asked not to introduce
a third category, but to guess in those cases where they felt
unable to decide.

The tape was presented binaurally over headphones. All the
subjects took the test individually and had available to them
a volume control. The total duration of the test was 28
minutes.

E. SUBJECTS

A total of 16 subjects participated in the experiment, 8 Danish
and 8 American listeners. A further subdivision can be made
of the two groups, into phonetically trained and phonetically
naive listeners, 3 and 5 respectively in the two groups. The
criteria according to which the subjects were classified as
phonetically trained must almost inevitably differ for the
Danish and the American group, for obvious reasons.

The Danish listeners were considered to be phonetically trained
if they had taken an intensive three-semester course in ear-
training and narrow phonetic transcription at the Institute of
Phonetics. In this course, among other things, the students
are trained to distinguish between degrees of aspiration and
voicing during occlusion, and it could therefore be expected
that this group would be more consistent in their responses,
i.e. have sharper category boundaries. The rest of the Danish
subjects were all students at various levels at the University
of Copenhagen.

The American subjects were all graduate students in the lin-
guistics department at Brown University, USA, except one, who
was an undergraduate majoring in linguistics. Part of the
graduate program in linguistics at Brown University is a one-
semester course in ear-training and phonetic transcription
(Linguistics 0121). But since it also includes an introduc-
tion to basic concepts in phonology, it is not comparable to
the intensive course the Danish students take.
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Three of the American subjects also worked as research as-
sistants in the linguistics department's speech laboratory.
Their duties as such included phonetic transcription of natural
discourse between young children and their parents, and it
could therefore be expected that their skills in phonetic
transcription were beyond the ear-training course. However,
the transcription they were required to use is not as narrow
as the transcription required by the Danish students. There-
fore, in the strictest sense, the American and the Danish
phonetically trained groups are not comparable (for the role
of formal training in vowel transcription, see Laver, 1965).

A11 Danish and American subjects were unpaid volunteers. None
of the Danish naive listeners had ever participated in percep-
tion tests before, whereas all the American listeners had par-
ticipated in - and were familiar with - such tests. No subject
had a known history of hearing loss.

IV. RESULTS AND DISCUSSION

Initial calculations did not reveal any consistent difference
between stimuli recorded by the two speakers with respect to

cross-over point (i.e. that cross-over points occurred later

for one speaker than for the other). Identification results

for stimuli from the two speakers were therefore pooled.

A. EFFECTS OF PHONETIC TRAINING

In order to determine whether to treat phonetically trained
and naive listeners as one group in the final cross-language
comparison, the cross-over points were found for each of these
groups. This was done by converting the identification scores
for each stimulus to z-scores which could then be fitted to a
straight line, using the method of "least sum of squares"
(Gilford 1954:123f). The results for the American listeners
are shown in Table III.

Table IIT

Means for identification functions of American
phonetically trained and naive listeners.

American
phonetically
trained naive
stimuli X sd. N X sd. N

pt 17.98 8.77 60 19.06 6.55 100
pu 28.85 11.46 60 25.21 7.34 100
ki 61.10 13.19 60 45.59 11.8%1 ; 100
ku 47.19 12.70 60 42.70 9.45 100
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It is seen clearly that the American phonetically trained
listeners show later cross-over boundaries than the naive
listeners for three out of the four series of stimuli. How-
ever, a criterion was set up to determine whether the phonetic-
ally trained group should be included: The groups were con-
sidered to behave differently if, and only if all of the four
cross-over points were found to occur later for one group than
for the other, regardless of whether the individual results
were statistically significant or not. This did not apply to
the American group since pz showed an earlier cross-over point
for the phonetically trained listeners, whereas for the rest
it occurred later. They were therefore included in the final
cross-language comparison.

In the case of the Danish listeners, there seems to be a clear
tendency for the phoneticians to require shorter VOT before
their percept begins to change from one phoneme category to

the other. As shown in Table IV, their cross-over points occur
earlier for all four series of stimuli than for the naive
listeners. A non-directional t-test gave p < .001 for all,
with the exception of pz which proved to be non-significant.
The group of Danish phonetically trained listeners were there-
fore omitted for the cross-language comparison.

Table IV

Means for identification functions of Danish
phonetically trained and naive listeners.

Danish
phonetically .
trained ekl
stimuli X sd. N X sd. N

pt 21.30. 7.82 60 22,959 5.84-.. 100
pu 32.42 5.86 60 39,72 1./2 - 100
ki 47.82 10.28 60 53.37 9.58 100
ku 36.06 10.10 60 45.66 7.83 100

It may be argued that the reasons for excluding the Danish but
including the American phonetically trained listeners may be
somewhat vague or arbitrary. One alternative would be to ex-
clude both groups (rather than including the Danish listeners
as well). However, the number of subjects in this study is
small anyway, and including the American phonetically trained
listeners only moves the cross-over points of the total group
towards that expected for the Danish listeners. Consequently,
the results influence the cross-language comparison in such a
way that the expected difference between Danish and American
listeners is reduced. The reason why phonetically trained per-
sons were used as subjects in the first place in addition to
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naive listeners was that I was interested in looking into the
effects of formal phonetic training.

When comparing the results obtained from the groups of Danish
listeners it is interesting to see that the expected effects
were not found, viz. that trained phoneticians would show
sharper category boundaries than naive listeners.
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Figure 3

Identification functions for phonetically trained
and naive listeners of the ki stimuli.

In Figure 3 the percentages of responses from the phonetically
trained and naive listeners are plotted against the stimuli of
kz. It is clear from this fiqgure, as was seen in Table IV, that
the cross-over point occurs much earlier for the phonetically
trained listeners, which must be ascribed to the effect of
formal training. What it does not tell us is how the same
phonetically trained listeners would perceive VOT in normal
discourse. One possible hypothesis may be that their category
boundary would be identical to that of the naive listeners,
and that the nature of a perception test will trigger a special
"phonetic mode" of listening in the trained group of subjects.
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If the identification functions for the two groups are compared
with the standard deviations given in Table IV, it is inter-
esting to note, since the standard deviation is reflected in

the steepness of the curve (the slope), that the phonetically
trained listeners do not show sharper category boundaries than
those found for the naive listeners. This is in a sense sur-
prising since it could be expected that phonetic training,

among other things, would teach the listeners to "latch on" to
one specific acoustic variable and in that way be able to identi-
fy the individual stimuli more consistently.

B. CROSS-LANGUAGE COMPARISON

Since the Danish phonetically trained listeners were omitted
from the study, the final cross-language comparison was made
from the responses of 5 Danish and 8 American subjects, each
subject giving a total of 20 responses to each of the 7 stimuli
with a VOT of 10-70 msec. The results for each of the stimuli
pt, pu, ki, ku are compared in Table V.

Table V

Cross-language comparison. Means for identification
functions of Danish and American listeners.

Danish American
stimuli X sd. N X sd. N
pt 22.59 5.84 100 18.65 7.38 160
pu 39.72 '1.%2100 27.67 9.15 160
ki 53.37 9.58 100 51.563 13.55. 460
ku 45.66 7.83 100 45.49 10.48 160

Looking first at the means, i.e. cross-over points given in
Table V, it is clear that the perceptual shift from one phoneme
to the other takes place earlier for the American listeners, as
was expected according to the original hypothesis. If the
boundary between phonemes in the American production data is
estimated by visual inspection of the histograms, figure 2a

and 2b, it will be - for the labials - approximately 20-30 msec
and for the velars approximately 40-45 msec. The corresponding
phoneme boundaries would be, for the Danish data, figure 1a and
1b, 40-45 for the labials and 55-65 msec for the velars. For
both places of articulation the Danish perceptual cross-over
boundary would therefore be expected to occur much later.

For the labial place of articulation this is quite clearly con-
firmed in Table V. Although the Danish cross-over point occurs
much earlier than predicted from the production data, it still
differs from the American one as expected: a t-test gives t =
4.528 p < .001 for pz, and for pu t = 10.952 p < .001 when com-
pared to the American cross-over points. In figure 4a and 4b
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Identification functions for American and Danish listeners of
the pu stimuli.



178 CHRISTENSEN

the percentages of b-responses for the individual stimuli are
plotted, and it is perhaps clearer from this figure how the

two groups of listeners differ. It should be noted that the
failure of the American subjects to consistently label the pz
stimulus with a VOT of 10 msec was mainly due to one subject's
almost consistent labelling of this stimulus as P. That this
subject was not omitted from the final analysis, since it could
be argued that she had failed to carry out the task, was be-
cause she - in the labelling of most of the other stimuli be-
haved Tike the rest of the American subjects.

The results for the velars in Table V reveal only slight dif- -
ferences between the cross-over points for Danish and American
subjects. Although the means show a tendency in the expected
direction, t-tests failed in both cases to give significant
differences at the .05 level. These results are in a sense
surprising. If we could find significant differences between
cross-over points for the labials, this same difference should
exist for the velars as well,as the production data showed the
estimated cross-over points to be approximately 40-45 msec for
the Americans, and 55-65 msec for the Danish data.

The question of range effects and listeners' strategies may
help explain the failure to show any significant difference
of cross-over points. That category boundaries may be shifted
around due to range effects has been shown for English by e.g.
Brady and Darwin (1978), but the shifts they found were rela-
tively small, on the order of 5-7 msec. This led to a re-
examination of the ranges employed in this experiment to see
if they were in any way inappropriate for one or both groups
of listeners. The computed means, on the basis of results
from Keating et al. (1981), were for /b/ 5.6 msec and for /p/
57.6 msec. From the data obtained in connection with this
study the corresponding means for Danish were found to be

14.9 and 102.4 msec, respectively. This means that the range
of 10-70 msec was slightly better suited for the American
listeners than for the Danish listeners. However, the Danish
listeners do not seem to have been affected by the lack of
what they would expect to be really good /p/'s.

It is different for the velars. The American data show means
of 15.5 msec for /g/ and 71.7 msec for /k/, which again seems
to make the chosen range an appropriate one. For Danish, on
the contrary, the same values were 29.4 and 110.8 msec. 1In
this connection the mean value of /g/ is the interesting one,
as the stimuli which may be expected to be perceived as /g/
occupy a relatively large span in the continuum. Stimuli having
a VOT of 30 msec or less will almost without doubt be labelled
as /g/ by the Danish listeners, and since they, due to normal
variation in natural discourse will hear intended /g/'s with
longer VOT than the 30 msec, they are more likely to label them
as G than American listeners. The 10-70 msec range must there-
fore be said to be less appropriate for Danish listeners.

In figure 5a and 5b are shown the identification functions for
ki and ku. It is interesting that the Danish listeners con-
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Identification functions for American and Danish listeners of
the ki stimuli.
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sistently label stimuli, especially k< (figure 5a) of 10-40
msec, as G's. The Americans, on the other hand, show a more
gradual drop along the whole VOT continuum. We can only guess
at the strategies employed by the two groups of listeners, but
since the American listeners hear a relatively even number of
gt's and kZ's they are not worried about not being able to

give the "correct" answers. Although the subjects were "warned"
about a possibly uneven number from each category, the Danish
subjects may on the other hand have become uneasy about the
large number of G's and adopted a different strategy. They may
in fact have listened for anything which did not quite sound
like a "good" G and labelled it as K, regardless of their normal
phoneme categories. It may therefore be speculated that for
the Danish listeners the task may have changed from "either G
or K" to a "yes/no" (is it G or not).

C. UNIVERSAL FACTORS IN PERCEPTION

Production measurements have shown that VOT is affected by
place of articulation (Lisker and Abramson, 1964, Fischer-
Jorgensen, 1980). VOT has been found generally to be longer
following the release of a velar than a Tabial stop. The ex-
planation given to this phenomenon has been that the movement
of the tongue body away from the passive articulator is slower,
resulting in a delayed drop in oral air pressure relative to
the release, which is necessary for vocal fold vibration to
begin.

The acoustic correlate is consequently slower formant movements
during the transition from the stop to the vowel. If glottal
pulsing starts immediately after the release (i.e. short lag),
the transition of F1 will be clearly visible on a spectrogram.
On the other hand, if the stop is aspirated, the F1 transition
will be absent, or only the last part of it will be present.
These formant transitions are normally said to last for about
40-80 msec, depending on place of articulation.

Liberman et al. (1958) found in a study that by gradually de-
laying the start of F1 they could change the percept of a stop
from "voiced" to "voiceless", and that effect was enhanced by
filling the upper formants with noise simultaneously with the
F1 cutback. Stevens and Klatt (1974) proposed the so-called
First Formant Detector, which they claim can account for the
fact that most listeners hesitate to identify stops as "voice-
less" or long lag, if this formant transition is present, al-
most regardless of the physical VOT.

The point to be made here is that the stimuli used in this
study did not contain measurable first formant transitions at
all. This was checked on spectrograms of [gPi], recorded by
both speakers. Both the Danish and American listeners required
longer VOT for the velar stimuli, before their percept changed
from /g/ to /k/. This is shown in figure 6 where the responses
for the two groups are compared for place of articulation.
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The results therefore suggest that the perception of VOT is
influenced by place of articulation, even though the stimuli
have been stripped of the cues which are normally used to ex-
plain the later cross-over boundary for velars. Listeners must
therefore have some expectation about the longer VOT for velars
which is quite consistently reflected in the responses of both
Danish and American listeners.
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Figure 6

Identification function for Danish and American
listeners, describing universal difference in the
perception of VOT for place of articulation.

That this is not only the case for place of articulation of the
stop consonant, but also for rounding of the vowel following
the stop, may be seen from Table V. In her study of Danish
production Fischer-Jagrgensen (1980) found that rounded vowels
following labial stops had a longer "open interval" (which she
defines as the interval from the release of the consonant to
the onset of the vowel, point B according to Fischer-Jdgrgensen
and Hutters, 1981). Since the tongue is already in position
for the vowel at the release of a labial stop, the place of
oral constriction for the vowel cannot affect the pressure drop
in the oral cavity, and the longer VOT in /bu/ and /pu/ must
therefore be due to the coarticulation of the vowel. The cross-
over points (in Table V) for labials followed by /i/ were com-
pared to those followed by /u/ for the Danish and the American
listeners in a t-test. Both groups were found to have later
cross-over points for pu, p < .001, which again indicates that
lTisteners expect rounded vowels to delay the onset of voicing
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and therefore use this knowledge in their responses, even though
the stimuli did not contain information which would effect a
later cross-over boundary.

V. CONCLUSION

The results found in this pilot study confirm the original hypo-
thesis in showing a clear correspondence between the production
and perception of VOT. It has been shown that the cross-over
points for Danish listeners did, on the whole, occur later than
those for the Americans. That no significant difference could
be found for the velar place of articulation is ascribed to the
chosen range, which proved to be less appropriate for Danish
listeners, when compared to the production data. The findings
suggest that Danish Tlisteners are subject to range effects,
although we can only guess at the extent to which this group

of listeners have moved their cross-over boundary. American
listeners have shown to be only slightly affected in their
judgements, when presented with stimuli of an "un-American"
range (Keating et al., 1981). More tests for Danish are there-
fore needed.

The results furthermore showed an effect of formal phonetic
training on the perception of VOT. Initially, phonetically
trained subjects were expected to show a higher consistency
in their labelling of the individual stimuli; instead they
showed different cross-over points from the group of naive
listeners. The results therefore indicate an effect of formal
training which is different from what was expected. This
calls for further experiments of phoneticians' perception of
VOT since in other studies they have been shown not to behave
differently when compared to non-phoneticians.

Differences in VOT which are physiologically and aero-dynamic-
ally determined (i.e. the differences found for labial and
velar stops) are quite clearly reflected in the responses

both by Danish and American listeners, even if the stimuli con-
tained none of the cues (vowel formant transitions, etc.) that
are normally used to explain these perceptual differences.

The results therefore support the hypothesis that VOT and place
of articulation are not processed as two independent cues (see
e.g. Sawusch and Pisoni, 1974). In this experiment place of
articulation was given on the answer sheet and the listeners
may have assigned different "expected" VOT values accordingly.
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INTONATION AND TEXT IN STANDARD DANISH

NINA GR@NNUM THORSEN

Acoustic analysis of recordings by four Standard
Danish speakers shows that each declarative sen-
tence in a text is associated with its own declining
intonation contour, but together two or three such
contours describe an overall falling slope. Indi-
vidual sentence intonation contours are steeper and
demonstrate greater amounts of resetting between
them 1in a succession of declarative terminal sen-
tences than in a corresponding string of coordinate
main clauses. In other words, the closer relation
between coordinate structures is reflected in a more
coherent or less segregated intonational structure.
The results are compared with other languages, and
the implications for the abstract representation of
Danish intonation are discussed.

I. INTRODUCTION
Lehiste (1975, p. 195) hypothesizes

", .. that paragraphs possess a suprasegmental structure that
indicates the beginning and end of paragraphs and characterize
the body of the paragraph. For example, it may be that the in-
tonation contour applied to a sentence produced in isolation
(constituting a one-sentence paragraph) will differ from the
intonation contour applied to the same sentence in the begin-
ning, middle and end of a paragraph. In other words, it is
possible that a paragraph is characterized by an overall in=
tonation structure to which the intonation contours of its
constituent sentences are subordinated. ... A corollary hypoth-
esis 18 that since speakers and listeners share the same code,
listeners are capable of deciding whether a sentence has been
produced in isolation or as part of a larger structure."
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Both hypotheses are verified in Lehiste's (1975) experiments.
Acoustic analysis of one recording of paragraphs containing
one, two, and three sentences (of greatly varying length) by
one American English speaker, shows that an isolated sentence
is longer than the same sentence in a paragraph context. Fun-
damental frequency (Fs) in the beginning of a sentence is lower
in an isolated sentence than in a paragraph initial one, and
higher in paragraph initial position than in medial and final
positions. - In a Tistening experiment subjects were to
judge what position a sentence - cut out from its paragraph
context - had occupied in the paragraph. Their judgment was
significantly better than chance, though not always in accord-
ance with the speaker's intention.

Bruce's (1982) point of departure is an informal listening ex-
periment where two sentences, produced in isolation and in
two-sentence texts, are spliced together in various ways.
Isolated sentences spliced together, and sentences from texts
spliced together in reverse order sound odd, and neither com-
bination constitute a perceptually coherent text. Acoustic
(Fe) analysis of the original recordings shows that two sen-
tences in a text are characterized by a continuous overall
downdrift, though the sentence boundary is marked by a low,
sentence final Fe minimum succeeded by a resetting to the
first high Fo peak in the second sentence. This peak is lower
than the corresponding Fo peak in the first sentence. Like-
wise, the first Fo peak is Tower in a sentence produced in
isolation than in the first sentence of two in a paragraph,
whereas its last Fg minimum value is higher in isolation than
in the second of two sentences in a paragraph. The difference
between a single sentence and a combination of two seems to be
signalled globally [i.e. over a temporal scope corresponding
to the whole text, NT], except that each sentence in a text
also has a final, very low Fo value. - These results are
confirmed in acoustic analyses of a larger material with a
Southern Swedish speaker. Three sentences (each containing
two stress groups) are produced in isolation and in the nine
possible two- and three-sentence combinations. They are sepa-
rated by periods, but each begins with "A" ('And'). The very
first and very last Fg values (which occur in unstressed syl-
lables) are low and constant across texts of different dura-
tions. Apart from that, local Fo maxima and minima are higher
in the beginning of the text than at its end, and they are
higher in the beginning of a longer text than in the beginning
of a shorter text, whereas the final values are constant across
texts of different length. Multi-sentence texts were produced
with internal pause(s). Before each such pause Fg drops to
the same low Fo value as found in absolute initial and final
position (the "floor") and resets at the onset of the succeed-
ing sentence to smoothly continue the overall downdrift of
local maxima and minima. When sentences in different positions
are compared, isolated sentences turn out to resemble text
initial sentences more than text final ones. As Bruce notes
(1982, p. 284) this corresponds to Lehiste's (1975) observa-
tion that listeners confuse isolated sentences with initial
sentences more often than with final ones.
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Cooper and Sorensen (1981, p. 85ff) analysed four different
two-clause sentences (each clause containing four stressed
words), among them a coordinate main clause construction.
They found that individual clauses had separate declinations
associated with them, but together these individual declina-
tions describe an overall downdrift. They note specifically
that the resetting from the lower value at the end of the
first clause to the higher value of the beginning of the sec-
ond clause is independent of any accompanying breathing pause.
They hypothesize that resetting between clauses in a complex
sentence is more likely to occur in the environment of longer
clauses, slower rates of speech, and lower semantic related-
ness between the two clauses (p. 97).

Uyeno et al. (1979) investigated Fg in declarative complex
sentences in Japanese: a construction with an embedded rela-
tive clause, a coordinate main clause construction, as well
as a sequence of two simple sentences in succession. Their
data show that all three types are characterized by an over-
all declination with a local resetting at the onset of the
second clause or sentence, except when the relative clause

is utterance initial, in which case the utterance declines
smoothly from the initial high rise. The resetting is greatest
before a center embedded relative clause. The point relevant
to the present investigation is that coordinate main clause
constructions and successions of simple terminal sentences
did not differ among themselves.

These results (especially those of Lehiste, 1975, and Bruce,
1982) are all in sharp contradistinction to Nakatani (1975)
who reports that listeners, presented with stories read nor-
mally and stories spliced together from isolated sentences,
had difficulty in distinguishing the stories as normal or
spliced. He concludes that speech features observed in iso-
lated sentences can be reasonably generalized to sentences
in a coherent context.

The present study is to a large extent similar to those of
Lehiste (1975) and Bruce (1982) to whom I owe the idea and
general outline of my own procedures. Its aim was to estab-
1ish how and to what extent sentences in a short text are
coupled intonationally, and furthermore to see whether this
presumed coupling is dependent upon the (syntactic) relation
between the sentences in the text. I shall mainly be con-
cerned here with fundamental frequency, though there is evi-
dence from American English and Japanese that other factors
such as length, laryngealization and pause duration are also
involved in the production and perception of sentence and
clause boundaries, cf. Lehiste (1975, 1979, 1980), Lehiste
?nd w§ng (1977), Cooper and Sorensen (1981), and Uyeno et al.
1981).
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IT. MATERIAL, SUBJECTS, AND PROCEDURES
A. MATERIAL

The base is the following three declarative sentences (stres-
sed gowe]s are indicated orthographically with acute accents
here):

(1)  Amdnda skal afstéd pd cdmping.
'Amanda is going away camping.'

(2) Hendes mor skal pd kirsus i Tyskland.
'Her mother is taking a course in Germany.'

(3) Hendes fdr skal vdndre i Ldpland.
'Her father is going to hike in Lapland.'

In isolation as well as combined in texts of two and three,
these sentences could all be uttered in answer to a question
about what Amanda and her family are going to do during the
summer holidays.

The total number of possible texts that can be constructed
from these three sentences amounts to fifteen, which doubles
to thirty when two different boundary conditions are intro-
duced. This was an unmanageably large number for subjects

to record, if the material was to be mixed with filler utter-
ances of a different syntactic and semantic make-up, which
was highly desirable. 1[I decided, therefore, to concentrate
on (1) above, i.e. the Amdnda-sentence, and be sure that one
occurred in all the relevant positions.

The]fo1lowing combinations of sentences constitute the mate-
rial:

1

1.3

21

132

233

A

The Amdnda-sentence is the only one to occur in isolation.
Note, however, that both sentence (2) (referred to as the mor-
sentence in the following) and sentence (3) (referred to as

the fdr-sentence in the following) occur in all three positions
in three-sentence texts.

Two different types of text result when the sentences in multi-
sentence texts occur in sequences of declarative terminal main
clauses versus coordinate main clause constructions, joined
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by og ('and'). Examples are: Amdnda skal afstéd pd cdmping.
Hendes fdr skal vdndre © Ldpland. Hendes mor skal pd kursus
1 Tyskland. versus Hendes fdr skal vdndre i Ldpland, og hendes
mor skal pa kursus i Tyskland, og Amdnda skal afstéd pa cdmp-—
ing.

The five terminal sentence texts and the isolated sentence
were randomized three times, and the total of 18 sentences/
texts were mixed with two materials recorded for different ana-
lysis purposes, so they were evenly spread over six pages of
reading material. The same procedure was applied to the five
coordinate clause texts and the isolated sentence. To avoid
any direct comparison of the two types of text they were re-
corded in separate sessions at least one day apart. In this
way the isolated sentence was recorded six times by each
speaker, but the texts only three times each. This is a com-
promise between the demand for as comprehensive a material as
possible, a sufficiently large number of recordings of each
item by each speaker, and the wish to avoid fatigue effects

on the part of the subjects. On a fair number of previous
occasions (among them recordings of rather long simple sen-
tences, cf. Thorsen 1983a) subjects' repetitions of the same
item have always been rather remarkably constant, with standard
deviations on calculated Fg mean values generally below 5% of
the mean. I therefore decided that the demand for (the stand-
ard, minimum) six recordings of each item would have to yield
to the possibility of presenting the texts under two different
boundary conditions.

My material differs from Lehiste's (1975) texts ("paragraphs"
in her terminology) in that the sentences are all equally

Tong (in terms of the number of prosodic stress groups in
each) and in the addition of coordinate main clause construc-
tions. It differs from Bruce's (1982) material in the greater
length of each sentence (three versus two prosodic stress
groups). And again, where Bruce (1982) so to speak combined a
terminal with a coordinate clause construction (by separation
of the sentences with periods but commencing each sentence
with 'and'), these two conditions are differentiated in the
present material.

There is no conflict in Lehiste's (1975) choice of term ("para-
graph") and mine (and Bruce's, 1982) ("text"). The present
sentence combinations are both paragraphs and texts; at least
if one does not claim that the total six pages of reading
material constitutes a text. In that case my "texts" would
only have the status of paragraphs. However, the six pages
could lay no claim on any semantic or pragmatic coherence,

and hardly deserve the designation as a text properly speaking.

B. SUBJECTS

Four phoneticians, two males (NRP and JBC) and two females
(GB and NT (the author)) read the material, in two sessions
on separate days, as mentioned above. They all speak a form
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of Standard Copenhagen Danish. Their style of speech during
the recordings can be characterized as fluent and conversa-
tional but distinct.

C. TECHNICAL PROCEDURES

The recordings were made with semi-professional equipment
(Revox A-77 tape recorder, Sennheiser MD21 microphone) in a
quasi-damped room at the Institute of Phonetics on Agfa PE39
tape, at 7% i.p.s.

The tapes were processed by hardware intensity and fundamental
frequency meters (F-J Electronics) and registered on a mingo-
graph (Elema 800) at a paper speed of 100 mm/s. By adjustment
of the Fo meter zero-line to the lower 1limit of the subject's
voice range and full exploitation of the record space (about
80 mm) of the mingograph galvanometer, a measuring accuracy

of 1 Hz for the males and 2 Hz for the female speakers is
attained.

In unidirectional Feo movements in the stressed vowels, the be-
ginning and end point were measured, according to a procedure
outlined in Thorsen (1979, p. 63-66). In bidirectional move-
ments, the turning point was measured as well. The unstressed
vowels in the sentences were represented by a single Fg point,
the midpoint (in time as well as frequency), which was an un-
controversial procedure since most of these vowels have mono-
tonically falling Fe movements. (The first post-tonic syl-
lable may be rising-falling, in which case Fg is measured at
the peak.) The Fo movements are so short and slight in the
unstressed syllables that it does not much matter which point
you choose as the one measuring point: the initial, medial, or
final (or any other) value. Changing the location of the
measuring point will transpose all the unstressed vowels by
very nearly the same (negligible) amount upwards or downwards,
relative to the stressed vowels in the figures presented below.
There is one instance where two unstressed vowels cannot be
segmented. skal af(stéd) is pronounced without any inter-
vocalic consonant [sga a], and the measuring points are as-
signed time coordinates one quarter of the distance from the
onset and offset of voicing in the long vowel sound. The
distance in time of each measuring point from the first Fo
value in the sentence or text was likewise measured. In the
terminal sentence texts, time was set to zero at the first
measuring point in each sentence, and the pause between sen-
tences (defined as the time interval where no acoustic energy
is registered) measured separately. In the coordinate main
clause texts, time was measured cumulatively from the onset

of the first sentence. Fg and time measurements were averaged
over the three recordings by each subject (six recordings in
the case of the isolated sentence). Average Fo values were
converted to semitones (re 100 Hz) and average tracings drawn.
No correction was attempted for intrinsic Fo level differences
between the high stressed vowels of the mdr-sentences and the
low stressed vowels of the fdr- and Amdnda-sentences.
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ITI. RESULTS
A. PRESENTATION OF THE DATA

In figure 1 is shown average tracings of two pairs of two-sen-
tence texts, where the Amdnda-sentence occurs in initial and
final position, respectively. This is to illustrate the rela-
tion between the averaged "raw" data and the data reduced sim-
plified represen<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>