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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 LOCA~ 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, in the other it lowers. 
The findings are discussed in the light of theories 
for the production of Fo. 

I 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 19759 

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 
musc1es (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 laryngeal 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 larynx 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 1 , 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-

f 
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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 line has been shown to take place without inter­
vening inhalation (Sorensen and Cooper 1980, Thorsen 198Gb 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. 

II I METHOD 
A, MATERIAL 

The point of departure for the design of the material was Thor­
sen 1 s model for Danish intonation (see e.g. Thorsen 1980a) 
which is reproduced in figure 1. It ts 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 [ 1 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) i ['fi:fi] forkortes uokalen [i 1 fi:fi fA 1 gho:~as vo•g~?l~] 

2) vokaZen i [ 1 fi:fi] forkortes [vo•gh~?l~ i 'fi:fi fA 1 gho:~as] 

3) vokaZen forkortes i [ 1 fi:fi] [vo•ghce?l~ fA 1 gho:~as i 'fi:•fi]. 

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 
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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 

10 

--- --- -... 
2 

5 

----.... ~--------... -
' ........ '"'!'--... 

............................. 

3 

0 100 200 . 300 CS 

Figure 1 

A model for the course of Fo in short sentences in ASC Dan.ish. 
1: syntactically unmarked questions, 2: interrogative sen­
tences wiLh word order inversion and/or interrogative particle 
and non-final periods (variable), 3: declarative sentences. 
The large dots rep.resent stressed syllables, the small dots 
unstressed ones. The full lines represent the Fo pattern as­
sociated v1ith 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 
list. 

B. RECORDING 

The recording equipment consisted of a television iamera (Sony 
AVC-3250 CES) and a video-recorder (Sony U-Matic type 2630). 
The frame frequency of the equipment was the nor~al 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 signa1s 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 

5 

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 
v1s1on. 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 
list 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 cs (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 ( V) in the three stress groups in the sentence. 

0 

1st 2nd 3rd 
stress group stress group sfress group 

'V ov 
IV. 

ov 'V ov 

t X 27 47 82 102 154 177 
s 1.246 2.532 1 .885 1. 669 4.234 4.734 

NR -x 112 148 99 125 89 103 
Fo s 5.685 7.285 2.843 4.999 1. 769 3.464 

LH X 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 

t X 21 36 · 66 82 116 137 
s 1. 727 1. 727 4.241 3.454 3.871 4.309 

PD Fo X 114 130 110 121 97 114 
s 5.089 5.995 9.376 7.525 2.780 4.790 

LH X 32.9 35.9 33.4 35.5 32. 1 34. 1 
s 1. 126 0.991 0.916 1. 069 0.641 0.835 

t X 22 39 65 82 116 138 
s 1. 188 1. 959 1. 069 1 .246 1. 832 3.012 

PM Fo X 114 137 103 119 94 108 
s 5.731 6. 776 1. 750 2.840 3.382 5.894 

LH X 22.3 24. 1 21.6 24. 3 19. 5 21.8 
s 0.463 0.991 0.916 0.707 0.926 1. 581 

I I I. 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 th~ sentence were computed. The computations were 
made on the basis of the raw data, and stressed and first post-
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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<D.01, no indication: p>0.05. 

stressed 1st posttonic 
syllables syllables 

slope r slope r 

NR Fo -18 -0.927++ -33 -0.955++ 

LH -2.3 -0.796++ -0.9 -0.499++ 

PD Fo -18 -0.737++ -15 -0.735++ 

LH -0.8 -0.318 -1.7 -0.601++ 

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. PD1 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 line 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 lung volume lowers the sternum which in turn 
pulls upon the larynx 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 obscrvu Li ons pn~~e11 Led i II Lh i 'i s Lucly u~r·-
ta inly 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 Fa 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 Fa declination and larynx height, 
the Fa 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 Fa 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 larynx 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 loweting 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 Fa range without displaying 
extremely large or extremely small Fa excursions. If anything, 
the greatest activity of the extrinsic laryngeal muscles, and 
hence the greatest low-to-high larynx 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. 

11 

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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VARIABILITY AND INVARIANCE IN DANISH 
STRESS GROUP PATTERNS* 

NINA GR0NNUM THORSEN 

Three aspects of the fundamental frequency (F0) pat­
tern associated with the prosodic stress group in 
Standard Danish are examined in acoustic analyses 
of recordings by four speakers. (1) Evidence is pre­
sented in favour of previous statements to the effect 
that short stress groups will have F0 patterns which 
are truncated rather than compressed editions of 
those found with longer stress groups. (2) The shape 
of the F0 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 F0 level 
differences between vowels of different tongue 
height, and by the intonational context. (3) F0 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 F0 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 I INTRODUCTION 
From various previous investigations the picture of the F0 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 
( 19 78 , 198 Oa) . 

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-J0rgensen (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 F0 pattern associated with the prosodic stress group can be 
seen as an essentially invariant F0 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 F0 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 F0 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 F0 wave will differ, and so may the 
slope of the rising and falling flanks. Stylized stress group 
patterns of Standard uanish and two Jutlandish dialects are 
depicted in figure 1; see further Thorsen and Nielsen (1981) 
and Fischer-J0rgensen (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 F0 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. 
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A model for the course of fundamental frequency in short 
utterances in Standard Copenhagen Danish. (1) Syntactic­
ally unmarked questions, (2) interrogative utterances 
with word order inversion and/or interrogative particle; 
non-terminal declarative and interrogative sentences 
(variable), (3) terminal declarative utterances. The 
large dots represent stressed syllables, the small dots 
unstressed ones. The solid lines represent the F~ pattern 
associated with prosodic stress groups, and the dashed 
lines denote the intonation contours proper. 
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The account of stress group patterns in terms of an F0 wave 
upon which segments and syllables are superposed should make 
intrasyllabic F0 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 st0d, .cf. Thorsen (1979). Unstressed syllables in 
Standard Danish (which lie 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 F0 
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 F0 pattern - the pattern making no timing adjustments 
to the segments or vice versa - is that F0 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 F0 patterns in the data I have collected so far. 

The description of F0 patterns in Standard Danish is largely 
confirmed in the investigation by Fischer-J0rgensen (1984) of 
the acoustic manifestation of (main, secondary and weak) stress 
in various types of Danish. However, the insensitivity of F0 
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
J0rgensen. 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. 
J0rgen 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 11above11 or 11before 11 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 F0 patterns in short prosodic 
stress groups; (2) provide documentation for the passive align­
ment of segments and syllables with the F0 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 F0 pattern; 
(3) provide data on long prosodic stress groups (i.e. stress 
groups with a large number of unstressed syllables). 

II. PROCEDURES 
A. MATERIAL 

1. F0 PATTERN TRUNCATION 

If the truncation hypothesis is correct, a prosodic stress 
group consisting of one stressed syllable will contain less of 
an F0 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 selected: kit, Keats, 
bit, beat, guld, Kool, tin, team (~hid ~hi•ds bid bi•d ~ul 
~hu•l ~5 en ~9i•m]. (Long vowels ar~ indic~ted

0

h;re
0

wi£h only 
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 F0 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. F0 PEAK LOCATION 

If the shape of the F0 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 F0 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 F0 movement, and accord­
ingly the material is made up of words which are voiced from 
th~ 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 
('ghanAna •ghenAna 'salIM.na 'sgylnAna 'sa51Ana 'vi6nAna 
'dre•IM.na 'dy•nAna 'd 8~·1Ana •ghu•lAna 'b~·Ana 1 bhi•Ana]. 
T~e last two words have no consonant phonetically after 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 pa Poli(tikenJ, 
ansat pa Poli(tikenJ, arbejdsmand pa Poli(tikenJ, sp6rtsredak­
t~r pa Poli(tlken), m6deredakt~r pa Poli(tlkenJ, udenrigsredak­
t~r pa Poli(tiken), udenrigskorrespondent pa Poli(tlkenJ. 
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 lower 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 F0 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 
F0 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 F0 point, the midpoint (in time as well 
as frequency), which was an uncontroversial procedure since 
all such vowels had monotonically falling F0 movements. (The 
F0 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) F0 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(pondent) which is pronounced without any inter­
vocalic consonant at all: [ghn(·)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 F0 value meas­
ured (which is assigned the time coordinate zero) was also· 
determined. F0 and time measurements were averaged over the 
six recordings by each subject. Average F0 values were con­
verted to semitones (re 100 Hz) and average tracings drawn. 
No correction was attempted for intrinsic F0 level differences 
between stressed vowels of different tongue height. 

Standard deviations on the average F0 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. 

III. RESULTS 
A. F0 PATTERN TRUNCATION 

Average F0 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 a11, it is very evident 
that monosyllabic prosodic stress groups have nothing like the 
F0 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 F0 movement 
is coupled (though not narrowly correlated) with the duration 
of the voiced portion of the syllable: A stressed syllable 
with a long vowel succeeded by a sonorant consonant (Kool, 
team) tends to have a final F0 rise (with NRP the rising part 
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even exceeds the preceding F0 fall - but in GB's team it is 
actually lacking). A short vowel succeeded by an unvoiced con­
sonant (kit, 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 long 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 F0 move­
ments equals the number of falling-rising movements (with very 
slight rises), except that JBC1 s guld is unidirectionally (but 
very slightly so) rising. 

The first word in the tracings in figure 3 is likewise stressed· 
and monosyllabic. Its F0 movement is rising. (Some of the 
words with long vowel and st0d (ny, lys) have a rise-fall, 
where the falling part can most probably be ascribed to in­
fluence from the st0d, cf. Fischer-J0rgensen, 1984.) The 
rising movement in these vowels can hardly be seen as a com­
pression of the F0 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 F0 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 F0 pattern, when such is not the case in later 
prosodic stress groups. - I think a more likely explanation 
- as mentioned in the introduction - is to see the rising F0 
movement in the first stressed syllable of an utterance as an 
adaptation of the F0 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 
F0 patterns in monosyllabic prosodic stress groups. (In 
ratk(kerJ there are three instances of falling-rising vowel F0 
movements: this vowel is longer 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 F0 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 F0 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 F0 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 F0 pattern, compared with other subjects. 

B, PEAK LOCATION 

Average F0 tracings of the 12 t~st words are depicted in figure 
4. Average F0 and time coordinates of the F0 minimum, the F0 
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) F0 minima are considerably lower in words with low stressed 
vowel than in words with high stressed vowel. 
2) F0 maxima are also lower in words with low stressed vowel, 
but the difference is smaller between F0 peaks than between 
valleys. 
3) Apart from differences due to intrinsic F0 level differ­
ences in the stressed vowel, a speaker's F0 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 F0 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 F0: NRP tends to locate his F0 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 F0 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 desctibed 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 I. 
1) The difference between F0 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 F0 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 [-nna], and the differ-
ence in the level of the F0 maximum is therefore not due to 
intrinsic differences in the post-tonic syllable(s). The only 
way to account for the difference in F0 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 F0 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 F0 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 F0 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 
though 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 low and high vowel, respectively. The stressed syl­
lable of kanderne and kinderne 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 F0 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 F0 
minima. 

Any further systematic differentiation (within or across 
speakers) in F0 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 F0 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 
F0 patterns are concerned - should be understood to apply to 
production AND perception. (2) The alignment of segments and 
syllables with the F0 pattern hinges upon the F0 minimum which 
is linked 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 F0 minimum 
with the segments of the stressed syllable. With these pro­
visos, the difference between dashed and full line tracings 
in figure 5 can be accounted for in a principled manner and 
a hypothesis can be maintained of underlying invariant F0 
patterns with which the segments are aligned in a passive 
fashion, being strung along the F0 pattern, departing from the 
minimum, like 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 F0 levels, high vowels 
having higher F0 than low vowels, ceteris paribus. The physio­
logical mechanism responsible for the F0 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 F0 rise should be smaller after high than after low 
vowels. This reasoning rests upon Hombert1 s (1977) findings 
that listeners compensate (partially) for intrinsic F0 level 
differences between vowels of different tongue height, so for 
a low-to-high F0 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 11over­
shoot 11 and be too high perceptually, relative to the valley of 
the pattern (cf. above). 

High vowels are shorter than low vowels, ceteris paribus, cf. 
Fischer-J0rgensen (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 F0 hinged upon the onset of the stressed vowel, 
such a difference in F0 fall had no raison d'etre, and high 
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and low vowels would simply occupy a shorter or longer stretch 
on an F0 pattern with a time constant pivot. If, on the other 
hand, we assume that the alignment of segments and F0 pattern 
hinges upon a coordination of the F0 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 F0 pattern in words with a low stressed vowel to extend 
further "backwards" from the F0 minimum than in words with a 
higher, and shorter, stressed vowel. With this account the 
small difference between kanderne, kinderne and the rest of 
the words with respect to the absolute timing of the F0 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 F0 
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 
F0 minimum, located near the end of the stressed syllable, the 
F0 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 F0 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 F0 pattern. The coordination of F0 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/F0 minimum intersections 
with some subjects than with others. 

As mentioned in the introduction, F0 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 (198Ob). Whichever it is, we may still consider 
the underlying F0 pattern an invariant entity which is subject 
to certain sandhi modifications. 
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C, LONG PROSODIC STRESS GROUPS 

Average F0 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 V1 and V2 , respectively in the following. (V1 was 
not the first stressed vowel in the utterance as a whole, how­
ever. It was preceded by one prosodic stress group.) V2 was 
an [i] in all seven utterances, whereas V1 varied. No correc­
tion for intrinsic F0 level differences between V1 '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 F0 level between vowels of different tongue height 
is clearly reflected in V1 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 Illa 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 
V2 ([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 V1 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 V1 and V2 exhibits an apparent­
ly random variation. In Appendix IIIb I have performed a rough 
compensation for intrinsic F0 differences in V1 • The frequency 
variation is then reduced, but the correlation with stress group 
duration (as expressed by the time coordinate of V2 ) is non­
significant (NRP) or non-existent (JBC, GB and NT). In other 
words the variation in V1 frequency is unrelated to the dura­
tion of the prosodic stress group it initiates. Conversely, 
the slope of the line connecting V1 and V2 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 secondprosodic 
stress group, i.e. with increased total utterance duration. 
(The longer the second prosodic stress group, the less steep 
is the line 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 lower in frequency as the duration of the second prosodic 
stress group increases.) Such an inverse relation between 
the F0 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 
F0 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). ( 11Partial 11 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 F0 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. 11Pseudo11 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 NRP1 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 F0 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 let the F0 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 happe~ed 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 F0 
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 F0 declination 
tolerated in a series of post-tonic syllables, and when this 
limit 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 F0 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 
11free 11 (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 11items 11 is by force a greater challenge to 
any model which seeks to quantify its elements, than is the 
invariance. 
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APPENDIX I 
The test words and sequences (underlined) in their carrier sen­
tences with translations. The stressed vowels are indicated 
orthographically here with acute accents. 

A. F0 pattern truncation 

Nyt kit binder bedst. 
New putty holds better. 

Denny Keats kender han ikke. 
He does not know the new (edition of) Keats. 

Seks bit r~1<.ker ikke. 
"S1x bits are not enough. 

Denny beat kender han ikke. 
He does not know the new beat (music). 

Nyt ~ glimter mest. 
New gold glistens more. 

Lys Kool slu1<.ker tlrsten. 
l,ght Kool quenches your thirst. 

Nyt tin iltes hurtigt. 
New pewter is quickly oxidized. 

Et nyt team ~Zdes hurtigt. 
A new team grows quickly old. 

B. F0 peak location 

Gldssene og kdnderne var meget gdmle. 
The glasses and the jugs were very old. 

N~sen og kinderne var meget vdrme. 
The nose and cheeks were very hot. 

Te"ksten til sdlmerne var meget gdmmel. 
The lyrics of the psalms was very old. 

De fleste af skyldnerne var meget gdmle. 
Most of the debtors were very old. 

Trinovl'lne og sddlerine V r meget gamlc. 
The bridles and the saddles were very old. 

F6rsvareren og vidne~ne var meget gdmle. 
The coun 1 and the witnesses were very old, 

BilZedet af ddmerne var meget gdmmelt. 
The picture of the ladies was very old. 
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Optagelsen af talerne var meget gammel. 
The recording of the speeches was very old. 

Nden og dynerne var meget gamle. 
The pillow and the eiderdowns were very old. 

Killen og kuglerne var meget gamle. 
The club and the balls were very old. 

Slagterne og bagerne var meget gamle. 
The butchers and the bakers were very old. 

Karlene og pigerne var meget gdmle. 
The grooms and the maids were very old. 

C. Long prosodic stress groups 

Knudsen er journalist pa Polit~"k..en. (3) 
Knudsen is a journalist for Politiken. 

Peter blev ansat pa Politiken. (4) 
Peter was employed by Politiken. 

Han startede som arbejdsmand pa Polit~"k..en. (5) 
He began as a labourer at Politiken. 

Larsen er spdrtsredakt~r pa Polit~Ken. (6) 
Larsen is a sports editor with Politiken. 

Lissi er m6deredakt~r pa Polit~Ken. (7) 
Lissi is a fashion editor with Politiken. 

Han endte som udenrigsredakt~r pa Polit~1<.en. (8) 

39 

He ended up as editor of foreign affairs with Politiken. 

Han begyndte som udenrigskorrespondent pa Polit~"k..en. 
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 I I 
Average values of F0 (in Hz) and time (in cs) coordinates of 
the F0 minimum, the F0 maximum, and the difference between 
maximum and minimum in 12 words. Standard deviation of F0 
means are generally well below 5% of the mean, whereas standard 
deviations of time values range between 10 and 15%. 

F0 minimum F0 maximum F0 max-min 

Hz CS Hz CS Hz CS 

Subject NRP 

kanderne 79.3 12.0 103.8 26.7 24.5 14.7 
kinderne 84.3 10.7 106.0 23.5 21. 7 12.8 

salmerne 78.3 13.7 105.3 30.8 27.0 17 .1 

skyldnerne 85.2 10.2 107 .8 26.8 22.6 16.6 

sadlerne 77 .3 13.7 102.2 30.0 24.9 16.3 

vidnerne 83.8 13.8 105.3 29.2 21.5 15.4 

damerne 78.2 13.8 103.5 29.7 25.3 15.9 

dynerne 83.8 10.0 107. 5 28.3 23.7 18 .3 

talerne 76.0 11. 7 100.2 30.5 24.2 18.8 

kugZerne 81.8 13.5 106.3 28.5 24.5 15.0 

bagerne 77 .3 13.7 100.3 32.2 23.0 18 .5 

pigerne 87.2 7.7 106.3 20.8 19. 1 13. l 

Subject JBC 

kanderne 94.2 9.5 113.5 26.7 19.3 17.2 
kinderne 100.8 8.3 112.5 23.7 11. 7 15.4 
salmerne 95.7 10.5 112.2 30.2 16.5 19.7 
skyldnerne 104.3 11. 0 115. 0 26.5 10.7 15.5 

sadlerne 94.8 9.7 111. 3 30.0 16.5 20.3 

vidnerne 101 . 3 11.8 113.3 26.8 12.0 15.0 
dame1')ne 95.0 11. 3 113. 5 31.3 18.5 20.0 

dynerne 101 . 5 10.0 114.7 26.2 13.2 16.2 

talerne 92.8 9.2 110. 3 28.3 17.5 19. 1 

kuglerne 103.8 11.8 116.8 26.5 13.0 14.7 

bagerne 92.8 11. 2 111 . 0 29.3 18 .2 18. 1 

p-igerne 103.0 8.2 11 7. 5 23.8 14.5 15.6 
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F0 minimum F0 maximum F0 max-min. 
Hz CS Hz CS Hz CS 

Subject GB 

kanderne 170.7 7.7 198.3 23.2 27.6 15.5 
kinderne 189.0 5.7 204.0 19.2 15.0 13.5 
salmerne 169.0 7.3 200.0 25.0 31.0 17.7 
skyldnerne 185.3 6.7 204.7 18.3 19.4 11.6 
sadlerne 164.7 7.3 196.3 22.0 31.6 14.7 
vidnerne 174.3 5.5 202.0 20.7 27.7 15.2 
damerne 163.6 7.8 201. 3 25.7 37.7 17.9 
dynerne 194.0 7.3 216.0 19.5 22.0 12.2 
talerne 170.7 8.3 197.0 23.5 26.3 15.2 
kuglerne 182.3 9.0 210.0 19.3 27.7 10.3 
bagerne 168.3 7.3 199.0 27.5 30.7 20.2 
pigerne 190.3 5.8 217.7 17.5 27.4 11. 7 

Subject NT 

kanderne 185.3 9.2 221 . 7 23.3 36.4 14 .1 
kinderne 205.7 7. 1 229.3 20.8 23.6 13.7 
salmerne 178.7 10.3 215.0 28.7 36.3 18.4 
skyldnerne 195.0 9.7 232.0 24.0 37.0 14.3 
sadlerne 178.3 11. 2 212.7 25. 1 34.4 13.9 
vidnerne 191 . 0 9.8 222.3 22.8 31 . 3. 13.0 
damerne 178. 0 10.4 216.3 27.2 38.3 16.8 
dynerne 205.6 9.8 230.0 21.8 24.4 12.0 
talerne 176.3 11. 7 207.7 24.4 31.4 12.7 
kuglerne 194.7 9.8 231 . 7 21. 7 37.0 11.9 
bagerne 170.3 9.3 211 . 0 25.2 40.7 15.9 
pigerne 197.7 6.9 230.7 20.7 33.0 13.8 
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APPENDIX I I I A 

Average time (cs) and frequency (semitones re 100 Hz) coordi-
nates to two stressed vowels (V and V2) surrounding a varying 
number of unstressed syllables (from three to nine). The slope 
of a straight line connecting V1 and V2 is given in semitones/ 
second. V2 was an [i] in all utterances, whereas V1 varied as 
indicated to the left. Two male subjects (NRP and JBC) and 
two females (GB and NT). 

number of NRP JBC 
unstressed 
syll ab 1 es V1 V2 Slope V1 V2 Slope 

Vl 
3 [i] -2.6/5 -4.2/75 -2.3 1 . 1 / 5 -0.2/75 -1.9 

4 [a] -4.7/4 -4.3/91 0.5 -0.3/5 -0.3/92 0 

5 [ Q • ] -4.2/9 -4.0/107 0.2 -0.6/6 -0.3/106 0.3 

6 [ D • ] -3.8/6 -4.1/124 -0.3 0.2/6 -0.5/123 -0.6 

7 [ o • ] -2.1/7 -4.4/127 -1.9 0.6/5 -0.3/121 -0.8 

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] 10. 6/ 4 7.2/56 -6.5 11.4/6 6. 2/76 -7.4 

4 [a] 10.0/3 6.8/76 -4.4 9.8/8 5.6/101 -4.5 

5 [ Q. ] 9.2/6 7.0/93 -2.5 7.8/6 5.4/111 -2.3 

6 [ 0. ] 9.8/4 6.4/106 -3.3 11.0/5 6.2/124 -4.0 

7 [ o • ] 10.0/3 6.8/111 -3.0 11. 1 /6 5.2/130 -4.8 

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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APPENDIX IIIB 
As Appendix Illa, except that a rough compensation for intrin-
sic F0 level differences between vowels of different tongue 
height (V1 ) has been performed by adding 0.5 semitones to the 
values of [i] and [o•], and 2.0 semitones to [a], [a•], and 
[ D • ] • 

number of NRP JBC 
unstressed 
syll ab 1 es 

Vl 
V1 V2 Slope V1 V2 Slope 

3 ( [i]) -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. 7 /5 -0.3/92 -2.3 
5 ([a•]) -2.2/9 -4.0/107 -1.8 1.4/6 -0.3/106 -1.7 
6 ([n•]) -1.8/6 -4.1/124 -1.9 2.2/6 -0.5/123 -2.3 
7 ([o•]) -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]) 1_1.1/4 7.2/56 -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 ([n•]) 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. o I 141 -4 . o 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-J0RGENSEN 

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 st0d 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 [a] and 
-er [o/~] are concerned. (2) Syllables with second­
ary stress retain st0d 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 unic accentuation 
(in relation to a following stressed syllable) lose 
st0d 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-J0rgensen 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 
speai<er 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. 
F6nagy (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 11there is no acoustic evidence 
to support the view that perceived stress contours correspond 
to a physically definable property of utterances 11

• - This 
general for~ulation 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 11disjuncture 11

, 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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c1s1ve thing often seems to be a relatively abrupt shift of 
level or direction. Cohen and 1 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 - conduct. 

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
ly 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). 
F6nagy (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 limen 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 loudness 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.g. 
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. 

II. THE DANISH PROSODIC SYSTEM 

A. VOWEL LENGTH AND ST0D 

Danish has distinctive vowel quantity, which has quite a con­
siderable functional load in words of two or tb e syllables 
(e.g. /mi:la mila/). There is hardly any concomit nt differ­
ence in vowel quality except for /a/, /o/ and /J/. Postvocalic 
consonants do not show any consistent difference in duration 
after long and short vowels (Fischer-J0rgensen 1964, and Peter­
sen 1973). 

Almost all monosyllabic words, as well as final stressed syl­
lables of polysyllabic words, with long vowel have 11st0d 11

• The 
same is true of the great majority of monosyllabic words and 
final stressed syllables with short vowel plus sonorant con­
sonant. 2_1_st0d11 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 st0d. 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.9. l(/)ber (1>25:?bn] 'runs' vs. l-(!)ber [1>25:bn] 'runner') and 
also some monosyllables with short vowel plus sonorant conso­
nant (e.g. ven [vrnl 'friend' vs. vend [ve:n?] 'turn!'). (For 
the rules governing the presence of st0d see, e.g., Aage Hansen 
(1943), Hjelmslev (1951 (+9o8e)), and Basb0ll (1972 and 1971- tf~\ 
1973); for its manifestation see Smith (1944) and Petersen 
(1973). 

B. STRESS 
1. GENERAL (TRADITIONAL) DESCRIPTION 

Stress is traditional1y described on an auditory basis, and a 
language may be characterized by its distribution of stresses 

~ in implex words, compounds, phra:es, and utter~nc~s. (In.the 
following the accent marks - and a~e used to 1n~1ca e main 
and secondary stress, respectively, ,n orthographic examples, 
whereas I 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 st0d 
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 whish the first member is an intensifying prefix, e.g. 
b6mbes-ikker 'absolutely sure' compared to b6mbes-ikker '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 julfiliften 'Christmas Eve' and paskem6rgen 
'Easter morning', which I should be inclined to regard as se-

~quences of two words co pletely parallel to SlnJag m6rgen ~~ 
'Sunday morning', but o ten written as one word because of ~J 

their specifi_c meaning. tlr!.( ../f.rv-~ V-Jl YA 4 ~-.,,_ t<A..,,.d N ?? ! 

In some West Jutlandish dialects a large number of compounds 
are described as having two main stresses (cp., e.g., Ejskj~r 
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 st0d 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 
sdrtmejse 1 a coal tit' vs. en sd~t mejse 'a black tit'. 
(Only a few derivative suffixes have weak stress, viz. -ig, 
-lig, and probably -ing and -ink, 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. ( dyrskue )p l2ido I eat t le showg round I V s. krilgtJ ( okuep lads) 
'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 
!~ ~ :--, 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. Langfri,-:!dao 'Good Friday', 
particularly certain types of derived compound adJectives: 
bar1nagll'.g 1 childish 1

, sandsynl-ig '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 st0d and vowel length; and in quite a number of 
cases a second member which has no st0d as a simplex word even 
acquires a st0d (e.g. sende [s£na] 'send', but opsende 
['Jbs£n?a] 'send up'); and the first member of the compound, 
when it is monosyllabic, normally loses its vowel length and 
st0d, e.g. hus [hu:?s] 'house'_, but husmand [ 1 hus

1
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 st0d and, at least when it is monosyllabic, also 
its vowel length, e.g. l(/)s [l~:?s] 'loose' l(/)sagtig [l~s•agQi] 
' 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 f6rbenet 
'the foreleg' and forbenet '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 th·ere 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 • close- • con­
structions have red ion of stress on he • t member and are 
clearly distinguished 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 
IZ 'a glass of beer', fru Hansen 'Mrs. Hansen', ga i v<indet 
'go swimming' in contradistinction toga i v<indet 'walk in the 
water', uese rom<iner 'read novels' in contradistinction to 
Use rom<inen 'read the novel', sta 6p 'get up' but sta 6p 
'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 
st0d 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 ea 11 s 11wei ght 11 

(he uses "stress" in a somewhat different sense): 11levissimus 11
, 

11levis 11
, 

11semifortis 11 and 11fortis 11
• They are mainly defined 

by their segmental structure and their possibility of having 
distinctive vowel length and st0d. Levissimus syllables only 
contain the vowel [a]; levis syllables may contain all vowel 
qualities, but do not distinguish long and short vowels and 
cannot have st0d. This covers weak syllables in foreign 
words (e.g. veranda), 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 st0d, 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 i (e.g. Ella 
Jensen 1944 and Inger Ejskj~r 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. 

11Fortis 11 and 11semifortis 11 are evidently commutable, cp. the 
example en sort mejse 'a black tit' and en s6rtmejse '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 dyrskueplaas vs. krigsskueplads, mentioned above. 

The distinction between levis and levissimus is more problem­
atic. If [t'] is described as a variant of /e/ and/£/ 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 [a] 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 -ig, -ligand weak syllables in foreign words, like 
veranda 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. pld tik 1 PCV1 vs. plastik 
'plastic gymnastics', and billig t [ 1 bilisd] 'cheapest' vs. 
bil{st [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 perceetible 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 I vs. sandsynlig 'probable', or en bander6le 'a revenue 
label I and en bande r~vere '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 st0d. This criterion 
is, however, not always quite reliable. In complex compounds 
there may be loss of st0d in syllables with second degree re­
ductionTn medial position, e.g. in vdnd [van?] 'water' in 
undervandsbJd 'submarine'; on the other hand, it happens in 
very distinct speech that a disyllabic word reduced by unit 
accentuation retains a weak st0d, e.g. han springer 6p '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 l~se 6p 'to read aloud' and uesse 6p 'to 
load'. Finally, in syllables with short vowel plus obstruent 
where neither vowel length nor st0d 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 -lig, or posttonic syl­
lables in foreign words. Rischel assumes that this happens. 
In an oral communication Rischel has given the example utyske 
'monster' vs. emfdtlske '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. reous 'rebus', or in 
naturgas 'natural gas' vs. Ddlgas (name), or uZige 'unequal' 
vs. rmlZige 1 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. pengegrisk 
'avaricious' = mdlerisk 'picturesque', or fldskegas 'bottled 
gas' ~ dnanau 'pineapple' (foreign words may even get st0d in 
this case, e.g. P6Padis [ 1 phaa

1
di:?sl '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
ly 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 re9uced 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. Basb0ll (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 
st0d, vowel length and specific vowel quality ([a]))? 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.g. mdle b~tten 
and mdleb~tten, 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. Otto tog mdle­
b~tten frem 'Otto took out the painting box' and Otto vil mdle 
b~tte fem '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 pa1r: utyske vs. 
Herrenhutiske (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 detennined, 
e.g. 6verllegen I drdk I et glas il 'the chief physician drank 
a glass of beer•, where ui.gen is reduced in relation to over, 
and glds in relation toil. This is the type of boundaries 
used by Rischel (1982) and Basb0ll (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. 

III. 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 lower 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 deviati6ns 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 
lower 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 low 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 st0d, but a rising-falling contour with lower pitch 
on the following unstressed syllable in words with st0d, 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. Paul Andersen (1949) 
is very sceptical as to the existence of a difference between, 
words with and without st0d 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 Copenhagen11

, 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 sy1lables 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). 
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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 Fa 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 (198Gb). The first posttonic 
syllable (which is placed at the peak of the pattern) may be 
falling, rising-falling, or (more rarely) rising. All follow­
ing posttonic syllables have falling pitch. 
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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 (198Ob, 
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 st0d). 
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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 syl1able fall away sharply from the stressed syllable 
of the emphasized word (1979 and 198Ob). 

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. All four informants have high 

CS. 
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rising pitch on the stressed syllable and lower 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): 
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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 st0d, and some were rather complicated. For the 
present investigation therefore only the following were util­
ized: 

sid suppe 'sweet soup' vs. sefdsuppe 'a kind of fruit soup' 
sort mejse 'black tit' vs. sortmejse 'coal tit' 
sort kjole 'black dress' vs. sortkjole 'blackcoat' 
hvds mdske 'a grim mask' vs. gdsmaske 'gas mask' 

The words sefd suppe and sidsuppe have st0d in [5]. The other 
words have no st0d. 

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 n6gensinde set en sortmejse? (a) Ja, jeg sa; en 
s6rtmejse i sk6ven i gar. '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 oppe pa loftet 'the box was stored in the 
loft' 

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 loft' 

vs. han satte kdssen op pa loftet '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 1 a jug of water' and 
en tom kdnde 'an empty jug', placed in the frame han fandt ... 
i k~kkenet 'he found ... in the kitchen'. All 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 11Advanced 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 sort mejse and sortmejse 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: 

sid suppe 'sweet soup', sidsuppe 'a kind of fruit soup', 
en sid suppedas 'a pretty kettle of fish' (more idiomatic:· 
en kl/Jn suppedas) 

2 mat lampe 'dim lamp', natlampe 'bedside lamp', mat lampet 
'dim bracket lamp' 

3 Han lod Spies rejse sagen 'he let Spies bring the matter 
up' 

Han tog Spiesrejsen med 'he included the Spies-travel 1 

(Spies is the name of a well-known travel agent), 
Han lad Sp{es rejse med 'he let Spies come along' 

4 Peters ven skdber sig 1 Peter 1 s friend puts on an act' 
Nu giver venskabet problemer 'Now the friendship gives 

problems' 
Peters ven skaber problemer, 1 Peter 1 s friend gives prob-

1 ems 1 

5 gas brci.nder· 1 gas burns 1
, ga.,br'<Ender • gas burner 1 

, 

gds br~nder ned 'gas burns down' 

6 male kassen 'paint the box', malekassen 'painting box', 
male Casanova 'paint Casanova' 

7 male bitten 'paint the pot', mdleb~tten 'the painting 
pot I, 

male bi1Jtte fem 'to paint pot number five', male b~tten 
g1"r/n 'to paint the pot green 1 

8 ldmme l&r 'lame thighs', ldmmel&r1 'lamb's thigh' 

9 det vdrme appardt 'the hot instrument', vdrmeapparatet 
1 the heater 1 

, va:rme appar•atet op • to heat the instrument 1 

10 rw-\~ foii"til' 1 
1 Pussy understands .. 1

, m{vforistJr 'misunder-
stands .. 1

, m{s for tar pig I Pussy understands jokes 1

• 

For numbers 3 and 4 the whole sentences are quoted in order to 
facilitate the translation, but the other words and word groups 
v,ere al so p 1 aced fo sentences, v✓h i eh vJere as similar as. po~ - ~ 
sible, e.g. Ot-to vil male bitten strdk i morgen 'Otto will 
paint the box immediately tomorrow morning', Otto tager male-

• b~tten frem i mor1qen 'Otto will take out the painting pot 
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tomorrow', and Otto vil male b~tte fem i m6rgen '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 gasbr~nder, ldmmel&r 
and malekasse 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 Zampet 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. sandalen 'the sandal' vs.Sanddalen 
'Sand Valley' (a place name), barnagtig 'childish' vs. garn-
agtig 'thread-like'. Moreo~er, one informant read the words 
b{Zligst '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 I and Herrenhutiske 'Herrenhutish'. These words 
were also placed in sentences, which are listed in Appendix II. 

All 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 barnagtig and garnagtig 
by three, and numbers 3 and 4 only by one speaker. 

The lists were mixed with sentences used for measurement of 
segment duration (Fischer-J0rgensen 1982). Those sentences 
contained some compounds, which can be compared to the first 
member used as a simplex, i.e. nattefrost, Ddnnevang, Danfoss, 
mdndfolk, mandefald. They also contained a number of words 
with weak syllables in -e [a] and -er [n] or [Q], 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: ddnne, ndtte, bdste, ZaKke, 
misse, manse, sinner, ldser, kaldser, planer, sp{ser, muldtter, 
bdssei), -ooldkker; (2) in sentence medial position only: dcinse, 
bdsse, tdle, Ddnnevang, m{ssekat, malesk ivcJ, tdlest1,.,l;m, ncitte­
frost, sinnerne, maser, planerne, bd serne; (3) in sentence 
final position only: mdse, mdle, lddte. 

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 
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of his parents than to Lolland dialect. He is therefore 
regarded as a CSC speaker. Moreover, OT, 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. All main informants 
have lived in Copenhagen for many years (between 16 and 52 
years). The triplet male kassen 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
J0rgensen 1982.) 

Some of the sentences were also read by a number of dialect 
speakers. The pair male bitten and maleb<Ptten 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 mat ldmpe I natlampe, and 
this pair was also read by a speaker of the lower Copenhagen 
sociolect (ST). The same two pairs and, moreover, the pairs 
Sdnddalen I sanddlen and sr/d suppe I sr/dsuppe 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-J0rgensen 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 Fa-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 
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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. 

All 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 [~?] in s~d could not be delimited, 
and the same was often true of [l] and [a] in [ma:la]. 

The words varmeapparatet and varme apparat(etJ 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 mat lampe). 
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 
Rosenvold1 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 
material 

ASC speakers: Speakers of Advanced HP, BS 
Standard Copenhagen 

csc speakers: Speakers of a somewhat PD, JR, 
more conservative norm 

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

Speaker with a clearly 
audible Funish background 

1982 
material 

NR 

EF EF, PH, OT 

IE, SR 

NK 

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 ST0D 

Most unstressed syllables in native Danish words have the 
vowels [a] or [u], or a syllabic sonorant. -er is pronounced 
[u] in a more conservative norm, [J] in a more advanced norm. 
It is here transcribed [u] in accordance with my 1982-report 
on segment duration. With the exception of [u] 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 st0d, so that a st0d 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 st0d 
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. 

St0d 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. 
[a] 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 [a], the 
average difference being 8.3 cs. But [a] 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 [n]. It is considerably longer than [a], 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 I sanddlen, gdrnagtiJJ I barndgtig, en mdt ldmpe I 
en mdt lampet, b{lligst I bilist, and the nonsense words 
mdmam I 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 barndgtig, en mat lampet, and 
in both members of the bilist and mamam pairs. As for sandcilen 
this is not possible, because a and l could not always be de­
limited and because of the st0d 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 placed in the middle of sentences 
with four stress groups. The pair billigst / bili~t was 
placed in a frame det eP ... 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 



T
ab

le
 

I 

D
ur

at
io

n 
of

 
un

st
re

ss
ed

 
vo

w
el

s 
in

 
D

an
is

h 
(i

n 
cs

).
 

N
 

=
 n

um
be

r 
of

 
in

di
vi

du
al

 
av

er
ag

es
, 

ea
ch

 
co

m
pr

is
in

g 
B

 
to

ke
ns

. 
M

ea
su

re
 

(a
) 

in
 

fi
na

l 
po

si
ti

on
 

in
cl

ud
es

 
fi

na
l 

w
ea

k 
vi

br
at

io
ns

, 
(b

) 
st

op
s 

ap
pr

ox
im

at
el

y 
w

he
n 

th
e 

fo
rm

an
ts

 
st

op
. 

o 
(1

) 
is

 
po

st
to

ni
c,

 
o 

(2
) 

is
 

pr
et

on
ic

. 

A
. 

ut
te

ra
nc

e 
m

ed
ia

l 
po

si
tio

n 

N
R

 
PH

 
E

F
 

O
T

 
B

J 
SR

 
IE

 
N

K
 

av
. 

(N
) 

(N
) 

(N
) 

(N
) 

(N
) 

(N
) 

(N
) 

(N
) 

a 
(1

6)
 

4.
3 

(1
6)

 
3.

3 
(2

6)
 4

.4
 

( 1
4)

 4
.3

 
( 7

) 
6.

 1
 

(6
) 

4.
3 

( 7
) 

4.
4 

4.
4 

( 1
) 

D
 

(1
5)

 
6.

8 
(1

5)
 

7.
4 

(2
4)

 7
.1

 
(1

5)
 

7.
4 

(5
) 

8.
9 

(5
) 

6.
8 

(5
) 

6.
3 

7.
2 

( 2
) 

D
 

(3
) 

5.
2 

(3
) 

3.
8 

(5
) 

5.
3 

(3
) 

6.
4 

(3
) 

5.
3 

(3
) 

6.
9 

5.
5 

i 
5.

3 
(1

) 
6.

1 
(1

) 
5.

8 
(1

) 
5.

8 
( 1

 ) 
6.

5 
( 1

) 
8.

4 
6.

3 

a 
(2

) 
6.

0 
(1

) 
6.

5 
(1

) 
5.

5 
6.

0 

B
. 

ut
te

ra
nc

e 
fi

na
l 

po
si

tio
n 

N
R

 
PH

 
E

F
 

O
T

 

(N
) 

a 
b 

(N
) 

a 
b 

(N
) 

a 
b 

(N
) 

a 
b 

a 

a 
(4

) 
9.

2 
5.

3 
(4

) 
6.

6 
4.

6 
(1

2)
 8

.7
 

5.
7 

(5
) 

6.
6 

5.
 1

 
7.

8 

D
 

(3
)1

3.
9 

8.
0 

(3
) 

8.
5 

5.
7 

(1
5)

10
.0

 
7.

0 
(3

) 
9.

9 
6.

7 
10

 .6
 

L
 

b 5.
2 

6.
9 

):
::a

 
n 0 C

 
(/

) -I
 -n 3:
 

):
::a

 
z -., ["

T
l 

(/
) -I
 

):
::a

 
-I

 -0 z 0 ., (/
) -I
 

:::
:0

 
["

T
l 

(/
) 

(/
) O
')

 
\.!

) 



:!.
'a

bl
e 

II 

D
iff

er
en

ce
s 

in
 

cs
 

be
tw

ee
n 

st
re

ss
ed

 
an

d 
un

st
re

ss
ed

 
sy

lla
bl

es
 

an
d 

vo
w

el
s 

in
 

co
m

pa
ra

bl
e 

w
or

d 
pa

irs
 

(A
),

 
an

d 
be

tw
ee

n 
vo

w
el

s 
in

 
co

ns
ec

ut
.i 

ve
 

sy
lla

bl
es

 
of

 
th

e 
sa

m
e 

w
or

d 
( B

).
 

N
um

be
rs

 
in

 
pa

re
nt

he
se

s 
in

di
ca

te
 

th
e 

nu
m

be
r 

of
 

in
di

vi
du

al
 

av
er

ag
es

, 
ea

ch
 

co
m

pr
is

in
·g

 
8 

to
ke

ns
. 

1 

dH
f. 

-1
m

ad
2 

'la
.m

ba
 

! s
an

, 
da

: 
?l

ljl
 

1
ga

:n
 

ag
di

 
1 
bi

lis
d

3 
1
m

am
am

 
bi

'li
sd

 
--

__
 

, 
-

-
'm

ad
 

la
m

1
ph

£d
 

sa
n 

I
da

: 
?l

ljl
 

ba
(:

 
)n

' 
ag

di
 

bi
'li

sd
 

m
a'

m
am

 
'b

ili
sd

 
-

-
-

N
 

(6
) 

(6
) 

(3
) 

(5
) 

(6
) 

( 5
) 

A
 v

ow
el

 
4.

3 
2.

4 
6.

9 
2.

7 
2.

9 
1.

 7
 

sy
ll.

 
7.

4 
6.

8 
10

.2
 

6.
7 

4.
8 

5.
2 

8 
vo

w
el

 
1 
m

ad
-l

a:
m

 
3.

4 
1
bi

-l
i 

1.
4.

 
'm

a-
m

a·
 

1.
 7

 
-

-
-

-
-

-
. 

vo
w

el
 

ba
n-

'a
gd

 
-3

.6
 

.b
i-

'li
 

-3
.0

 
m

a-
'm

a 
-2

.0
 

--
-

1
) 

N
R

 m
ad

e 
th

re
e 

re
ad

in
gs

 
of

 b
iZ

.Z
ig

st
/b

il
{s

t 
(t

he
re

 
ar

e 
th

us
-

24
 t

ok
en

s)
 

an
d 

tw
o 

re
ad

in
gs

 
of

 
Sd

nd
da

le
n/

sa
nd

dl
en

 
(1

6 
to

ke
ns

) 
2

) 
bd

g 
ar

e 
ge

ne
ra

lly
 

vo
ic

el
es

s.
 

;·,
1a

'm
am

4 
-

1 
rq

am
am

 

. (
 6

) 

0.
8 

3.
 1

 

3
) 

-s
t 

w
as

 l
ef

t 
ou

t 
in

 b
{l

li
gs

t/
bi

l{
st

 
(t

 
co

ul
d 

no
t 

be
 d

el
im

ite
d,

 
an

d 
s 

w
as

 o
f 

ap
pr

ox
im

at
el

y 
th

e 
sa

m
e 

du
ra

tio
n;

 
th

e 
gi

n 
b{

ll
ig

st
 

is
 

no
t 

pr
on

ou
nc

ed
).

 
4 )

 T
he

 l
as

t 
m

 i
n 

m
dm

am
 an

d 
m

am
dm

 w
as

 n
ot

· i
nc

lu
de

d,
 

be
ca

us
e 

it 
co

ul
d 

no
t 

be
 d

el
im

ite
d.

 

av
. 

3.
2 

6.
3 

2.
2 

-2
 ..

 9
 

--
...

J 
0 ., 1-

-4
 

(/
) n :c

 
rr

i 
;a

 I c.
...

 
Q

 
;a

 
G

")
 

fT
l z (/

) 
·r

rl
 :z
 



ACOUSTIC MANIFESTATION OF STRESS 

speaker IE they sounded so unnatural that they have been 
left out in the grand mean. 

71 

It appears from table II A that the stressed syllable is al­
ways considerably longer 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 mamam and mamam for two speakers; the magnitude of 
the difference is such that it will in almost all cases be 
clearly perceptible, the difference limen for vowel duration 
being around 2.5 - 3.5 cs (see the references in Eli Fischer­
J0rgensen 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 b{lligst and bil{st the main difference is (for 
all speakers) in the l, which is 3.5 cs longer in bil{st than 
in b{lliqst. 

A comparison between the vowels within the same word (or phrase) 
also shows that the vowel in unstressed syllable is significant­
ly shorter than the vowel in a preceding or following stressed 
syllable in mat larrrpet, barnagtig and bil{ t but rarely in 
b{lligst, where the main difference is in the initial consonant, 
and not always in mamam and mamam. 

It is conspicuous that the first [a] is 3.6 cs shorter than 
the second [a] in barnagtig, although the word barn [ba:?n] 
has a phonologically long vowel with st0d in the norm of all 
the speakers, i.e. both st0d and vowel length are lost in 
barnaqtig. 

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 
lam, san, garn, b{, 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 [a] in the dialect recordings. In the Zea­
landish dialects without apocope the duration of [a] is 5.3 cs 
on the average, and the duration of -er is 6.1 cs. In the Jut­
landish dialects the duration of [a] in Kalle is 5.9 cs, and 
the duration of -er is 5.5 cs, i.e. [a] 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 Nanna 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 I sanddlen was read by some of the Jutland­
ish informants. Some of them had, however, a long [J:] 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 

All 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 SR1 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 
as different timing 

It is possible to de­
scribe some of the de­
viations in the way 

suggested by Thorsen, i.e. as a different timing i.n 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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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 orevious 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 sJnnerne k6mmer, and Nanna ta1<.ker 
for qdven. -

Type 2 differs from type 1 by having a more rising stressed 
syllable. It is often used by the CSC soeakers, who may, how­
ever, also use type 1. Fi9ures 4 and 5 give some examples of 
the difference between type 1 and 2. The sentences in figure 
4 are read by he 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 lower 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-J0rgensen 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
inq sonorant consonant continues the rise, but from there the 
curve decreases rather abruptly. In figure 3 two subtypes 
(3A and 38) 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 (Molb~k 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 st0d, 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 
Drag0r 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-J0rgensen 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), 



H
z 

ST
 (

A
SC

) 
ty

pe
 

1 

\ 
)>

 

' 
('"

")
 

0 C
 

/\ 
U

l 

( 
-i -

• . .
 . . _

__
_,

,,,
 

~
 

('"
")

 

20
0 

-f
 

I 
, ..

. 
. 

3:
 

. 
)>

 

~
· 

:z
 -.,, rn
 

16
0 

U
l 

-i )>
 

h 
'm

 
'I>

 
d 

i 
Is

 
p 

h 
.:)

 
' g

 
~ 

-i 
an

 
a 

s 
ri

 a
 

C
E

 
n 

D
 

a 
: 

n 
-0 :z

 
0 

L
FJ

 
( 

N
. 

Z
E

A
L

.)
 

ty
pe

 
3 

.,,
 

H
z 

U
l 

-i 

.. .
I\ 

~
 

;o
 

rn
 

04
 

/' 
. 

U
l 

_/
 

. 
U

l 

.. 
'· 

_/
 

✓
 

0 
; 

' 
I 

12
0 

h 
a 

n 
l 
t 
~ 

0.
. 

f 
s 

i 
na

 
j 

s 
C

E
 

n 
D

 
ph

::)
 

'g
 

a:
 

0 
n 

I 
f 

I 
I 

I 
I 

I 
I 

I 
( 

I 
I 

I 
I 

I 
I 

I 
0 

20
 

40
 

60
 

80
 

10
0 

12
0 

14
0 

16
0 

C
S 

F
ig

ur
e 

7 

C
om

pa
ri

so
n 

of
 

F
o 

cu
rv

es
 

by
 

ST
, 

w
ho

 
us

es
 

th
e 

A
SC

 F
o 

pa
tt

er
n,

 
an

d 
'-I

 
\D

 
L

F
J 

fr
om

 
N

or
th

 
Z

ea
la

nd
 

(n
ea

r 
F

re
de

ri
ks

vc
er

k)
, 

w
ho

 
is

 
ty

pi
ca

l 
fo

r 
th

e 
N

or
th

 
Z

ea
la

nd
is

h 
pa

tt
er

n.
 

--



80 FISCHER-J0RGENSEN 

but ~ccording 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 
and final position 

The description given 
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 last 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---:rfle 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 mdleb~tten frem 
'he took out the painting box', or Han vii male bitten st~dks 
'he will paint the box immediately', whereas a single pronoun 
starting a sentence, e.g. Jeg kibte ... 'I bought ... 1

, or 
Hans sinner ... '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 
structure and gra~natical boundaries 

Unstressed medial 
syllables always 
belong to the fal­

ling 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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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 kha 1 se:n5 £ 

san'da:?l], where [san] is higher than [£], 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 syllables, which might have 
invited to such a break, e.g. en indgJende I beskr{velse 
'a thorough description' or: unders~gelse I 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 thi. 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 tha.n the preceding stressed syllable, e.g. fandt en kande 
'found a jug•, whereas the enclitic definite article is always 
said on a higher Fo, e g. etnografen 'the ethnographer'. ihe 
lower Fo of the proclitic article is also used by the DSC 
speakers but ~ardly ~ver by the ASC speaker HP. In the sen­
tence Hdnne misforstar sp~g (of the 1982 material), in which 
there is no word boundary between mis and far, all speakers 
(ex ept SR) have a higher Fo on far than on both mis and stJr. 
In Hannes mis forstar splg 1 Hanne1 s pussy understands jokes' 
only the ASC speaker NR and two of the CSC speakers (PH and OT) 
hav a higher Fo on fa~, whereas the CSC speaker EF and the 
D~C speaker SR and (partly) IE have far slightly lower than 
mis. Finally, in Hannes mis forst&r sp~gen 1 Hanne1 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 higher, sometimes lower than m{s, but at least 
not as high as in the first sentences, and SR and IE have for 
lower than both mis and st&r. In the sentence hans plan 
forkdstes 'his project is rejected' (in contradistinction to 
hans planer fremmes 'his projects are furthered'), one of the 
three CSC speakers has a lower Fo on for than on plan. 
Fina 11 y, in the sentence ... en mdt larrrpet. . . 'a dim bracket 
lamp' the ASC speaker NR always, and OT mostly, have a higher 
Fo on lam than on both mdt and pet. EF has this pattern in a 
few cases, but otherwise she and PH have lam lower than pet, 
and SR and I E have lam l ovJer than both mdt and pet. 

The 1961 material also contains the examples en star bedrdger 
'a great swindler' and en starbedrager 'a great (professional) 
swindler'. All three CSC speakers, and one DSC speaker had a 
difference, the syllable be being always higher than star 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 st6r. 

Nina Thorsen (oral communication) suggests that in the examples 
mis forst&r, mdt larrrpet and star 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., etnogricifen, 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 
S~ren kom med nogle barndgtige udtalelser 1S0ren made some 
childish remarks' EF has a lower 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 kasserede sandalen s{dste sommer '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 dalen, where­
as NR, EF, and in almost all cases OT have a higher Fo on san. 
(All 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 male 
Casanova 'he will paint Casanova' (where Casanova 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 b~tten grin imorgen 'Otto will 
paint the box green tomorrow' all except NR have a lower Fo 
on male than on bitten, and in Otto vil male b~tte fem imorgen 
'Otto will paint box number five tomorrow' all except NR.have 
a lower Fo on b~tte than on fem (OT has one and EF two counter­
examples out of eight). In the sentence Ole spiser sidsuppe 
til middag (and the same with sid suppe) spiser is lower than 
sid for all informants except NR, who, however, in this case 
has two examples with lower Fo on ·piser (for the CSC speakers 
spiser is also low 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 st0d. 

Syllables with st0d, 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 st0d. But the CSC speakers often have a 
lower unstressed syllable after a st0d. 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 [~] 
in [ 1 £dno 1 gra:?f~] but often a lower Fo on the unstressed syl­
lables in [be'sgri:?v+se] and [be'sgre:?va5], and the CSC 
speakers of the 1982 material generally have a higher Fo on 
the final unstressed syllables of [aba'Ha:?d~], [san'da:?l~], 
['blJm?sd~] and [ 1 pla:?nn], but often a lower Fo on the un­
stressed vowel of [ 1 sbi:?sn], sometimes (phe:?dn], and all (ex­
cept the ASC speaker NR) have consistently lower Fo on the 
posttonic syllables in the words [kha•se:?n5a] and [pha 1 se:?­
n5a]. 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 st0d; 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 st0d in the dialects of North Zealand, and Poul 
Andersen's criticism (1949) was not justified on this point. 
Figure 9 shows the sentence hem passerede Scinddalen, read by 

Hz NR (ASC) 

ha n pha Is e·? 'D o a 's a n ,d a: ? I n 

Hz EF (CSC) 

\~ 
_/ " '-" r 

h an pha 's e 7 D O a 's a n d a: ? I n 

0 20 40 60 80 100 120 

Figure 9 

Fo tracings of two sentences with st~d 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 latter 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 Fa 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 section V.B.2). 
Probably the other cues (vowel quality, st0d, 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., Garding 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 1n 
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 fal1ing 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 deter b{lligst 
(de siger) and deter billst (de siger) may have roughly the 
same Fa 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 Fa 
contours were similar (see Appendix III,4). However, NR 
had a much higher rise in the unstressed than in the stressed 

[lisd] (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 b{ZZigst the 
rise starts in the Z or sometimes already in the first i, 
whereas in biZ{st it never starts until the boundary between 
Zand the following i. Thorsen (1982a and 1983b) has shown 
that the Fo level of the Z alone may be a sufficient perceptual 
cue for the stress difference, in synthetic spe~ch with no 
other cues present. The same timing of the rise as in biZ{st 
is found in some other words of the same type, e.g. kalas, 
rrruldtter. The frame deter ... de siger will give further 
Fo cues. deter [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 [a] and [u] 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 lower sociolect ST, who has a high 
rise in Fo, generally also has higher intensity. The West 
Jutlandish dialect speakers have both lower Fo and lower 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, like 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 Sanna as first word of 
the sentence all have a rising Fo contour in the standard lan­
guage, but they have lower intensity in the second unstressed 
syllable. In Nanna, 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 ef PM and often 
of some of the other East Jutlandish and North Zealandish 
speakers. 

Of the examples which can be compared pairwise (see Appendix 
III), the pair SanddaZen I sandaZen, which has been read by 
14 informants, partly with different Fo contours, is the most 
informative. All the Jutlandish dialect speakers (Appendix 
III,6-7) have lower intensity on the weak syllable san-than on 
the following stressed syllable, and almost all have hiqher 
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intensity on the stressed Sdn-than on the following syllable 
with secondary stress (JO has Sdn- slightly lower, but the dif­
ference is much smaller than in sanddlen). This is in accord­
ance with their Fa 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 Sdnddalen 
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 Fa-inde­
pendent intensity contour which parallels the stress relation. 
He has the same Fa-independent intensity contour in the pair 
billigst I bilist. 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 limited 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 least dubious whether such compensations take place for full 
vowels within a limited 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
ly 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 low 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 [a] 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 [a] and [o] following a vowel of different 
quality the problem is complicated by the phenomenon of in­
trinsic intensity. The open back vowel [o] 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 [a], 
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 [mana] and [mana] in 
the same environment. Here [a] had a definitely higher in­
tensity than unstressed [a] (Fo was about 1 semitone higher). 
This points to a rather high intrinsic intensity of [a], but 
further investigations are required (and a complication is 
that the degree of openness of [a] is rather variable). In 
perception the loudness 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 
distributed 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 
loudness. 

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 
[a] and [n], 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 Zdmpe 'a dim lamp' and en ndtlampe '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 II syllables with secondary stress 
retain their vowel quality, their phonological vowel length, 
and their st0d (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 listed 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 Zdmpe, 
(2) ndtlampe, (3) mdt lampet, or (1) mdZe bitten, (2) mdZe­
b~tten, (3) mdle b~tte fem, and the line 111-211 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
J0rgensen 1982), there were sentences of the type han sagde 
mdZe to gdnge, han sagde mdlekasse to 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 - mdlekasse, 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 - Ddnnevang (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 cs, in 
mdnde - mdndefald (1 speaker) 4.6 cs, m{sse - m{ssekat (1 
speaker) 4.1 cs, dan - Ddnfoss(6 speakers) 3.1 cs, man - mdnd 
folk (1 speaker) 2.5 cs, mis - mtslyd (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 ndtlampe the t was lengthened, the 
vowel shortened by 0.9 cs. 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: Ole spiser sefd 
suppe til middag vs. Ole spiser sldsuppe til m{ddag, or Otto 
vil mdle bitten strdks i m6rgen vs. Otto tager [ta:] mdleb~tten 
frem i m6rgen. 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 l 9o level. Th "re were 8 readings 
of each word. The numbers 1-10 corrL'Spond Lo Lhc: numb0rs in 
Appendix IV. 

NR , PH EF OT SR IE 

•s~5? soba 3.0* 0.5 -0.2 1.6* 3.6* 4.9* 
-- I 

2 'nad larnba 1 0.4 0.3 -1 .3 0.2 --' 
3 'sbi:'?s 

1
gaisi;i 

4 1 VEfl 

5 

6 

1 
sga: ?b~ 

'gas b~nn 3 
--' 1.2 1.5 

1.4 -0.3 

1.3 

1.6* 

0.3 0.5 

3.1* 1.0 

0.2 2.4* 

-0.6 

7 1 ma:la
1
bsz5di;i 3.0*-0.4 2.6* 1 .8 -0.5 -0.9 

8 1 1 mna 1 1 o : ? - 0 . 1 2 . 1 1 . 8 3 . 1 * 

9 •va:maaba 

1
Ha:?d~ 2 

10 'misfo 
,sdu:? 

2.0* 1.5 -0.5 1.8 -0.9 1.5 

-0.5 0.2 1.4* 4.0* 2.3* 0 

BJ NK average 

-0.3 4.3*-

1.2 

0.4 

1.3 

1.6 

0.9 

1.2 

0.9 

1. 7 

0.9 

1.2 

average 1.3 0.7 1.0 1.8 0.9 1.2 -0.3 4.3 ·-1.4 1.2 
1 ) In ndtlampe and m{sforistJr the initial consonant has not been in­

cluded because it could not be delimited from the preceding word. 
2 ) In vdrme- the [a] has not been included because it could not be 

delimited from the following a. 
3) EF had two readings of gdsbr~nder/gds br~nder. 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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(All 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 sldsuppe than in 
ndtlampe. This is hardly accidental, for the dialect speakers 
make the same difference, and moreover, sldsuppe was the word 
with most shortening in the 1961 material, and ndtlampe the word 
with least shortening in the sentences used for the duration 
analysis mentioned above. One reason may be that sld suppe 
(in two words) is not very commonly used, whereas sldsuppe is 
a current word, and some speakers seemed to take pains to pro­
nounce sld 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, acer­
tain similarity between the treatment of mdlekasse and mdle­
b~tte. 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. mdlekasse. For the four 
speakers who read this pair both in the frame and in the normal 
sentences, t~e 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 male. 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 obje~t in a normal sentence, and this boundary may cause 
lengthenings (cf. Fischer-J0rgensen 1982, p. 179). The word 
male 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 male 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 gasbr&nder. It may be part­
ly due to the fact that in this case the words were not com­
pletely identical. There is st0d in then in gas br~nder, but 
not in gasbr&nder, and a st0d may have a shortening effect. 
On the other hand, the conspicuous shortening in venskabet 
may be due to the fact that -skabet has st0d· 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 gas­
bmnder (0.3 cs) than other initial consonants (-suppe 2.0 c~, 
-Zampe 1.0 CS, -kasse 1.4 CS, -bJtte 1.7 CS, and -lar 1.5 cs). 
If the two words venskabet and gdsbr&nder are left out, the 
averages will be somewhat higher for NR, PH, OT and EF, and 
the grand mean will be 3.1 cs. 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 sldsuppe than in 
natZampe. But the second member of sldsuppe is not much more 
shortened than the second member of e.g. mdZeb~tten (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 sldsuppe and sld suppe, but also for the small differ­
ence in ndtlampe vs. mdt Zdmpe. 

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

1 s~O? soba 1 , __ 

5 1 gas bH-amn 2 
I --

6 'ma:la 

1
khas~ 

7 •ma:la 
,b~d~. 

8 'lama,ln:? 

9 'va:maaba 
, ~a: ?d~ 

10 'misfn 
sdn:? 

NR PH EF OT SR IE 

6.2* 4.3* 5.2* 5.3* 4.3* 6.8* 
(2.5*) (2.4*) (2.3*) (3.1*) (2.2*) (1.7) 

2.0 
( 1.1) 

1. 7 
(0.8) 

4.9* 
(0) 

1.0 
(0.8) 

5.4* 
(3.1*) 

0.4 3.1* 
(-0.4) (-0.2) 

5.2* 
( 1.5) 

BJ NIC 

-0.3 
4.4* 

(2.0) 

1.4* 

3.4* 
(0.8) 

0.3 
3.6* 

(0.5) 

0 

4.6* 
( 1.4) 

2.2 1.3 2.0 

5.0* 4.6* 
( 1.8*) ( 1. 1 ) 

5.8* 5.7* 0.7 
(2.1*) (2.6*)(-1 .0) 

4.5* 3.4* 4.3* 3.9* 
(2.8*) (2.3*) (1.7*) (1.8*) 

3.1* 0.9 
(2.5*) (0.4) 

1. 7 
( 1. 5) 

3.9* 0.8 
(5.0*) (0.2) 

(1.2) (-0.6)(0.4) 

7.6* 
(3.0*) 

7.6* 
(4.6*) 

2.9* 4.8* 3.3* 4.2* -1.7 -0.3 
(2.2*) (2.7*) (2.6*) (4.0*)(-1.7*)(-0.4) 

av. 

5.4 
(2.4) 

2.9 
(0.5) 

1.0 

5.4 
( 3. 1 ) 

0.5 

3. 1 
(0.8) 

4.9 
( 1.6) 

4.0 
(2.2) 

3.0 
(2.4) 
2.2 

( 1.6) 

average 3.5 3. 1 

( 2. 1) ( 1.5) 
3.6 

( 1.6) 

3.5 1.4 

(2.5) (-0.1) 
4.9 

( 1. 9) 

1.3 2.0 2.S' 3.2 3 

(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 gdsbr~nder could not be delimited from the [H] 
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: Ole spiser sldsuppe (sld suppe) til m{ddag 
'Ole has (a special type of) fruit soup (sweet soup) for din­
ner' and jeg klbte en mdt ldmpe (en ndtlarrrpe) til sdvekammeret 
'I bought a dim lamp (a bedside lamp) for the bedroom'. And 
in the example gds br~nder I gdsbr&nder the words gds brcender 
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 gdsbr&nder. It might also be possible 
that the consonant cluster [sbg] and in ndtlampe the cluster 
[dl] 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 (vdrmeapparatet and m{sforst&r), there is 
great divergency among the speakers, but not in the same way. 
IE has more shortening than everybody else in vdrmeapparatet, 
less than everybody else (except SR) in m{sforstar. 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 ment1oned that OT's pronunciation of sldsuppe 
generally sounds to me as two words, although he has just as 
much difference in duration as the other speakers. And SR's 
sldsuppe and ndtlampe sound a few times like 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 
the sounds of the first and second 
member in compounds 

It appears from table 
IV that the vowel is 
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. 

NR PH EF OT SR IE BJ NK av. 

1 's~~?, s~ba 4.9* 1.3 3.2* 3. 1 * 4.4* 5.2* 3.7 

2 'nad lamba 
- I -

0.7 1. 1 0.2 0.8 1.5 3.6* 1.3 

3 1 sbi:_: ?s, 1rnis1j1 1. 7 1. 7 

4 ' V£.Il, sg~: ?b~ 3.0* 3.0 

5 'g~s,b~no 0.9 0.6 0.9 1.3 0.9 

6 •m~: la 
1
kh~S1jl 2.7* 1. 7 5.2* 2. 1 * -0.3 0.8 5.0* 2.5 

7 •m~:la 1 b~dljl 3. 1 * 3.2* 3.4* 3.8* 1.0 0.7 2.5 

8 'lama lo:? 
- I -

2.8* 2.3* 1. 7* 2.8* 2.4 

9 'va:maaba 5.5* 1.2 -2.5 4.3* 0.3 5.3* 2.4 
I :H~:d~ 0.7 3.2* 3.0* 4.5* 4.3* 1.5 2.9 

10 'misfo sdn:? 

average 2.7 1.8 2.0 2.8 2.3 2.7 0.8 5.0 ,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 cs). 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 ts. 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 
material and the recordings of dialect 
speakers 

sldsuppe, and hvds mdske vs. gdsmaske. The 
I. 

Four pairs from the 1961 material 
have been ana ·1 yzed, i . e. sort 
mejse vs. sortmejse, sort kjole 
vs. sortkjole, s/d suppe vs. 

sentences are listed in Appendix 

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). 

first 
member 
second 
member 

NR 

1.3 

3.5 

PH 

0.7 

3. 1 

EF OT 

LO 1.e 

3.6 3.5 

SR IE BJ NK a v. 

0.9 1.2 -0.3 1.4 

1.4 4.9 1.3 2.0 2.9 

total re-4 8 3 8 4 6 5 3 2 3 6 1 1 0 6 3 4 3 
duct ion • • • • • • • • • 

distance 2.7 1.8 2.0 2.8 2.3 2.7 0.8 5.0 2.5 

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 sld suppe I sldsuppe, male bitten I maleb~tten and 
mat lampe I natlampe were also read by a number of dialect 
speakers, four West Jutlandish speakers (BT, TA, EA and JO), 
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 male bitten I maleb~tten 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 cs. 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 JO PN PM LH av. 
first 1. 7 0.9 0.8 3.2 0.8 0.3 -0.2 1. 1 member 
second 2.4 2.0 1.6 3.5 3. 1 2.3 2. 1 2.4 member 

total re- 4. 1 2.9 2.4 6.7 3.9 2.6 1.9 3.5 duction 

distance 2.0 2.0 1.8 4.3 3.5 1.4 1.6 2.4 

B. Funish (1 word pair) 

MA LA HV EK EH av. 

first -1. 1 0.5 2.7 3.8 1. 7 1.5 member 
second 0.2 0.5 0.6 3.2 1. 7 1.2 member 

total re- -0.9 1.0 3.3 7.0 3.4 2.8 duction 

distance -3.4 0.5 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 ,n 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 cs in the first member of mdleb~tten, 1.2 cs 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 1arge 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. Fa-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-
long to five different types ( v indicates unstressed syllables 
here, - main and secondary stress and I the grammatical bound­
ary; only the compound is cited as example, and the number of 
speakers is indicated in parentheses): 

(a) ·-1-v 

(b) -vl-v 

(c) -v·I-
(d) I u ___. 

(e) ...... v·I u v- ( ~-) 

sldsuppe (6), ndtlampe (6), gds­
bmnder (4), Sp{esrejsen (1), ven­
skabet ( 1) 

mdlekassen (7), mdleb~tten (6) 
ldmmel&r (4) 

m{sforst&r 

vdrmeapparatet 

(gdsbr~nder was read in two different sessions by EF, so that 
there is a total of 5 averages of this w0rd.) 

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 st0d 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 st0d most speakers have falling Fo, see, 
e.g., the Fo contour of the syllables s~d in Appendix IV.1). 

In compounds, however, the syllable with secondary stress be­
haves like an unstressed syllable in the Fo pattern. This 
also means that there will be differences between speaker cate-
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ASC csc DSC W. JUTL. 

(mat lampe) ...... _,,,,,,,'- ' ✓ ... /,,,', -
'- --a 

(natlampe) -----~ .... _,," \ / '- ' /, /,,,, 
' 

(male b~tten) 

b 

......... ---
... 

- _, 
or 

_,,,, -_,,' /' -... 
- ,,,,.., - ----

.... 
~ 

_,,, ...._ .... ✓ ' ... 
(malebitten) ' 

(Uunme lc1r) 
,,,. .... ...,,. 
' 

..,, --C 

( lamme zJr J - '"' .... -- --" 

(mls forst&r) .... ; -, --' 
_,_, 

' d 

' -
(mlsforstdr) 

-- " --' "' ' 
( varme apparat) - \. -~ _,,, · . ..,,; _,,, ·---..... 
e 

- ,. 

(varmeapparat) 
/". --·, --·-- - .,, ·------

Figure 10 

Rough sketches of Fo patterns for various types of com­
pounds and various categories of speakers. Only the 
vowels are indicated. Thick lines= vowels with main 
stress; thinner lines= secondary stress, thin lines 
= weak stress. 

-... 
or 

"" .... 

/, , ...... 



102 FISCHER-J0RGENSEN 

gories corresponding to the differences described in section 
V.A.2 for unstressed syllables. In type (a)-1- 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 [a] in their dialect, but in their 
RSD the [a] is generally pronounced. It is, however, low both 
after main and secondary stress. 

Type (b) - ul-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 low 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 le in male in the compound. 
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Types (c)-v I- and (d)-lv-_differ_fr~m types (a) and (b) 
by not ha v ·i :·::1 a Fina 1 weak syl 1 ab 1 e to 1 nd 1 ea te whethe~ the 
preceding syllable has main stress or not. Moreover, 1n the 
examples chosen the syllables Zar an~ star have st0d and_there­
fore a falling Fo movement. There will thus only be a ~,f~er­
ence in level between secondary and main stress, and th1s_1s 
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, whic~ has re­
duced stress and is thus higher after the stressed Zar than 
after the zJr with secondary stress. 

Whereas in (c) the weak syllable following the first stressed 
syllable belongs syntactically to this preceding syllable / 
(ZammeZ&r), it belongs to the following syllable in (d) (mis­
forst&r). In the sequence of separate words (m{s forst&r) 
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 lower level 
when it belongs grammatically to a following stressed syll.,able, 
and thus they make a difference between m{s forstdr and mis­
forst&r, which is not quite consistent for the CSC speakers 
but which is consistent for the DSC speakers. Only the ASC 
speaker NRnas complete overlapping (cf. the discussion in 
section V.A.3, p. 82). 

In type (e) -vvv-(v)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 r1dt with main stress 
(although it has st0d) than on the rat 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, band 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 ndtZampe, s<fdsi':tppe and mdZeb~tten, 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 sidsuppe 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 (Ddnfoss, s6vekammeret) sounded 
as normal compounds. In the pronunciation of the RSD speaker 
from Arhus the words sldsuppe and ndtlampe, but not mdleb~tten, 
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 sldsuppe and 
s6rtkjole read by SR, and of these words plus s6rtmejse read by 
BF. A small informal listening test with two ASC listeners 
and one CSC listener showed much uncertainty in the identifica­
tion of these words. In the 1982 material I heard two of SR's 
examples of sldsuppe 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. sldsuppe, s6rtkjole) 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 (sldsuppen, s6rtkjolen), whereby 
they are characterized as compounds. So did the West Jutlandish 
speakers in their RSD in the case of mdleb~tten. And words like 
mdleb~tte 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 compound~ were heard as quite normal. OT even has a 
very clear durational difference between sldsuppe and sld suppe 
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 lie in the last 
unstressed syllable of sldsuppe (and ndtlarrrpe). It was slight­
ly 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 -lampe and no Fo difference 
between sld suppe and sldsuppe. This seems to indicate that 
the Fo movement is a more important cue than duration, at least 
for ASC and CSC listeners. In the 1961 material, however, it 
was difficult to find any explanation of th~ differences. It 
would be interesting to undertake some well planned listening 
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 low 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 low 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 low 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 $tresses, 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. Ejskj~r 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 falljng Fo also have low intensity. There 
are, however, exceptions; higher Fo may be combined with lower 
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 st0d and their phono-
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logical vowel length difference, whereas syllables reduced by 
unitary stress loose their st0d 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 st0d, 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 ·iisted in Appendix 
II, but it may be practical to repeat the triplets here (with 
number of speakers in parentheses): sld suppe I sidsuppe I 
sld suppedas (6), mat lampe I natlampe ;·mat lampet (6), male 
kassen I malekassen I male Casanova (7), male bitten I male­
b~tten I male b~tte fem (6~, gas brcinder I gasqr~nder I g4s 
br~nder ned (4), m{s /orstar splgen I m{sforstar .,splg I mis 
forstar splg (6), Sp~es rejse I Sp{esrejsen I Spies rejse med 
(1), ven skaber sig I venskabet I ven skaber problemer (1). 
(The sentence Sanna m{sforstJr splg 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 varme apparat I varme 
apparatet op (6), and male bitten I male bitten grin. Three 
examples from the 1961 material were also analyzed: vandkande 
I kande vand, and (only for comparison with main stress): 
sat oppe I sat op and satte kassen oppe I satte kassen 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 prosodic 
stress group which is expanded by the reduced word, e.g., 
male b~tte I fem (vs. male I bitten) 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 larger magnitude in intraword unit accentuation 
(7.4 cs) than in phrasal unit accentuation (4.0 cs), but the 
example male b~tte fem 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 
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~eduction 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. 

A. 
's<215? soba 
'Ja: ?s 

NR PH EF 

6.2* 5.6* 5.3* 

2 'mad lam'phEd 9.1* 6.0* 6.7* 

3 'sbi:?s Haisa 
1 mE5 

4 1 vEn sga:ho 
pgo'ble:?mu 

5 'gas bHcEnu 
'ne5? 

1.6 

5.3* 

4.0* 

2.0* 0.7 

6 'ma:la khasa 12_7* 7_2* 5_3* 
'no:va 

7c 'ma:la b~da 
1 fEm? 

10 'mis fusdu 
'sb:::)i? 

B. 
7d ma:la 1 b~dJil 

1 ggmn? 

9 va:ma aba 
• HG: ?d9 ':::)b 

average 

8.9* 2.8* 7.2* 

10.0* 4.2* 6.2* 

6. 1 * 2 .8* 3.9* 

1.4 2.2* 3.0 

7.0 4. 1 4 .8. 
'. 

OT SR IE BJ NK 

5.3* 8.5* 10.4* 

7.8* 5.9* 9.0* 

-0.2 

9.3* 10.9* 7.3* 3.5* 

6.2* 5.3* 10.6* 

6.5* -0.9 4.9* 

5. 1 * 2.4* 3.2* 

1. 2 -0.8 2.9* 

5.2 3.4 7.4 7.3 3.5 

shortening is gas br~nder ned vs. gas br~nder (1 .0 cs). ['bH~.nu] 
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 loss of st0d). In varme apparatet 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:ma] is only reduced by 1.6 cs 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 bitten gr<fn. 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 

av. 

6.9 

7.4 

5.3 

4.0 

1.0 

8.0 

6.8 

5.2 

3.9 

1. 7 

\ 5.3 \5.1 
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Table IX 

Reduction in duration (in cs) of a word or syllable weakened by unit ac­
~entuation 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. 

's~5? soba 
1 da: ?s 

2 'mad lam 1 

'phEd-

3 1 sbi: ?s 
Haisa I mE5 

NR PH EF OT SR IE 

0 1.3 0. 1 0 4.2* 3.6* 

7.7* 4.8* 3.5* 6.3* 4.2* 6.5* 

4.3* 

BJ NK av. 

1.5 

5.5 

4.3 

4 'vEn sga:bu 
pHo'ble:?mu 

-1.4 -1.4 

5 'gas bHamD 
'ne5? 

1.9* 0.6 0.4 -0.2 0.7 

6 

7 

•ma:la khasa 8 _3* 
'no:va 

3.8* 

1 ma: la hszSda 
1 f£m? 

3.9* -1.8* 

1 . 7* 4. 7* 

1.4 0.5 

8.7* 6.0* 1.5 5.0 

4.6* 3.0* 2.5 

10 'mis fusdu 2 
7_1* _0_6 

'sboi? 
2.6* 2.3* 0.8 5.2* 2.9 

average 4.8 2.0 1.6 2.3 3.5 5.4 6.0 1.5 3.4 2.6 3 

1) In no. 2, Zam 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 m{sforst&r vs. m{s forstar spig. 
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 cs). In 
other words, some speakers have very small differences, but the 
tendency is very clear. The only clear counterexample is ven 
skaber problemer vs. venskabet. This may perhaps be due to the 
lack of st0d in skaber vs. skabet (cf. the example gdsbr~nder 
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 bitten grin. 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 6p was shortened 
by 7.5 cs compared to sdt 6ppe, and the vowel by 3.7 cs, and 
sat in satte kdssen 6p was shortened by 8.3 cs and the vowel 
by 3.5 cs compared to sdtte kdssen-6ppe (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 forst&r and mis forstar splg 
because of the fall of stressed star, which has st0d (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. mdleb~tten and mdle b~tte fem. The individual 
speakers often do have small differences between the two types, 

.and there is a consistent difference (i.e. the same in all eight 
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. 

2 

3 

1 sszSO? soba 
'da: ?s 

' sbi: ?s 1rnisa 
'm£5 

NR 

2.3 

1.0 

PH EF OT SR IE 

1.4 2.5* 3.2* 4.0* 5.0* 

1. 1 1.5 

0. 1 

1.2 2.2 3.9* 

BJ NK average 

3. 1 

1.8 

4 1 v£n sga:bo 1.0 

5 

6 

- -
pgo'ble:?mo 

•g~s b~...nu 
1 ne0? 

'ma:la khasa 
•no:va 

-0.2 -0.4 -0.4 -0.1 -0.3 

1.8 1. 1 3.3* 2.3 1.2 0.3 0.3 1.5 

7c •~:la btda 
'f£m? 

2.4* 1.0 1.8 1.6 1.8* -0.1 1.4 

10 'mis fusdo 
• st>::,i? 

average 

-0.5 

1. 1 

0.7 -0.1 -0.2 -1.1 -0.4 -0.3 

0.8 1. 1 1.3 2.1 1. 7 1.5 0.3 1.1 1.0 

7d •ma:la 'btd1i1 4.4 2.2 2.5* 5.0* 2.5* 3.8* 3.4 
I Yliffiil? 

9 va:ma aba 
I H~: ?d~ I ::,b 

2.4 -0.5 -1.1 3.8* -0.5 2.7* 1.1 

average 

total average 

3.4 0.8 0.7 4.4 1.0 3.3 2.3
1 

2.3 

1 . 7 0 .8 1. 1 2. 1 1.5 2.3 0.3 0.3 1 . 3 ,1 . 4 
I 

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

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 
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m{sforstdr (see section V.a.2), and in mdle b~tte fem vs. 
mdleb~tten. It is true that suppe is lower in en sld suppedds 
than in sldsuppe for all three CSC speakers, but that may be 
because suppedds is the last word of the sentence. A relative­
ly low level 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 b~tte fem i mdrgen 
and Jeg klbte en (gdmmel) mdt larrrpet til sdvekammeret (ig&rJ. 
This is, however, mainly due to a particularly high level of 
the word which carries the unit accent. The syllables fem 
and -pet do not lie 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 6p pa ldftet and han fdndt en kande vdnd i k~­
kenet (from the 1961 material) op 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 &ccentuation 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 st0d 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 1monster 1 (compound) - emfdtiske 
•emphatic' (derivative). This has been tested in a single pair. 
Instead of emfdtiske which has st0d, I chose pol{tiske for 
three informants to be compared with utyske; then, as this 
might be said to be a very common word with more reduction than 
the more rare word utyske, I chose herrenhutiske (which certain­
ly cannot be said to be a common word) for three more informants. 

All 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 herrenhutiske), 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 isk, thus practically reduced to [d] (with the 
exception of SR's pronunciation of pol{tiske), 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 [a] and the weak ending -ig. 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 -tisk than in -tysk, and 
NR has a rise in -tisk 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 -tysk, 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 tisk and a 
(higher starting) fall in tysk. But for PH and EF tysk 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 pol{tiske. Finally, NR, PH and OT have a significant 
difference in the intensity which is lower in -tisk, 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 loss of st0d and phonological vowel length, by duration, 
by the Fo contour and, for weak syllables with [a] and [n/J] 
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 Thorsen1 s description of the ASC stress con­
tour, i.e. a ·1ow 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 st0d. (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 low 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 st0d 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)~ws a clear distinction between secondary stress 
in a compound and weak stress in the derivative -isk. 
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APPENDIX I 
The 1961 material. 

1. a. Vi far sikkert s0dsuppe/s0d suppe til f6rmad. 
b. Hvis det viser sig at menuen star pa s0dsuppe/s0d 

suppe, skal jeg ikke have n6get. -
c. Kan du lide s0dsuppe?/s0d suppe? 
d. Nej, jeg bryder mig ik-ize-om· s0dsuppe/s0d suppe. 

2. a. Har du n6gensinde set en s6rtmejse /sort mejse? 
b. Ja, jeg sa en s6rtmejse/s6rt meJse pa tdren 1g!r. 

3A. 

3B. 

4A. 

4B. 

5. 

6. 

c. Hvis man skal 6pna at fa0Je pa en s6rtmejse/s6rt 
mejse, ma man (orh6lde sig meget r6lig. --

d. Jeg har aldrig 6pnaet at seen s6rtmejse/s6rt mejse. 

a. 
b. 
c. 
d. 

a. 

b. 

c. 

d. 

a. 

b. 
c. 
d. 

a. 
b. 
c. 
d. 

D6rthe vil meget gerne have en s6rt kj6le. 
Hun vil have en s6rt kj6le p( tTTfesten. 
Har D6rthe f~et en sort kj6le? 
Hvis D6rthe ikke farTov at fl en s6rt kj6le, bliver 

hun forn&rmet og gar 1kke med. --

En kat6lsk pr&st blev tidligere 6fte kaldt for en 
s6rtkj6le. 

Nar man kaldte den kat6lske pr&st for en s6rtkj6le, 
blev han forn~rmet og gik sin vej. 

Kaldte manden pr&sten for en s6rtkj6le? 

Ja, men han kalder ham kun for en s6rtkj6le 
nar han er vred. 

Enhver deltager i 0velsen ma selv medbringe en 
gasmaske. 

Man skal have gasmaske pA hele aftenen. 
Har du faet anskaffet en gasmaske? 
Hvis du ikke har faet fat, en gasmaske, kan du 1kke 

komme med til 0velsen. 

Han havde en hvas maske p! hele aftenen. 
Hangar altid rundt og viser en hvas maske. 
Gar han altid rundt med sgdan en71vas maske? 
Hvis han altid viser s~dan en hvasniaske, vil han 

ikke egne sig til stillinge_n_. -

Kassen blev sat 6ppe / sat 6p pa 16ftet. 
Han satte kassen<frjpe /satte kassen 6p / pa 16ftet. 

Han fandt en kande, en vandkande / en kande vand / 
en t6m kande i k6kkenet. --

The sentences a,b,c,d within each group (1 ,2,3,etc.) were read 
in the given order, a and b (and c 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 II 
The 1982 material 

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 B16msten havde nogle garnagtige st0vdragere. 
b S0ren k6m med nogle barnagtige udtalelser. 

2a Jeg fik (k0bte) en (en gammel) mat lampe til s6vekammeret 
( i g! r) 

b Jeg fik (k0bte) en (en gammel) mat lampet i f6rgars 
(ig!r). 

3a Han passerede Sanddalen sidste s6mmer (i f6rgars) 
b Han kasserede sandalen sidste s6mmer (i f6rgArs) 

3a Deter Sand~alen de ~iger (NR onl ) 
b Deter sandalen de s1ger Y 

4a J6rdb~r er billigst om s6mmeren (NR 1 ) 
b Jens er bil1st omen hals on Y 

4a Deter billigst de siger ( ) 
b Deter bilist de siger EMG 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 Ole spiser s0d suppe til middag (daglig) 
b 6le spiser S0Cfsuppe til middag (daglig) 
c Det var en s0d suppedas 

Jeg fik (k0bte) en (en gammel) mat lampe 
( i g! r} 

til s6vekammeret 2a 

b Jeg fik 
(igAr) 

(k0bte} en (en gammel} natlampe til s6vekammeret 

C Jeg fik 
(ig!r) 

(k0bte) en (en gammel) mat 1 ampet t il 

3a Han lod Spies rejse sagen 
b Han tog ~rejsen med (EF only) 
c Han lod Spies reJse med 

s6vekammeret 
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4a 
b 
C 

Sa 
b 
C 

6a 
b 
C 

7a 
b 
C 
d 

Ba 
b 

9a 
b 
C 

10a 
b 
C 

APPENDIX I I (cont; nued) 

Peters ven skaber sig 
Nu givervensl<a5"et problemer (EF only) 
Peters ~~0-skaber problemer 

Hendes gas br~nder d!rligt 
Hendes gasbr~ncfer s6der 
Hendes ga~·br~nder ned 

Han vil male kassen nu 
Han tog maTekassen med 
Han vil male Casanova 

6tto vil male b0tten straks i m6rgen (her i g!rden) 
Otto tagernlaleb0tten frem i m6rgen 
Otto vil mare b0tte fem·; m6rgen 
Otto v il male 60t_!en gr0n i m6rgen 

Hendes lamme lAr sygner hen 
Hendes laminel~smager g6dt 

Peter smed det varme apparat ned pa k0kkengulvet 
Peter tog varmeapparatet med til s6mmerhuset 
Peter vil varme -~pparatet 6p i f6rvejen 

Sannas (Hannes) mis forst!r sp0gen 
Sanna (Hanne) misforst~r sp0g 
Sannas (HannesTmis forstar sp0g 

C. Secondary stress in compounds vs. weak stress 
a Han var et utyske mod sine b0rn. 
b I det pol1tisl<el<om han til k6rt. 
c Det Herrenhuffske var ham im6d. 

- l 

125 
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APPENDICES 111-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 lines, and sonorant consonants by dots. There may be 
dips in Fo for st0d 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 lamJpet 
or (mdle b~tteJ fem 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 
bee0 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 lower 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 ulncertain. They have ~een marked 
with a?. For a few later recordings by NRP (of billigst -
bil{st 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 [aa:?l~] 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. sr/dsuppe vs. sr/d suppe - _ vs. - --
or - - vs. _ A - means that intensity and stress re-
lations are reversed, and a O 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 O 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,1 

Differences in duration (in cs), Fa, and peak intensity between (a) garnagtig 
and (b) barnagtig in a medial stress group in Standard Danish. See further 
the introduction to App. III-V. 

Duration 

( agt) 
g/b a: n a g/ba:n 

NR a 8.8 17.3 4.7 15.2 30.8 

b 7. 1 8.9 5.0 14.6 20.0 

a-b 1. 7* 8.4* -0.3 0.6 10.8* 

PH a 9.8 15.4 5.4 1 0. 1 30.6 

b 7.8 9.0 5.9 9.9 22.7 

a-b 2.0* 6.4* -0.5 0.2 7.9* 

EF a 8.4 15.4 5.9 12.9 29.7 

b 6. 1 7.8 3.9 11. 9 17.8 

a-b 2.3* 7.6* 2.0 1.0 11 . 9* 

Fo 

diff. 

a:-a a.:nu i 

2. 1 * ....... -'-,,.,. 

-5.7 
'- .. .,,,,,1 "'\ 

7.8 + 

5.3* V I '\ 

-0.9* '\ 

\.,_._/ 

6.2* + 

2.5* 
_ .. ....__ 

v '\ 

-4. 1 * '\ 
\_ / .. 

6.6* + 

a: ~ 

-

-

-

-

-

-

Intensity 

a 

-

-

-

-

-

-

-

0 

-

a:-a 
> 

a:-a 
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Appendix III,2 

Differences in duration (in cs), Fa, and peak intensity between (a) mat lampe 
and (b) mat lampet in a medial stress group in Standard Danish. See further 
the introduction to App. III-V. 

Duration Fo Intensity 

a-a 
(mat) diff. > 

a 1 a m 1 am a-a ma am e: a a a I £ a-a 

NR 10.7 7.9 11.4 6.3 25.6 -0.7 - - -a ,-
v ....._. 

b 10.3 5.6 5.4 5.5 16.5 4. g* - -........ .-
~ ' 

a-b 0.4 2.3* 6.0* 0.8 9. 1 * -5.6* + 0 

PH 8.9 5.9 10.2 6.8 22.9 -1.3 .. / . . -\ -a .'-. ,-

-
b 9. 1 4.9 6.2 5.8 16.9 2.9* -

• .,,I 
_, -

' -

a-b -0.2 1.0 4.0* 1.0 6.0* -4.2* + 0 

'\ --
EF 8.5 6.9 7.8 6.8 21.5 0.7 -a "-' '- ,• 

b 8.9 5. 1 4.6 5. 1 14.8 4.3* . ·., ' - - -
"" •. 

a-b -0.4 1.8 3.2* 1. 7* 6.7* -3.6* + 0 

·-
•/', ..... -OT a 11. 1 7. 1 11. 2 6.9 25.2 -0. 1 -

"'-

b 10. 1 5.2 7.3 4.9 17.4 2.8* 
. ·-

'./ "' .. "- - -

a-b 1.0 1.9* 3.9* 2.0* 7.8* -2.9* + -

.. / -
SR a 8.3 6.5 9.9 6. 1 22.5 -1 . 6* -~ -. ....,, -

b 8.0 4.6 5.9 6. 1 16.6 2. 1 * .,/ '•,. 
,. - - -'• 

a-b 0.3 1.8* 4.0* 0 5.9* -3.7* + -

IE 12.4 13.4 ,J . . \ - -a 7.9 10. 8 32. 1 -1.0 ·' -~' -

b 12. 1 6.6 8.7 7.8 23. 1 3.4* .. .I •. ,.. - -
\. .. -

a-b 0.3 1.3 4.7* 3.0* 9.0* -4.4* + + * 
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Appendix III,3 

Differences in duration ( in CS), Fo, and peak intensity between (a) Sanddalen 
and (b) sandalen 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: ?19 an a: ?lr;i a a:? a a:? 
- ···-·--- - ~·· ... 

NR a 13.7 8. 1 6.9 28. 7- 35.9 (' 

\.. .. '·, . ..-,.,..-
~ 
I 

b 8.3 5. 1 6 .1 19.5 38 .1 \_ / 
i 

........ 

a-b 5.4* 3.0* 0.8 9.2* -2.2 + 1 + 

PH a 12.4 7.2 9.0 28.6 37.3 '- .• \. .......... 

b 10.4 5.3 6.2 21.9 35.9 ~ _,,, .......... 

a-b 2.0* 1.9* 2.8* 6.7* 1.4 + 0 

EF a 9.8 7.6 6.2 23.6 31.0 ~-· \ •, :""\ 
I ~-

b 7.4 6.3 5.0 18.7 32.6 \ - l-. ·, t . 
a-b 2.4* 1.3 1.2* 4.9* -1.6 + 0 

l 
OT a 10.8 8.6 29.2 36 .1 '- .. ---....._ j 

9.8 .-
~ 

b 8.8 6.9 4.8 20.5 38.2 " 
·, i ~-._,__ ... - l I ( 

a-b 2.0* 2.9* 3.8* 8.7* -2 .1 + i 1 - * . 1 . i-SR a 11. 7 9. 1 6.2 27.0 36.3 -J \ 
'·-:"•' - ) 

b 10.6 6.4 5.3 22.3 37.3 -~. '1 -...... ·,--- l 
a-b 1.1 2.7* 0.9 4.7* -1.0 + j_ + * 

1 . 
~ 

I 
IE a 13. 1 10.8 10.8 34.7 40.5 ...., - I ! ( 

I i 

b 12. 1 8.2 6.9 27.2 40.4 " 
·t 

i- ( 

........ .. c._ i 
' 

a-b 1.0 2.6* 3.9* 7.5* 0. 1 + + * 

(one-stress utterance) Hz : Hz, ____ dB ! d B ,l 
-·------1-- .. -· ·-- ... - ·-i 

NR a 13. 1 7.9 7. 1 28 .1 37.4 • • \ 26 3* - ·- 0 
"--''• ,....... I- • 

·-. I --
b 9.5 4.9 6.4 20.8 41. 7 r -4.9* - -5.7 ~ -.. ,. -

a-b 3.6* 3.0* 0.7 7.3* -4.3* -1.1 20.3~ 21.4* -5.9*-0.2 5.7 

I l + * + I 
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Appendix III,5 

Differences in duration (in cs), Fo, and peak intensity between (a) mamam an~ 
(b) mamam in a one stress utterance in. Standard Danish. See further the in­
troduction to App. III-V. 

Duration • Fo Intensity 

diff. diff. a-a 
> ... 

m a m a • ma ma a-a ma-ma • ma mqro j a a a-a 

,. 
/( -NR a 11.3 12.7 4.5 10.5 24.0 15.0 2.2* 9.0* • ........ _. , -

11.2 15.9 21.1 -3 .1 * -5.2* 
. 

b 7.8 8. 1 9.9 
~ ......... ~~ - -

a-b 3.5* 4.6* -o.4* -o.7 8.1*-6.1* 5.j"' 14.Z"' + - * 
r-- .. 

PH 9.5 9.8 6.6 9.4 19.3 16.0 0.4 3.3* 
___._ 

a -.. .,,; 

14.2 17.0 -2.9* -2.8* • -b 7.8 6.4 7.7 9.3 ,/: -.. '-. 

a-b 1 . /7C j .4"' -1 . 1 -0. 1 5.1*-1.0 3 .j"' 6. 1 * + ; + 

EF a 8.9 9.5 6.8 8.6 18.4 -15.4 0.9 3.0* , 
'.,.I 

:, - -
b 7.9 6.3 8.5 8.3 14.2 16.8 -2.0* -2.6* . .. 

·'-•·" - -
a-b 1.0 3.2* -1.7* 0.3 4.2*-1.4 2.9* 5.6* + - * 

. ~- -OT a 9.2 13. 1 6.8 10. 1 22.3 16.9 3.0* 5.4* •••✓ 
~ -

b 7.5 8.9 7. 1 12.0 16.4 19. 1 -3 .1 * -2.7* ,. . . -. -·-...... ... ~ 
a-b 1. 7* 4.2* -0.3 -1.9* 5.9*-2.2* 6.1* 8 .1* + -

6.2 9.6 21.4 15.8 2.4* 5.6* •• " -BJ a 9.4 12.0 , ,/ •.· -
.. 

b 8.5 10.3 8.5 11.3 18.8 19.8 -1.0 -1.0 . . 
/ - -.. '-' .. 

a-b 0.9 1.7* -2.3* -1.7* 2.6*-4.0* 3.4* 6 .b"' + 0 

IE a 10. 1 13.6 12.8 16.5 23.7 29.3 -2.9* -5.6* 
,✓·' \/~ - -. .. . 

b 9. 1 11.8 10.4 13.5 20.9 23.9 -1.7* -3.0* •· /. -.. '--' .,. 
I -

a-b 1.0 1.8 2.4* 3.0* 2.8* 5.4*-1.2 -2.6 + + 
• I •" , ' -NK 12.1 10.0 7.9 8.6 22.1 16.5 1.4* 5.6* ✓ \ .' -a .. ·:. 

b 9.6 9.5 11.0 9.5 19. 1 20.5 0 -1.4 :/··. ·-.. -. '.-...._' 

a-b 2.5* 0.5 -3 .1 * -0.9 3.0*-4.0* 1.4* 7.0* + + 
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Appendix III,6 

West and North Jutlandish 

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

Duration Intensity 

s a n san ( ) da: ?l n an a: ?1\1.1 a a:? a-a: 
.. -

BT a 9.3 7.8 9.0 26. 1 J \, --
D 

b 8.5 5. 1 6.6 20.2 - '\ '· -
' -

a-D U.8 2. 7"' 2.4* 5.~~ + . +'!< 
I· 

BT 9.8 8.9 7.9 26.6 28.9 
. \ -a '-"' -',w""' 

•' RSD 
b 9.0 4.6 5. 7- 19.3 28.9 "" '-- "'"" - -.. 

a-b 0.8 4.3* 2.2* 7.3* 0 ·- :t: -

TA a 9.4 7.7 8 .1 25.2 39.7 
/ \ -., -

R~D -
b 9.8 5.4 6.8 22.0 39.9 '\ -

.._ ,, ·-.- -

a-b -0.4 2.3* 1.3* 3.2* -0.2 .. + + *, 

EA 12.5 9.6 12.9 35.0 38.9 
./ •• 

a , ....... -
~ 

RSD 
b 11.2 5.9 9. 1 26.2 40.8 /\ --

..... -.. ·-
a-b 1.3* 3.7* 3.8* 8.8* -1.9 + + .. * 

/. ·•. -
JO 1 a 9.8 9.8 11.8 31.4 27.4 ~ -
D 

b 9.6 6.4 6.3 22.3 30.9 ~-- -
" .. ·-

a-b 0.2 3.4* 5.5* 9. 1 * -3.5 + + * 
J 

... 
JO a 11.6 9 .1 8.3 29.0 39.2 '-~ - -
RSD 

b 11.8 6.2 5.7 23.7 41.1 " -
' ~ --

a-b -0.2 2.9* 2.6* 5.3* -1.9 + * + 

PN a 15. 1 8.4 9.8 33.3 46.9 
1'•, - -

RSD " • ~ 

b 11.2 7.8 9.0 28.0 41.6 /\._1· ---.. --....: 

a-b 3.9* 0.6 0.8 5.3(*) 5.3 + . + 

1) JD(D) has [o] [o:?] for [a] [a:?] and no[~]-
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Appendix III,7 

East Jutlandish 

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

Duration Fo Intensity 

s a n san da·?ln . an a. 1jl a a:? a-a: 
PM "-.. ·- -
D a 9.8 6.0 9. 1 24.9 28.3 '-. ~., ,· ; 

I 

b 9.5 4. 1 7.7 21.3 28.3 r. -
" -

:, 

a-b 0.3 1.9* 1.4* 3.6* 0 .+ + * 

PM \... " - -
RSD a 10.5 5.4 8. 1 24.0 27. 1 "t_:''. 

4.0 6.7 19.3 27.0 ' "'·.r -b 8.6 -

a-b 1.9* 1.4* 1.4* 4.7* 0. 1 + + * 

LH 9.8 8.5 9.9 28.2 34.6 
,. 

~"" - -
RSD a "i..,· 

b 10. 7. 5.7 6.9 23.3 37.9 '·· ~ r,. - -· .... 

a-b -0.9 2.8* 3.0* 4.9* -3.3 + +. 
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Appendix IV, 1 

Duration, pistance (in cs), Fo, and peak intensity in (a) s~d 
suppe; (b) s~dsuppe, ,and (c) s~d suppedas, and the differences a-b, 
a-c, a11d b-c in Standard Danish. See further Introduction to 
App. III-V. 

Duration . Di stance 

NR 
1 

sizSO? soba 0 -!2S 0 

a 29.5 34.9 12.5 28.4 

b 26.5 28.7 10.0 23.5 

C 30. 1 28.7 8.6 ! 26. 1 

a-b 3.0* 6.2* 2.5* r 4.9* 
a-c -0.6 6.2* 3.9* ! 2.3 
b-c -3.6* 0 1.4* l -2.6* 

I 
I 

PH l 
I 
i 
t 
; 

26.9 30. 1 9.6 
,; 

25.4 a I 
I 
i 

b 26.4 25.8 7.2 ! 24. 1 t 
) 

t 

t 
C 27.7 24.5 6.0 24.0 l 

; 

a-b 0.5 4.3* 2.4* i 1.3 
I 

a-c -0.8 5.6* 3.6* ! 1.4 
b-c -1.3 1.3 1.2 \ 0. 1 J 

I 
l 

EF I 
t 

a 24.5 29.3 7.9 i 25.6 
r 

b 24.7 24. 1 5.6 ~ -22 .4 i 
) 

C 23.6 24.0 4. 1 
i 

23. 1 
t 

' 
a-b -0.2 5.2* 2.3* r 3.2* ! a-c 0.9 5.3* 3.8* 2~5* 
b-c 1.1 0. 1 1.5 ! -0.7 

Fo 

izS o a 

' '-.-

l 

i ' 
,..__ -
~ i 

; "\ ' 

+ 

I + 
i + 
i 

i 
i 
1· 
! 
I 

I ' '\ 
~ 

l 
I 
! 

'-" .. \ I 
I 

... 
j 

~"\ 
'\ 

+ 
+ 

(+) 

' \.. ... 

" " °'\ 

' "' ..... 

+ 
+ 

( +) 

I 

Intensity 
~ 0 

I - -
I 

! -
l -
( 

- -

-
-
0 

-
-

- -

-
-

-
+ 
+ 

'"'-

-

-
-

-

-

+ 
+ 
+ 

continued 
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(Appendix IV,1, continued) 

Duration Distance Fo Intensity 

OT s~<5? soba 0 ~ - 0 ~ 0 a ~ 0 

...._ (\ 
_,_ -a 27.9 35.4 13.3 28,.4 ..__, 

b 26.3 30. 1 10.2 25.3 --' ,;.. 
- -

; 

26.3 30. 1 7.9 25.2 ...., -
C '- "\ -
a-b 1.6* 5.3* 3 .1* 3. 1 * + I + 
a-c 1.6 5.3* 5.4*' 3.2* + I + * 
b-c 0 0 2.3* 0. 1 ( +) i 

+ * I 

: 
.. i 
SR 

"· ~ -
a 28.9 34. 1 11.0 28.9 "' 

-

~ 

~~ ..... 
- l b 25.3 29.8 8.8 24.5 - \ 

I 
t 

26.9 25.6 6.4 24.9 ~ ,_ - I 
C - i 
a-b 3.6* 4.3* 2.2* 4.4* + + l a-c 2.0 8.5* 4.6* 4.0* + + t 

b-c -1.6 4.2* 2.4* -0.5 (+) 0 l 
i 

IE ! 

1 
I - - j 

a 39.4 43 .1 15.5 37.6 ..., \ l 
i 

\ - l b 34.5 36.3 13.8 32.4 '- -~ 

l 

\ - l 
C 35.7 32.7 8. 1 32.6 "'-. 

' " -

a-b 4.9* 6.8* 1. 7 5.2* + + * 
a-c 3.7* 10.4* 7.4* 5.0* + + * 
b-c -1.2 3.6* 5.7* -0.2 0 .+ 

l 
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Appendix IV,2 

Duration and distance (in cs), Fo, and peak intensity in (a) mat 
lampe, (b) natlampe, and (c) mat_lampet, and the differences a-b, 
a-c, and b-c in Standard Danish. See further introduction to 
App. III-V. 1 

Duration Distance Fo Intensity 
NR at a lam lamb a a- a ma lam a/E 

I 
a a a/E 

t -a 16.8 10.7 25.6 29.5 11.4 24.8 -~ ·-...__.· -- - -

b 16.4 11.2 24.3 27.5 10. 3 24. 1 '-·...__., -,-- - -
: 
I 

C 17.7 10.3 16.5 5.4 23.8 '-•· - -..._, 
' -

a-b 0.4 -0.5 1.3 2.0 1.1 0.7 + 0 
i 

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 

i 
0 + 

I 

i 
PH 

17.5 8.9 22.9 27.7 10.2 23.4 . " • -a -✓ : -.__ -

b 17.2 8.8 21. 7 26.0 9.4 22.3 . 
·.,.I ' .. --

C 17.4 9. 1 16.9 6.2 22.3 . .,, 
' --

a-b 0.3 0 .1 1.2 1. 7 0.8 i 1.1 + 
a-c 0. 1 -0.2 6.0* 4.0*: 1.1 + 
b-c -0.2 -0.3 4.8* 3.2*' 0 Qr + 

: 
) 

l EF 
a 16.0 8.5 21.5 27.4 7.8 i 22.8 \ - - -

i ""' .. l 

b 17.3 9.0 18.3 22.5 7.8 I 22.6 ' -
I 

- -
\., ·--... . " 

I 

C 16. 1 8.9 14.8 4.6 i 21.3 
• '-or ··, __ ' - - -

I 
i 

a-b -1.3 -0.5 3.2* 4.9* 0 i 0.2 + I + 
a-c -0. 1 -0.4 6.7* 3.2* j 1.5 + I 0 
b-c 1.2 0. 1 3.5* 3 .2* l 1.3 

l 
0 -

l 

1) The d~fference a-£ is not included in the comparisons a-c and 
b-c, only mat lam. 

continued 

I 
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(Appendix IV,2, continued) 

Duration 

OT at a lam lamb 

a 18.2 11. 1 25.2 31. 7 

b 18.0 11. 1 23.7 31.3 

C 19.0 10. 1 17.4 

a-b 0.2 0 1.5 0.4 
a-c -0.8 1.0 7.8* 
b-c -1.0 1.0 6.3* 

SR 

a 18.7 8.3 22.5 28.6 

b 18.5 8.8 20.8 25.5 

C 18.3 8.0 16.6 

a-b 0.2 -0.5 1. 7* 3 .1 * 
a-c 0.4 0.3 5.9* 
b-c 0.2 0.8 4.2 

IE 
a 26.8 12.4 32. 1 43.8 

b 24.4 11.6 29.6 38.6 

C 24.4 12. 1 23. 1 

a:-b 2.4 0.8 2.5* 5.2* 
a-c 2.4 0.3 9.0* 
b-c 0 -0.5 6.5* 

'(]. 

11.2 

11.6 

7.3 

-0.4 
3.9* 
4.3* 

9.9 

10. 1 

5.9 

-0.2 
4.0* 
4.2* 

13.4 

11.9 

8.7 

1.5 

3.2* 

Distance Fo Intensity 

ma lam a/£ 
I 

a a/£ a-a a 

- -"' 25.2 .,,,, - -,.... 

24.4 I . -,. '\ 
- -

·•✓ -
I .. 

24.0 --.. . . -
',/ '"- - -

! 

0.8 ! 
+ I -! 

1.2 + i -
0.4 ( +) I. 0 ! 

' I 

25. 1 I .. .I. ! -.~ ·~ 
l ! 

23.61 
\ 
l 

• •✓ •• "'- .· .... 
f 

-

l \ 
: 

22 .91 .. ~ ,, i-
'• ~ 

; 
i 

1.51 + 
2.2 + 
0. 7 l l +) + 

I 
i 

I 

34.8 i ) i ·~ 
31.2 • .. / ·-,'- .. '\ 

30.9 ,J •.. ,.. . . '- ,.•. 

,I 

3.6~ + + 
3.91 + + * 
0.3 J 0 + * 
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Appendix IV, 3 

Duration and distance (in cs), Fo, and_peak intensity in 
(a) Spies rejse, (b) Spiesrejsen, and (c) Spies rejse (med), 
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 1.: ai i:? ai a/'1) i:? ai 

-- ~-· ·- .. ! 

30 .6 - 8.9 26.4 15. 1 22.4 I -a ~' \ ! -..,_,, i 
'. 
I 

b 29.3 9. 1 25.4 14.3 20.7 
,. 

" l '- - -
: 

C 32.0 9.7 21.1 11. 2 22.3 "" 
.. i -

"'"' 
-

a-b 1.3 -0.2 1.0 0.8 1. 7 + l + 
a-c -1.4 -0.8 5.3* 3.9* 0. 1 + '· + 
b-c -0.7 -0.6 4.3* 3. 1 * -1.6 0 J -

1' 

Appendix I_V, 4 

Duration and distance (in cs), Fo, and peak intensity in (a) 
ven skaber, (b) venskabet, and (c) ven skaber (problemer), and 
the differences a~b, a-c, and b-c in Standard Danish. See 
further introduction to App. III-V. 

Duration Distance Fo lnt. 

EF ve:n e: sga:(?)b a:(?) e:-a: ve:n a: o/0 

a 16.8 5.8 30.7 11.8 25.7 1 1 
I 

b 15.2 5.6 25.3 
'! 

i 
8.7 22.7 -1 

I 

I 
f 

16.7 5.7 26.7 8.6 24.7 - - I 

C " • I ,,, • .. 

' 
• 

a-b 1.6* 0.2 5.4* 3. 1 * 3.0* I + -* 
a-c 0. 1 0. 1 4.0 3.2* 1.0 ! + -* 
b-c -1.5*" -0. 1 -1.4 0. 1 -2.0 0 + 

i 
I 
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Appendix IV, 5 

Duration and distance (in cs), Fo, and peak intensity.in 
(a) gas br~nder, (b) gasbr~nder, and (c) gas br~nder (ned), 
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 biram(? )o a - HcP. a Hce.no a ~ 

26.3 11. 7 33.7 26.9 -a ✓ ''-•·- -

b 25. 1 11.3 34.0 26.0 
i 

- -
'-" -....... ··-

I 

C 26.4 11.4 32. 1 27 .1 
" 

I -
J ....... I -

a-b 1.2 0.4 -0.3 0.9 + - * I 

-0. 1 0.3 1.6 I -0.2 0 a-c I + I 

b-c -1.3 -0. 1 1.9* I 1.1 0 + * 
i 
I 

PH 
; 
I 

I 

l -a 25. 1 11. 7 30.9 25.4 ~ .,,.. I 

v : -

b 23.6 11. ~1 29.5 24.8 '-' '- .. 
- -

' : 

i -
C 24.8 11. 7 28.9 25.8 V '\. .. , i 

; -
l 

a-b 1.5 0.6 1.4* 0-~6 i 
+ I -

a-c 0.3 0 2.0* -0.4 + + ·* 
b-c -1.2 -0.6 0.6 -1.0 + l + 

! 

EF(A) \ 

./ 
I 

a 22.4 9.9 30.8 24.3 ""' .• ~ -j -
b 22.0 10.4 30.8 23.6 / ' -

' -
C 23. 1 10.3 29.3 24.6 ./ ""\_ - -. 

' 
a-b 0.4 -0.5 0 0.7 + + 
a-c 1.3 -0.4 1.5 I -0.3 + -

' b-c -1.1 0. 1 1.5 I -1.0 0 \' 

' 

continued 



ACOUSTIC MANIFESTATION OF STRESS 

(Appendix IV,5, continued) 

Duration 
EF(B) gas a 

a 22. 1 8.8 

b 22.0 8.9 

C 22.9 9.6 

a-b 0. 1 -0. 1 
a-c -0.8 -0.8 
b-c -0.9 -0.7 

OT 

a 26.9 11.8 

b 26.4 11.6 

C 26.8 11.6 

a-b 0.5 0.2 
a-c O. 1 0. 2 
b-c -0.4 0 

b1xen(? )o 

29.3 

28.7 

29.4 

0.6 
-0. 1 
-0.7 

36. 1 

36 .1 

36.3 

0 
-0.2 
-0.2 

I 

: 
L 

! 

. 
' 
' 
; 

! 

Distance Fo 

a - :HcB a 15amo 

24. 1 / --... ,,... .. 

23. 1 / ........ ··, 

24.6 '""-/ •. ' 

1.0 + 
-0.4 + 
-1.4 0 

29. 1 V" _,, .. ,-.. 

27 .8 ...;- '-- .. _ 

29 • 2 1 ✓ \.__ . _ ~ 
1.3 

-0. 1 
-0.4 

+ 
+ 
0 

141 

Intensity 
a ae 

- -

-
-

-
i -
i 

I + 
+ ' 1 

j -I 
\ 

l 
I 
I -! ' - 1 ' ' l 

- ! 

0 
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Appendix IV, 6 

Duration and distance (in cs), Fo, and peak intensity in (a) male kassen, 
(b) malekassen, and (c) male Casan6va, 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:la a: khas a I a: -a ma:le a 9-•/a 1 a: a 

36.6 16.3 38.3 16.4 i 39.9 1.-a I .,,. 
.• ~ - -i ··--I l 

b 35.2 15.9 ·33.9 14.4 37.2 J' .. ' ! -
.... ..,,,,,,,, --... -

! 

C 36.6 16.4 25.6 9.8 38 .1 ·' 
.,.. 

' 1· 
-........ .._ -

I 

a-b 1.4 0.4 4.4* 2.0* 1 2.7* l i 
+ I -

0 -0. 1 12.7* 6.6* i 
1.8 a-c 1 + -; 

l I b-c -1.4 -0.5 8.3* 4.6* i -0.9 0 l + 
I l I 

PH I ! l 
I I a 28.0 12.8 28.8 10.7 32.0 I 

•' 
,r 

1-~ ✓ r" I - -
; l 
I 

I b 28.3 13.4 25.4 9.9 30.3 ! .... - -i . .. ..,; • ""-. 
~ 

29.5 14.0 21.6 7.0 30.9 
j 

A I C I -
i '• _,, ' ..... ( -
t l 

l I 

a-b -0.3 -0.6 3.4* 0.8 I 1. 7 + ! 0 
j I a-c -1.5 -1.2 7.2* 3.7* 1.1 + ' + t \ 

- - - * * ! - ! b c 1.2 0.6 3.8 2.9 0.6 0 + 

EF 
a 28.9 14.9 27.3 9.4 33.5 - -.. . -i i"-' ~ 

b 25.8 13.0 23.7 8.9 I 28.3 I 
l I .- -

l .,_,· \. ... -
l 
I 

C 28.9 14.9 22.0 7.3 30.2 ' -- '"" ,. .,__,, ' -
a-b 3. 1 1.9 3.6* 0.5 I 5.2* + + 
a-c 0 0 5.3* 2. 1 * I 3.3* + + 
b-c -3. 1 -1.9 1. 7* 1.6* \ -1.9* + + 

continued 

I 

I 

I 
! 



(Appendix IV,6, continued) 

Duration 
OT ma·la . a: 

a 31.1 15.5 

b 30 .1 15.3 

C 30.4 15.4 

a-b 1.0 0.2 
a-c 0.7 0. 1 
b-c -0.3 -0. 1 

IE 

a 34.4 18.5 

b 35.0 18.4 

C 35.5 18.4 

a-b -0.6 0. 1 
a-c -1.1 0. 1 
b-c -0.5 0 

BJ 

a 31.1 16.9 

b 31.4 17. 1 

C 31.1 17.0 

a-b -0.3 -0.2 
a-c 0 -0. 1 
b-c 0.3 0. 1 

NK I 

a 34.1 14.3 

b 29.8 12.7 

C 34.4 14.7 

a-b 4.3* 1.6* 
a-c -0.3 -0.4 
b-c -4.6* -2.0* 

khas a 

38.2 13.5 

33.6 12. 1 

28.9 7.4 

4.6* 1.4 
9.3* 6. 1 * 
4.7* 4.7* 

46.8 16.0 

44.6 14.8 

35.9 10.4 

2.2 1.2 
10.9* 5.6* 
8.7* 4.4* 

38 .1 14.7 

36.8 15.3 

30.8 9.6 

1.3 -0.6 
7.3* 5. 1 * 
6~0* 5.7* 

34.6 11.8 

32.6 11.4 

31.1 10.3 

2.0 0.4 
3.5* 1.5* 
1.5 1.1 

Distance Fo 

! ,. 
I •• 

37.3 ,,./ ... 
V 

a: - a •• ma:la a , 8;1 
35.2 

35.0 

l 
l 2. 1 * 
l 

2.3 I 
i 0.2 
l 
l 
l 
' l 
l 41.9 1 

l 42.2 
I 

\ 

l 40.7 
l : 
I 

I 
-0.3 
1.2 

I 1.5 j 
j 

l 
J 

i 

\ 38.2 
I 
I 
I 
t 
\ 

37.4 

37.9 
\ 

l 
; 

0.8 

I 0.3 
-0.5 

I 

! 
36.7 

31. 7 

36.4 

5.0* 
0.3 

-4.7* 

.. ./ .. "'\ \.. 
\ 

! -; .. ./' . 
'\ \.. 

i 
l 
l + 
I 

\ 
+ 

l + 

i ✓··'v ... 

" I 

.. / \_ -
, ... 

/ \, .. .... 
I 

+ 
! + 
; (+) 
; 

~ / ,, 

;.-,/ ...., ..... 

; . 
! .. / 'v \ 

. ..... 
!,,/ ' "' 
\ + 

I + 
0 I 

I 
f ,• 

/"< JI' 

" . 
·./ ' .... 

•\ 
'. ./ 
i •• ~ \ 

l 

I 
+ 
+ 

(t) ;_ 

I 

I 
I 
i 
I 

i 

I 
! 

i 

I 
I 

i 

l 
i 
i 

I 
I 
~ 
: 

i: 

l 
J 

i 
,, 
! 
' ~ 
~ 
~ 
! 

I 

! 

i 

I - ' 
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Intensity 

a· a . 
- I 

: -
-

-

- -
0 
-
-

- -

-
-

-
-

0 
+ 
0 

-
--

-
-

-
-

0 
+ 
+ 

- --

·- -
-- --

+ 
+ 
+ 
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Appendix IV,7 

Duration and distance (in cs), Fo, and peak intensity of (a) male bitten, 
(b) maleb~tten, ( C) male b(ptte (fem), and (d) male bitten (grin), and the dif-
ferences a-b,' a-c,- b-c, and a-din Standard Danish. See further introduction 
to App. III-V. 1 

Duration Distance Foe E Intensity 
✓ / 

Ill ma:le a: 1:,lzld Ill a:-121 I ma: le Ill 1i1 a:r. ,· a 6 

I 

NR a 32.6 15.6 30 .1 10.5 35.7 I 

! •. -
I '---. -.. 
I 

b 29.6 15.3 25. 1 8.7 32.6 
j··"--'.,- .......... -

C 32.2 15.9 21.2 7.8 33.3 1-.. ..-,_ '--
! '--' ! 

d 26.5 11.9 31.6 10.5 I 31.3 
1 
j ............ -- '-

a-b 3.0* 0.3 5.0* 1 .8* ! 3. 1 * + + 
a-c 0.4 -0.3 8.9* 2. 7* i 2.4* + +? 
b-c -2.6* -0.6 3.9 0.9 -0.7 0 
a-d 6. 1 * 3.7* -1.5 0 4.4* + + ?: 

I 

PH a 26.9 13.4 25. 1 8.3 30.8 ! ~,., 
·-~ '--

.... 

.... 
b 27.3 13.2 20.5 7.2 27.6 : ·,J 
C 26.3 13.0 22.3 7.2 29.8 

,.. 

' '. ., .J " ' 1---

d 24.1 12.9 24.0 8.0 28.6 i ~ " ........... 
,,,,,,, 

a-b -0.4 0.2 4.6* 1.1 3.2* + + 
a-c 0.6 0.4 2.8* 1.1 1.0 + +* 
b-c 1.0 0.2 1.8* 0 -1.2 0 + 
a-d 2.8* 0.5 1.1 0.3 2.2* + +* 

EF a 28.8 14.6 24.6 7.4 30.9 ,. 
'✓ 

_ .... 
b 26.2 12.6 18.8 5.3 27.5 

; 
.. ~" ' I. ·~ "" 

-; 

C 28 .1 13.9 17.4 5.2 29. 1 
' ' • '-,,I 

' 

d 24.9 11. 5 24.7 7.0 28.4 I "'\ : •. 

" ' ,.. 
a-b 2.6* 2.0* 5.8* 2. 1 * 3.4* + + 
a-c 0.7 0.7 7.2* 2.2* 1.8 + + 
b-c -1.9 -1.3 1.4 0. 1 -1.6 (+) +' 
a-d 3.9* 3. 1 * -0. 1 0.4 2.5* + + 

1) e: and re(in fem and gr$n) are not included in the· continued 
comparison. 
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( Appendix IV, 7, continued) 

Duration Distance Fo Intensity 
a E 

ma:la h95d szS -szS ma:la 
,,,,,. ,,,,,. 

a: a: szS 1;l CB I 
a szS E 

OT a 30.7 16. 1 30.6 11.0 35.4 .. .,.,,, .. , 
"\ --

b 28.9 13.8 24.9 8.4 31.6 .... -
.,. ✓ "'" 

C 29.4 15.9 24.4 8.5 33.8 .. ..,,..~ \ ..... --
d 25.6 12.6 29. 1 9.7 30.4 --'\ -·- ... 

a-b 1.8 2.3* 5.7* 2.6* 3.8* + 
a-c 1.3 0.2 6.2* 2.5* 1.6 + 
b-c -0.5 -2. 1 * 0.5 -0. 1 -2.2 0 
a-d 5. 1 3.5* 1.5 1.3* 5.0* + + 

SR a 28.8 14. 1 26.6 8.7 32.6 i. ~ ·~ 
' : •✓ 

,,,, 

b 29.3 13.6 25.9 9.7 31.6 \ 

i ' . ./ 
. --~ "' 

C 29.4 14. 1 21.3 7.6 30.8 .. ✓ ,. ' 
' 

d 26.4 12. 1 24.4 7.7 30. 1 
I 
I " '\ I I • . - ..... _,, ; 

a-b -0.5 0.5 0.7 -1.0 1.0 + + 
a-c -0.6 0 5.3* 1.1 1.8* + +* 
b-c -0. 1 -0.5 4.6* 2. 1 * 0.8 + +* 
a-d 2.4* 2.0* 2.2 1.0 2.5* + +* 

; .. 
IE a 30 .1 15.7 37.7 14.3 34.8 I 

/ 
I·· """ ' ~ 

b 31.0 16. 1 30. 1 11.3 34. 1 l ./ i -, -
!•. 
i 

C 31.5 16.8 27. 1 8.6 34.9 ' 
,. 

i ..., 
i . ./ ""' '-, 

d 26.8 13.8 31.9 11. 1 31.0 I··~·· /' ,,. 
a-b -0.9 .-0 .4 7.6* 3.0* 0.7 + + 
a-c -1.4 -1.1 10.6* 5.7* -0. 1 + + ? 
b-c -0.5 -0.7 3.0* 2.7* -0.8 (+) 
a-d 3.3* 1.9 5.8* 3.2* 3.8* + + 
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Appendix IV, 8 

Duration and distance (in cs), Fo, and peak intensity in (a) 
lamme 1Jr and (b) lammelJr, and the difference a-b, in Standard 
Danish-. -See further introduction to App. III-V. • 

Duration Distance Fo 
NR lama a ln:? n:? I a - n: ?j lamaln :? 

I 

a 29.3 13.6 28.1 16.4 20. 1 1,.,.-,,· 
, 

\. 
I 

b 29.4 13.4 23.6 15.6 17.3 ! 
; ,··\ 
I··'-·· I 

; 

a-b -0. 1 0.2 4.5* 0.8 2.8* + 

PH 
i "' 

a 29.8 12.3 25.3 17 .4 16.9 I 
.. . 

i ·• ✓ 
. ...,,, 

j•--· -
b 27.7 11.9 21.9 15.8 14.6 

. •. 
! 

""' 
a-b 2. 1 0.6 3.4* 1.6* 2.3* + I 

I 

' EF 
a 26.9 10.3 24. 1 18.4 16.6 ~ ' ... . : 

•• __,I '- I 

\ 

b 25. 1 9.6 19.8 15.5 14.9 
,... i .. ~: .\ ; 

a-b 1.8 0.7 4.3* l 2.9,r 1.7* + 
' I 
I 

i OT ; 

I 

a 32.5 13.2 27. 1 18.5 : 20 .3 A i -~,,,,. . 
l ~ ! 

·' 

b 29.4 12. 1 23.2 16.0 17.5 ., -- l ·.-,,, '\. I 

a-b 3 .1 * 1.1 3.9* 2.5* 2.8* + l 
I 

Intensity 
a n:? 

-

-

+* 

'. 

--
) 

t 

- -
I 

\ 

+ 1 
i 

i 
l 

: 
- l 

I - I 

I 
- l -

! 
l 

+ 
! 
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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. 

NR 
a 

b 

C 

a-b 
a-c 

PH 
a 

b 

C 

a-b 
a-c 

EF 
a 

b 

C 

a-b 

a-c 

va:m 

26.2 

24.2 

24.8 

2.0* 

1.4 

27.9 

26.4 

25.7 

1.5 

2.2* 

25.3 

25.8 

22.3 

-0.5 
3. 0. 

Duration 
a: 

17.9 

16.7 

16.4 

1.2 

1.5 

14.7 

14.5 

14.8 

0.2 
-0 .1 

15. 1 

15.0 

13.1 

0. 1 

2.0* 

aaba 

14.4 

11.2 

13. 1 

3.2* 

-1.9 

18.6 

18.8 

19.9 

-0.2 
-1.3 

19.8 

21. 7 

23.3 

19.6 

16.5 

20. 1 

3 .1 * 

-0.7 

18.2 

17.3 

20. 1 

0.9 
-1.9* 

17.5 

15 .8 

18.3 

-1.9 1.7 

-3.5* -0.8 

Distance Fo Intensity 

15.3 

12.8 

I i· 
4 0 . 2 .. -1' ,- . i _ ' , • -

i ·~ '- • 

15.9 37.8 I 

!'•-·•--~ ... 

2.5*: 
I 

-0.6 1 

12.8 

12.4 

14.4 

5 .5*; 

2 :4 I 

0.4 1.2 '. 
-1.6 - -0.5: 

! 

( +) 

+ 

+ 

+ 

13. 1 

11.6 

13.7 

f 

47.01 •• ·, 1·-'·'"" -• • -I , 

1.5 

-0.6 
-2.5 
-1.1 

( +) 

+ 

+ 

+ 

+ 

0 

I _, 
' 

l - - I 
! 

-i 

continued 
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(Appendix IV,9, continued) 

OT 

a 

b 

C 

a-b 
a-c 

SR 
a 

b 

C 

a-b 
a-c 

IE 
a 

b 

C 

a-b 
a-c 

va:m 

26.3 

24.5 

25. 1 

1.8 

1.2 

24.9 

25.8 

25.7 

-0.9 
-0.8 

33.8 

32.3 

30.9 

1.5 

2.9* 

Duration Distance 
a: 

16.2 

14.4 

13.6 

1.8 
2.6* 

14.6 

14.8 

14.0 

-0.2 
0.6 

17.9 

16.9 

16.4 

1.0 

1.5 

aaba 

23.-1 

19. 1 

19.6 

20.9 

17.0 

22.6 

16.6 

11.6 

! 
i 16.8 ! 

I 

47.9 

43.6 

44 .1 

4.0 3.9* 5.0*l 4.3* 

'I 

3.5* -1.7 -0.2 i 3.8* 1 

19.0 

18.8 

19.4 

0.2 

-0.4 

24. 1 

22. 1 

23.8 

2.0 

0.3 

17.4 

16.6 

19. 1 

0.8 

-1. 7 

27.2 

19.6 

25.4 

7.6* 

1.8 

13.4 42.9 

14.8 43.4 

0.3 
! 

0.2 i 

-1.4 i -0.5 

20.8 

16.2 

19.2 

56.8 

51.5 

54. 1 

4.6* I 5.3* 
I
I 

1.6 2.7* 
I 

Fo Inte_nsi ty 

. ~•--...... - -
' ......... 

.. ,,....__. __ "" r'. - - - -. ' ' 

( +) 

+ 

0 

+ 

+ 

+ 

I 

l 

+ 

+ 

+ 

+* 

+* 
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Appendix IV, 1 0 

Duration and distance (in cs), Fo, and peak intensity in " ~ ( a) m-is forstar, 
(b) m{sforstlir, and (c) mis forstar (spfg}, 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 is i fo sdo:? o:? i-o i-p:? mi o o:? i o o:? 

a 13.6 6.0 13.4 28.3 16.3 22.0 39.0 ··-
' b 14. 1 7.4 12.8 25.4 14. 1 21.9 38.3 • ' 
~ t ·-

C 13.5 6.4 14.4 18 .3 6.6 22.5 39.7 -
a-b -0.5 -1.4* 0.6 2.9* 2.2* 0. 1 0.7 0 
a-c 0. 1 -0.4 -1.0 10.0* 9. 7*, -0.5 -0.7 ( +) 

i· b-c 0.6 1.0 -1.6* 7. 1 * 7.5* -0.6 -1.4 ( +) 
I 

+? 

PH l ' 

13.5 6.3 11.6 27.7 14.8 21.6 38.0 I -a i . ,.. \ \. i • - -
I 

b 13.3 6.2 10. 7 22.9 12. 1 20.0 34.8 l··' \ -

' --
C 13.9 5.8 11.8 23.5 12. 1 20.9 36.2 I \ -i·,' \ 

l - -
I 

a-b 0.2 0. 1 0.9 4.8* 2.7* 1.6 3 .2* ; ( +) +1 
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) ; 

i I 

a 13.3 5.6 12.0 24. 1 12.7 20.8 37.3 .. "' '\ 
"\ - ,; -

- i 
l .... b 11.9 5.3 11.8 20.8 10. 1 18.6 34.3 : 'I" \._ - ,! -
I ' -
·l 

C 13.4 5.6 12.4 17.9 6.4 20.9 37.3 l 
) I 

l •·' -
! ~ - ! 

- ! 

a-b 1.4* 0.3 0.2 3.3* 2.6* 2.2* 3 .O* ! ( +) +* I 

' 
I 

a-c -0. 1 0 -0.4 6.2* 6.3* -0. 1 0 I 0 +* 
b-c -1.5* -0.3 -0.6 2.9* 3.2* -2.3* -3. 0* : + + I 

continued 
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(Appendix IV,10, continued) 

Duration Distance Fo 

EF (B) is i f:o sdu:? u:? I i-u i-u:? mi 'D u:? 
' b 12.8 5.3 11.9 20.7 11. 1 21.1 34.3 ...._ 

;,-.. 

' 
C 13.8 5.5 13.2 18.3 8.3 23.7 37.0 ! ;, '-. ... 

" 
b-c -1.0 -0.2 -1.3 2.4* 2 .8* • -2.6* -2.7* + 

I 

OT 
a 17.7 8.6 13.4 28.6 15.8 24.7 44. 1 l •·•,. ' '--I 

I 
I 

b 13.7 7.5 13.3 24.4 11.8 20.5 39.6 ... "\ 

! \ 
i 
! 

' C 17.3 8.3 13.4 22. 1 9.8 24.5 42.9 I • 

\ ! 
. .,,,. 

i 

a-b 4.0* 1.1 0. 1 4.2* 4.0* 4.2* 4 .5* ! ( +) 
a-c 0.3 0.3 0 6.5* 6 .0*, 0.2 1.2 i + 
b-c -3.6 -0.8 -0. 1 2.3* 2.0 -4.0* -3 .3* : 0 

SR 

a 16.6 6.9 13.9 25.6 14.3 25.2 41.8 ! .. / , , 
i 

b 

C 

a-b 
a-c 
b-c 

IE 
a 

b 

C 

a-b 
a-c 
b-c 

14.3 7.4 12.3 27.3 

17.0 6. 1 15.0 26.5 

2.3* -0.5 1.6* -1.7 
-0 4 0 8 • -1 1 -0 9 . . . . 
-2.7 1.3 -2.7* 0.8 

20.4 9. 1 15.2 38.0 

20.4 8.6 15.3 38.3 

21.2 8.9 15.7 33. 1 

0 0.5 -0. 1 -0.3 
-0.8 0.2 -0.5 4.9* 
-0.8 -0.3 -0.4 5.2* 

16.0 21.6 

14.5 26.3 

-1.7* 1 3.6* . . -0 2 : -1 1 
: 

1.5 -4.7* 

20.3 20.5 
; 

i 
20.7 19.6 

15.7 20.9 

-0.4 0.9 
4.6* -0.4 
5.0* -1.3 

37.5 !· . ..-' 

44.2 1·,.., 
4 .3* \ 

-2 4 • . . 
i -6. 7* i 
I 
i 
! 

; 

29.6 ; ~ i •• 
; 

28 .1 ;, _, 

29.7 .. ., 
I 

! 

1.5 i 
-0. 1 I 

-1.6 l 

( +) 
+ 

( +) 

\.. \ 

-
\ 

.I' 

" + 
( +) 
+ 

Intensity 
i u u:? 

- --

-
- -

+ 

- -
-

-
-

i -

- --

l 
0 

I 
+ ? 
+ 

! 

l . 
+* 
+* 

I +* t 
I 

I 
I- -
I -

- - i - I 
- - -

+* I 
+* ! 

I - ? j 
I 
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Appendix IV, 11 

Duration {in cs), Fo, and peak intensity in {a) utyske and {b) Herrenhutiske, 
and the difference a-bin Standard Danish. See further Introduction to 
App. III-V. 

Duration Fo Intensity 

NR u t h y/i sg thy~g/tisg u y/i a ! .n y/i a 

6.7 3.3 11.4 7.7 5.4 34.4 I -a "' - -,,,,,. --. 

b 6.6 2.7 4.6 5.3 5. 1 24.5 ;' ' -_, --
I 

a-b 0. 1 0.6 6.8* 2.4* 0.3 
i 

9.9* l + +* 

PH ; 

a 7.3 4.4 8. 1 6.9 12.4 31.8 ~ ) • ') - -
-

b 6.9 3.6 2.6 5.7 12.6 24.4 ,,,_ "I 
\ ! 

--
--

i 

a-b 0.4 0.8 5.5* 1.2 -0.2 7.4* ( +) +* 

EF 
·a 5.0 5.0 7.4 6.4 11.9 30.7 r \ 

~ 

b 4.6 2.8 6.2 12.6 l \ I 

5.8 26. 1 t 

I/ I -

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

Duration (in cs), Fo, and peak intensity in (a) utyske and (bJ politiske, 
and the difference a-bin Standard Danish. See further Introduction to 
App. III-V. 

Duration Fo Intensity 
OT u/i t h y/i sg thysg/t~sg u/i y/i a ~/i·:.y/i • a-' 

a 8.0 6. 1 7.3 9.4 12.9 35.7 ' \ I -
i 

b 8.9 5.9 0 5.8 13.5 25.2 ,,, /' 
" 

t, -

! 
a-b -0.9 0.2 7.3* 3.6* -0.6 10.5* + +* 

SR 

a 8.4 7.2 6.9 7.0 13. 1 34.4 / '\ 

b 6.7 4.4 4.5 6.5 11. 7 25.5 /' ...... 

a-b 1. 7 2.8* 2.4* 0.5 1.4 8.9* + 0 

! 
IE j 

l 
' 

I a 6.8 10 .4 10.9 17.5 45.7 / \. \. 

.... 
b 9.8 3.8 1.8 8.4 14.4 28.3 / ' 

a-b 3.0* 8.6* 2.5* 3 .1 * 17.4* + 
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Appendix V, 1 

Duration and distance (in cs), Fo, and peak intensity in (a) 
s~d suppe and (b) s~dsuppe, 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. 
III-V. 

West 
Jutl 

BT 
D 

. 
a 

b 

a-b 

Duration 

s ~~? b so 

21.1 25.0 

22.3 21.9 

-1.2 3 .1 * 

BT 
RSD a 23.1 25.7 

b 21.3 25.7 

a-b 1.8(*) 0 

JO a 31 5 36 3 
D . . 

b 27.5 33.3 

a-b 4.0(*) 3.0(*) 

. 
JD 
RSD a 32.3 29.7 

b 25.6 25.4 

a-b 6.7* 4.3* 

0 

9.4 

9.2 

0.2 

9.8 

9.4 

0.4 

9 4 . 
9.8 

-0.4 

10.0 

8.4 

1.6 

Distance 

! 

I 
I 
I 

! 

o- ~ 

22.5 

21.6 

0.9 

23.0 

20.6 

2.4* 

30 3 . 
25.4 

4.9(*) 

32. 1 

26. 1 

6-.0* 

l 
I 

l 

Fo 
95 0 

\ -
°'\ 

"\ 

( +) 

...... 

+ 

~ 

' 
+ 

""' "'\ ... 

~ -. ... 
+ 

I 
! 
I 

I 
i 

; 

Intensity 
~ 0 

-
-

-
-

+ 

-
-

+* 

- -
-

-
+* 

I 

' 
I 

! 
: 

i 
! 
I 

i 
I 

I 
i 
I 
I 
I 

continued 
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(Appendix V,1, continued) 

Duration 
North 
Jutl ~~? . s so b 0 

PN a 39.8 32.3* 13.3 
D 

b 34.3 25.9 12.6 

a-b 5.5* 6.4* 0.7 

East 
Jutl. 

PM a 23.9 19. P) 8.2 
D 

b 22.8 15.9 6.7 

a-b 1.1 3.2* 1.5* 

PM a 22.3 25. 1 10.3 
RSD 

b 22. 1 21.4 8.9 

a-b 0.2 3.7* 1.4 

LH 25.2 20.81) 11. 0 RSD a 

b 25.9 18.4 10.2 

a-b -0.7 2.4 0.8 

1) Only ao could be measured. 

Distance 

o- ~ 

39.9 
l 
I 

31.1 

; 8.8* 

\ 
I 

; 

I 25.0 i 
I 
I 

I 

I 22.2 
I 
l 2.8* 
', 
I 
I 
\ 

l 
I 

j 22.0 
l 
i 
! 19.9 
I 

' 2 .1 * 
l 
I 
I 
l 

; 

j 25.5 1 
I 

I 
I 

·i 23.2 i 
l 2.3(*) 

FISCHER-J0RGENSEN 

Fo Intensity 

·1 
~ 0 9S 0 

I ,__ 

" -
i 

/ -
'-- ,-

I 

+ +* ; 
! 
; 
I 

I l I 

I 

j 

/) ! - l 

l -J \ 
I 

i 
I . 

I 

'I\ - - I 
~ I 

l 

l 
I 

+ - ! 

I I 

l 
t 

I " "' - -...,, I 
1 l : 

I 

"" ' I - - 1 .... l ! 

+ i 
I + i 
! ! 

i 
'"\ l 

.--..,"" - - I 
l 
{ 
I 

"" - j ·, ""' - I &~,! 
! 

0 +(*) ! 

i 
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Appendix V, 2 

Duration and distance (in cs), Fo, and peak intensity in (a) 
mdt ldmpe1 and (b) ndtlampe, read by Jutlandish dialect 
speakers. See further caption to App. V,1. 

West Duration Distance Fo Intensity 

Jutl. at 2 lam(b) 3 a a a-a na lam a a 

BT a 15.2 18.3 8.2 6.7 21.6 .. / , . .,,,,,,·•, - -
D 

b 14.6 19. 1 9.3 7.2 22.0 '•/ .. , -
~ -·· 

a-b 0.6 -0.8 -1.1 -0.5 -0.4 {+) + 
I 

BT a 15.2 27.6 9.5 11.4 21.4 ' ._ 

''-1 ' 
.., 

I -
RSD '-.-' I 

i 
I 

b 13.9 27.6 9.8 10 .6 20.7 . 
\.J ·,_' i - -

a-b 1.3 0 -0.3 0.8 0.7 + I -
TA a 20.0 27.8 - 8.0 27.4 , I -.. ,· I -I 

D . j 
I 

' 
b 20.8 26.6 - 8 .2 

1 
28.6 ,,. j -

' ,,/ 
! -

a-b -0.8 1.2 -0.2 -1.2 ( +) +(*) 
I 

TA a 17.3 28 .1 8.8 9. 7, 26.5 I,; .. l -
RSD . . ! -.... 

b 16.3 28.3 8.3 9.6 25. 1 
! 

/ -.. .. ~-.' -
a-b 1.0 -0.2 0.5 0. 1 1.4 ( +) + 

EA a 24.6 25.4 - 9.6 32.8 / ,. -
. •..,J -

D 
b 24.9 23.2 .- 8.9 31.8 .,/ -✓••• -

-

a-b -0.3 2.2 0.7 1.0(*) 0 + 

EA 17.8 38.3 11.6 11.5 30 .1 / - -RSD a .. ,,, ' 
b 17.2 36.0 10 .8 10.9 28.2 . . / ·, ./ • \ . 

- -

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?g] and nat [na?d] have 
West Jutlandish st0d, but not mat. There is also? in [lam?~]. 

2 ) The initial consonant of nat could not be delimited. 
3 ) Only lam could be measured for EA,D. 

continued 
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(Appendix V,2, continued) 
Duration 

at ()1 lamb a 

JO a 22.8 34.4 9.6 D 
b 16.4 33.6 8.8 

a-b 6.4* 0.8 0.8 

JO a 21.4 29.6 • 9.6 RSD 
b 22. 1 27.6 9.9 

a-b -0.7 2.0 -0.3 

North 
Jutl. 
PN a 22 .1 34.8 11.1 D 

b 21.5 31.4 11.2 

a-b 0.6 3.4 -0. 1 

PN a 18.5 32.5 10.3 RSD 
b 19 .8 33.3 10.4 

a-b -1.3 -0.8 -0.1 

East 
Jutl. 
PM 13.3 18.8 6.6 D a 

b 14. 1 18.2 7.5 

a-b -0.8 0.6 -0.9 

PM a 13.6 25.9 6.9 RSD 

b 14 .4 24.5 7.6 

a-b -0.8 1.4(*)-0.7 
LH 
RSD a 14.7 27.2 8. 1 

b 15.4 26.7 8.0 

a-b -0.7 0.5 0. 1 

FISCHER-J0RGENSEN 

Distance Fo 
1 a a - a Ina am 

I, 

I I"' 
7. 3- 32.4 . ... / •. 

I • 

8.2 j 26.7 ,,-. ... ~ ,,- .. 
l i • ' 
I 

-o .9 l I 

5.7*' + 
I 

l 
( , .• ' 9. 1 28.6 ,. ..., •' I • i 

i ~ 

9.3 28 .1 , 
. ...,,, .. ' l 

, j 
! 

-0.2 0.5 
I 

l + ! 
l I 

' 

12.9 

12.81 32.9 l / ... ,-. "---- .. 
0. 1 3.2 i + \ 

i ! I 
I I .. _/·, 10.4 28.8 , 

9.6 29.8 / '. .. "--'~-
' I 

I 0.8 -1.0 i + ! I I 

' : l 

! I i ! 

6.0 20.3 I • I - • I ! . -~ ' I ( 

6 .3 . 20.6 I I 
I • / • 

f l 
. . '-". ' 

-0.3 -0.3 I + I 
:/ ~ l 7.8 20.3 

'---

7.8 20 .1 
i 

·./ 
. . '\ .. ' 

0 0.2 + 
j 

,J •, .• I"\ i 
9.2 23.9 ,, . ....., ) 

i 

9.7 23.6 I. J . .,, ' l 
I 

( +) 
I 

-0.5 0.3 ! 

Intensity 
a a 

--

- -

+ 

- -

- -

+ 

+* 

- -

- -

+ 

- -

- -

-

- -

- -

-
- -
-

-

+ 
1 ) Only Zam could be measured for PN(D) and LH. 

l 

{ 
r 

I 
: 
) 



ACOUSTIC MANIFESTATION OF STRESS 157· 

Appendix V, 3 

Duration and distance (in cs), Fo, and peak intensity in (a) 
mdte·bttten and (b) mdleb~tten, read by Jutlandish dialect 
speakers. See further caption to App. V,1. 

West 
J tl u . 
BT a 
D 

b 

a-b 
BT 
RSD a 

b 

a-b 
TA 
D a 

b 

a-b 
TA 
RSD a 

b 

a-b 
EA 
D a 

b 

a-b 
EA a RSD 

b 

a-b 

Duration 
( ) ma:l a 1 h95d a: ~ 

26.4 22.6 14.5 7.5 

22.8 16.0 11. 5 6. 1 

3.6* 6.6* 3.0* 1.3 

28.3 25.0 14.8 8.7 

24.3 19.4 12.3 6.0 

4.0* 5.6* 2.5* 2.7* 

28.4 29.4 15.6 7.8 

27.4 24.8 14.4 8.8 

1.0 4.6* 1.2 -1.0 

30. 1 34.3 13. 1 9.3 

27.9 31. 7 12.9 9.3 

2.2* 2.6* 0.2 0 

36.0 30.9 9.6 

35.7 30.9 8.0 

0.3 0 1.6 

38.6 31. 7 20.4 9.7 

36 .1 30.0 18.7 9.2 

2.5* 1.7(*)1.7(*)0.5 

Distance 
a: - ~ 

28.7 
! 
I 
l 24.3 l 

l 

i 4.4* I 

1 
I 

30.8 ! 
I 

l 
i 

26.6 

4.2* 

; 29.6 
I 

I 
I 26. 1 ! 
i 

i 3.5(*) I 

32.3 

29.6 l 

! 
: 

2.7* 
i I 36.3 
I 

I 35.2 l 
; 

1.1 

41.9 

38.6 

3.3* 

Fo Intensity 
ma:l a ~ ~ ( ) ( ) a: ~ 

✓• ... ,, - -.. 

! .. ../·", I -
! 

-

! + 
! 

+ 
l ·" ! 

i.-i.-1 J' - -
I ! 

I . .... I :.. _I '\ - -
I 

' I 

+ I -
I 

! ,,,,.., ,. - -. . ... 
-r. -.. ,,,..-

i 

( +) ! +* 

/\ i 
./, I -.. -

/·, I -,,. ' l 
-

( +) 

.. /'\_ r 

( +) +* 

0 +* 

1) In West Jutlandish dialect the definite article is a pro­
c 1 i t i c [ E ] : [ ' m::, : 1 E • ' b~d] [ e: ' m::, : 1 , 1>95 d] . 

continued 

! 

i 

I 
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(Appendix V,3, continued) 

Duration Distance Fa Intensity 
ma: 1 - b~d a: ~ a: - ~ ma:i(a)~d(n: a: ~ 

JO 
D a 31.8 31.2 9.4 32. 1 

b 29.9 24.7 8.0 28.2 

a-b 1.9 6.5* 1.4 
JO RSD a 33.4 30.8 16.4 8.4 

b 32.3 26.3 16.5 7.5 

a-b 1.1 4.5* -0.1 0.9 
North 
Jutl. 

3.9* 

30.9 

26.3 

4.6* 

~N a 35.6 28.8 

b 35 .8 28. 1 

10. 1 36. 1 

- 10.5 

a-b -0.2 0.7 -0.4 
PN RSD a 38.9 32.4 18.6 10.3 

b 39.4 26.4 17.1 8.9 

34.0 

2. 1 

41.9 

37.4 

I 
j 
I/•, 

\ 

+* 

+ +* 

+* 

' a-b -0.5 6.0(*)1.5 1.4(*) 4.5(*)l + + 

East 
Jutl. 

• PM 
D a 

b 

a-b 
PM 
RSD a 

32.4 

31.5 

0.9 

25.9 

21.9 10.6 7.9 23.7 

19.2 9.7 7.4 21.6 

2.7* 0.9 0.5 2 .1 * 

22. 1 11. 0 8.4 27.4 

l 
l 
j 

: .. 
;"'\ i. 

J I 

1 .. / 
.. 

----""' 

+ 

l 
,, 

" 
\/ v 

! .. 

- -

- -

0 

- -

- -b 25.0 19.8 10.5 6.9 25.7 ! .,_! '- ._ i 
l l a-b 0.9 2.3* 0.5 1.5* 1. 7* 

LH 31.6 29.0 15.9 10.0 35.3 RSD a 

l + 0 
I I I , ~ 
!·• ../ _, \ j -
: 

b 30.8 25.6 14.9 10.3 33.0 

a-b 0.8 3.4* 1.0 -0.3 2.3* + +(*) 

i 
I 
i 
f 

I 

~ 
l 
j 
I 

~ 

I 

l 
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Appendix V, 4 

Duration and distance (in cs), Fo, and peak intensity in (a) 
male bitten and (b) maleb~tten, read by Funish dialect 
speakers. See further caption to App. V,1. 

Funish Duration Distance Fo Intensity -

ma:l b9Sd a: 95 a:· - 95 / ma : 1 ( a ) 95 i;i 

MA a 22.8 17.2 10.3 5.5 22.9 , .. ✓··, ,, 

b 23.9 17.0 9.5 5.3 26.3 I ✓•• . . ' .. 
a-b -1.1 0.2 0.8 0.2 -3.4 + +* 

LA "' 
27.4 22.3 12.0 6.5 22.3 / ,,,,, ' a 

..... 
b 26.9 21.8 12.9 6.0 21.8 / "-

a-b 0.5 0.5 -0.9 0.5 0.5 + +* 

HV 38.1 30.9 19.2 7.6 40.2 /·· ,,,. . a ' • ! •• 

b 35.4 30.3 16.6 9.8 34.3 ! • 
. /·· 

..... ) 

I 

a-b 2.7 0.6 2.6(*)-2.2 5.9* + +* 
/ 

IP a 40.0 35.9 19.5 8.8 45.8 /~ .,,, \ i 

l '/• i 

b 40.6 29. 1 17.0 9.6 43 .1 \ ~. \ -.... -
i ... -

a-b -0.6 6.8 2.5(*)-0.8 ! 2.7 I + l + 

EK i 

33.9 27.9 14.6 7.4 
I ·- - -a 35.3 ;,,✓ ,- "' 
I 

I 

b 30. 1 24.7 13.4 6.3 33.0 ; .. ,.,,, .- -
..... " '. 

I -
a-b 3.8* 3.2* 1.2 1.1 2.3(*f + +(*) 

EH ··~ _,' ' 28.6 21.3 11.6 7. 1 28. 1 .,./ - -a ' I 

·, 

l - l j 

b 26.9 19.6 10.5 7.2 27.0 
J " I - i 1 •• .J 

\ 
-

\ i 

; 1 
a-b 1. 7 1.7(*) L1 -0. 1 1.1 i + I 0 I 
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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. 

•s~o?-rsoba 

1 ma: la, b~da 

1 nadlamba 
I 

0 
RSO 
0 
RSO 
0 
RSO 

BT 

-1.2 
1.8(*) 

3.6* 
4.0* 

0.6 
1.3 

average 1. 7 

TA 

1.0 
2.2* 

-0.8 
1.0 

0.9 

EA 

0.3 
2.5* 

-0.3 
0.6 

0.8 

JO PN 
4.0(*) 5.5* 
6.7(*) 

1.9 -0.2 
1.1 -0.5 

6.4* 0.6 
-0.7 -1.3 

3.2 0.8 

Appendix V, 6 

PM 

1. 1 
0.2 

0.9 
0.9 

-0.8 
-0.8 

0.3 

LH 

-0.7 

0.8 

-0.7 

average 
2.4 
2.0 

1.3 
1.6 

1. O 
-0. 1 

-0.2 11.1\1.3 

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 .:Z.1:l 1=._lanq:j.sh speakers. See further caption 
to App. V,5. 

BT TA EA JO PN PM LH average 
I s~o? I soba 0 3. 1 * 3.0(*) 6.4* 3.2* 3.9 

RSD 0 4.3* 3.7* 2.4 2.6 

'ma: la 
I 
bstda 0 6.6* 4.6* 0 6.5* 0.7 2.7* 3.5 

RSD 5.6* 2.6* 1.7(*)4.5* 6.0* 2.3* 3.4* 3.7 
•nadlamba D -0.8 1. 2 2.2 0.8 3.4 0.6 1.2 

- RSD 0 -0.2 2.3 2.0 -0.8 1.4 0.5 0.6 

average 2.4 2.0 1.6 3.5 3. 1 2.3 2. 1 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. 

1 s955? 
1 
soba 

1 ma: la 
I 
b95da 

1 nad
1 
lamba 

average 

BT 

D 0.9 
RSD 2.4* 
D 4.4* 
RSD 4.2* 

D -0.4 
RSD 0.7 

2.0 

TA 

3.5(*) 
2.7* 

-1.2 
1.4 

2.0 

EA 

1. 1 
3.3* 

1.0(*) 
1.9 

1.8 

JO 

4.9* 
6.0* 

3.9(*) 
4.6* 

5.7* 
0.5 

4.3 

PN 

8.8* 

2. 1 
4.5(*) 
3.2 

-1.0 

3.5 

PM 

2.8* 
2. 1 * 

2. 1 * 
1. 7* 

-0.3 
0.2 

1.4 

LH 

2.3 

2.3* 

0.3 

1.6 

average 

4.4 
3.2 

2.9 
3.3 

1.3 
0.6 
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THE PERCEPTION OF VOICE ONSET TIME: A CROSS­
LANGUAGE STUDY OF AMERICAN ENGLISH AND DANISH 

JENS B. CHRISTENSEN 

This p3per 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 ti1e· production 
of /p/ and /kl for the two languages the Dan.ish 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 statisti;;illysigniEicant 
difference in the expected diz·ection 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 I I N.TRODUCT I ON 
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
lables 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 measure11 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 Mik6s, Keating and Maslin (1976) and 
Keating, Mikos 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 abJe to discriminate between 
pairs of stimuli that both had VOT values of either <20 or >40 
msec. Eimas et al. tharefore concluded that the 20-40 msec of 
voicing lag constituted a natural boundary, which incidentally 
is found in Arn~rican adult studie . 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 boundarie as those found ,n 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 linguistic 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 listeners 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 /di and It/ are often 
pronounced with a considerable degree of affricatiog following 
the release (Fischer-J0rgensen, 1980): [a5

] and [d5 
]. This 

feature is not found in American English: and it is therefore 
not relevant in a cross-language study of this kind, to compare 
the production and perception aspects of the alveolar stops. 

The Danish /p/ and /kl only contrast with /bi 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 I rabid, bagging I 
backing. The Danish /p/ and /kl are pronounced as voiceless 
aspirated: [bh] and [~h]. /bi and /g/ are pronounced as voice­
less unaspirated: [b], (g]. The American /p/ and /kl are pro­
nounced like the Danish, but are not quite as aspirated as their 
Danish counterparts. /bi and /g/ are sometimes pronounced like 
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 long 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: /i, e, ~, 
a, a, 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-J0rgensen 
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 Chas 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-J0rgensen (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), a~d that Fischer-J0rgensen 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 + 29.4 k + 110 .8 
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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 II 

American stops followed by 
12 vowels (from Keating et al. 
(1981). 

Msec VOT 
b + 5.6 

g + 15.5 

p + 57.6 

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 VDT 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. 

III. 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 limit ·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 syllables al­
low 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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American /bi and /pi followed by 12 vowels. From 
Keating et al. (1981). Permission by Patricia 
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Editing and splicing of real speech has until recently been 
cumbersome (Fischer-J0rgensen, 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 
V0T, 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 1coast 
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 Ii, a, ul 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 /al 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 /al often shows "edge 
vibrations 11 or "voiced aspiration" (Fischer-J0rgensen 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 /ii and lu/ when fol­
lowing aspirated stops. Using /al 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 /ii 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 listeners 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 
/pi and /kl followed by the vowels /ii and /u/. 

B, STIMULI 

From the recordings of the two Danish male speakers, JR and NR 
one token of each of the test syllables [bhi, bhu, ghi, ghu] 
was selected, viz. the first occurrence on the

0

tape which had 
been measured to have a VOT value greater than 90 msec. Some 
of speaker JR1 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 (JR1 s (bhu] and NR1 s (ghu]). 

0 

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). 

All 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 III 

Means for identification functions of American 
phonetically trained and naive listeners. 

American 
phonet i ea 11 y 

trained naive 
stimuli X sd. N X sd. N 
p✓i 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 . 81 100 
ku 47.19 12.70 60 42.70 9.45 100 



174 CHRISTENSEN 

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 forone 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 pi 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 pi 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 
phonet i ea 11 y naive trained 

stimuli X sd. N X sd. N 

pi 21 . 30 7.82 60 22.59 5.84 100 
pu 32.42 5.86 60 39. 72 7. 72 100 
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 
ki. It is clear from this figure, 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 11latch 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 VDT of 10-70 msec. The results for each of the stimuli 
pi, 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 

pi 22.59 5.84 100 18.65 7.38 160 

pu 39. 72 7. 72 100 27.67 9. 15 160 

ki 53.37 9.58 100 51 . 53 13.55 160 

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: at-test gives t = 
4.528 p < .001 for pi, and for put= 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 pi stimuli. 
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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 pi 
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 like 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 
surpr1s1ng. 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 /bi 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 /kl, 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. In 
this connection the mean value of /g/ is the interesting one, 
as the stimuli which may be expected to be perceived as lg/ 
occupy a relatively large span in the continuum. Stimuli having 
a VOT of 30 msec or less will almost without doubt be labelled 
as lg/ 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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sistently label stimuli, especially ki (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 
gi's and ki'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
J0rgensen, 1980). VOT has been found generally to be longer 
following the release of a velar than a labial 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 [ghi], 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 
wh·ch is quite consistently reflected in the responses of both 
Danish and American listeners.' 
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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-J0rgensen (1980) found that rounded vowels 
fol lowing labial stops had a longer 11open interval 11 (which she 
defines as the interval from the release of the consonant to 
the onset of the vowel, point B according to Fischer-J0rgensen 
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 lbul and lpul must 
therefore be due to the coarticulation of the vowel. The cross­
over points (in Table V) for labials followed by Iii were com­
pared to those followed by /ul for the Danish and the American 
listeners in at-test. Both groups were found to have later 
cross-over points for pu, p < .001, which again indicates that 
listeners 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. 

VI CONCLU.S I ON 

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 listeners 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 expect~d. 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 Pisani, 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 GR0NNUM 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 in 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 paragriaph. In other words, it is 
possible that a paragraph is characterir!.ed by an overaU in­
tonation structure to which the intonation contours of its 
constituent sentences are subordina.ted . ... A co~ollary hypoth­
esis is that since sp~akers and listene~s share the same code, 
listeners are capable of deciding whether a sentenoe has been 
produced in isolation or as part of a larger striucture." 
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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 (F0) 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 listening 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 
(F0) 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 F0 minimum succeeded by a resetting to the 
first high F0 peak in the second sentence. This peak is lower 
than the corresponding F0 peak in the first sentence. Like­
wise, the first F0 peak is lower in a sentence produced in 
isolation than in the first sentence of two in a paragraph, 
whereas its last F0 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 F0 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 11

..4
11 

( 'And'). The very 
first and very last F0 values (which occur in unstressed syl­
lables) are low and constant across texts of different dura­
tions. Apart from that, local F0 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 
text of different length. Multiwsentence texts were produced 
with internal pause(s). Before each such pause F0 drops to 
the same low ~0 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 
lac 1 maxima nd 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 F0 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
lish 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 
and Wang (1977), Cooper and Sorensen (1981), and Uyeno et al. 
(1981). 
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II. MATERIAL, SUBJECTS, AND PROCEDURES 
A, MATERIAL 

The base is the following three declarative sentences (stres­
sed vowels are indicated orthographically with acute accents 
here): 

(1) Amanda skal afsted pa camping. 

'Amanda is going away camping. 1 

(2) Hendes m6r skal pa kursus i Tyskland. 

'Her mother is taking a course in Germany.' 

(3) Hendes far skal vandre i Lapland. 

'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, whi-ch 
was highly desirable. I decided, therefore, to concentrate 
on (1) above, i.e. the Amanda-sentence, and be sure that one 
occurred in all the relevant positions. 

The following combinations of sentences constitute the mate­
rial: 

1 
1 3 

2 1 

1 3 2 

2 1 3 

3 2 1 

The Amanda-sentence is the only one to occur in isolation. 
Note, however, that both sentence (2) (referred to as the mar­
sentence in the following) and sentence (3) (referred to as 
the far-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: Amanda skal afstid pa camping. 
Hendes far skal vandre i Lapland. Hendes mar skal pa kursus 
i Tyskland. versus Hendes far skal vandre i Lapland, og hendes 
m6r skal pa kursus i Tyskland, og Amanda skal afstid pa camp­
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 F0 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 C'pa·ragraphs" 
in her terminology) in that the sentences are all equally 
long (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 tehiste's (1975) choice of term ( 1ipara­
graph 11

) and mine (and Bruce's, 1982) ( 11 text 11

). 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 11 texts 11 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 au t ho r) ) read the mater i al , i n two s e s s i ons 
on separate days, as mentio~ed 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 F0 meter zero-line to the lower limit 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 F0 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 F0 point, 
the midpoint (in time as well as frequency), which was an un­
controversial procedure since most of these vowels have mono­
tonically falling F0 movements. (The first post-tonic syl­
lable may be rising-falling, in which case F0 is measured at 
the peak.) The F0 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(sted) 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 F0 
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. F0 and time measurements were averaged 
over the three recordings by each subject (six recordings in 
the case of the isolated sentence)._ Average F0 values were 
converted to semitones (re 100 Hz) and average tracings drawn. 
No correction was attempted for intrinsic F0 level differences 
between the high stressed vowels of the mar-sentences and the 
low stressed vowels of the fdr- and Amanda-sentences. 
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III. RESULTS 

A, PRESENTATION OF THE DATA 

In figure 1 is shown average tracings of two pairs of two-sen­
tence texts, where the Amanda-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 representations in figure 2 (upon which the account of 
the results and the conclusions are based) and to give a more 
complete picture of similarities across (and differences be­
tween) individual speakers. The stressed vowels are indicated 
in figure 1 by lines connecting two or three points. 

Although the main trends in the data are apparent in figure 1 
(and of course also in the tracings of the averaged 11raw11 three­
sentence texts, which are not shown here), a simplification is 
called for for a number of reasons. The three different sen­
tences are not immediately comparable, due to the distribution 
of stressed vowel qualities, i.e. rather high vowels in the 
mar-sentence and rather low vowels in the Amanda-and far­
sentences, which makes the intonation contour too high in the 
mar-sentence relative to the other two, ceteris paribus. Dif­
ferent initial consonants in the stressed syllables within each 
sentence also obscure the picture. The [m] in mar and Amanda 
lowers the initial F0 value compared to the vowels in the fol­
lowing two stressed syllables which begin with unvoiced ob­
struents. Contrarily, the [f] in far raises the initial F0 
value considerably compared to the other two stressed vowels 
in that sentence. (See further Jeel, 1975, and the references 
there.) Both these difficulties could of course have been 
avoided in the construction of the material, but only - I 
feared - at the expense of the naturalness of the sentences 
and texts (to the extent that they can lay any claim to natural­
ness at all). As it is, these "extraneous" factors are allevi­
ated if I cut and splice the texts (in the illustrations) so 
that initial, medial and final Amanda-sentences are presented 
together in pseudo-texts, and likewise for the mar- and far­
sentences. In this way we get a clearer impression of the 
relation between sentence intonation contours (a) in different 
pos1t1ons in a text, (b) in texts of different length, and 
(c) in texts of different types, and it is the relations rather 
than the absolute slope shapes and values which are interesting 
in this connection. This last contention also justifies the 
rather drastic reduction of each sentence into two straight 
lines, an upper and a lower one. The upper line in figure 2 
is the connection between the first and last post-tonic syl­
lable in each sentence. The lower line is the connection of 
the F0 minimum in the first stressed vowel (the initial value 
in purely rising movements, the turning point in falling-rising 
movements) and the final value in the last stressed vowel. 
This lower line is a reflexion of, and related to, the intona­
tion contour as I have chosen to define it, namely as the line 
or figure described by the stressed syllables of an utterance. 
It will be too steep in the far-sentence, and not steep enough 
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in the Amanda- and mar-sentences, due to influence from the 
initial consonant in the first stressed syllable. - When I 
say about vowels that their initial F0 value is 11too high 11 or 
11too low11 and therefore intonation contours will seem 11too 
steep 11 or 11not steep enough11

, I mean that their physical mani­
festation does not, presumably, correspond to the way they are 
perceived. We know that differences in duration and F0 level 
between stressed vowels of different tongue height, ceteris 
paribus, are overheard or compensated for by the listener, see 
e.g. Reinholt Petersen (1974) and Hombert (1977). This com­
pensation is explained with reference to the listener's 11know­
ledge 11 of those constraints inherent in the speech production 
apparatus which are responsible for physical differences in 
sounds which are intended by the speaker to be the 11same11

• 

From this knowledge presumably derives an expectation to find 
certain acoustic differences coupled with certain different 
spectral events, and these differences therefore carry no 
independent significance and they are disregarded by the 
listener in the interpretation of what (s)he hears. If the 
reference to the listener's double function as both speaker 
and listener (which in a more general perspective is what the 
motor theory of speech perception is founded on, cf. Liberman 
et al., 1967) explains the (non) perception of F0 and duration 
differences between stressed vowels of different tongue height, 
I think it reasonable to assume that it will also make the 
listener disregard differences in vowel onset F0 which are 
caused by the different nature of the preceding consonant. 
It is certainly my own impression from the recordings that 
the three different sentences do indeed sound 11the same11 as 
far as steepness and shape of the intonation contours are con­
cerned when everything else is equal. This is of course no 
evidence, and formal experiments should be undertaken to verify 
or falsify my assumption, but note again that the conclusions 
to be drawn from the data do not hinge upon its verification 
since I am more concerned here with relations between sentence 
intonation contours than with their absolute gestalt. 

In figure 2 the simplified data are presented which describe 
the intonational structure of three pairs of pseudo texts (as 
defined above), for each of the four speakers and their mean 
(mean of means). Sentences are identified by their original 
position; e.g. 111-1 11 is the first sentence of one, 112-2 11 is 
the second sentence of two, etc. The isolated sentence ( 111-1 11

) 

and the two-sentence text ( 111-2+2-211
) are both presented to­

gether with the three-sentence text (the set is complete only 
in the case of Amanda). For ease of comparison 112-2 11 is shown 
twice: directly after 111-211 together with the medial sentence 
(

112-3 11
) and also together with the final one ( 113-3 11

). 

One type of information is lost in the process of piecing to­
gether the figures from parts deriving from different actual 
texts, namely pause duration. All speakers paused between the 
terminal declarative sentences, cf. figure 1. Pauses range 
between 20 and 80 cs. One speaker (JBC) also paused between 
the coordinate main clauses, but his pauses were only about 
half as long there (20-50 cs) as between the terminals (50-
80 cs). 
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Amanda og Amanda Hendes mor og hendes mor Hendes far 
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Amanda og Amanda Hendes mor og hendes mor Hendes far 

Figure 3 

Slopes (in semitones/second) of the upper and lower lines de­
picted in figure 2. The three different sentences are arranged 
horizontally in pairs, with declarative terminals to the left 
(points) and coordinate clauses to the right (stars). Data 
points pertaining to texts with two components and with three 
components, respectively, are connected. Upper line data points 
are connected with full lines, lower line data with dotted lines. 
Unconnected points in the mor- and far-sentences represent ini­
tial and final items, respectively, in two-component texts. 
Wher unconnected points are not clearly associated - in the 
graph - with either upper or lower line data, identification is 
ensured by a short full or dotted line next to the dot or star. 
Four speakers, two males (NRP and JBC) and two females (GB and 
NT) and their grand mean (mean of means) - identified at the 
top right of each graph. 
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B. INTERPRETATION 

I shall take up the following aspects of the data: upper line 
slopes and lower line slopes; the frequency of beginning points 
(onset) and end points (offset) of upper lines as well as lower 
lines; the frequency location of sentence and clause initial 
unstressed syllables. All these phenomena are evaluated also 
on the basis of the numerical information upon which the figures 
are based. I shall state the results for the average over all 
subjects, and note the extent to which individuals agree with 
the grand mean. (The fact that subjects agree so well among 
themselves, qualitatively, is what permits the calculation of 
a grand mean in the first place.) 

1. UPPER AND LOWER LINE SLOPES 

In figure 3 the slopes (in semitones/s) of upper and lower lines 
in the three pairs of texts are depicted graphically for each 
speaker and their mean (mean of means). The following points 
can be made from these figures: 

1. Upper lines are steeper than lower lines, and the differ-
ence is smaller in the far-sentences, cf. above about the 

11overestimated 11 initial F0 value which makes the lower line 
slope relatively too steep in this sentence: all speakers. 
See also figure 2. This is a common observation and not a 
specifically Danish phenomenon. Note also the difference be­
tween JBC1 s less steeply declining lines (varying around 2! 
semitones/s) and those of the other speakers (varying around 
4 to 6 semitones/s). 

2. Upper and lower lines are steeper in terminal declarative 
sentences than in coordinate main clauses, ceteris par1bus: 

all speakers. See also figure 2. 

3. The degree of resetting between successive upper lines and 
lower lines is greater in a succession of terminals than 

in coordinate main clause constructions: all speakers, cf. 
figure 2. This is a natural consequence of the slope differ­
ences noted under (2), granted that a speaker's total F0 range 
does not change from one type of text to another. 

Some further tend~ncies (but that is all they are) towards a 
differentiation accordi~g to position in the text appear: 

4. The upper and lower line slopes in an isolated sentence 
are equal to or very slightly steeper than initially in 

multi-sentence texts (relevant only for terminal sentences): 
though with JBC upper and lower lines are less steep in the 
isolated sentence. Otherwise, upper and lower line slopes 
tend to be more nearly identical in initial sentences and in 
final sentences, irrespective of text length. I.e., 1-2 re­
sembles 1-3 and 2-2 resembles 3-3 (rather than 2-3). See also 
figure 2. 
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5. Upper and lower line slopes in the terminal sentences tend 
to be steeper in initial than in non-initial position in 

three sentence texts: there are random exceptions with all 
speakers, typically where a final slope is as steep as the 
initial one. The two sentence text offers no uniform picture. 
See also figure 2. 

6. Upper and lower line slopes in coordinate main clauses are 
less steep in medial position than initially and finally -

where they are approximately equal - in three sentence texts, 
and slopes are steeper finally than initially in two sentence 
texts: there are a few slight and random exceptions with 
every speaker. See also figure 2. 

The full and dotted lines in figure 3 run approximately parallel 
to each other, considered frame by. frame, with a couple of 
apparently random exceptions. In other words, the difference 
in upper and lower line slope is nearly constant across a given 
multi-sentence text. I.e., given a certain change in lower 
line slope across a two- or three-sentence text, the upper lines 
follow suit, and can be deduced from the behaviour of the lower 
lines. (Arguments to the effect that the lower line·- the 
stressed syllables of the utterance - is the independent vari­
able are given in e.g. Thorsen 1980b and 1980c. Suffice it 
here to say that every utterance has a lower line (one or more 
stressed syllables), but an utterance does not invariably have 
an upper line which depends for its existence upon the presence 
of a post-tonic syllable in the prosodic stress group(s).) 
The steeper upper lines derive from the fact that the magnitude 
of the F0 interval between the minimum in the stressed syllable 
and the maximum in the post-tonic varies with position on the 
intonation contour (early - larger interval, later - smaller 
interval), cf. Thorsen (1980b, 1984). 

From the figures and (1) to (6) above we learn that the indi­
vidual components are subordinated differently to the super­
ordinate declination which spans the whole text. Individual 
declinations are steeper and have greater amounts of resetting 
between them in a series of declarative terminal sentences than 
in a corresponding sequence of coordinate main clauses. Further­
more, in a series of three terminals the individual slopes tend 
to become successively less steep, whereas coordinate clauses 
level out in medial position and a final declination is always 
steeper than a preceding (initial or medial) one. This can be 
taken to indicate a more integrated and coherent intonational 
structure accompanying the closer relation between coordinate 
main clauses. 

Finally, it appears that increasing text length from two to 
three sentences/clauses or, inversely, decreasing text length 
from three to two, will leave the initial and final components 
unaffected. A component is squeezed in or removed medially 
with no apparent changes in the surroundings. As a result, 
the second component in a text is different when it is simul­
taneously text final from when it is medial (compare 2-2 and 
2-3 in figure 2). In other words, the production of the second 
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component is sensitive not only to what precedes it but also 
to upcoming events. This argument extends to isolated versus 
text initial sentences, of course. See further section III 
below. 

2. UPPER AND LOWER LINE ONSET AND OFFSET 

In figure 4 beginning and end point frequencies (full vs. cbtted 
tracings) of upper and lower lines in the three pairs of texts 
are depicted graphically for each· speaker and their grand mean 
(mean of means). From these figures the following points can 
be made: 

First of all, there is no qualitative difference between texts 
with terminal sentences and texts with coordinate main clauses 
but 

7. changes in onset and offset frequencies across a text are 
larger in coordinate main clause constructions: 

all speakers, but with NT the difference between terminal sen­
tences and coordinate clauses is small in this respect. The 
general trend is a consequence of (2) and (3) above: clause con­
tours are less slanted relative to the same overall decline, so 
onsets and offsets decline more through the text. See also 
figure 2. 

With this difference in mind, "clause" can substitute for 11sen­
tence 11 at any point in the following four statements (8-11): 

8. Upper line onsets decrease smoothly across each text: 
all speakers, with spurious exceptions to the smoothness 

by GB and NT. A final upper line onset is 3-4 semitones lower 
than an initial one, on the average. Upper line onsets are 
very nearly identical across initial sentences, including the 
isolated one, irrespective of text length, and across final 
sentences (excluding the isolated one), ,.e. 1-1 resembles 1-2 
which resembles 1-3, and 2-2 resembles 3-3: all speakers, 
except JBC where 1-1 resembles 2-2 (and 3-3). See also figure 
2. Initial upper line onsets are also identical across the 
two boundary conditions: all speakers. 

9. Upper line offsets decrease across each text but not quite 
smoothly, since the drop from 1-3 to 2-3 is smaller than 

between 2-3 and 3-3: with JBC and NT we even get a 11rise-
fall 11

, i.e. the end point in 2-3 is higher than in 1-3 but 
lower in 3-3 than in both preceding ones, most notably in the 
coordinate clauses, where it is due to the way upper line slopes 
develop: a steep initial one, then a levelling out medially, 
and then again a steeper final slope, cf. (6) above. Offsets 
also decrease by 3-4 semitones (average) from initial to final 
position. Upper line offsets are very nearly identical across 
initial sentences (excluding the isolated one), irrespective 
of text length, and across final sentences, including the iso­
lated one: all speakers. See also figure 2. Final upper line 
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offsets are identical across the two boundary conditions: 
all speakers, except GB where they are lower in coordinate 
main clause texts. 

10. Lower line onsets decrease across each text: NRP has one 
instance of a step up between 1-3 and 2-3, and GB gives 

no uniform picture. A final lower line onset is 2 semitones 
lower than an initial one, on the average. In the lower line 
the onset of an isolated sentence is intermediate between on­
sets in initial and final sentences in multi-sentence texts 
(relevant only in the terminals): with NRP and NT it is much 
closer to text initial lower line onsets, and with JBC it is 
- conversely - closest to text final onsets. See also figure 
2. (If we compare upper and lower lines it is apparent that 
lower line onsets and offsets span a smaller F0 range than in 
upper lines, and so the same slightly lower beginning of upper 
and lower lines in an isolated sentence compared with initial 
sentences in multi-sentence texts will bring isolated lower 
line onsets relatively nearer to the onset of lower lines in 
final sentences.) Otherwise, lower line onsets are very near­
ly identical across initial sentences (i.e. 1-2 equals 1-3) 
and across final sentences (i.e. 2-2 equals 3-3): all speakers, 
with a couple of spurious exceptions. See also figure 2. 
Initial lower line onsets are identical across the two bound-
ary conditions: all speakers, except GB's mar-sentences. 

11. Lower line offsets decrease across each text: no speaker 
is as regular as the grand mean. As with upper lines, 

lower line offsets _are very nearly identical across initial 
sentences (excluding the isolated one), irrespective of text 
length, and across final sentences, including the isolated one: 
with NRP the isolated sentence resembles initial rather than 
final sentences. See also figure 2. Final lower line offsets 
are also identical across the two boundary conditions: all 
speakers, except GB where they are lower in final coordinate 
clauses (as are her upper line offsets, cf. (9) above). 

With a reservation about the onset of the lower line in an 
isolated sentence (cf. (10)), the ensemble of upper and lower 
lines in a text span almost the same F0 range, irrespective of 
text length and boundary condition. The upper and lower lines, 
respectively, begin at the same frequency in text initial sen­
tences/clauses and end at the same frequency in text final 
sentences/clauses. Thus, the superordinate declination varies 
with text length but it is the same in both boundary conditions. 
The fact that both onsets and offsets of upper and lower lines 
are identical in initial sentences (1-2 resembling 1-3) and in 
final sentences (2-2 resembling 3-3) ties up with the conclusion 
drawn from points (1)-(6) above. The second component in a 
text is different when it is simultaneously text final than 
when it is medial, and the same is true of an isolated versus 
a text initial sentence. Together the upper and lower lines 
bear testimony to a considerable amount (in terms of temporal 
scope) of preplanning and look-ahead in the production of in­
tonational events. It is possible - though it remains to be 
tested - that only three different textual positions are 
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distinguished, as far as sentence intonation onset and slope 
are concerned: initial, final, and medial. That is to say, 
two or more medial sentences or clauses may not be further 
differentiated among themselves. Such an arrangement of indi­
vidual text components would be less taxing on the speaker's 
pre-planning operations (cf. section III). 

3. INITIAL UNSTRESSED SYLLABLES 

In text initial position the Amanda-sentences have only one 
unstressed syllable, (a], the m6r- and far-sentences have two 
(the second of which may be carried by a syllabic nasal as a 
result of schwa-elision) but only the first one, [hen], will 
be dealt with here. In text medial position an unstressed og, 
[A], is added to the beginning of each coordinate main clause. 
This syllable, [A], is - with very few exceptions - higher than 
the succeeding [a] or [e], and by nearly the same amount for 
each subject (0.5 to 1 .0 semitone with NRP and JBC; 1 .0 to 2.0 
semitones with GB and NT). Therefore, the conjunction can be 
derived from [a] and [e] and is not considered any further 
here. 

In figure 5a,b,c the frequency of sentence or clause initial 
unstressed [a] (Amanda) and [e] (hendes m6r, hendes far) in 
initial sentences (5a), final sentences (5b) and across a 
three sentence text (5c) is depicted, for each speaker and 
speakers' grand mean (mean of means). Again, I shall state 
the results for the mean and note the extent to which each sub­
ject agrees with the overall tendencies. 

12. The pretonic syllable(s) in text initial sentences are 
constant across texts of different length and different 

syntactic conditions: all subjects, with exceptions by GB, 
cf. figure 5a. This (near) constancy in text initial unstres­
sed syllables is analogous to the constant onset of lower 
lines (i.e. to the constant frequency of the first stressed 
syllable) across text lengths and boundary conditions, cf. 
(10) above. 

13. Sentence initial unstressed syllables in text final sen-
tences are constant across different text lengths in 

terminal sentence texts: there are spurious exceptions by 
NRP, GB and NT, cf. figure 5b. This corresponds to the be­
haviour of the final lower line onset, i.e. the frequency of 
the first stressed syllable (cf. (10)). In coordinate main 
clause constructions the pretonic syllables in the last clause 
tend to be lower in the longer text: JBC is an exception; 
his final pretonics are constant in this condition as well. 
The general tendency is likely to be due to a higher offset of 
the declinations preceding 2-2 than the ones preceding 3-3, 
i.e. the final F0 minimum and the (derived) peak in the pre­
ceding clause is higher in the first clause of two (1-2) than 
in the second of three (2-3), see figure 4 ("lower lines"-
data points connected by dotted line) and also figure 2. 
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At least this difference is greater, and corresponds better to 
the difference observed in the clause initial unstressed syl­
lables in figure 5b than does the slight or even reverse dif­
ferences in the onset of lower lines in 2-2 and 3-3. This 
would mean that clause initial unstressed syllables in text 
medial position are governed tonally by the offset of the pre­
ceding clause, or - in other words - such syllables join up 
prosod1cally with the last stress group in the preceding clause. 
They are neither isolated tonally, nor do they attach them­
selves to the clause.to which they belong syntactically. This 
interpretation gets a certain substantiation from figure 1 
(and from the corresponding longer texts not reproduced here): 
there are a majority qf instances (exceptionless with GB and 
nearly so with NT) where clause initial unstressed syllables 
perform a smooth and continuous fall together with the post­
tonic in the preceding clause; together with the last stressed 
syllable in the preceding clause the ensemble of unstressed 
syllables thus perform the low plus high-falling F0 pattern 
characteristic of prosodic stress groups in Standard Danish 
(cf. Thorsen 1980b, 1984). Only with JBC are there no such 
cases of prosodic association across clause boundaries, maybe 
because he (as the only one) paused between the coordinate 
clauses. (I do not think that a pause necessarily disrupts a 
tonal pattern (apart from the introduction of a silent inter­
val),:and clause boundaries per se apparently do not, but the 
combination: pause and clause boundary may be more than an F0 
pattern can survive.) 

14. Initial unstressed syllables through a multi-sentence 
text decrease slightly through a string of terminal sen­

tences: the variation is small and non-uniform with NRP, 
nearly nil with JBC, apparent only in NT's mar- and far-sen­
tences. With GB the decr~ase is considerable in the Amanda-
and mar-sentences, cf. figure 5c. Again, this is analogous 
to the onset of lower lines, i.e. to the behaviour of the 
first stressed syllable in each clause in the texts, cf. (10) 
above. In coordinate main clause texts the decrease is greater 
and generally more uniform: all speakers. Again, this is more 
in line with the way upper line offsets develop through a text 
than with lower line onsets (cf. figure 4), i.e. it seems to 
be caused by the tonal association of the clause initial un­
stressed syllables with the preceding clause final stress 
group, cf. above. 

What points (12)-(14) demonstrate is merely a tonal dependency 
of initial unstressed syllables in the sentence or clause upon 
other parameters: In text initial position, initial unstres­
sed syllables are constant (for a given speaker), as is the 
first stressed syllable, across different text lengths and 
different boundary conditions. After a text medial sentence 
boundary, initial unstressed syllables likewise associate 
with the succeeding stressed syllable, i.e. differences in 
frequency location across different text positions are analo­
gous with and can be derived from differences in the first 
stressed syllable in the sentence. After a clause boundary 
(unaccompanied by any pause) clause initial unstressed syl-
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lables (often but not invariably) associate tonally with the 
preceding prosodic stress group, i.e. differences across dif­
ferent text positions are analogous with the differences in 
the last tonal pattern in the preceding clause. In other 
words, sentence and clause initial unstressed syllables in 
text medial position may be extrametrical phonologically (and 
rhythmically as well, after a sentence boundary), but tonally 
they are not isolated entities; they vary in a principled 
fashion in association either with a preceding or a succeeding 
prosodic stress group. 

C. DURATION 

I have measured the duration of each sentence and clause, as 
the time interval between the first and last F0 measuring 
point, excluding the conjunction in the coordinate clauses. 
Average values for each speaker, and speakers' mean are given 
in Table I. 

The differences in duration of a given sentence across text 
positions - in one or the other boundary condition - range 
between 16 cs (NRP's coordinate far-clauses) and 3 cs (NRP's 
terminal far-sentences), i.e. 13.7 and 2.5%, respectively, 
of the shortest sentence/clause. The most consistent trend 
in the durations is that an initial sentence or clause is 
shorter than the succeeding, medial or final one (true in 29 
out of 32 instances). Secondly, a final sentence or clause 
tends to be shorter than a medial one 1n three sentence texts 
(true in 16 out of 24 instances). Isolated sentences are not 
systematically different from sentences in context: though 
with JBC the isolated sentence is clearly longer than initial 
sentences (6 and 7 cs), it is only 2 or 3 cs longer than medial 
and final sentences. With GB the isolated sentence is 7 cs 
longer than the final sentence of three but only 1 cs longer 
than initial sentences. Lehiste (1975) found that isolated 
sentences were longer than in three sentence texts. To judge 
from the present data, such a finding may not generalize to 
all speakers. Furthermore, coordinate main clauses tend un­
expectedly to be longer (by around 6 cs) than terminal sen­
tences (which is not due to the conjunction og which was ex­
cluded from the measurement). The opposite relation would 
perhaps have been less surprising: A terminal sentence de­
velops freely, a non-terminal clause is shortened by the 
succeeding clause. I have no explanation to offer at the 
moment for the longer coordinate clauses. 

A more thorough treatment of durational differences warrants 
a separate investigation. The only conclusion I wish to draw 
at present is that sentences or clauses are shorter text ini­
tially than in later positions but - somewhat surprisingly 
maybe - isolated and text final sentences or clauses are not 
systematically longer than sentences in other positions in 
the text. 
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Table I 

Average durations in centiseconds of three different sentences 
in various contexts: isolation ( "1-1 "), initially ( "1- "), 
medially ( "2- "), and finally ( "3- ") in texts consisting of 
two(" -2") or three(" -3") sentences, and in two different 
boundary conditions, as indicated to the left. See further 
the text. 

NRP JBC GB NT mean 

Amanda 
terminal 
sentences 
1-1 128 135 119 137 129.8 
1-2 128 128 118 131 126.3 
2-2 130 132 117 136 128.8 
1-3 131 129 118 136 128.5 
2-3 132 133 118 137 130.0 
3-3 133 133 112 143 130.3 

coordinate 
clauses 
1-2 131 136 114 136 129.3 
2-2 139 146 122 141 137.0 
1-3 129 136 120 134 129.8 
2-3 134 141 125 141 135.3 
3-3 136 135 120 137 132.0 

Hendes m6r 
terminal 
sentences 
1-2 148 157 140 145 147.5 
1-3 148 153 139 146 146.5 
2-3 156 157 144 149 151 . 5 
3-3 152 157 145 148 150.5 

coordinate 
clauses 
1-2 151 154 141 150 149.0 
1-3 152 153 140 150 148.8 
2-3 159 160 145 156 155.0 
3-3 159 160 141 153 153.3 

Hendes fdr 
termi na 1 • 
sentences 
2-2 121 138 111 124 123.5 
1-3 121 128 118 127 123.5 
2-3 120 132 116 131 124.8 
3-3 118 129 109 126 120.5 

coordinate 
clauses 
2-2 122 144 118 128 128.0 
1-3 117 133 114 130 123.5 
2-3 133 135 124 134 131 . 5 
3-3 123 130 121 131 126.3 
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D. SUMMARY OF THE RESULTS ON INTONATION 

A short text, composed of two or three simple declarative sen­
tences or corresponding clauses, of which none is excessively 
long, will be associated with a superordinate F0 declination 

· which supports individually slanting sentence/clause components. 
The most interesting and consistent further findings, i.e. 
where the inter subject agreement is best, are points (2, 3) 
and (8 - 11): Upper and lower lines - which characterize in­
dividual sentences or clauses - are steeper and with greater 
amounts of resetting between them in a succession of declara­
tive terminal sentences than in a corresponding succession of 
coordinate main clauses. Concomitantly, the onset and offset 
F0 values of these upper and lower lines decrease across a 
text, more so through coordinate main clauses, because indi­
vidual lines are less slanted relative to the same super­
ordinate decline. The decrease is greater in upper than in 
lower lines, ceteris paribus, because upper lines - individual­
ly and as a whole - span a greater F0 range than do lower lines. 
These facts are depicted in the stylized graph in figure 6, 
which shows the course of upper and lower lines in two differ­
ent three-sentence texts, one with declarative terminal sen­
tences (full lines), and one with corresponding coordinate 
main clauses (dashed lines). (Differences in duration and 
pause length are obliterated.) The dotted lines reflect the 
overall downdrift which is identical in the two boundary con­
ditions. They connect the (upper and lower) onset values in 
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Figure 6 

Stylized model of the course of upper and lower lines in texts 
with three declarative terminal sentences (full lines) and three 
coordinate main clauses (dashed lines). The dotted lines re­
flect the overall downdrift through the text, which is identical 
in the two boundary (sentence or clause) conditions. A text with 
two components is obtained by leaving out the middle section in 
the figure and moving together the initial and final components 
across the gap. An isolated sentence results if the dotted 
lines are suitably compressed in time. 
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the first sentence/clause with the (upper and lower) offset 
values of the last one. These values can be considered con­
stant for texts of different length (and with different 
internal (sentence or clause) boundaries), which is another 
important aspect of the results. An isolated sentence results 
if these dotted lines are suitably compressed in time.· A text 
with two sentences or clauses is obtained by leaving out the 
middle section of figure 6 and moving together the initial and 
final components across the gap. Since the frequency span is 
(assumed to be) constant, an isolated declarative sentence will 
decline more steeply than the ensemble of two or more sentences 
in a text: The results actually do show that isolated slopes 
are at least as steep as the steepest (initial) sentence in 
multi-sentence texts. Text initial unstressed syllables are 
likewise constant across different texts, whereas text medial, 
sentence or clause initial, unstressed syllables vary in a 
principled fashion in association with a succeeding and pre­
ceding, respectively, prosodic stress group. 

It should be evident from the account of the results that the 
description is true of the overall, average picture exhibited 
by the four speakers in this investigation. If either one of 
the four speakers had been the only one in the experiment, the 
conclusions would have been slightly different on some points, 
because a certain amount of inter and intra individual varia­
tion or 11noise 11 exists. However, this variation is random, 
i.e. one speaker may differ in one direction from the main 
trend in one aspect, and in another direction in another 
aspect; or the same speaker may deviate on a certain point 
from the main trend in only one of the three different sen­
tences recorded here. Therefore, the presentation of a grand 
mean over four speakers is possible, on the one hand, while 
at the same time we can assert that no individual is as regular 
in his or her behaviour as the resulting model (figure 6) 
would predict. Speech production is a more plastic process 
than such a model can capture, also where the intonational 
structuring of multi-sentence/clause texts are concerned (cf. 
Thorsen 1984, where I reach a similar conclusion about the pro­
duction of F0 patterns in prosodic stress groups). 

The less steeply declining upper and lower line slopes in co­
ordinate clauses vis-a-vis terminal sentences, ceteris paribus, 
corresponds well with the observations in Thorsen (1978) that 
isolated terminal declarative sentences have steeper sentence 
intonation contours than corresponding non-terminal (declarative 
and interrogative) clauses. 

The fact that different text internal boundaries (clause bound­
ary or sentence boundary) induce differences in intonational 
manifestation is not a reflection of a general, tight syntactic/ 
prosodic interplay, cf. Thorsen (1980a) - which treats word 
boundaries and F0 patterning - and Thorsen (1983aj - where long 
simple declarative isolated sentences are analysed and the 
relation between intonation contour resettings and sentence 
internal syntactic boundaries are discussed. 
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E. COMPARISON WITH OTHER LANGUAGES 

First of all, the present results - like Lehiste's (1975) and 
Bruce's (1982) - clearly contradict Nakatani 's conclusion that 
speech features [including prosodic ones, NT] can be reasonably 
generalized to sentences in a coherent context. The upper and 
lower line(s) of a terminal declarative sentence span a greater 
frequency range in isolation than in a larger text context. 
Secondly, Standard Danish agrees well with the gross text in­
tonation features of English and Swedish. All three languages 
(and Japanese as well, cf. Uyeno et al., 1979) exhibit a super­
ordinate text intonation structure upon which are superposed 
individual sentence or clause components. There are a number 
of (minor) differences, however. I cannot assert, as did 
Lehiste (1975) that an isolated sentence is longer than the 
same sentence in context. Lehiste further found that F0 in 
the beginning of a sentence is lower in an isolated one than 
in paragraph initial position. This is not true here if we 
consider the very first unstressed syllables, which have a 
constant F0 value independently of the length of the succeeding 
text. If we consider the F0 value of the first stressed syl­
lable and especially the first succeeding F0 peak (in the first 
posttonic syllable), then Lehiste's finding is true of one 
speaker but the isolated sentence is only slightly lower (less 
than one semitone) than paragraph initial ones with three 
speakers. Lehiste's observation that F0 in the beginning of 
a sentence is higher in paragraph initial than in medial and 
final position holds for Standard Danish as well, no matter 
what F0 point we consider to be the beginning, and this differ­
ence is not negligible. 

Bruce's (1982) observations from his larger material, that 
there are initial and final F0 values which are constant across 
texts of different length, hold true of Standard Danish as 
well, though these constant points pertain to different units 
in the chain of syllables in the two languages. In Southern 
Swedish the very first and very last syllable lie at the floor 
of the range of normal F0 variation. But the first local F0 
maximum and minimum (in the first stressed plus unstressed 
syllable) in Swedish is lower in an isolated sentence than in 
context (corresponding to Lehiste's (1975) observation), and 
it is higher in a longer than in a shorter text. The last 
local F0 maximum and minimum is constant across texts of dif­
ferent length. In the present material, not only extrametrical 
sentence initial unstressed syllables but the frequency loca­
tion of the whole of the first prosodic stress group is almost 
insensitive to text length. Thus, the total range of varia­
tion varies proportionately (upwards) with text length in 
Southern Swedish, whereas it is constant in Danish. Con­
comitantly, superordinate text declination will vary more in 
Danish than in Swedish with the duration of the text. 

Before the text internal pauses in Bruce's recordings F0 drops 
to the floor of the range (where also absolute initial and 
final syllables are constantly located). Such a marking of 
text medial boundaries is not replicated here. This may have 
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to do with the tonal relation between stressed and unstressed 
syllables in Standard Danish: the first post-tonic syllable 
rises above the preceding stressed one, succeeding post-tonics 
describe a more or less steep fall. In the present sentences 
there was only one sentence/clause final post-tonic, and a 
drop to the floor of the F0 range is therefore not possible. 
The high sentence final fall in Bruce1 s material may, however, 
also be due to a sentence accent, which evokes a particularly 
elaborate F0 movement in the posttonic syllables, and Danish 
lacks such a nuclear accent (cf. Thorsen 1980b). According to 
a personal communication by Gosta Bruce, Southern Swedish may 
also be produced without a final focal accent, but it is not 
clear to me whether this was in fact the case in his (1982) 
recordings. 

In Bruce's texts, the F0 m1n1mum in the first accent after a 
text medial sentence boundary continues at the same F0 value 
that the F0 minimum had in the last accent in the preceding 
sentence. He sees that as a tonal coupling or assimilation 
of the succeeding constituent sentence to the preceding one, 
see further below, section III. I am inclined to think, though, 
that this relation is an artifact of his material, due to the 
particular length of his sentences (two stressed words in each). 
With longer sentences he might have found the onset of a suc­
ceeding sentence to be higher than the offset of the preceding 
one, as it is in the present Standard Danish material, cf. 
figure 6. Incidentally, the Danish data confirm Cooper and 
Sorensen 1 s (1981) observation, that the resetting between 
clauses in a complex sentence is independent of any accompany­
ing pause. 

Uyeno et al. (1979) found no difference between coordinate main 
clause constructions and successions of simple terminal sen­
tences in Japanese. In Standard Danish, the closer relation 
between coordinate main clauses is accompanied by a more inte­
grated and coherent intonational structure than a series of 
terminal sentences. 

IV. ON THE ABSTRACT REPRESENTATION 
OF INTONATION 

By 11abstract representation 11 I mean the level where significant 
and distinctive choices are made and from which the phonetic 
implementation can be derived by rules. It contains no re­
dundant specifications. This representation may correspond to 
a stage (early) in the actual speech production process. Thus, 
a representation of intonational data does not necessarily 
become more abstract by mere transformation of frequency scales, 
or by transcription of F0 curves in terms of high and low 
points or contour shapes. The statement may seem trivial, but 
such a concept of 11abstract 11 is not a matter of course, at 
least not in some of the present day phonological schools. 
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In this section I shall briefly present two different, current 
models of intonation, the hierarchial and the tonal sequence 
representation; discuss two particular claims about the short­
comings of the hierarchical theory; and discuss the present 
data in the light of both representations. 

A. THE HIERARCHICAL AND THE LINEAR 
INTONATION THEORIES 

On a number of previous occasions; most recently in Thorsen 
(1983a), I have presented data and arguments in favour of a 
model of Standard Danish intonation in terms of a hierarchical, 
layered system of simultaneous, non-categorial intonational 
components of varying temporal scope, from sentences through 
prosodic phrases and prosodic stress groups to segments. I 
shall not repeat the reasoning here, but note that to the 
hierarchy of intonational components we may apparently add a 
textual contour. Similar views of the composition of funda­
mental frequency courses - with such modifications as language 
specific differences impose - are expressed about Japanese in 
Fujisaki et al. (1979), about French in Vaissiere (1983), about 
Dutch in 't Hart and Collier (1979), and about Swedish in 
Garding (1983) and Bruce (1977). 1 However, recently Bruce 
(1982) seems to be leaning more towards the basic concept of 
the linear theory of intonation as formulated by Pierrehumbert 
(1980). 

Pierrehumbert (1980) analyses English intonation in terms of 
a linear sequence of categorially different, non-interacting 
pitch accents, which are associated with the stressed syllables 
of the utterance. They consist of either a high tone (H), a 
low tone (L), or bitonal combinations of the two. The inven­
tory of pitch accents includes a (final) phrase accent and a 
boundary tone. The resulting description is very elaborate 
and very elegant, if occasionally somewhat complicated. 
Overall slope - if it is too steep ·to be accounted for by 
other factors - is handled by a downstep rule which lowers a 
H tone by a constant factor relative to the preceding H, in 
certain environments. Everything else being equal (such as 
the prominence relations between the stressed syllables of 
the utterance), this rule will create asymptotically declining 
slopes. Liberman and Pierrehumbert (1983) modify and expand 
the theory to include variations induced by changes in pitch 
range, as well as a lowering of the final pitch accent. 
Once the F0 value of the initial pitch accent is determined, 
such a theory requires no pre-planning, no look-ahead, on the 
part of the speaker for the execution of intonational phenome­
na, and ''In general, we see no evidence that the Fo implemen­
tation for an entire phrase is necessarily laid out before 
speaking begins, even when the phrase is known in advance and 
fluently produced. All of our measurements can be modeled 
quite well on a left-to-right, plan-as-you-go basis. 11 (Liber­
man and Pierrehumbert, 1983. The quotation is from the manu­
script; I do not have the final version at the time of writing). 
This is also made explicit by Pierrehumbert (1983, p. 141): 
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11Superficially global trends arise from iterative application 
of these local rules." and 11We also deny that intonation is 
built up in layers, by superposing local movements on a global 
component.11 

Pierrehumbert and Liberman see the data on Standard Danish in­
tonation (specifically the fact that the slope of the declina­
tion varies with utterance type and function, cf. e.g. Thorsen 
1978 and 1980c) as a challenge to the idea that intonation can 
be generated by local rules, i.e. rules with a narrow domain 
or temporal scope (extending backwards). They meet the chal­
lenge with a proposal for a downstep rule (whose specific for­
mulation is different from the one they posit for English) 
where either the downstep factor or the reference line (which 
is part of the formula for target value calculation) is allowed 
to vary with sentence type. (Thorsen 1983a+b address this 
specific issue.) 

The essential difference between the two types of intonation 
model, a hierarchical versus a linear one, is not merely formal 
or notational but conceptual or ideological, in a hackneyed 
term. One theory claims - or implies tacitly - that certain, 
gross aspects of the intonation of an utterance are anticipated 
and planned for, or laid out, at the moment the utterance is 
initiated. The other theory denies the existence of such pre­
planning and look-ahead, except that variation in total length 
may be staked out in the value of the very first pitch accent. 
One sees the fundamental frequency contours of utterances as a 
composite of contributions from, among others, an intonational 
and an accentual component. In the linear theory intonation 
is made up of, consists of, a sequence of pitch accents. 
These ·aspects, the layered versus simply sequential and the 
global versus local planning of tonal events, are what Pierre­
humbert (1980) and Liberman and Pierrehumbert (1983) are most 
concerned with when they opt for the linear, tonal sequence 
model. They do not concern themselves so much with, e.g., 
descriptive adequacy. This and other problems are treated 
extensively by Ladd (1983a and b). 

B. LADD'S CRITICISM OF THE HIERAR-
CHICAL REPRESENTATION 

Ladd (1983a and b) modifies Pierrehumbert's (1980) theory 
while staying within its general framework of linearity and 
locality. He restricts the inventory of pitch accents and 
replaces the downstep rule with a downstep feature. Ladd adds 
a couple of other features and claims (I think rightly) there­
by to achieve a less complex description of intonational phe­
nomena. Ladd (1983a) specifically treats the generation of 
overall declining intonation contours without recourse to pre­
planned grid-lines (cf. Garding, 1983), or baselines and 
plateau's (cf. Vaissiere, 1983) or other such abstract contour 
shapes, among which he counts the sentence intonation component 
which I have posited for Standard Danish (e.g. Thorsen, 1978 
and 1983a). In his discussion of the relative merits of the 
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two types of intonation models, he makes a couple of state­
ments about the hierarchical model which I would like to ad­
dress, because they are likely to obscure the issue. 

Ladd (1983a, p. 40) sees a difference in the two theories in 
their weighting of phonetic explicitness against functional 
relevance. Functional generalizations are conveniently ex­
pressed in descriptions of overall shape or slope of sentence 
contours in the hierarchical model, but phonetic detail is 
ironed out or lost, he says. Once such detail is admitted, 
Ladd claims, the number of different sentence intonation types 
multiplies rapidly, and he sees no basis for extracting further, 
explicit functional generalizations. Ladd refers here to the 
results on sentence intonation in long sentences in Danish 
(Thorsen 1983a): At and above five prosodic stress groups, 
sentence intonation contours are not straight lines but become 
bumpy, due to partial resetting of the declining slope. The 
theme is picked up again later (p. 50), where Ladd asserts 
that not all hierarchical models assume that the lines con­
necting accents should be straight, since " ... Thm>sen .. admits 
the existence of irregular intonation lines, though she is at 
a loss to account for them or fit them into her overall view 
of sentence intonation." This conclusion is Ladd's, not mine; 
moreover, it is incorrect. The fact that long intonation con­
tours are bumpy does not exclude them from being globally pre­
planned, and it does not prohibit the extraction of explicit 
functional generalizations (about sentence type and the like). 
But the intonational realization of the same function, say 
terminal declarative, may come out in different shapes, or 
variants, depending - inter alia - on the length of the utter­
ance. A complication arises from the fact that the location 
of the bumps (the resettings) in an intonation contour is de­
termined in an intricate and - so far - nowhere near fully 
investigated interplay with the syntax and semantics of the 
utterance. This is (probably) what Ladd alludes to when he 
claims that "irregular" contours cannot be accounted for. 
However, the problems of prosodic, syntactic and semantic 
interplay are not specific to the hierarchical model of in­
tonation, and they are problems that await a massive amount 
of empirical studies for their solution. Thus, I would still 
like to claim that the variation in sentence intonation con-
tour shape is principled (allowing, of course, for inter as 
well as intra speaker variation or "noise"); i.e. it is con-
text determined, bound variation, even though the governing 
principles are not all known to us yet. 

C, PRE-PLANNING TEXTUAL CONTOURS 

Thorsen (1983a+b) contain a discussion of some specific draw­
backs that I think the tonal sequence theory faces in the de­
scription of Danish intonation. Suffice it here to repeat the 
conclusion: If the downstep rule or feature is to capture the 
amount of variability and complexity in intonation contours in 
simple sentences of varying length and syntactic and semantic 
make-up, it must be a scalar and continuous feature which will 
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often have to take different values within one and the same 
phrase or sentence. I.e. it must have at least some of the 
properties it presumably was intended to rid intonation ana­
lysis of. - I am of course fully aware that the hierarchical 
model faces just as serious problems where the formalization 
and description of fundamental frequency data are concerned, 
but I repeat that the real difference between the two theories 
is neither formal nor notational but lies in their assumption 
of hierarchical, globally preplanned versus sequential, locally 
determined tonal events. 

Before I proceed, let me stress the fact that the texts ac­
counted for in section IIIwere composed solely of declarative 
sentences and clauses. I do not know how a series of questions, 
strung together into a text, would have behaved, or alternating 
declarative and interrogative sentences. Nor can I make any 
claims about longer texts or texts composed of shorter or 
longer constituent components. And last, but not least, the 
present analysis pertains to highly planned (read) speech. 
The production of an ensemble of utterances, constituting a 
coherent text, may be much less regular in free, spontaneous, 
non-monitored speech. 

The discussion to follow can be limited to the behaviour of the 
lower lines, since the upper lines are closely correlated with 
and can be derived from them, cf. sectionlII.B.1 above. In it­
self this fact may be taken as evidence for the layered compo­
sition of fundamental frequency: the lower line is the connec­
tion of the stressed syllables of an utterance, the intonation 
contour proper in my framework. The upper line connects the 
first post-tonic syllable in the prosodic stress groups. A 
stress group may or may not have post-tonics, i.e. there may 
or may not be centres of suspension for an upper line. How­
ever, the lower line is oblivious to this vacillation. The 
stressed syllables are frequency scaled in relation to each 
other, without regard to the presence or not of any 11highs 11 

in the surroundings. The lower line is a constant, ceteris 
paribus, upon which high-falling patterns are superposed 
whose range and extent and detailed shape are determined by 
the context (earlier or later, on a more or less sloping con­
tour) and by the duration of the prosodic stress group (in 
terms of number of syllables). See further Thorsen (1980b 
and 1984). 

First of all, I find it difficult to accept that patterns such 
as those in figure 6 could be obtained without a fair amount 
of pre-planning and look-ahead on the part of the speaker. 
More specifically, the different arrangement of the individual 
sloping (lower) lines according to the strength of the boundary 
between otherwise identical sentences in a text can only be 
the result of look-ahead and pre-planning, it seems to me. 
The step down between the first and second, and the second and 
third stressed syllable, i.e. the slope of the line connecting 
them, is different when the unit is bounded by a sentence 
boundary versus a clause boundary, in a manner which makes three 
successive coordinate clauses less differentiated and more co-
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herent relative to the overall declination exhibited by the 
whole text than three terminal sentences in succession, cf. 
figure 6. 

The other - as I see it - crucial point ties up directly with 
a very explicit hypothesis about the domain of phonetic imple­
mentation rules in Liberman and Pierrehumbert (1983 - once 
again the quotation is from their manuscript): 

"No1JJ comes the conjectural part: we insist that the computa­
tion of any parameter or object Y[i] can only depend on the 
"accessible" properties of Y[i] and Y[i-1], where Y[i-1] means 
the immediately previous object of the same type (if any). 
Thus, pitch acce-nt can look back to previous pitch accent, 
phrase to previous phrase, etc. 

A restriction of this type has a certain functional value, 
for> both speakers and hearers; speakers can get on with the 
t.ask at hand without knowing all th. details of what follows, 
while hearers can in principle complete the phonetic processing 
of what they have heard up to any given point in the stream of 
speech. 

Many apparent instances of anticipatory effects are knou.m. 
Unle our conjecture is wrong, all such cases must turn out 
to be explained either 1 by feature spreading at the phonological 
level, or else by computation of some parameter of a higher 
level constituent." 

I will not argue the functional value of this conjecture. But, 
functional or not, I think it is clearly contradicted by the 
following fact (cf. III.B.1. and B.2. above): the slope of a 
sentence or clause contour, occupying a given slot in the left­
to-right order of components, takes different values according 
as it is succeeded by one or more components, or not. Thus, 
an isolated sentence has a steeper slope, the downstep is 
greater between successive stressed syllables, than when the 
same sentence is succeeded by one or more (that is immaterial) 
sentences in the same text. And sentence or clause no. 2 
from the left is steeper when it is simultaneously text final 
than when it is text medial. In fact, at least three positions 
are distinguished in longer texts: initial, medial, and final. 
Note specifically that the variation with text length (iso­
lated sentence versus multi and two versus three sentence 
text) is not primarily expressed in a lower or higher begin-
ning of the whole contour. (Such a phenomenon could be acconmo­
dated in Liberman and Pierrehumbert's representation by mani­
pulating the overall range and the derived reference line 
against which the initial pitch accent target value is com­
puted.) On the contrary, beginning and end points are essenti­
ally constant across texts of different length. The overall 
textual contour slope varies, and so do the slopes of its 
individual components, according not only to preceding, but 
also to upcoming events. 
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This last observation differs from Bruce's (1982) conclusion. 
As mentioned in sectionIII.E above he found that an F0 minimum 
in the first accent after a text medial sentence boundary 
continues at the same value that the corresponding F0 minimum 
had in the last accent before the boundary. He says (p. 285): 
"The observed tonal adaptation of the earlier part of a suc­
ceeding sentence to the later part of a preceding one within 
the same textual unit can be taken as an indication that there 
is a partial rather than a total preplanning of the global F~ 
course in relation to the length of the actual text unit." 
If - as I speculated above - this particular intonational con­
figuration of successive sentence components is an artifact 
of the material, and if it would not be replicated with longer 
individual sentence components, then Bruce's hypothesis of 
partial rather than total preplanning is no longer so easily 
sustained. 

Similar contradictory evidence against exclusively backwards 
extending tentacles was found in intonation contours in de­
clarative terminal sentences of varying length (Thorsen 1983a). 
The second stressed syllable is lower, relative to the first 
stressed syllable, when it is simultaneously sentence final 
than when another stressed syllable follows, and it is lower 
succeeded by one than by two stressed syllables; likewise for 
the third stressed syllable. The phonetic implementation is 
demonstrably not independent of or insensitive to succeeding 
events. 

If data of the kind presented in this paper is to be accommo­
dated within the theory of locally determined tonal sequences, 
say Liberman and Pierrehumbert in the last paragraph of the 
quotation above, it must be explained either as feature 
spreading at the phonological level, or else by computation 
of some parameter of a higher level constituent. I cannot 
see that feature spreading at the phonological level is anything 
but the linguist's way of formally accounting for the preplan­
ning of articulatory events; it does not 11explain 11 these events. 
And I cannot see that referring anticipatory effects to a 
higher level constituent is anything but admitting the existence 
of hierarchically organized tonal events. • 

Experiments like the present one are the most favourable we 
can imagine if we want to know what speakers can achieve by 
way of precision and constancy in speech production tasks. 
Not only is the speech monitored and planned for them, but 
they get to repeat the same items over and over (though not in 
straight succession). Even so, the signals we pick up are 
11noisy 11

• This intra speaker variation (as well as the more con­
siderable variation among speakers) is perhaps less disturbing, 
less alien, to the representation of intonation in terms of 
gross, global events which are filled in with more detailed 
contributions (i.e. of lesser temporal scope). Precisely be­
cause the actual execution of tonal events is the result of 
interacting larger and smaller scale components (because they 
are expressed in the same medium), we should not expect these 
events to be performed with mathematical precision. It seems 
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to me that the tonal sequence theory, and the concept that 
gave birth to it, focus too heavily on just such a mathemati--­
cal precision and thus ignores or at least underrates the 
plasticity involved in all aspects of speech production. With 
this last paragraph I am also implying that free, non-monitored 
texts will hardly be as regular as the ones investigated here. 
That is not to say that it would not be an interesting and 
worthy object of study - quite the contrary. 

V. NOTE 
1. I am aware that Ladd (1983a and b) sees 1 t Hart and Col-

lier's description of Dutch as belonging within the tonal 
sequence theory of intonation, and Garding's and Bruce's 
Swedish model as a compromise model between the hierarchical 
and linear theories. I disagree with Ladd's interpretation. 
This controversy is, however, not central to my present pur­
pose, and will not be dealt with any further here. 
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A NOTE ON WORK IN PROGRESS: SECONDARY ARTICULATION 
IN THAI STOPS 

J0RGEN RISCHEL 
AND 

AMON THAVISAK* 

The present paper outlines the system of obstruents 
in Modern Central Thai and points out various con­
troversial issues having to do with laryngeal con­
trol and supralaryngeal secondary articulation. 
Some very preliminary findings concerning Thai/pt/ 
are mentioned, and it is shown with fiberoptic illu­
strations how the epiglottis is crucially involved 
in an articulatory gesture found with these conso­
nants in certain environments. 

I. INTRODUCTION 
There are certain phonetic properties associated with the stop 
consonants of (Central) Thai which are frequently mentioned in 
general phonetic literature because they have a bearing on 
central issues. Thus, over the years, evidence from Thai has 
been adduced repeatedly in connection with the concept of Voice 
Onset Time (VOT) in Consonant-Vowel sequences (cf. Lisker and 
Abramson 1964). Another subject of very general interest is 
constituted by the pitch perturbations associated with CV-se­
quences in tone languages, Thai giving clear evidence (Erickson 
1975 and others) that the fundamental frequency starts lower 
after voiced than after voiceless stops, even in such a lana 
guage in which tone in itself has a lexically distinctive func­
tion (and even though the tonal accents of Thai are to some 
extent reflexes of earlier manner differences among initial 

*) Mahidol University, Thailand. - State s~holarship holder 
at the Institute of Phonetics in the winter 1982-83. 
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consonants (cf. Browri 1962, Egerod 1971, Henderson 1982), so 
that the scenario repeats itself over time; as it were). 

In the more-specialized literature on Thai linguistics and 
phonetics the emphasis of interest is somewhat different, more 
controversial ·issues being the presence or absence of certain 
secondary articulatory features in unaspirated stops in this 
language. Befo"re mentioning some of these controve·rsies it 
may be expedient to tabulate the stop consonants of Thai (or. 
rather the whole obstruent system, for reasons· that will be 
apparent). 

II. THE OBSTRUENT SYSTEM 
Syllable initially the stops exhibit a contrast of.three ·man­
ners of articulation, viz. voiceless unaspirated, voicel~ss 
aspirated, and voiced (unaspirated), and a contrast of four 
oral point.s of articulation, which we may roughly label as fol­
lows: labial, alveolar, palatal (more precisely: alveolo-palatal, 
often with some aff~ication), and velar. In additi-0n, th~re is 
a glottal stop (which of course goes with the voiceless un~· 
aspirated series if glottal closure is defined ~s-~ point of 
articulation on. a ·par with the others). The system is "asym­
metric" in a non-surprising way in that the voiced series is 
limited to the most.advanced points of articulation.· ·Fo~.these 
points of articulation there is·alsb a series of voic~less . 
fricatives, and if we include /h/ as an obstruent (classifica­
torily), the total system looks as follows: 

Initial obstruents 
ph th eh kh 

p t C k and ?· 

b d 

f s and • h 

Syllable finally there are no manner distinctions whatsoever 
within the cibstr~ent system, the four series above being matc~ed· 
by only one series, which is vafiably rendered in the literature -
as voiceless unaspirated -0r voiced stops, although the former 
notation (with support from instrumental phonetic.observation,. 
cf. Abramson 1972} is now dominant. Moreover, there is (in. 
Modern Thai) rio palatal point of articulation (palatals having 
changed to alveolats)~ We thus ·get the.following set: • • • 

Final obstruents 
p t k and . ?. 

Such a tabulation :is, however, ~ore cont~oversial· than it may 
1 o o k . Thai ·s y 11 a b 1 e·s behave di ff ere n t 1 y i n terms o .f term i n at i on 
depending on the quantity of the vowel. · If the· vowel is long 
(in a current phonemic notation: gemin~te) the syllable may or 
may not end in a consonant, but the only possible stop coriso­
nants then ·are/pt k/.· The glottal stop, if it occurs_,_ is not· 
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contrastive with its absence. Syllables with a short vowel, 
on the other hand, must end in a consonant, and in this case 
all four possibilities above are utilized. What is not always 
fully recognized in authoritative phonemicizations is that syl­
lables ending in/?/ may drop this element in sandhi (and cer­
tain items regularly do this). It is more important, however, 
to note that there is even a marginally occurring though ex­
tremely frequent termination in [h], cf. the polite particle 
given as /kha/ in Haas' dictionary (1964), which occurs utter­
ance finally (or as a whole utterance in itself) and is often 
said with a very audible puff of air: [khah]. One must, then, 
consider whether this means that Thai has open syllables with 
a short vowel, or whether /h/ should be added to the inventory 
of final obstruents (the latter would seem somewhat far-fetched, 
perhaps). 

As for the final inventory it may be noted, incidentally, that 
there is another collapsing of manners of articulation within 
the resonants. Initially there is a series of (three) nasals 
and moreover two types of liquids, but finally these are matched 
by nasals only. Historically this altogether impressive mis­
match between initial and final consonant inventories is to 
some extent traceable to mergers (and both old and recent bor­
rowings give evidence of substitutions such as /n/ for both 
/1/ and /r/). 

Leaving aside the special problem of 11kha" and other final par­
ticles we may thus conclude that consonantal syllable termina­
tions in the remaining Thai vocabulary involve oral or nasal 
stops or/?/, that is, a syllable final consonant must involve 
oral and/or glottal closure (with or without concomitant nasali­
zation). One of the standing issues in Thai phonetics is 
whether the oral stops in final position are (always or some­
times) glottalized or laryngealized. Harris (1972, p. 11ff) 
maintains that there is simultaneous oral and glottal closure 
in these consonants (both initially and) finally (for initials, 
see below). This question of manner of articulation in final 
stops is of course interesting in itself (also to satisfy the 
curiosity of language teachers who may wonder why foreigners 
often have such difficulty in hearing the place of articulation 
in final stops), but it is perhaps of particular interest in 
a historical and comparative perspective, viz. in connection 
with the general discussion of phonation type and tonogenesis 
in Southeast Asian languages. 

Syllable initially, the series /b a/ are very strongly voiced, 
and according to Harris (1972, p. 14) 11utterance initial voiced 
stops and approximants are usually preceded by weak glottal 
closure 11

, though they are not assumed to exhibit implosive 
articulation. Historically, authoritative reconstructions 
derive /b a/ of Modern. Thai from */?b ?d/, so from this point 
of view the exact articulation of the modern stops is, of course, 
of considerable interest (although other Thai languages and dia­
lects, as well as loanwords exchanged between Ancient Thai and 
Mon-Khmer languages, give strong evidence for the reconstruction 
~/?b ?d/, whatever the exact phonetic interpretation of these 
symbols). 
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Most controversial~ however, is the series/pt ck?/. If one 
series of stops is aspirated and another possibly laryngeal-
ized (in addition to bein9 voiced), /pt ck?/ would seem to 
be the truly "plain" series of stops. However, some authors 
claim that these consonants have simultaneous oral and ~lottal 
closure. This is said quite explicitly by, a.o., Marvi~ Brown 
(1965, p. 39), who refers to the "tenseness of pronunciation" 
of/pt ck/ in Bangkok in favour of the assumption that there 
is simultaneous oral and glottal release. Harris (1972~ p. 11-
13) states that "Siamese voiceless glottalized stops and af­
fricates are pronounced with simultaneous oral and glottal 
closures. The release of the oral and glottal closure is usual­
ly simultaneous so that the glottal release is not heard. ( .. ) 
In the pronunciation of Siamese glottalized stops and affric­
ates the articulation is usually quite tense with a firm clo­
sure between active and passive articulators. In the release 
phase of these consonants there is usually a clear sharp on-
set of the following vowel." (r. 11). Interestingly enough, 
this contention is not particularly favourable in the context 
of Brown's diachronic account of the tonal developments in 
Thai, since he has some difficulty with register assignment 
under the assumption that/pt ck/ were always accompanied 
with glottal closure, but he finds the evidence for a change 
of articulation over time too weak and therefore assumes this 
feature even for Ancient Thai. Again~ a precise analysis of 
the phonetic nature of Modern Thai stop consonants would seem 
very relevant to the historical and comparative debate. 

A new dimension entered the discussion with the study of 
Gandour and Maddieson (1976). They found by measurement that 
the larynx is sharply raised in the production of /t/ and con­
clude that the glottis cannot be closed in this consonant, 
since this would produce an ejective quality, which is not 
found in Thai. (They refer to E.A. Henderson for the conten­
tion that /t/ is said with a closed glottis; also cf. the re­
ferences above.) 

The most intriguing feature of secondary articulation in Thai 
stops is the alleged velarization in the series/pt ck/: 
It is generally recognized that at least some of these stops 
have a special auality before certain vowels. This special 
quality has been interpreted by several authors as a matter of 
velarization. Miller (1956~ p. 254) notices velarization in 
the speech of a Thai speaker born in Bangkok (but speaking 
another dialect for the purpose of his study); among later 
sources are Noss (1964, p. 9)) Egerod (1961, p. 65)) who speaks 
of velar pressure in the consonants in question and velarized 
quality in the following vowel, Noss (1964, p. 9), and Harris 
(1972, p. 13) ~ who characterizes /t/ before close front vowels 
as both glottalized and velarized. 

There is some disagreement among these authors as to the dis­
tribution of this feature of velarization. As for limitations. 
on the stop consonants exhibiting this feature, Harris only 
mentions velarization in some allophones of /t/; Miller and 
Egerod note it for both /p/ and /t/; Noss even includes /k/, 
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which of course is velar in itself. Nobody posits velariza­
tion of the palatal stop or fricative. In addition to the 
stops, Harris (p. 17) also points to the existence of velar­
ized variants of the voiceless fricatives /f/ and /s/; Noss 
(p. 9) speaks of both stops/pt k/, nasals /m n ij/, and 
spirants /f s h/ as being sliqhtly velarized (before certain 
vowels). As for the vowels with which this alleged velariza­
tion is heard, Harris speaks only of 11close front vowels" (i. 
e., in the phonemicization used in this paper, /i/ or /ii/); 
in the case of /s/ he refers to emphatic speech as a condition 
under which the velarized variant is common (before close front 
vowels). Egerod speaks of /ii/ as being velarized, and notes 
that a gliding quality of /uu/ is audible after the same con­
sonants (viz. /pt/). Miller (p. 254) speaks more generally 
of vowels as being "heard slightly velarized as a consequence 
of the release of the velaric pressure", and he even includes 
the lateral consonant following/pt/ in clusters. He notes 
that velarization is most audible in the case of 11the high 
front vowel phonemes, where the delay in raising the root of 
the tongue, due to the nature of the stop, produces a very 
clear velarization of the vowel, almost diphthongal in effect" 
(it should be remembered that his study does not deal with the 
Bangkok dialect, or Central Thai in general, but still its de­
scription seems highly relevant to the present paper). Noss, 
finally, speaks of slight velarization before all of the high 
vowels /i y u/. - It is not clear to what extent some of the 
above statements. were supported by instrumental observation. 

Gandour and Maddieson (1976) found raising of the larynx in 
/t/, as said above. This was measured externally, but they 
suggest the presence of pharyngeal constriction, rather than 
glottis closure, on this basis. This, in their view, can ex­
plain the much debated modification found with vowels after 
unaspirated voiceless stops, a modification which they refer to 
as "the commonly observed 'dark I quality of vowels, especially 
the high front vowel ~ fo 11 owing this stop series 11

• (Incident a 1 -
ly, Nina Thorsen in a transcription worked out in 1969~ as part 
of the requirements for the B.A. degree in phonetics, noted 
pharynqealization in some vowels, when transcribing Thai as an 
unknown language.) 

IJI. PRELIMINARY OBSERVATIONS ON /p TI 
In the winter 1982-83 the authors of this paper had the oppor­
tunity of enterin~ a discussion of the nature of Thai stops 
in a weekly seminar held by Professor S0ren Egerod, and partly 
as a corollary of this (and partly for educational purposes) 
we did some very preliminary experiments with fiberoptic ob­
servation of Thai syllables involving stops as articulated by 
Amon Thavisak. We found that the view was seriously hampered 
in the case of/pt/ before /i/, and according to the opinion 
of Harris (1972) and others referred to above one might specu­
late that this were due to the fiberscope being pushed out of 
position by a velarization gesture. However, with proper 
positioning of the fiberscope it became clear that the field 



248 RISCHEL and THAVISAK 

of v1s1on was reasonably stable, but that the upper edge of 
the epiglottis moved backwards so that a greater or lesser 
part of the picture of the glottis was covered by the front 
side of the epiglottis. 

Similar backward movement of the epiglottis has been reported 
for certain Semitic languages, partly with reference to em­
phatic consonants and partly with reference to pharyngeal 
fricatives (cf. Laufer and Condax 1979~ El-Halees 19R2), but 
it does not seem to be claimed anywhere that this feature 
typically accompanies velarization as such (unless "velariza­
tion" is taken as a broad term covering the features associated 
with emphatic articulation in Arabic). Indeed, there would 
seem to be no obvious physiological reason why these features 
of articulation should go together, whereas there is an obvious 
connection between tongue retraction and (passive) epiglottal 
movement, and also a clear connection between larynx raising 
and epiglottal movement (cf. Lindqvist 1972). 

There are, then, two kinds of questions to be asked in artic­
ulatory terms: (a) is the backward movement of the epiglottis 
associated with a backward movement of the tongue root?, with 
some kind of laryngeal articulation?, with both?, with neither? 
(the last possibility is hardly applicable according to the 
generally accepted views on the physiological constraints on 
speech articulation), and (b) are/pt/ before /i/ character­
ized by both velarization and somethinq going on at the level 
of the epiglottis, or is the alleged velarization not truly 
velarization but rather pharyngealization, as suggested on 
independent grounds by Gandour and Maddieson (1976)? 

In linguistic terms one may ask why something special should 
happen to/pt/ before /i/ but not before all vowels, and why 
it should not comprise the consonants/ck/ as well. If there 
is in fact a laryngeal gesture involved one might speculate 
whether this has something to do with the skewness of the 
system, /pt/ being the only 11plain 11 stops which are in con­
trast with voiced stops, and moreover represent the points of 
articulation most favourable to spontaneous voicing, so that 
some special feature helping to keep them distinct from /b d/ 
might be called for. However, the same "velarized" quality 
can be heard with the Thai fricatives /f s/ in similar en­
vironments (as pointed out in Harris 197?~ p. 17)) which cer­
tainly does not lend much support to such a functional ex­
planation. Moreover, it has been argued (S0ren Eaerod, per­
sonal communication) that the restrictions on the occurrence 
of this strange feature of pronunciation seems reasonable 
enough if it is velarization that is involved: it is heard 
most clearly with the front vowel /i/, and it does not occur 
with consonants whose articulation already involves the dorsum 
of the tongue (viz. /ck/). 

We have undertaken a series of videotape recordings using the 
fiberscope technique in order to study laryngeal and supra­
laryngeal aspects of Thai stop consonants and of/pt/ in par­
ticular. These must of course be supplemented by studies 
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a1m1ng at confirming or disconfirming the contention that these 
consonants are velarized in certain environments. So far we 
have fiberscope recordings of four (female) informants plus 
an X-ray recording of a series of words spoken by one in­
fonnant (ATh). 

It would be entirely premature to report on the results in any 
detail. This must await further work includinq supplementary 
techniques (photo-glottograms) and additional X-ray rec9rdings, 
and comparisons with acoustic displays (sound spectrograms, 
Fo tracings) of the syllables in question. 

However, it can be safely claimed already that the backward 
movement of the epiglottis is a seemingly very constant fea­
ture of syllables involving initial /pt/ at least before the 
vowel /i/ (to what extent this feature appears before the re­
maining vowels of Thai, of which /e/ and /m/ are - along two 
different dimensions - the first candidates for comparison, 
will be investiaated in the future). This feature does not 
occur in our recordings with/ck/, nor with any of the other 
stops (e.g. aspirated voiceless /ph th/; voiced /b a/), so it 
is genuinely a feature characterizing/pt/, whatever the 
reason for this restriction on its occurrence within the stop 
consonants. We have observed a similar movement of the epi­
glottis with voiceless fricatives (and even with /r/, where 
the reason may be that the trill involves a complex articula­
tion which may have nothing directly to do with the epiglottal 
feature in obstruents). The backward movement of the epi­
glottis is not equally strong in all cases; but its occurrence 
with/pt/, and its absence with other stop consonants, is a 
surprisingly stable phenomenon. 

As for the question of the cases of this epi9lottis movement, 
the limited X-ray evidence available so far suggests that it 
may be a consequence of tongue-root retraction. However, a 
passive effect by which the epiglottis is pushed backwards by 
the tongue-root may not be all there is to it~ since the re­
cording of a series of syllables spoken with very emphatic 
articulation showed stronger displacement of the epiglottis 
than usual, the latter moving way out from the tongue-root in 
a not very fast gesture. One might, then, speculate whether 
some laryngeal gesture is involved. On this point the evidence 
from our recordings is extremely clear as regards lateral con­
striction in the larynx. Firstly, the view of that part of 
the glottis which is left visible by the epiglottis is totally 
unhampered by constriction of the false vocal folds, so the 
consonants are at least not strongly laryngealized. SP-condly, 
the glottis is typically not firmly closed in/pt/, as it 
should be if these consonants were glottalized, but it is 
rather slightly open, exactly as one expects with a plain 
voiceless unaspirated stop. The Appendix illustrates what 
the difference in epiglottis position looks like for certain 
types of syllables with various informants. 
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IV. CONCLUDING REMARKS 
According to our preliminary findings it can be concluded that 
syllable initial Thai /pt/ are not glottalized, whereas cer­
tain sequences of these consonants with vowels exhibit a me­
chanism of pharyngeal constriction involving backward movement 
of the epiglottis (i.e. pharyngealization?, cf. the descrip­
tion of Arabic 11emphatics 11 in terms of pharyngealization proper 
in Giannini and Pettorino 1982). Whether there is concomitant 
velarization remains to be studied. 

Tongue-root retraction having been posited as a feature of cer­
tain "register type" languages of South-East Asia (but found 
to have no phonetic basis for at least Nyah Kur, see Thongkum 
1982), the existence of a possibly similar feature in Central 
Thai is of some interest in an Area Linguistic perspective, no 
matter how this feature will eventually turn out to be con­
ditioned (in terms of context and in terms of possibly con­
comitant features). 

As will be obvious, the above remarks constitute an explanation 
of the raison d'etre of, rather than a proper report on, a 
phonetic investigation in its beginnings. Our preliminary ob­
servations on/pt/ were presented in guest lectures by one of 
the authors (JR) at Chulalongkorn university and Mahidol uni­
versity in August 1983~ and the reactions seemed to warrant 
that these limited observations are non-trivial enough to be 
presented in more accessible form, although the bulk of phonetic 
research certainly remains to be done (and to be presented with 
full documentation), both as regards Central Thai proper, and 
as regards the possible later extension of such study to other, 
typologically (if not genetically) related languages and dia­
lects of South-East Asia. 
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APPENDIX 

/(i:)th(i:}/ 

/(i:}t(i:}/ 

/(i:)d(i:}/ 

~pe~ker: TT Speaker: LT 

Figure 1 

Fiberscope pictures of the glottis (photographed from the 
screen of a TV monitor, hence the rather poor quality) for 
three different consonants: aspirated, unaspirated voice­
less, and voiced alveolar stop~ The sequences /i:Ci:/ oc­
curred in meaningful phrases of analogous structure, all 
pictures of each column (i.e., for each speaker) being 
from the same reading of a list to ensure minimum displace­
ment of the fiberscope relatively to the glottis. With 
these recordings we had no synchronization pulses enabling 
us to select a specific moment during the articulatory 
events; the pictures were chosen so as to illustrate the 
(maximum} degree to which the epiglottis tilts back during 
the consonantal phase for each of the three consonants. 
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/p/ /?/ 

/t/ /h/ 

/cl /s/ 

/k/ /r/ 

~igure 2 

The four unaspirated voiceless stops (left) compared with the two 
glottal consonants and with /s/ and /r/ (right). Note the similari­
ties.among the epiglottis gestures for/pt s r/. - Speaker AT. 
(These pictures were taken from a reading of nonsense sequences of 
the structure /i:Ci:/.) 
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SOME BASIC VOWEL FEATURES~ THEIR ARTICULATORY 
CORRELATES AND THEIR EXPLANATORY POWER IN 

PHONOLOGY* 

~LI FISCHER-J0RGENSEN 

~he classical articulatory vowel features, vowel 
height (or degree of openness) and front-back, have 
been criticized as physiologically inexact and in 
reality based on a misinterpretation of auditory im­
pressions. Some want to replace them by new fea­
tures, partly based on constriction (Wood), others 
want to interpret them exclusively in auditory terms 
(Ladefoged). It is argued in this paper that the 
classical articulatory vowel features are not as 
inexact physiologically as maintained by their crit­
ics, and that they are indispensable in phonological 
descriptions and in this respect more useful than 
e.g. Wood's feature system. 

I I INTRODUCTION 

For the description and explanation of universal constraints 
and tendencies in phonological patterns and phonological change 
one needs detailed models of speech production and speech per­
ception, but it is also necessary to have a general frame of 
reference in the form of a system of rnore abstract· phonetic 
dimensions according to which the speech sounds of a language 
can be grouped into classes. These dimensions which, accord­
ing to a now generally accept~d but not quite un mbiguous 
terrtt1nology, are also called features, and which can be con­
sidered potentially distinctive, must on one hand have correla-

*) This is a revised and enlarged vers:i.on of my contribution 
to the symposium "Phonetic Explanation i!) Phon~logy_" at 

the Tenth International Congress of Phonetic Sciences, Utrecht 
1983. Particularly the phonetic discussion is more detailed 
in the present paper. 
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tion to speech production and speech perception, on the other 
be adequate for the description of phonological patterns and 
rules. 

In the present paper I will consider vowel features only, and 
only some basic articulatory features which have been the sub­
ject of debate in recent ye~rs, i.e. vowel height (or degree 
of openness), front-back, and tenseness. 

• II. CRITICISM OF THE 
TRADITIONAL SYSTEM 

Since the days of Bell and Sweet it ha~ been the tradition to 
describe vowel systems by means of.the basic features high/low, 
front/back and rounded/unrounded and~ for some languages, 
tense/lax. This system, which was defined in articulatory 
terms, ha~ been severely criticized for not covering the ar-· 
ticulatory facts. • 

As early as 1910 E.A. Meyer found that lax [r] may have a lower-· 
tongue position than generally assumed, e.g. North German [r] 
is often lower than [e:]. G.O. Russell (1928 and 1936) at­
tacked the traditional system of classical p~onetics -0n.the· 
basis of a large number of X-ray photos, particularly of· 
American English, but also of German and French. He found that 
often the tongue position was not as one should expect·; [r] 
might, e.g., be lower than [e], and for the .back vowels there 
were ~reat discrepancies. For [n]·, [~] and [a] the point of 
articulation was. rather in the pharynx, whereas [u] might al­
most be a front vowel. On the whole, the importance of the 
pharynx cavity for vowel ~ounds had not been realized. Ru~sell 
did not have much influence, -though, perhapi because of his 
very aggressive tone. He called it 11a wildly unscientific 
absurdity" to listen to speakers' sounds and then recor-d them 
in terms of their physiological character, and he charac-
terized the traditional physiological dimensions (particularly 
high/low) as purely imaginary. • 

In the sixties the criticism was renewed by Peter Ladefo~ed 
(1962 (1967), 1971, 1975, 1976). He maintained, like Ru·ssell, 
that Bell ,.Sweet and their followers had described their audi­
tory impressions but translated them into physiological terms, 
and that thesa did not correspond to a physio16gical reality. 
He shbwed, among other things, that in the X-ray photos of 
Stephen Jones' cardinal vow~ls· [o] and ·t~J were lower than 
front [a], whereas [ct] was still lower, as far as the highest 
point of the tongue ts concerned. On the whole, hig~ vowels 
do not all have the same height ([u] often being lower than 
[i]) and [u] is often advanced compared to [o]. Ladefoged et 
al. (1972) also found a _rather l~rge individual variation in 
the articulation of front tense and lax vowels in American 
English. Ladefoged (1976) finds a much closer agreement be­
tween traditional vowel descriptions and acoustic facts. As 
an example he compares Uldall 's placement of the Danish vowels 
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in Jones• cardinal vowel chart and a plot of the formant fre­
quencies of Danish vowels, height corresponding to the frequency 
of F1, and front-back to the difference between the first and 
second formant. Joos (1948) had made a similar observation, 
comparing Jones' cardinal vowel chart with Holbrook and 
Carmody1 s X-ray vowel quadrilateral on one hand, and with an 
acoustic chart of French vowels on the other, and finding a 
greater similarity in the latter case. - But this is not so 
astonishing since Jones' cardinal vowels (apart from [i] and 
[a]) were based on auditory impressions of equal distances. 

Nearey (1978), who has analysed the vowels of three American 
English speakers, also emphasizes that the individual variation 
is more pronounced in articulation than in the acoustic pattern, 
and that the traditional vowel features are more closely re­
lated to the acoustic aspect. 

The most severe attack on the classical vowel system has been 
made by Sidney Wood (1975a and 1982), based on an analysis of 
38 sets of X-ray photos of 15 different languages. He found 
that [1] and [u] are often lower than [e] and [o], and that 
the height relations between [o,~] and [a,a] are random. He 
also emphasizes that the classical system neglects the pharynx 
cavity completely, and thus cannot account adequately for the 
relations between vowel production and vowel acoustics, nor is 
there any clear relation between the dimensions front/back and 
high/low and the function of the muscles. He concludes that 
the model is not only inaccurate but irrelevant to the process­
es of speech production, that it is a complete illusion and 
must be rejected and replaced by a new model. 

III. THE CLASSICAL SYSTEM IS NOT AS INACCURATE 
AS MAINTAINED BY THE CRITICS 

I agree with Catford (1981) that the criticism of the classical 
system is exaggerated. In the first place, even when accepting 
the premises of the critics, e.g. that the classical system de­
scribes the position of the highest point of the tongue, many 
X-ray photos show quite a good agreement with the traditional 
description, as shown for instance by Mona Lindau (1978) for 
five American English speakers. Ladefoged's own vowels, which 
he quotes (1976) as an example of bad agreement, are not too 
bad either. Nobody has ever claimed that all high vowels 
should have the same ~eight or that front and back vowels of 
different height should lie each on a straight (vertical) '.line. 
For front vowels it is evident that the lower vowels are nor­
mally gradually retracted, and the fact that many languages 
have a somewhat advanced [u] does not invalidate the general 
classification. Further, Ladefoged's worst example (Stephen 
Jones' cardinal vowels) (1971) should not be given too much 
weight. The X-ray photos were taken in 1929, at a time when 
the technique was much less advanced than today; the subject 
had a chain lying along the surface of his tongue and another 
chain through his nose hanging down behind the uvula (Catford 
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1981), and, moreover, I have been told that he had all the 
teeth on one side of his mouth extracted in order to get nice 
pictures! It is, of course, laudable that he suffered so much 
for science, but it has hardly contributed to the naturalness 
of his pronunciation. 

In the second place, some of the more serious criticisms raised 
by Ladefoged and Wood lose their force when it is realized that 
they are mainly objections against Daniel Jones' cardinal vowel 
chart, which was meant as a practical device for field work 
and not as a theoretical vowel system, and which differs from 
the classical system on various points. As mentioned above, 
it was in the first place an auditory chart, but both Jones 
himself and his pupils also tended to interpret it physio­
logically in the sense that it indicated the position of the 
highest point of the tongue. Ladefoged (1971 ,.p. 67) says 
that for the past hundred years vowels have been described in 
terms of the highest point of the tongue. But I do not think 
this is correct. Catford (1977 and 1981) states that neither 
Bell nor Sweet used the term. But he is not sure about their 
followers since Jespersen mentions it as a current term in 
1889. But Jespersen does not use the term "highest point of 
the tongue" here. He talks about the highest part of the 
tongue. Thus, what he discusses is whether ones'nould talk 
about tongue height or (as Jespersen and many others pre­
ferred) about the distance from the palate. As far as I can 
see, none of the founders of classical phonetics mention the 
highest point of the tongue, not, e.g., Jespersen, nor Sievers, 
nor Vietor, nor Passy, nor Storm. They therefore often use 
the terms "degree of openness" or "distance" instead of 
"height". The same is true of their followers on the European 
continent with the exception of some more recent works which 
are influenced by Jones. It seems to be a particular British 
tradition introduced by Daniel Jones in "The Pronunciation of 
English" (1909) (not in his "Outline of English Phonetics" 
1918, as I said in Fischer-J0rgensen 1983). It is an attempt 
at a more precise description, but the highest point of the 
tongue is rather variable and much too precise a concept to 
be used in a general vowel system. What is implied in the 
classical system is the distinction between an advanced and 
a retracted tongue body (sometimes including a central po­
sition), and the overall distance between the articulating 
part (front or back or central) and the palate. 

Similarly, the fact that e.g. English [r] and [u] are often 
lower than [e] and [o] can be used as an argument against 
J·ones' placement of the former vowels above [e] and [o] in 
the vowel chart, although, as Catford remarks (1981), nothing 
in the system prevents a placement of a relatively low 
American English [r] below [e]. What is disturbing is, how­
ever, that they will be placed sometimes above and sometimes 
below [e] and [o] for different speakers. The cause of the 
trouble is that Jones does not like to recognize tenseness 
as a separate vowel dimension but prefers to describe [r] as 
a lowered and retracted [i], and [u] as a lowered and less 
rounded [u]. If tenseness is recognized as a separate dimen-
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sion, then [r] and [u] are simply the highest lax vowels, and 
their exact relation to [e] and [o] is not relevant. This is 
the position taken by various phoneticians within the classi- · 
cal tradition. The height of [r] and [u] thus cannot be used 
to criticize the traditional vowel system as such. But the 
attitude to this dimension has been somewhat hesitating, also 
within classical phonetics. One reason is probably that Bell's 
description was evidently wrong. He used the terminology 
primary vs. wide and thought that the wide (e.g. lax) vowels 
have a retracted soft palate and an expansion of the pharynx. 
Sweet, who uses the terminology narrow/wide, explains the dif­
ference as depending on the shape of the tongue, which is more 
convex in narrow (tense) vowels and more flattened and relaxed 
in wide (lax) vowels. The narrowing is thus not the result of 
raising the whole body of the tongue with the help of the jaw 
as in [i] versus [e], but of bunching up the part with which 
the sound is formed. Thus, passing from [i] to [e] one does 
not go via [r]. This description is much more to the point, 
but it was not generally accepted. Jespersen (e.g. 1897-99 
and 1914) gave a somewhat different formulation; he described 
the difference as a thinner vs. broader channel between the 
articulating part of the tongue and the palate, which did not 
necessarily involve a generally lower tongue position. Others 
emphasized the muscle tension as the decisive difference (e.g. 
Sievers 1901), and the difference is now (therefore) generally 
called tense-lax. Almost all British phoneticians have fol­
lowed Jones in not recognizing tense/lax as an independent 
dimension, whereas a good number of Scandinavian, German, and 
Dutch phoneticians have accepted the distinction. The differ­
ence is also clearer in German and Dutch than in English, 
where all vowels are relatively lax, but where the difference 
is clear at least for high vowels. But it is true that many 
phoneticians found E.A. Meyer's and Russell's findings that 
[r Yu] often had a lower tongue position than [e ~ o] dis­
turbing because they found them auditorily closer to [i y u]. 
However, this auditory impression may be caused partly by the 
fact that [r Yu], e.g. in German, are the highest lax vowels 
and thus systematically high, and also by orthography; cp. 
that Danish listeners described German [r Yu] - cut out of 
words and presented in isolation - as being close to Danish 
[E: oo: ~=] (Fischer-J0rgensen 1973 (1975)). 

The tense/lax distinction has been widely accepted in modern 
phonology. The definitions given by Jakobson and Halle (1956) 
and by Chomsky and Halle (1968) are based on the idea of a dif­
ference of muscular tension leading to a greater deviation 
from the neutral position of the vocal tract. - The terms 
tense/lax have also been applied to the difference which is 
the basis of vowel harmony in a number of West African lan­
guages. Ladefoged (1964) uses this terminology (though only 
as a tentative label); but at the same time he shows that the 
decisive difference, at least in lgbo, lies in an advancement 
or retraction of the tongue root. Halle and Stevens (1969) 
think that this is also the main characteristic of the tense/ 
lax difference found in, e.g., the Germanic languages and 
they therefore propose to use the term "advanced tongue root 11 
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in both cases. However, Stewart (1967), Ladefoged et al. 
(1972) and Lindau et al. (1972) showed that these features 
should not be confounded (cf. also Lindau 1978, who proposes 
to call the African feature "expansion"). Whereas the tongue 
root movement is really an independent feature in various 
African languages, it is not consi~tent in English, and it is 
closely related to tongue height differences. Acoustically 
the two features are also different (cp. the acoustic graphs 
of African languages in Lindau et al. 1972, and the graphs of 
German in J0rgensen 1969). Finally, expansion does not have 
the close relation to length generally found for tense/lax. 

Since the articulatory correlates of the tense/lax difference 
in English seem to vary according to speakers (Ladefoged et 
al. 1972), Ladefoged (1975) proposes to define the difference 
in purely distributional terms (lax vowels being those which 
do not occur in open syllables), whereas Lindau (1978) gives 
an acoustic definition (peripheral versus central in the 
formant chart). 

More recently Wood (1975b and 1982) has undertaken an exten­
sive investigation of the articulatory characteristics of 
tense and lax vowels in a number of languages. He finds that 
in various languages [i] and [r] have approximately th _ame 
·aw o ening, whereas or e and [£] it is lower, conversely 
i and [ef have approxima e y the same tongue bunching, 

whereas [r] and [£] have a flattened tongue. Tnere re ex­
ceptions (cp. that the six informants investigated by Lade­
foged et al., 1972, all have the distinction in jaw opening 
described by Wood, but only three have a clear difference in 
tongue lift). On the whole, however, the tendency is very 
clear (cp. also Fischer-J0rgensen 1973). It also appears 
from the measurements of jaw opening for Dutch vowels by 
Zwaardemaker and Eijkman (1928) and by Kaiser (1941), and, 
e.g., from X-ray photos of Telugu taken by Nagamana Reddy, 
which I have had occasion to see. - Thus, whether [r] is 
lower or higher than [e] is a more accidental consequence of 
the relative extent of the two movements involved (tongue 
-flattening and jaw opening), but at any rate r has le 
gw__s ric.ti. than [i] at the place_of articulation, and Wood 
states that this is true of all other ax vowels compared to 
their tense counterparts,~ the exception of [o/~]. At 
the same time lax vowels have a narrower phar K cav, (ex-
ce t_for te_!l?e_ [aJ versus ax-(a]), and less pronounced lip 
activity. Wood has shown, through synthesis, that these dif­
ferent factors may be of different acoustical importance. 
It is, however, clear that they can all be regarded as con­
sequences of one single difference: tense versus lax articula­
tion, involving a flattening of the tongue which is closely 
connected with 1essspac"e ,n the pharynx as well as less jaw 
opening and less pronounced lip activity. There exist few 
EMG-recordings of the muscular tension involved in the pro­
duction of tense and lax vowels, and only American English 
has been· investigated. There seems to be a clear difference 
in the tension of the genioglossus (Smith and Hirano 1968, 
Raphael and Bell-Berti 1975, Alfonso and Baer 1981, and Alfonso 
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et al. 1982) and of the inferior longitudinal (Raphael and 
Bell-Berti 1975), whereas there are contradicting results for 
the styloglossus for [u/u] (EMG-recordings of German and Dutch 
vowels would be an obvious task for the future). 

It thus seems clear that tenseness is an independent vowel 
dimension (which is often - but not always - combined with 
length). Height should therefore be indicated separately for 
tense and lax vowels. 

The most serious objection against the traditional height di­
mension seems to be the irregular height relations between 
back vowels, as described by Wood. It was, however, also 
Jones who, for practical reasons, placed the unrounded back 
vowel [a] in the same column as the rounded vowels [u o ~] 
becaus , ,n many languages, [a 1s the only low back vowel, 
whereas the higher back vowels are generally rounded. But 
from the point of view of a general system of vowel features 
[a] does not belong in this series but in the series of un­
rounded back vowels m YA a]. Thus, the fact that [o] and 
[~]maybe lower is only crucial if height is taken to be an 
absolute property, not if it is taken to be a relative property 
within each series of rounded and unrounded, front and back 
vowels, a view which would be in accordance with Jakobson's 
conception of distinctive features. 

I 
Thus, if tenseness is considered a separate dimension and 
height is taken to ~an the relative distance between the ar­
ticulating part of the tongue and the palate within each series 
of rounded or unrounded, tense or lax, front or back vowels, 
most of the inconsistencies between these traditional labels 
and the articulatory facts disappear. 

What remains of the criticism is that the pharynx cavity, 
which could not be observed at the time when the classical 
system was set up, has been neglected. The description does 
not take account of the fact that the most narrow constriction 
for [a] and [a] and generally for [o ~] is in the pharynx, and 
as degree and place of the constriction in the total vocal 
:r-act are essential for the calculation of the acoustic output, 
the classical system is not the most adequate starting point 
for such calculations. It is true that since there are strong 
constraints on the possible positions of the tongue body (e.g. 
a low back vowel will necessarily have a narrow pharynx, and 
a high front vowel a wide pharynx), it has been possible to 
set up correlations between the features of the classical sys­
tem and formant frequencies, but the causal relations are not 
clear if the pharynx is not taken into account. 

Wood (1975a) also argues that the connection between vowel 
articulation and muscle activity becomes much clearer in a 
model based on place of constriction than in the traditional 
model. This is not quite so convincing. The relations are 
complicated in either case (for the relation between muscle 
activity and the traditional dimensions, see Catford 1977, 
p. 186 and Halle 1982). 
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IV. NEW FEATURE SYSTEMS 
It is evident that models of vowel production must be based on 
these more recent insights, i.e., they must take account of 
the total vocal tract. And it is possible to construct new 
feature systems, which are connected more closely to these new 
models. 

However, phoneticians do not agree on the number of places of 
constriction. Catford (1977) tentatively sets up six points, 
but he does not find this very useful for the description of 
vowel systems. Lindblom and Sundberg's model of vowel pro­
duction (1969 and 1971) is based on place and degree of con­
striction, jaw position, width and height of lip opening, and 
larynx height. They set up three places of constriction: 
palatal [i e E], velar [u], and pharyngeal [o a a]. Tongue 
height is a derived parameter, controlled by means of both 
jaw position and tongue raising relative to the jaw. In op­
timal articulation jaw and tongue go together, but there may 
be compensations. In the 1969 paper a system of binary fea­
tures is based on this model and applied to the Swedish vowels. 
It contains the features palatal, pharyngeal, velar, close, 
open, and labial. It is not, however, mentioned in later 
publications, and I will therefore not discuss it in detail. 

Wood operates with four places of constriction: the hard pal­
ate, the soft palate, the upper pharynx, and the lower pharynx. 
There are thus four categories of vowels: palatals (all front 
vowels except[~] and (a]), velars ([u] and (u]), velopharyn­
geals ([o] and [0]), and low pharyngeals ([~ a a]). It is not 
a continuum, but four discrete places (he thus denies the 
existence of central vowels). His arguments are partly em­
pirical (the analysis of X-ray photos from many languages), 
partly theoretical; these are the places where the spectrum 
is relatively insensitive to moderate tongue displacements ac­
~ording to Stevens' quantal theory (1972) and Fant's nomograms 
(1960). He also adduces sound typology (1982, p. 72), point­
ing to the fact that languages with only three vowel phonemes 
generally use the three places mentioned by Stevens (/i au/), 
and if there are five phonemes the normal type is /i £a~ u/. 
But he does not mention that in languages with four vowel 
phonemes it is extremely rare to find his four basic vowel 
types /i u o a/, the most common types being /i u a/ plus/£/ 
or /i/ (cp., e.g., Crothers 1978). The typological argument 
is thus very weak. 

In Wood's system the tense vowels [i u o a] may have lax 
counterparts with less constriction (1 u 0 a]. Moreover, the 
jaw may be close or open. This adds a distinction to palatal 
vowels: (e] and [E] being the open counterparts to (i] and (1]. 
The velar vowels are considered to be (redundantly) close, 
the pharyngeal vowels open. Finally, vowels may be rounded 
or unrounded. 
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On this basis he sets up a binary feature system ( 1982, p. 168): 

constriction palatal palatovelar pharyngo- low 
velar pharyngeal 

vowel i I e E u u 0 :) a a 

palatal + + + + + + 

velar - - - - + + + + 

pharyngeal + + + + 

open - - + + + + + + 

round - - - - + + + + (-) -
tense + - + - + - + - + -

Wood does not comment on this table. Evidently it has been a 
problem to translate a place dimension with four places into 
a binary feature system. This has the consequence that he has 
had to call his velar place palatovelar, and his upper pharyng­
eal place velopharyngeal, which blurs the quantal aspect. It 
would have been more in keeping with his own description to 
set up a multivalued dimension with four steps. 

J 
It may also be argued that the place of constriction is just 
as variable as the highest point of the tongue. Front vowels 
may have their maximal constriction at the alveolar ridge 
(Straka even calls the French palatals alveopalatals, or simp-
ly alveolars (1978)). An o] may have its maximum constriction 
at the velum, at the uvula, or in the pharynx, depending on 
tne shape of the individual palate, the position of the velum, 
etc. Wood is aware of this. 1982, p. 142 he says that 11place 
of maximal constriction" is ambiguous in natural speech. 
What matters is the direction of the tongue body movement. 

f Even with this precaution one may sometimes get into doubt. 
, In Danish [o:] and [:::>:] the main direction of the movement 
'seems to be towctrds the soft palate, although they have at the 
1 same time a narrower pharynx compared to [u] (see figure 1)*. 

banish [o:] is very close, and it might perhaps be described 
as an u-like vowel. This would only require a step 11open11 

for velar vowels. 

V. THE USEFULNESS OF THE TRADITIONAL FEATURE 
SYSTEM AND WOOD'S SYSTEM IN PHONOLOGICAL DE­

SCRIPTIONS 
A feature system based on place of constriction may come closer 
to a model for vowel production (but it seems rather difficult 
to translate it into a two- or three-dimensional figure re­
sembling the formant chart). Now, as stated in the introduc­
tion, a feature system should also be applicable to phono­
logical descriptions, and Wood expressly emphasizes that his 

*) See p. 276. 
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model has more explanatory power in this respect than the tra­
ditional system. But for this purpose I find the classical 
system clearly superior. 

Wood only allows for two steps in vowel height (or openness), 
and for the back vowels the traditional two degrees are re­
interpreted as a difference of place. But there are many lan­
guages with three degrees of opening, and Danish even has four 
(/i e £ ~/). Wood considers [~] to be a pharyngeal vowel, but 
in that case it has to be distinguished by a different feature 
from /a/, which may be considered a separate phoneme in "Ad­
vanced Standard Copenhagen" (see Basb0ll 1972). According to 
his practice for English, Wood must then describe 1~1 as lax. 
The same must be done for/£ re JI, both in Danish and in lan­
guages with similar systems. But there is no justification 
for describing Danish/£ re JI as lax (apart from the fact that 
a certain laxing is normally combined with lowering). Danish 
has both long and short vowels with, in most cases, almost the 
same quality. I the series /i e £ ~1 there is a gradual 
lewe i,ng of th~ tongue height (as can be seen in X-ray photos 
and palatograms) and generally a gradual lowering of the jaw, 
which appeared in a recording of Jaw opening for three Danish 
informants. With the exception of /e,£/ for one of the in­
formants all the differences were statistically significant 
(the data will be published later). This speaks against con­
sidering any of the vowels as lax. As for Swedish, Lindau 
(1978) quotes a case of diphthongization in the Swedish Skane 
dialect which can only be formulated in a simple way on the 
basis of four degrees of openness. The English vowel shift 
also requires more degrees of openness to describe the diph­
thongization of /i: u:/, the development of /e: o:/ to /i: u:/, 
of/£: J:/ to /e: o:/, and of /a:/ via/~:/ to /e:/. 

Now this might be partly remedied by adding more steps to the 
close/open dimension without changing the rest of the system, 
but in phonological rules /a/ does not go with /e ~ o/ as it 
should according to Wood's feature system because it has the 
same degree of openness. - It behaves like a lower vowel. 
There are, e.g., languages where /e: ~= o:/ are diphthongized 
to, e.g., /ia ya ua/, whereas /a:/ is not diphthongized, for 
instance Old High German. 

There are also a number of well known universal phonetic ten­
dencies connected with vowel height. Low vowels are longer 
than high vowels, they are pronounced on a lower pitch and 
have higher intensity. These differences are gradual, i.e. 
(a] is longer than[£], [£] than [e], [e] than [i], and si­
milarly for pitch and intensity. It is not a difference be­
tween two categories high and low. These differences are 
generally not perceived, but when Danish speakers are asked 
to manipulate synthetic vowels in duration adjustment tasks, 
they make (E] Jonger than [il, and I.E:l longer than [i:J, 
and.the cross-over value between /i/ and /i:/ is smaller than 
between/£/ and /e:/ (Petersen 1974). These are phonetic dif­
ferences, but they may turn up in historical developments, so 
that long high vowels become short vowels (e.g. in Dutch), or 
short low vowels are lengthened (e.g. English 1~1). 
<"" 
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How~ver, it is possible to quote one example where /a o ~ e/ 
go together and behave as one class. In Ftench there are com­
mon rules of lengthening and distribution for /a o ~/ and 
(partly) /e/ vs. /a:::> re E/. This induced Oluf Thorsen (see 
Jensen et al. 1971) to describe /a a/ not as low vowels but as 
pharyngeal vowels. The common propeitY for /a o ~ e/ versus 
/a:::> re E/ was then a more 11close timore 11 vs. a more 11open 
timbre", later called tense vs. lax. I wonder, however, whether 
it is correct phonetically to call French /a:::> re E/ lax vowels. 
They do not sound lax to me. Wood (1982, p. 139) found the 
tongue to be lower relative to the mandible in French/£/ than 
in [e] in three sets, but the jaw is also more open, and in 
Straka 1 s X-ray pictures (1950) /£re:::>/ have a larger jaw open­
ing than /e ~ o/, whereas /a/ has a slightly smaller opening 
than /a/. In the case of the low pharyngeal vowels it is dif­
ficult to judge tenseness on the basis of.the constriction, 
because two conflicting tendencies are at work: (1) a narrower 
constriction at the point of articulation (i.e. the pharynx) 
in tense vowels, and (2) a narrower pharynx in the lax vowels. 
Wood considers [a] generally as tense. This is probably true 
of German, where it is long, as other tense vowels, but in 
Dutch it is the front [a] that is long. 

Anyhow, the French example can be considered to support Wood. 
But in all the other cases mentioned we need the traditional 
height dimension, where [a a] are the lowest vowels. 

As for the use of four places of constriction, it makes the 
formulation of various phonological rules and developments 
rather complicated. In Germanic umlaut back vowels are changed 
to front vowels before an [1] in the following syllable (and 
[a] is also raised). In Finnish and Turkish vowel harmony 
back vowels are changed to front vowels after front vowels. 
These rules can only be formulated very clumsily in terms of 
four places of articulation~ The same is true of the allo­
phonic fronting of bac} vowels in palatal surroundings in 
Russian. 

There are, however, a few cases where the feature pharyngeal 
for vowels might perhaps give a simpler and more explanatory 
formulation, i.e. in the cases of assimilation of vowels to 
pharyngeal or uvular consonants, as found in Greenlandic be­
fore /H/ and /q/ (mentioned by Wood). However, as 1~1, which 
becomes [a] in this position, is considered by Wood to be 
pharyngeal already, whereas this is not true of /i/ and /u/, 
the formulation will not be simple. The same reasoning is 
valid for the H-colouring of Danish· vowels (described by 
Basb0ll 1972, and by Basb0ll and Kristensen 1975). Perhaps 
it is just as acceptable to say that vowels may be retracted 
and lowered before pharyngeal consonants. 

This raises the more general problem of the utility of having 
common features for vowels and consonants, whereby assimila­
tions between vowels and consonants could be formulated in a 
more explanatory way. Jakobson's features grave/acute and 
compact/diffuse were not satisfactory in this respect. But 

• 
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instead of using traditional consonantal features for the 
vowels the goal may also be reached by using the traditional 
vocalic features for consonants, as it was done by Chomsky and 
Halle (1968) (see the discussion in Fischer-J0rgensen 1975, 
p. 230ff) and by Halle (1982). Ladefoged (1971) proposes to 
specify both consonants and vowels in high/low, front/back and 
in terms of place of articulation (palatal, velar, pharyngeal). 
This seems somewhat complicated. But it might be possible to 
call the vowel front-back dimension palatal/non-palatal, and 
use non-palatal as a cover term for velar, upper pharyngeal 
(or uvular), and lower pharyngeal. One might then use the 
specification in the (rather few) cases where it seems adequate. 

The general conclusion of this discussion is that we cannot do 
without the traditional classical dimensions front-back and 
high-low. 

VI. THE AUDITORY INTERPRETATION OF THE DI­
MENSIONS HIGH-LOW AND FRONT-BACK 

Russell, Ladefoged and Wood agree in the assumption that the 
dimensions high/low and front/back as used by Bell and Sweet 
were in reality a translation of their auditory impressions 
into physiological terms and thus an illusion. Catford rejects 
this assumption. He says that there is ample internal evi­
dence in the works of Bell and Sweet to show that they were 
really observing tongue positions. Particularly Sweet was 
very explicit on this point. He criticizes the German phone­
ticians for basing their vowel systems on auditory similarity 
instead of production, and he recommends whispering the vowels 
in order to better feel the muscular sensations and says that 
training of the vocal organs is a better way of learning sounds 
than doing it by ear. If they had built on auditory impres­
sions they would also, as Catford remarks, have placed [y] and 
[m] between [i] and [u] and not set up rounding as a separate 
dimension. I think it is true that these old phoneticians, 
who did not have the possibility of looking at X-ray photos, 
worked really hard to train their muscular sensations, much 
more than we do nowadays (this is also true of Jespersen). 
Catford concludes that the classifications of Bell and Sweet 
were primarily based on 11highly trained phoneticians' percep­
tion of proprioceptive and tactile sensations, not upon the 
misinterpretations of auditory sensations" (1981). 

Ladefoged does not, however, draw the same conclusion from his 
criticism of the traditional system as Wood does. It is true 
that he also wants to set up a new model of speech production 
(Harshman, Ladefoged and Goldstein 1977). It is based on a 
factor analysis of 18 cross sections of the vocal tract for 10 
English vowels, ending up with two factors: (1) a forward move­
ment of the root of the tongue together with raising of the 
front part, approximately from [o] to [i], and (2) raising of 
the back of the tongue, approximately from [a] to [u]. But he 
does not want to set up a new feature system on this basis. 
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He finds that the traditional features have proved to be use­
ful for the description of phonological sound patterns (in 1975 
he only gives the supplementary terms palatal and velar for ~--= 
front and back), whereas for the purpose of describing the dif­
ference between languages we need a larger number of physio­
logical and acoustic parameters. It must be possible to map 
the phonological features onto basic phonetic parameters, either 
physiological or acoustic, but this is not necessarily a one­
to-one relation (1980). As for the traditional dimensions, he 
finds that rounding can be described simply in physiological 
terms, whereas the physiological correlates to front/back and 
high/low cannot be used in language description. They have, 
however, clear auditory and acoustic correlates, height corre­
sponding to the frequency of F1, and front/back to F2-F1 (e.g. 
1976). I find it difficult to accept this exclusively acoustic­
auditory interpretation. 

As for the height dimension it is probably true that it has a 
somew at simpler connection with its physical than with its 
physiological correlates but, as argued above, when height is 
taken to be a relative dimension within each category of vowels, 
the correlation to the physiological facts is quite good. It 
is striking that in experiments intended to bring out the audi­
tory dimensions it has not proved quite easy to factor out a 
height dimension. Many years ago I tried in various ways 
(Fischer-J0rgensen 1967). Phonetically naive subjects were 
asked, e.g., to group vowels according to auditory similarity, 
with the result that very often frQnt vpwels [i e~E ~] were put 
into one group, separated from qack vowels, whereas high and 
low_,vqwe were never sorteaout, not even if only six vowels 
[i y u] and [Ere ~J were presented. When asked directly if 
they did not find that [i y u] belonged together, most declared 
that [u] does not belong with [i] and [y]. When subjects were 
asked to group vowels in bright and dark, thin and thick, small 
and large, etc., or to place them on a scale from dark to bright 
etc., the same dominating dimension from dark to bright came 
out in almost all cases, irrespective of the pair of adjectives 
used. Only when subjects were asked about tight/loose and 
compact/diffuse did something that looked more like the vertical 
dimension appear, but [i y u] were designated as compact and 
[Ere~] as diffuse, in contradistinction to Roman Jakobson's 
terminology. I think this indicates that the subjects were 
guided mainly by tactile sensations in this case. When, in 
some cases, subjects were asked to pay more attention to their 
articulation, [u] got somewhat closer to [i] and [y]. In more 
recent experiments, based on more refined methods, when for 
instance subjects are asked to judge the similarity between 
sounds presented in triads and the results are factor-analysed, 
vowel height also turns up (see, e.g., Terbeek 1977). But, 
altogether, the evidence for 11height 11 being a specifically 
auditory feature is not very strong. 

~...-....- ~ .... .-.-

Moreover, a number of phonetic and phonological rules and de­
velopments involving height are better understood when described 
in articulatory terms. The relatively longer intrinsic dura­
tion of lower vowels can hardly be explained from an auditory 

J 
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point of view, whereas it may be assumed that a more extensive 
jaw movement takes longer time. Preliminary measurements of 
jaw opening show that the maximum aperture is reached later in 
open vowels. It may not be economical to accelerate the move­
ment so much that full compensation is achieved. As for intrin­
sic Fo there are also some plausible articulatory explanations. 
In the case of palatalization of velars before tront vowels, 
which Ladefoged (1972) also describes as an articulatory de­
velopment, the difference in palatalizing power between [i e 
Ea] must also be explained on the basis of articulation. But 
the regularity of F1-correspondences point to an auditory ad­
justment. 

I therefore think th~~ight feature should be cons·dered 
to a.\Le... laar physiological ~swell a uditory correlates, 
which both play a role Tn phonological sysfems and developments. 

As for the dimension front/back it is more complicated. Here 
two articulatory dimensions, fr ntLb~ck and rou rounded 
combine to form one auditory dimension: the dark • t dimen­
sion, which was often used in pre-Bell vowel systems. This is, 
certainly, a dominating auditory dimension, which shows up in 
experiments with auditory similarity and in phonetic symbolism; 
it is also prevalent in the patterning of vowel systems (cp. 
Trubetzkoy's (1939) 11Helligkeit 11 dimension) where /u/ and /i/ 
are extremely common because they are maximally different in a 
two-dimensional auditory vowel space, whereas /m/ and /y/, al­
though also distinguished by two articulatory features, are 
rare (cp. Crothers 1978 and Lindblom 1980), because they are 
auditorily intermediate between /i/ and /u/. As shown by 
Ladefoged (1967), even trained phoneticians have difficulty in 
distinguishing between front rounded and back unrounded vowels. 
It is also very difficult to elicit rounding as a separate 
feature in experiments with auditory similarity (cf. Terbeek 
1977). 

( 

However, in many phonological rules and developments the artic­
ulatory dimensions front/back and rounded/unrounded are kept 
apart. For instance, in Russian there is an allophonic con­
textually conditioned variation between front [i] and mid [i] 
and between back [u] and fronted [ii] with preservation of the 
rounding distinction. Further, in Finnish vowel harmony only 
the front/back dimension is at work, and in Turkish the front/ 
back harmony and the rounded/unrounded harmony function sepa­
rately according to different rules. Similarly in i-Umlaut 
back vowels become front vowels, but the rounding difference 
is preserved, and conversely, rounding of vowels in labial en­
vironment does not involve a change in place of articulation. 
It is possible that perception may play a role at the last 
stage of the i-Umlaut, where the [i] of the ending may have 
become so weak that the listener did not hear it and therefore 
perceived the front feature of the stem vowel as an independent 
feature (Ohala 1981), but in its origin it must have been a 
mainly articulatory process. On the whole, it seems more 
plausible to explain such processes of assimilation in motor 
terms as an anticipation of an articulatory position. 
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Thus I do not think we can do without a front/back dimension 
defined in articulatory terms. It • :obabJy nec~a..r to . 
operate both with two articulatorily defined dimensi_Q_Qs: frontL 
backaruirounded/unrounded, and with an auditori y efined di­
mension of brightness which has a causafrelation to a combina­
tion of the to articulatory dimensions. They all seem to 
operate in phonology and thus to be in some sense psychologic­
ally real. The articulatory features eem_to be at work in 
assimilatory rules and developments, whereas the auditory 
feature evident y plays a role in the structure of vowel systems. 
This is in good agreement with Lindblom's assumption that the 
necessity for sufficient auditory distance between phonemes is 
the most important determinant factor in the structure of vowel 
systems. 

However, the relative importance of the horizontal and the 
vertical dimension has given some problems. In Liljencrants 
and Lindblom 1972 the possible acoustic vowel space was cal­
culated on the basis of the speech production model set up by 
Lindblom and Sundberg (1969 and 1971). The calculation was 
made in terms of formant frequencies. In order to get a two­
dimensional space the frequency of formant 2 corrected with 
respect to formant 3 was chosen as one dimension, and the other 
dimension was the frequency of formant 1. By transformation 
into the mel scale an approximation to an auditory space was 
obtained. By means of a computer program it was calculated 
where the vowels should be placed in this space if maximal 
perceptual distance between all vowels should be obtained for 
different numbers of vowel phonemes (from 3 to 12). The result 
was compared with known data on actual vowel systems. The pre­
diction turned out to be quite good for vowel systems with 3 to 
6 vowels, but above that limit the model generated too many 
high vowels, i.e., the horizontal dimension was utilized more 
than the vertical dimension, in contradiction to what is the 
case in natural vowel systems. 

In order to bring the model in better agreement with actual 
vowel systems it was modified so that the function of the peri­
pheral auditory system was taken more directly into considera­
tion, i.e., instead of formant analysis a filter analysis based 
on critical bands was used, and masking and non-linear frequency 
response were taken into account. Moreover, the idea of 11max­
imal11 auditory distance was replaced by "sufficient" distance. 
This model is compared with the older model in Lindblom 1980. 
It produces a smaller number of high vowels. Th~re are two 
different versions of the new model. In one of them, which 
should be closest to the auditory system, phons are transformed 
into sones, but this version gives less good results for vowel 
systems with a small number of vowel phonemes, whereas the 
other version operating on phon/Bark gives better results for 
systems with few vowels, but somewhat less reduction of the 
number of high vowels in systems with many vowels. None of the 
two versions generate the common seven vowel system [i e ea 
~ o u]. Lindblom suggests that the vertical dimension may play 
a greater role in actual systems because F1 has high intensity 
and thus is more resistant to noise. 
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I should like to suggest a different explanation. Perhaps the 
auditory distance between [i] and [u] really is felt as rela­
tively long-·compared to the vertical distance between [i] and 
[a]. The ~ip~fiments with Danish subjects meritioned above 
seem to support this, and the same appears from the dominant 
use of the dark-bright opposition in sound symbolism. It may 
be ob·~cted that Danish [i e £ ~J are closer together than in 
most other languages. But ~hy then do we keep them apart 
phonologically even though we feel them as auditorily related? 
- I suppose production plays a role in this connection. As 
demonstrated by Lindblom and Sundberg the simplest way to pro­
duce differences in vowel height is by raising and lowering the 
mandible. Now in the first place the proprioceptive sensitivity 
seems to be more developed for jaw movements tban for advancing 
or retracting the tongue. This may ave something to do with 
the fac-t that jaw·,,.,opening and closing is used for other bio­
logical purposes, e.g. eating. Moreover, it is visible. (It 
may happen that a student starting a phonetics course believes 
that he produces an [e] by retracting his tongue, but he will 
not maintain that he produces an [a] by closing his mouth.) 
Finally, steps in jaw movement have a simple one-to-one corre­
lation with steps in F1 and thus with steps in auditory im­
pression of the series [i e £ a], whereas the series [i y mu] 
requires a complicated interplay of tongue and lip movements. 

( Vowel height is a physiologically simpler dimension, and there­
) fore utilized more extensively. 

VII. CONCLUDING REMARKS ON EXPLANATION IN 
PHONOLOGY 

Finally I should like to admit that I have used the terms ex­
planation and explanatory in a somewhat slipshod way. But 
there are many kinds and steps of explanation. When I argue 
that front-back is more explanatory than four places of artic­
ulation in i-Umlaut and vowel harmony rules, the point is that 
1 back1 comprises more cases in one rule, and generalization is 
a first step in explanation. Distinguishing more than two 
heights also allows more generalizations, e.g. saying that mid 
vowels [e ~ o] have diphthongized, which is not possible if 
[a] is considered to have the same height. 

But when I argue for an articulatory interpretation of front­
back in assimilatory developments, it is because the develop­
ment can then be described by plausible production mechanisms. 
Those who, like Roger Lass (1980), require that explanations 
must be deductive cause-effect explanations which permit pre­
diction would call the explanations mentioned above 11under­
standing 11 and not 11explanation 11

• But that depends on how the 
word 11explanation 11 is defined. Here it is used in a wider 
sense. You can never predict a concrete sound change, but you 
can sometimes explain it afterwards, and you may assume with 
high probability that if there is a change it will go in a 
certain direction. There are very strong phonetic constraints 
on phonological systems and on sound change, and agree with 

-- - -· 
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John Ohala (e.g. 1983) that it is an important task for pho­
netics to find these constraints. 

ACKNOWLEDGEMENT 

I am grateful to Nina Thorsen for improvements of various 
f o rmu 1 at i ons . 

REFERENCES 

Alfonso, P. and Baer, Th. 1981: "An electromyographic-cine­
fluorographic-acoustic study of dynamic vowel production", 
Status Rep. Speech Res., Haskins Labs. 65, p. 109-124 

Alfonso, P.J., Honda, K., Baer, T. and Harris, K.H. 1982: 
"Multichannel study of tongue EMG during vowel produc­
tion", Paper presented at the 103rd Meeting of the 
Acoustical Society of America, Chicago, April 26-30 

Basb0ll, H. 1972: 11Some conditioning phonological factors for 
the pronunciation of short vowels in Danish with special 
reference to syllabification", Ann. Rep. Inst. Phon. 
Univ. Cph. 6, p. 185-210 

Basb0l l , H. and Kristensen, K. 1975: "Further work on com­
puter testing of a generative phonology of Danish11

, 

Ann. Rep. Inst. Phon. Univ. Cph. 9, p. 265-291 

Catford, I. 1977: Fundamental Problems in Phonetics (Edinburgh 
University Press) 

Catford, I. 1981: "Observations on the recent history of vowel 
classification 11

, Towards a History of Phonetics (eds. 
Asher and Henderson) (Edinburgh University Press), 
p. 19-32 

Chomsky, N. and Halle, M. 1968: The Sound Pattern of English 
(New York: Harper and Row) 

Crothers, J. 1978: 11Typology and universals of vowel systems", 
Universals of Human Language (eds. Greenberg, Ferguson and 
Moravcsik), p. 93-152 

Fant, G. 1960: The Acoustic Theory of Speech Production 
(The Hague) 

Fischer-J0rgensen, E. 1967: 11Perceptual dimensions of vowels", 
To Honor Roman Jakobson, p. 667-671, Janua Linguarum, 
Series Major XXXI 

Fischer-J0rgensen, E. 1973: 11Perception of German and Danish 
vowels with special reference to the German lax vowels 
/I Y U/ 11

, Ann. Rep. Inst. Phan. Vniv. Cph. ?, p. 143-194, 
and (a shorter version) in Auditory Analysis and Percep­
tion of Speech (eds. Fant and Tatham) 1975, p. 153-176 



272 FISCHER-J0RGENSEN 

Fischer-J0rgensen, E. 1975: Trends in Phonological Theory, 
(Copenhagen: Akademisk forlag) 

Fischer-J0rgensen, E. 1983: "Vowel features and their explana­
tory power in phonology", Abstracts X Int. Congr. Phon. 
Sc., p. 259-265 

Halle, M. 1982: 110n distinctive features and their articulatory 
implementation11

, to be published in: Natural Language and 
Linguistic Theory, 1983 

Halle, M. and Stevens K. 1969: "On the feature "advanced tongue 
root", MIT Quart. Prog. Rep. 94, p. 209-215 

Harshman, R., Ladefoged, P. and Goldstein, L. 1977: 11Factor 
analysis of tongue shape", J. Acoust. Soc. Am. 62, 
p. 693-707 

Jakobson, R. and Halle, M. 1956: Fundamentals of Language, 
(The Hague: Mouton) 

Jensen, 0. Kongsdal, Landschultz, K. and Thorsen, 0. 1971: 
Fransk Fonetik (University of Copenhagen) 

Jespersen, 0. 1889: The Articulation of Speech Sounds Repre­
sented by Means of Analphabetic Symbols (Marburg: Elwert) 

Jespersen, 0. 1897-1899: Fonetik (Copenhagen: Det Schubotheske 
Forlag) 

Jespersen, 0. 1914: Lehrbuch der Phonetik (Leipzig: Teubner) 

Jones, D. 1909: The Pronunciation of English (Cambridge Uni­
versity Press) 

Jones, D. 1918: An Outline of English Phonetics (Cambridge: 
Heffers and Sons) 

Joos, M. 1948: Acoustic Phonetics, Language Monographs 23 

J0rgensen, H.P. 1969: "Die gespannten und ungespannten Vokale 
in der norddeutschen Hochsprache mit einer spezifischen 
Untersuchung der Struktur ihrer Formantfrequenzen11

, 

Phonetica 19, p. 217-245 

Kaiser, L. 1941: "Biological and statistical research con­
cerning the speech of 216 Dutch students, III", Archives 
neerlandaises de phonetique experimentale XVII, p. 92-118 

Ladefoged, P. 1962: The Nature of Vowel Quality, Revista do 
Laboratdrio de fonetica experimental da faculdade de 
letras da universidade de Coimbra, and Three Areas of 
Experimental Phonetics, 1967, p. 50-142 

Ladefoged, P. 1964: A Phonetic Study of West African Languages 
West African Language Monographs 1, (Cambridge University 
Press) 



VOWEL FEATURES 273 

Ladefoged, P. 1971: Preliminaries to Linguistic Phonetics, 
(University of Chicago Press) 

Ladefoged, P. 1972: 11Phono 1 ogi ea 1 features and their phonetic 
correlates", Journal of the IPA 2, p. 2-12 

Ladefoged, P. 1975: A Course in Phonetics (New York: Harcourt 
Brace & Jovanovich) 

Ladefoged, P. 1976: 11The phonetic specification of the lan­
guages of the world", Working Papers in Phonetics, UCLA 
31, p. 3-21 

Ladefoged, P. 1980: "What are linguistic sounds made of? 11
, 

Language 55, p. 485-502, also Working Papers in Phonetics, 
VCLA 45, 1979, p. 1-24 

Ladefoged, P. 1983: "The limits of biological explanations in 
phonetics", Abstracts X Int. Congr. Phon. Sc., p. 31-37 

Ladefoged, P., De Clerk, J., Lindau, M., Pap~un, G. 1972: 
11An auditory-motor theory of speech produ et ion", 
Working Papers in Phonetics, UCLA 22, p. 48-75 

Ladefoged, P., Harshman, P., Goldstein, P~ and Rice, L. 1977: 
11Vowel articulations and formant frequencies", Working 
Papers in Phonetics, UCLA 38, p. 16-40 

Lass, R. 1980: 0~ explaining Language Change (Cambridge Uni­
versity Press) 

L iljencrants, J. and Lindblom, B. 1972: 11Numerical simulation 
of vowel quality systems: the role of perceptual con­
trast", Language 48, p. 839-862· 

Lindau, M. 1978: 11Vowe 1 features 11
, Language 54, p. 541-563, 

also Working Papers in Phonetics, UCLA 38, p. 49-81 

Lindau, M. , Jacobsen, L. and Ladefoged, P. 1972: 11The feature 
advanced tongue root", Working Papers in Phonetics, UCLA 
22, p. 76-94 

Lindblom, B. 1980: 11Ph,onetic universals in vowel systems 11
, 

ms. to be published in Experimental Phonology (ed. J. 
Ohala) (Academic Press) 

Lindblom, B. and Sundberg, J. 1969: 11A quantitative model of 
vowel production and the distinctive features of Swedish 
vowels", Speech Transm. Lab., Quart. Priog. and Status Rep. 
Royal Inst. Techn., Stockholm 1/1969, p. 14-32 

L indblorn,. B. and Sundberg, J. 1971: "Acoustical consequences 
of lip, tongue and larynx movement11

, J. Acoust. Soc. Am. 
50, p. 1166-1179 



274 FISCHER-J0RGENSEN 

Meyer, E.A. 1910: 11Untersuchungen Uber Lautbildung 11
, Die 

neueren Sprachen 18 (= Festschrift Vietor), p. 166-248 

Nearey, T.M. 1978: Phonetic feature systems of vowels. 
Indiana Linguistics Club 

Ohala, J. 1981: 11The listener as a source of sound change11
, 

Papers from the Parasession on Language and Behaviour 
(eds. Miller et al., Chicago) 

Oha 1 a, J. 1983: 11The origin of sound patterns in voca 1 tract 
constraints", The Production of Speech (ed. P.F. Mac­
Neilage) (New York: Springer), p. 189-216 

Petersen, N. Reinholt 1974: "The influence of tongue height 
on the perception of vowel duration in Danish 11

, Ann. Rep. 
Inst. Phan. Univ. Cph. 8, p. 1-10 

Raphael, L.J. and Bell-Berti, F. 1975: 11Tongue musculature and 
the feature of tension in English vowels", Phonetica 32, 
p. 61-63 

Russell, G.O. 1928: The Vowel (Columbus, Ohio State University 
Press) 

Russell, G.O. 1936: "Synchronized X-ray, oscillograph, sound 
and movie experiments showing the fallacy of the vowel 
triangle and open-closed theories 11

, Proc. II Int. Cong. 
Phan. Sc., p. 198-205 

Sievers, E. 1901: Grundziige der Phonetik (Leipzig: Breitkopf 
und Hartel) 

Smith, T. and Hirano, M. 1968: 11Experimental inve_stigation of 
the muscular control of the tongue in speech11

, Working 
Papers in Phonetics, UCLA 10, p. 145-155 

Stevens, K. N. 1972: 11The quanta 1 nature of speech: evidence 
from articulatory-acoustic data", Human Communication, 
a Unified View (eds. David and Denes) 

Stewart, J.M. 1969: 11Tongue root position in Akan vowel 
harmony", Phonetica 16, p. 185-204 

Straka, G. 1950: 11Systeme des voyelles du fran~ais moderne11
, 

Bull. de la Faculte des Lettres de Strasbourg 28, p. 172-
180, 220-233, 275-284, 268-375 

Straka, G. 1978: "Apropos du classement articulatoire des 
voyelles 11

, Hamburger phonetische Beitrage 25, p. 432-460 

Terbeek, D. 1977: A Cross-Language Multidimensional ScaUng 
Study of Vowel Perception, Working Papers in Phonetics, 
UCLA 3?. 



VOWEL FEATURES 275 

Trubetzkoy, N.S. 1939: Grundzuge·der Phonologie, Travaux du 
Cercle Linguistique de Prague ? 

Wood, S. 1975a: 11The weakness of the tongue arching model of 
articulation", Working Papers, Dept. Ling. Lund 11, 
p. 55-108 

Wood, S. 1975b: "Tense and lax vowels - degree of constriction 
or pharyngeal volume?", Working Papers, Dept. Ling. Lund 
11, p. 110-134 and 23, 1982, p. 157-182 

Wood, S. 1979: "A radiographic analysis of constriction loca­
tion for vowels", J. Phonetics?, p. 25-43, and Working 
Papers, Dept. Ling. Lund 23, 1982, p. 57-75 

Wood, S. 1982: X-ray and Model Studies of Vowel Articulation, 
Working Papers, Dept. Ling. Lund 23. 

Zwaardemaker, H. and Eijkman, L.P.H. 1928: Leerboek der Phone­
tiek (Haarlem: De Erven F. Bohn). 



276 FISCHER-J0RGENSEN 

Figure 1 

Tracings from X-ray photos of the Danish long vowels 
/u:/ and /o:/ pronounced by subject KS 
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ON THE RELATION BETWEEN VOWEL HEIGHT AND FRONT-BACK: 
A COMMENT ON ELI FISCHER-J0RGENSEN'S PAPER "SOME 
BASIC VOWEL FEATURES~ THEIR ARTICULATORY CORRELATES 
AND THEIR EXPLANATORY POWER IN PHONOLOGY" 

HANS BASB0LL*) 

Eli Fischer-J0rgensen (1983) has given an interesting contribu­
tion to the symposium on "Phonetic Explanation in Phonology" 
during the Tenth International Congress of Phonetic Sciences, 
Utrecht, August 1-6, 1983. In this comment, I shall refer to 
the extended and revised version of her contribution, which is 
printed on the preceding pages of this volume. 

Eli Fischer-J0rgensen in her contribution (to which the reader 
is referred for general references) argues in favour of what is 
basically the traditional front-back and high-low distinction 
in vowels, cf. the following quotation: 

"if tenseness is considered a separate dimension and 
height is taken to mean the relative distance between 
the articulating part of the tongue and the palate 
within each series of rounded or _unrounded, tense or 
lax, front or back vowels, most of the inconsistencies 
between these traditional labels and the articulatory 
facts disappear" (this volume, p. 261 ) . 

While I agree on almost every point with Eli Fischer-J0rgen­
sen 1 s criticism of alternative proposals which have been ad­
vanced, and also find her general conclusions convincing, I 
shall in this comment briefly consider the relation between 
the two traditiona1 articulatory features for the vowel space, 
viz. vowel height and front-back. I shall use (primarily) 
Danish r-colouring and (secondly) Nordic i-Umlaut as evidence 
for what I take to be a slightly different conception of the 
distinctive feature front-back, viz. for the way I have used 
it in a description of Modern Danish (cf. Basb0ll and Kristen­
sen 1975: 273ff, Basb0l l 1981 :48f). 

*) University of Odense, Denmark. 
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Eli Fischer-J0rgensen argues: 

"There are, however, a few cases where the feature 
pharyngeal for vowels might perhaps give a simpler 
and more explanatory formulation, i.e. in the cases 
of assimilation of vowels to pharyngeal or uvular 
consonants, as found in Greenlandic before /HI and 
/qi (mentioned by Wood). However, as/~/, which be­
comes [a] in this position, is considered by Wood to 
be pharyngeal already, whereas this is not true of 
/i/ and /u/, the formulation will not. be simple. 
The same reasoning is valid for the H-colouring of 
Danish vowels~-- Perhaps it is just as-acceptable 
to say that vowels may be retracted and lowered be­
fore pharyngeal consonants" (this volume, p. 265). 

This formulation could be made even more precise: the feature 
pharyngeal must be multivalent if r-colouring in Modern Danish 
should be accounted for by means of this feature since this 
term in Danish covers a whole productive and systematic (and, 
of course, language specific) series of changes in vowel qual­
ity, both before and after /H/ (cf. Basb0ll 1972:202ff, and 
Basb0ll and Wagner, forthcoming: eh. IV, sect. 7). The con­
ception of the feature pharyngeal as multivalent seems incon­
sistent with Wood's proposals according to which it should de­
note articulation at a certain (although not completely in­
variable) point. On the other hand, nor do I see any reason 
to treat r-co1ouring of 1~1 (i.e. [~]+[a]) as backing, and 
all other cases of r-colouring (i.e. [e] + [E], [E] + [~], 
[~]+[re], [re]+ [a]) as lowering, as the normal use of the 
feature front-back would force one to do (cf. Colman and Ander­
son ( 1983: 187): "the proposals we are aware of would all assign 
the [a]+[~] and[~]+ [e] shifts to different dimensions 
( backness vs. height) "). 

The problem is, of course, whether [a] (or[~]) should be con­
sidered as a maximally low and maiimally front vowel (as ex­
pressed in the placement of [a] _at the lower left corner of 
Daniel Jones 1 Cardinal vowel quadrangle, cf. the fact that just 
four X-ray pictures have determined the geometrical shape of 
the Cardinal Vowel Diagram). I do not think any phonetician 
would like to argue for a particular 11corner 11 at [a]. Acous­
tically and perceptually this is rather clear, I think, and as 
far as articul~tion is concerned, [a] cannot be considered a 
phonetically "extreme" vowel - able to become a phonetic con­
sonant in one little move, so to speak - like [i u a] (this is 
not to deny that different configurations of muscles may be in­
volved, however). I would describe the situation so that, 
phonetically speaking, the "horizontal aspect 11 of front-raising 
has much more relative weight, as compared to the "vertical 
aspect", when we go from [a] to [ad, and that the relative 
weight of the ."horizontal aspect" is continually diminishing 
when we go further towards [i] (so that the 11vertical aspect" 
is clearly most important in the distinction between [e] and 
[i]). The important thing to me is that no 11corner 11 at [ce] 
or [a] can be argued for on general grounds, in contradistinc-
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tion to [i], [a] and (partly) [u] (it should be remembered 
that Cardinal Vowels [i] and [u] are the highest possible 
vowels at their place of constriction, and Cardinal Vowel [a] 
the lowest possible one, whereas the notion "lowest possible 
front vowel11 has no precise meaning in phonetic terms). It 
seems to me that some consequences for the feature system must 
be drawn from this fact. I therefore use the feature label 
11front 11 as referring to vowels which lie on the (curved) (i.e. 
elliptic, cf. Jones' earlier drawings of the Cardinal Vowel 
Diagram) line from [i] to [a] (and, similarly, 11back11 for the 
vowels from [u] to [a], but this is less controversial, of 
course). After this slight re-definition of the distinctive 
feature term front-back, r-colouring can be described as simply 
consisting in moving one step in the direction towards [a], 
and it seems to me that this account of the whole set of sys­
tematic and productive r-colouring effects is phonetically and 
phonologically more adequate than any alternative account one 
can think of. Notice that this description presupposes that 
the vowel-height feature is multivalent (I have used the feature 
"distance" instead (see Basb0ll and Kristensen 1975:273ff with 
figure 1 (reproduced here)), expressing distance from (an ex­
treme) [a] towards either (an extreme) [i] ( in "front"-vowels) 
or (an extreme) [u] (in "back"-vowels)). 

What exactly is the difference, if any, between the traditional 
use (or uses) of the feature front-back, including Eli Fischer­
J0rgensen's use, as far as I have understood her, and my use 
of it? Phonetically, I think there is none. Phonologically, 
the trad1t1onal use might be illustratedby the following quo­
tation from Eli Fischer-J0rgensen (this volume, p. 261), a pro­
pos Jones' primary cardinal vowels: 

"But from the point of view of a general system of 
vowel features, [a] does not belong in this series 
((viz. [u o ~ a]/HB)), but in the series of unrounded 
back vowels [m Y A a]". 

I draw from this the (not logically necessary!) inference that 
[a] does not, according to Eli Fischer-J0rgensen, belong to 
the series of unrounded front vowels [i e E ~1 (in any case, 
this is the view encoded in traditional feature systems). On 
the other hand, I would rather say that [a] enters into two 
series of unrounded vowels, viz. both the 11front 11 series-C,n 
a perhaps not too felicitous terminology) [i e £~a a] and 
the back series [m v A a] (notice that only the dimensions are 
crucial~ not the individual symbols for non-extreme vowels). 
According to the traditional conception, [al is phonololically 
a back vowel (not a front vowel), and the difference [a-[~] 
is, phonologicalTy, one of "backness" and not of height (al­
though, phonetically, it is both). According to my conception. 
on the other hand, the phonological distinction front•back is 
in a broad sense 11neutralized" in, i.e. does not apply to, [a], 
and the difference [a]-[~] is, phonologically, one of 11height" 
and not backness (although phonetically it is both). (By the 
term 'phonological' I do not refer to contrasts in any specific 
language but only to a certain level of abstractness encoded 
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S,::hematic drawing showing the relationships 
between the vowels in terms of the features 
[back] and [distance] ( ... ) 
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by means of distinctive features with discrete values; this 
cannot be discussed here, however.) In my view, one could 
even say that [a] might be raised in two directions, viz. 
11front-raised 11 (towards [ffi]-[i]) and 11back-raised 11 (towards 
[A]-[m], cf. [~]-[u]). (In a sense, this view corresponds to 
some types of 11vowel triangle 11

, so the tradition is still there, 
of course!) Notice that if the change [re]+ [a] is seen as 
involving backing phonologically, the same reasoning could also 
be applied to the change [e] + [re], for example. 

At this point, a brief informative note on r-colouring in Danish 
might be useful. Diachronically, it appears at first sight to 
be the result of two different changes, viz. a lowering of cer­
tain front vowels adjacent to /r/, and a 11front-raising 11 of a 
except when adjacent to /r/. This does not really change the 
unity of r-colouring, however, since there has been a general 
11front-raising 11 of long a (and of certain cases of short a), 
which has been prevented, however, by an adjacent /r/ (cf. 
Brink and Lund 1975:67ff, 96ff). Thus the adjacency of /r/ is 
in the former case of r-colouring a positive condition, in the 
second a negative one, but apart from this difference the effect 
of r-colouring ,s similar. Synchronically it is, as far as I 
can see, a productive process which - certainly without being 
innate - is normally unconscious, but which sometimes can be­
come conscious, and be subject to hypercorrections and stigma­
tizations. In sum, I find the process of r-colouring in Modern 
Danish very well suited as an illustrative case of phonological 
vowel features. 

I thus conclude that a unified and explanatory description of 
r-colouring in Modern Danish, by means of distinctive features, 
necessarily leads to considering [i e Ere a a] as one phono- \ 
logical dimension, one argument being that any account in terms 
of [ffi] [a] as backing will necessarily lead to a 11corner 11 at 
[re] or [a], as far as I can see; and this consequence I find 
phonetically as well as phono o ically unsound. In the basic 
phonetic vowel system [a] is, within e framework argued for 
here, necessarily the lowest unrounded vowel (in actual vowel 
systems this need not be the case, however, since a language­
specific [a] need not be so low as cardinal vowel [a]). Fur­
thermore (still within this system), the movement from [a] to 
[ffi] is (as already noted) just the first step of a 11front­
raising 11 and therefore of the same basic type as the 11front-
ra is i ng II from [ ] to [ e] , etc. According to such an i nterpre­
ta t ion, a quadrangular vowel system will thus be 11less natural" 
than a triangular one, everything else being equal, since a 
triangular vowel system in the sense used here does not presup­
pose the specification of a 11lowest front vowel11

, viz. of a 
11 corn e r II at [ ffi] or [ a ] . Never the 1 e s s , the two e 11 i pt i c 1 in e s 
seem to allow such a specification (based upon phonological 
arguments), for a specific language, as a codification of the 
fact that the 11front-raising line 11 becomes increasingly less 
vertical when we move from [i] towards [a], and ends by being 
nearly horizontal. 
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The explicit rule for r-colouring in Modern Danish, within a 
framework such as the one which has been argued for here, is 
given in Basb0ll and Wagner forthcoming (eh. VI, sect. 7; 
basically: 11front-vowels are lowered11 or, alternatively!: 
11vowels are 11front-lowered 1111

, i.e. lowered along the dimension 
[i]-[u]). Its simple formulation is there compared to the much 
more complex formulations which are necessary within alternative 
frameworks of distinctive features-analysis, both the tradi­
tional use of front-back and an analysis by means of the fea­
tures palatal, velar and pharyngeal (which are used in that 
work within a consistent binary framework related - but not 
identical - to Wood1 s use of them). 

Now, it seems to me that this way of looking at the feature 
front-back may perhaps also contribute to an interesting ac­
count of Nordic i-Umlaut. I should emphasize that there are 
several crucial differences between the evolution of i-Umlaut 
in different Germanic languages/dialects, so what I suggest 
for Nordic is not necessarily relevant outside Scandinavia 
(which is of course not a homogeneous area either). Further­
more, the status of the so-called i-Umlaut of short le/ is 
highly controversial. One reason to choose Nordic i -Umlaut 
as an example is that "Norse developed vowel mutation very 
extensively, virtually to the limit ... " (Prokosch 1938:110, 
cf. 107ff) . 

If we start with a purely descriptive statement, the main pat­
tern of Nordic i-Umlaut seems to me to be the following: 
Rounded vowels are fronted, and unrounded vowels are 11raised 11 

in the sense that they move away from [u] along the line on 
which the front vowels are placed, i.e. towards [i]. In this 
way the raising of [e] to [i] is placed on the same footing as 
[a] to (say) [ce] or [e:]. (The change from [e] to [i] certain­
ly also involves fronting, in the usual phonetic sense, but 
the traditional feature-analysis cannot capture its relation 
with other cases of i-Umlaut. Anderson and Jones (1977:53ff) 
argue in the same direction, although within another theoretic­
al framework, viz. dependency phonology.) It should be empha­
sized, however, that rounding in itself has of course nothing 
to do with the underlying mechanism of i-Umlaut, but that it 
only serves to define the set of back vowels which do not lie 
on the 11front-raising 11 line, viz. the one between [i] and [u]. 

I think one clear reason can be given for the phonological 
naturalness of the description of i-Umlaut proposed here: 
i-Umlaut is a kind of assimilatory process between vowels,_ and 
the vowels which lie on the line from [i] and down - and that 
is exactly the unrounded vowels - move in the direction of 
[i], which is the condittoning factor. The rounded vowels, on 
the other hand, lie on the line between [u] and [u], and if 
they follow that line this will not take them anywhere near 
[i]. So they move in the other - i.e. "horizontal" - dimension, 
which means that they are being fronted (both phonetically and 
phonologically). In short, the rule accounting for the effect 
of Nordic i-Umlaut may be stated informally like this: 11front­
raise 11 or front ("horizontally") the vowel in question! (since 
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the sets of vowels which are a priori eligible for 11front­
raising 11 and ( 11horizontal 11

) fronting are non-overlapping, the 
rule does not have to be specified as to priority between its 
two parts). Chronologically, the order was probably front­
raising first rather than last (i.e. e was not affected later 
than a, and a not later than rounded back vowels). 

What is common to all the cases of i-Umlaut, under the present 
interpretation, is thus that the vowel to be changed is assimi­
lated to [i], but only with respect to one single feature (and 
only one phonological degree, in the case of multivalent fea­
tures). The vowels on the 11front 11-line must assimilate in the 
only feature in which they differ from [i] (i.e. in "distance", 
as! say, or in height, traditionally speaking). The rounded 
vowels, on the other hand, differ from [i] in two features: 
rounding and front-back. Rounding is a separate dimension 
which classifies the vowels into two, in the old Germanic lan­
guages at least, basic series, it seems, and the vowels thus 
adjust in vowel-space-position (or in place of articulation in 
its broadest sense) just like the unrounded vowels. 

Of course, I do not claim that this in any way explains the 
mysteries of the i-Umlaut (for my personal view, see Basb0ll 
1982, further cf. Skomedal 1980 and Benediktsson 1982). It 
seems to me, however, that the conception of the feature front­
back as presented here, indeed allows an interesting account 
of one aspect of its phonology, and that it is by no means in­
ferior to other alternative accounts, by means of distinctive 
features, of which I am aware. 

One final remark. I do not want to deny that e.g. Turkish and 
Finnish vowel harmony, as argued by Eli Fischer-J0rgensen, speak 
in favour of considering the distinction between[~] and [a] 
as one of front-back in those languages (although the treatment 
of loanwords suggests that these cases of vowel harmony are -
at least to-day - not productive processes in the same strong 
sense as Danish r-colouring). How can this be conciliated with 
the conclusions of the present comment? If we are not to simp­
ly accept the weak (but not unreasonable!) position that two 
different sets of features may both be relevant in such cases, 
I shall again point to the fact that the back vowels which can­
not be ( 11horizontally 11

) fronted are exactly those which can be 
11front-raised 11

, i.e. "front-raising" may be considered a com­
plementary way of fronting which takes place instead of ("hori­
zontal") fronting in certain well-defined cases, by convention. 
This is at present nothing but an airy suggestion, of course. 
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A NOTE ON VOWEL TRIANGLES AND QUADRANGLES -
AN ANSWER TO HANS BASB0LL 

ELI FISCHER-J0RGENSEN 

In his paper printed above Basb0ll argues for regarding [a] as 
a vowel which in the general distinctive feature system is neu­
tral as far as the difference front-back is concerned, and which 
can thus be considered a common starting point for a front 
raising and a back raising line. 

(1) I agree, of course, with Basb0ll that it seems to be a 
, general fact that front vowels get more retracted_the lower 

/

/ they are. This also appears in a graduaTfy-lower F2, and it 
seems to be due to the structure of our vocal tract. Thus the 
difference fron - ack is sma er or vowels. This is gener-
ally implied when we talk of front and back vowels, but it may 
be relevant for the explanation of some developments. 

(2) I also agree with Basb0ll in his interpretation of r­
colouring in Advanced Standard Copenhagen Danish (ASC-Danish). 
It is certainly simpler to consider the. modern Danish vowel 
system as triangular with /a/ as the most open vowel. It gives 
a simple formulation of the r-colouring rule, and it is also in 
agreement with the phonetic manifestation. It is even possible 
to adduce some more phonetic evidence for this interpretation: 
The measurement of jaw opening for two ASC speakers (8-12 ex­
amples of the nonsense words /d:1£:da/ and /aa:da/ in a frame 
sentence) showed a larger jaw opening for /a:/ than for /re:/ 
(for one speaker the difference is statistically significant 
at the 1% level, for the other at the 5% level). Moreover, 
/a/ behaves as a very low vowel with respect to intrinsic dura­
tion and Fo. Figures 1 and 2 give a graphic display of in­
trinsic duration and Fo for ASC speakers based on measurements 
by Bundgaard (1980) and by Reinholt Petersen (1976). 

Since we are discussing articulatory features (with rounding 
as a separate dimension) I should, however, find a three-dimen­
sional graph more adequate. Basb0ll here follows the tradi­
tion from Daniel Jones, which has also given difficulties for 
the use of the cardinal vowel chart. In Basb0ll 's figure the 
common point for /a/ and /o/ seems to indicate that /n/ is also 
neutral in the back-front dimension. But is that really in-
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Figure 1 

Intrinsic duration of Danish front unrounded vowels 
and back vowels (based on Bundgaard 1980, 5 subjects) 

Hz. 
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I female 
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male 

i: e: E : ffi: J: o: u : 

Figure 2 

Intrinsic Fo of Danish front unrounded vowels and 
back vowels (based on Reinholt Petersen 1976, 5 subjects) 
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Figure 3 

A three-dimensional vowel graph ( I high-low, 
- front-back, / unrounded-rounded), with ASC 

Danish long vowels. 

Figure 4 

287· 

Tracings from X-ray photos of Danish [~:] -- , ·[a:] --- , 
and [H] •·• (subject EFJ); xx: approximate placement of 
pellets. 
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tended? A three-dimensional version of Basb0ll 's graph might 
perhaps look like Figure 3. I have placed the long Danish 
vowels in the graph. I think the three-dimensional figure 
shows more clearly why /a/ as the only back unrounded vowel 
can simply function as the lowest unrounded vowel and thus 
get in the same relation to /i e £re/as /o/ to the back round­
ed vowels. 

(3) Whereas I agree with Basb0ll in his description of ASC 
Danish, I do not agree with his claim that the general feature 
system should be specified as triangular. I do not find the 
argument against the a-corner, viz. that [ i J [u] [Q] but not [a] 
are close to consonants, very compelling. In the first place, 
[a] is close to a consonant not because the tongue is low but 
because it is retracted, and in the second place [u] does not 
represent a clear corner either in this sense, since all ls 
which are ~lose to the palate or the uvula or the pharynx wall 
a c ose to consonants. 

As for the relation between the sounds normally labelled [a] 
and [a], Basb0ll says himself that the main phonetic difference 
is front-back, and that an individual language may have an [a] 
that is higher than cardinal No. 5 and may thus get a quadran­
gular system. I agree, but the differences between phonetical­
ly triangular and quadrangular systems in languages which have 
both a front and a back a-sound may also be due to the height 
of the front [a]. 

In ASC Danish the back /al is very low; the front /a:/ is in 
fact IPA[£:], and the short /a/ is_pn Jts way from[~] to [E] 
,n the younger generation. Ina-more conservative norm the 
system is phonetically rather quadrangular. Here the long 
front /a:/ is rather close to IPA [~], and the short /a/ is 
close to cardinal No. 4. In my pronunciation there is no dif­
ference in jaw opening between short [a] and [a], and the dif­
ference between long [re:] and [a:] is not significant when said 
in words in frame sentences. 

Further, in the more conservative norm there is no consistent 
difference between the height of F1 in short [a] and back [a:] 
(Fischer-J0rgensen 1972, the short back [a] was not measured), 
but a clear difference in F2. This points to a front back dif­
ference rather than to a height difference. 

Moreover, considering [a] to be kept low by preservative as­
similation to [H] is not a quite convincing formulation. In 
my pronunciation, at least, [H] is higher than [a]. Figure 4 
shows tracings after X-ray photos of my vowels [~:] and [a:] 
pronounced in isolation, and of [H] pronounced in slow speech 
in the sequence [aHa]. It is obvious that when pronounced in 
isolation [a] is both lower and more retracted than [~], the 
lowering being due mainly to a wider jaw opening (there is not 
much difference in tongue height seen in relation to the jaw). 
The difference between [H] and [a] is almost exclusively one 
of height (cf. that [H] has a lower F1 than [a] (Heger 1975)), 
whereas the difference between [H] and [~] is mainly one of 
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fronting or backing of the whole tongue body. The jaw opening 
is the same and there is ·not much difference between the height 
of the raised parts of the tongue. Thus a preservative assimi­
lation of [a] to [H] would keep [a] back (with a concomitant 
narrowing of the pharynx), but there is no reason why it should 
be kept particularly low. In accordance with these X-ray pic­
tures, a pellet tracking recording of the sequence [aHa] under­
taken in Tokyo 1976 showed the back of my tongue to go simply 
vertically up from [a] to [H] and down again from [H] to [a]. 
(The pellets were placed approximately at the place of the 
crosses in Figure 4 - unfortunately there was no pellet on the 
tongue root.) - Pellet tracking recordings of the sequences 
[eHe, £H£, ~H~, reHre] showed a movement obliquely back and up 
and down again with a slightly rolling movement, but opposite 
the one described by Delattre (1971). He found a movement down-
back-up-front V,r"\H, whereas in my case it was v ~ 8 . The slight vJ V 
lowering before the fronting after /H/ may perhaps contribute to 
explain the rising-falling movement in F1 found ~Y Heger (1975) 
after [H]. 

I suppose that in theory a front [a] may be just as low as the 
lowest back [a] (you can in fact open the mouth more in the 
front). Even in Daniel Jones' own pronunciation of the cardi­
nal vowels, where he tried to make No. 5 as low as possible 
but did not make any such effort for No. 4, the difference in 
tongue height is very small (Jones 1947) (F1 is even consistent­
ly lower in cardinal No. 5 than in No. 4 (Ladefoged 1967), but 
this may be due to a certain rounding). 

In the phonological systems of individual languages the distinc­
tive function and the behaviour in phonological rules must be 
taken into consideration. Trubetzkoy (1939) presented good 
arguments for considering some languages to have triangular 
and some to have quadrangular vowel systems. In my paper I 
mentioned that in Turkish and Finnish the facts of vowel har­
mony can be formulated most simply in terms of front-back, and 
here /a/ functions as a back vowel. 

Finnish i y : u Turkish i y: m u 
I 

e ~ I Q E re a ~ 

~ a 

In the conservative Danish norm [H] may be pronounced after a 
back [a] and [n]. Thus, for instance, although my own pronun­
ciation has been influenced by the ASC norm in various respects 
in later years, there may still be an (H] in distinct speech 
medially before [i], e.g. varig, Karry, and I normally pronounce 
an [H] in final voiceless clusters after short [n] and [a] (e.g. 
kort, barsk). In such a norm front and back a-sounds are vari­
ants of one phoneme, and phonologically the system is triangular 
with a very variable lowest phoneme, which is front in most po­
sitions, but back in some. In most triangular vowel systems, 
however, there is only one a-sound which may be more or less 
central. 
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It is possible that the Nordic i-Umlaut may support the assump­
tion of a triangular system in Old Nordic. But in German the 
situation is not quite the same. In Old German /e/ may become 
/i/ both before /i/ and /u/, so that this should rather be re­
garded as raising before high vowels. The umlaut may then be 
described as a fronting of /u/ and /o/ and a fronting and rais­
ing of /a/. This is not more complicated than Basb0ll 's for­
mulation, and the common treatment of /u o a/ speaks for the 
description of /a/ as a back vowel. 

I do not think there is much disagreement between Basb0ll and 
me about all these different possibilities in different lan­
guages. But I deviate from him by drawing the conclusion that 
it would be very un ractical to set up a general syst_em of dis­
tinctive features which was specified as-either triangular or 
quadrangular. In my opinion the general syst srro~ld be a 
system o independent dimensions, which do not meet, and a 
system of dimensions only, not of discrete steps. Thus neither 
the number nor the placement of the steps should be specified, 
although for purely practical reasons it is useful to agree on 
the transcription of some commonly used sounds. In this tran­
scription [a] is commonly used for a back vowel and [a] for a 
more fronted vowel. In some individual phonological systems 
[a] may be the most open vowel, phonetically or phonologically 
or both, in other languages, with only one a-sound, front or 
central /a/ may be the most open vowel, and in so-called quad­
rangular systems there may be more than one vowel in the most 
open row. - But I consider these specifications as belonging 
entirely to the individual languages. 
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VOCAL FOLD ADJUSTMENTS IN DANISH 
VOICELESS OBSTRUENT PRODUCTION1 

BIRGIT HUTTERS 

Vocal fold adjustments in the production of single 
intervocalic voiceless obstruents in Danish were in­
vestigated partly by photo-electric glottography 
combined with fiberoptic stills, and partly by elec­
tromyographic signals obtained from several intrinsic 
laryngeal muscles. The results show that the glottal 
opening-closing gesture, controlled by the laryngeal 
muscles, and its relation to the supraglottal artic­
ulation vary not only according to type of obstruent 
category but also within one and the same category. 
In the discussion I argue that in dealing with aspi­
ration our understanding of the laryngeal mechanism 
involved may be hampered if we focus on the inter­
articulatory timing rather than on the glottal ges­
ture as such. With regard to the glottal gesture 
in the unaspirated stops I assume that the opening 
of the glottis is a consequence of the cessation of 
vocal fold vibrations. However, I tend towards the 
view that devoicing in these stops is not only a pas­
sive process, i.e. due to the changing aerodynamic 
conditions induced by the oral closure, but that 
some additional mechanism is directly involved in 
the devoicing process. I venture the controversial 
hypothesis that the PCA and INT activity actually 
found in these stops is a devoicing action rather 
than a means to open and close the glottis. Finally, 
some problems relating to the interpretation of the 
laryngeal EMG signals with reference to obstruent 
production are pointed out. 
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I I INTRODUCTION 

In speech the vocal folds are sometimes abducted in order to 
satisfy the aerodynamic demands for producing sounds such as 
aspirated stops and fricatives, whereas other sounds such as 
unaspirated stops and sonorants are produced with adducted or 
nearly adducted vocal folds. The demand for different degrees 
of glottal opening necessarily results in movements of the 
vocal folds controlled by the intrinsic muscles of the larynx. 
Thus, during speech we observe an opening and closing of the 
glottis, which in fact may be considered transitions from one 
glottal "state" to another, alternating with periods of a more 
static appearance. This articulatory behaviour may under ade­
quate conditions be overlaid by varying periods of vocal fold 
vibrations. 

The present study deals with vocal fold adjustments in the pro­
duction of Danish unvoiced obstruents occurring as single con­
sonants in intervocalic position before a stressed vowel. 
Besides a short presentation of how the glottographic, fiber­
optic, and electromyographic recordings were performed, sec­
tion II contains a discussion of some more general aspects of 
the delimitation of acoustic signals and gives an account of 
the treatment of the recordings, including a fairly detailed 
description of the delimitation procedure applied to the 
mingographic material. In section III the results are pre­
sented as comparisons between obstruents belonging partly to 
different categories and partly to one and the same category. 
Differences in the glottal gesture itself and in its temporal 
relation to the supraglottal articulation are pointed out and 
related to the laryngeal muscular activity underlying the ar­
ticulatory movements of the vocal folds, and the results are 
discussed in the light of other authors' findings. Section 
III closes with a presentation of the results concerning the 
period of vocal fold vibrations in the unvoiced obstruents 
including a discussion of the factors that may influence the 
offset and onset of voicing of these sounds. In section IV 
the production of (post-)aspiration is discussed from a more 
general aspect with special reference to the common view that 
aspiration is a matter of timing between the glottal and supra­
glottal articulation rather than the result of the glottal 
gesture per se. Then, the glottal gesture in Danish unaspi­
rated stops is discussed from a devoicing point of view, and 
the section ends by pointing out some problems in the inter­
pretation of the electromyographic signals with reference to 
vocal fold behaviour in the production of obstruents. The 
paper closes with some concluding remarks. 

It will be relevant to discuss some results - found in the 
present Danish material as well as in the literature - from 
various points of view and in more contexts. This means that 
the same findings may appear several times here, which dis­
rupts the logical development of the presentation. The main 
reason is that the results on Danish presented in section III 
and the relevant data and suggestions found in other studies 
may also be discussed· in another and often in a more general 
context in the three sub-sections composing section IV. The 
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most obvious example relates to onset and offset of voicing 
in unvoiced obstruents: in section IIIC it is treated from 
the point of view of extent of voicing, in section IVB it ap­
pears in the context of devoicing in Danish bdg, and finally, 
in section IVC it is treated in relation to the discussion on 
interpretation of laryngeal EMG signals. 

II. METHOD 
The present study includes partly fiberoptic and glottographic 
recordings and partly electromyographic recordings (henceforth 
EMG). Unfortunately, the EMG signals were not obtained syn­
chronously with the two other signals, which obviously reduces 
the information that can be extracted from the material. How­
ever, by way of consolation, several of the speakers served as 
s~bjects in both parts of the study. 

A, FIBEROPTIC AND GLOTTOGRAPHIC RECORDINGS 

Still-pictures of the vocal folds were taken through a fiber­
scope inserted through the nose and placed in the subject's 
pharynx. A still was taken during each test obstruent. The 
light guide of the fiberscope served as light source for the 
glottographic recordings, and the light was picked up by a 
photo-transducer placed on the frontal part of the neck - in a 
position approximately between the thyroid and cricoid carti­
lages. In order to synchronize the stills and the photo-elec­
tric glottograms a synchronizing pulse was generated, triggered 
by the synchronizing switch lever of the camera. After ampli­
fication the glottographic signal was fed into a professional 
DC tape ·recorder along with the synchronizing pulse and a micro­
phone signal. The manual processing of the recorded material 
was based on mingographic registrations comprising the glotto­
graphic curve, the synchronizing pulse and various curves ex­
tracted from the microphone signal, intended for the acoustic 
delimitation. A detailed description of the fiberoptic and 
glottographic set-up is found in Andersen (1981). 

B, ELECTROMYOGRAPHIC RECORDINGS 

The EMG recordings were made using hooked-wire electrodes as 
described by Hirose (1979) and Hirose and Sawashima (1981). 2 

EMG signals were obtained from the following four muscles, 
though only from two at a time: the posterior cricoarytenoid 
(PCA) and the interarytenoid (INT) muscles on one hand, and 
the vocalis (VOC) and the cricothyroid (CT) muscles on the 
other. The EMG signals were recorded and computer processed 
with a modified version of the system described by Holtse and 
Stellinger (1976). 3 It should be added, though, that each 
separate EMG signal had been highpass filtered before it was 
fed into the A/0 converter in order to eliminate various dis­
turbances, using a cut-off frequency well above the low range 
normally used, in accordance with the findings of Rischel and 
Hutters (1980). 4 
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C, SUBJECTS 

In the fiberoptic-glottographic study five adult speakers 
served as subjects - three female (HU, MF, FJ),and two male 
(LG, PA). HU (the author), LG, and PA are speakers of Stand­
ard Copenhagen, whereas FJ and MF have a more conJervative 
pronunciation. 

The EMG material presented in this paper includes seven spea­
kers, three female (HU, FJ, BH) and four male (PM, LG, BM, JJ). 
All but FJ are speakers of Standard Copenhagen - except that 
PM is slightly influenced by his Jutland dialect. As it ap­
pears from the abbreviations, three of the speakers occur in 
both parts of the study. 

Table I gives a survey of the distribution of subjects in the 
two parts of the study. It should be recalled that the EMG 
signals in no case were recorded simultaneously with the fiber­
optic stills and the glottographic signal, and that the EMG 
activity was picked up from only two muscles at a time and 
always in the combination PCA + !NT and VOC + CT. 

Table I 

Survey of subjects and muscles recorded in the two 
parts of the study. - means that the signal has 
been omitted due to its unreliable quality in some 
respects. 

Subjects 

fiberoptic/ 
glottography 

laryngeal 
muscles 

PCA 
!NT 

voc 
CT 

PA MF FJ LG HU PM BM BH JJ 

X X X X X 

X X X X 

X X X 

X 

X 

X X X 

X 

D, LINGUISTIC MATERIAL 

The Danish unvoiced obstruents include ptk bdg fsh 5 , all con­
trasting in (absolute) syllable initial position before a full 
vowel. The main difference between the two stop categories is 
one of aspiration, ptk being aspirated and bdg unaspirated 
(see, e.g., Fischer-J0rgensen 1954, 1968b, 1980). The test 
material consisted of meaningful words as follows: -p__ile '!_ine/ 
!_ie ~ilde 'p_ile rj,__ine/r!:_ie g_ilde [ile !!_ile 1:!_ige. Only the!_- and 
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d-words to the left of the slashes were included in the fiber­
optic-glottographic material, whereas in the EMG material one 
or the other of the two words might be included. 6 In the fiber­
optic-glottographic recordings the words were said in the frame 
sentence "Deville sige . .. "('they would say ... ') pronounced 
[di vi si:], whereas in the EMG recordings they were placed in 
a 0 variety of sentences of similar type. Thus, the test materi­
al includes single unvoiced obstruents occurring intervocalic­
ally in word initial position before a stressed vowel. The 
EMG material, however, is somewhat more comprehensive as it in­
cludes also sonorants and v, and the following vowel may be 
either i or a. In some reTevant cases I will refer to this ad­
ditional material. 

Now, it is well-known that disturbances in the transmission be­
tween the light source (i.e. the fiberoptic cable) and the 
photo-transducer pose a problem for the glottographic method. 
The disturbances are caused partly by external factors such as 
coughing and swallowing, partly by the speech conditions them­
selves. These disturbances may cause variations in the level 
of the glottographic signal that are certainly not reflections 
of the variations in the size of the glottal aperture. So, in 
order to minimize the influence from the varying speech con­
ditions, sounds produced with a more or less constricted pharynx 
should be avoided in the test material. Therefore, the test 
sentences for the glottographic recordings were designed so as 
to include only sounds articulated in the oral part of the 
vocal tract. Problems relating to the interpretation of the 
glottographic signal are discussed in Appendix C. 

The test sentences were presented in a list containing two 
randomizations. In the fiberoptic-glottographic part each sen­
tence was read about ten times, whereas in the EMG part the 
number of repetitions varied from six to about ten. In both 
materials, however, some tokens had to be eliminated for some 
reason or another. The exact number of tokens included in the 
statistical treatment of the data extracted from the mingo­
graphic material are found in the tables in Appendix A, where­
as the number of tokens included in each averaged EMG signal 
appears from the figures. 

E. TREATMENT OF THE RECORDINGS 

1. FIBEROPTIC STILLS AND EMG RECORDINGS 

The averaging of the EMG signals is a modified version of the 
processing described by Holtse and Stellinger (1976). 3 In the 
averaging procedure the EMG signals are aligned with reference 
to an acoustic line-up point, which for each averaging can be 
chosen-freely among the time references specified in advance 
during the off-line preparation of the data. The line-up point 
actually used was the onset of the vowel preceding the test 
obstruent. 
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The averaged EMG curves will be described qualitatively only, 
but the description is supplemented by a fairly large number 
of figures which also illustrate the considerable variation 
that there may be between the subjects. 

The treatment of the fiberoptic stills is likewise confined to 
a qualitative description serving to supplement the glotto­
graphic data. 

2. DELIMITATION OF THE MINGOGRAPHIC MATERIAL AND 
EXTRACTION OF PARAMETERS 

On the basis of the mingographic registration including both 
acoustic and glottographic curves a number of parameters have 
been extracted, which may give some additional insight into 
the glottal articulatory behaviour and its temporal relation 
to the supraglottal articulation. However, before going into 
the delimitation procedure actually applied, I want to point 
to some more general aspects of the whole topic. 

It should be considered that statements and results relating 
to the temporal behaviour in speech are, to a certain extent, 
a function of the traces used and the criteria adopted for de­
limitation. As to the first point, delimitation is usually 
undertaken on the basis of acoustic curves. In many cases, 
however, we introduce a more or less implicit interpretation 
in terms of speech production and especially in terms of supra­
glottal articulation. It goes without saying that the temporal 
relations,found on the basis of acoustic curves interpreted in 
terms of production, may deviate from those found on the basis 
of curves directly representing the production. In this con­
nection it should be recalled that since the acoustic signal 
reflects both glottal and supraglottal events, a comparison 
of the timing of acoustic and glottographic signals may lead 
to wrong statements about the temporal relation between glottal 
and supraglottal articulations. 

Relating to the question of criteria applied for the delimita­
tion of the acoustic signal I want to point out that if differ­
ent criteria are applied according to the segments involved, 
this may, of course, also lead to false statements about dif­
ferences and similarities between segment durations or dura­
tions of other sequences in which the acoustic delimitation is 
involved. If, for instance, the delimitation of the onset of 
the stops is taken to be the point in the acoustic signal 
where there is a clear reduction in intensity, whereas the on­
set of fricatives is taken to be the point where fricative 
noise appears, it is obvious that the duration of, say, the 
preceding vowel, or the period from the onset of the obstruent 
up to the maximum glottal aperture, may differ simply as a· 
consequence of the different delimitation procedure. 

It is rather common to use the offset and onset of voicing for 
delimitation of unvoiced obstruents. However, since the timing 
of these events are primarily dependent on the manner of pro-
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duction, rather than on the timing of the articulatory move­
ments as such, temporal findings of this kind are not relevant 
to the question of articulatory timing. 

Particular attention should be given to the possibility that 
discrepancies between the temporal findings of different stud­
ies may be due to the delimitation procedures (choice of curves 
and criteria for delimitation) applied in the individual stud­
ies. This, in fact, may also result in erroneous statements 
about inter-language differences or similarities with regard 
to temporal phenomena. 

The delimitation criteria applied to the present mingographic 
material are as follows (see figure 1): 

a. delimitation of the 
acoustic curves 

V symbolizes the onset of the vowel 
preceding the test obstruent. 

C1 symbolizes the start of the test obstruent. This is - in 
the case of labial and alveolar stops - taken to be the point 
in the intensity curve where it shows an abrupt fall. Theos­
cillogram normally shows weak oscillations after this point. 
In the velar stops and in the fricatives, however, the decrease 
is often more gradual which introduces some uncertainty -
especially in h. It should be underlined that the start of 
the obstruent is defined neither as the offset of periodic 
oscillations, nor.- in the case of fricatives - as the onset 
of fricative noise. 

C2 stands for the offset of the test obstruent. This point is 
by definition identical with the onset of the following vowel. 
In most cases the start of the high i vowel after a voiceless 
obstruent does not pose any problems, since the energy starts 
almost simultaneously and abruptly over the whole spectrum, 
which is seen as an abrupt rise in the intensity curve. The 
delimitation of vowel start after aspirated stops is discussed 
in detail by Fischer-J0rgensen and Hutters (1981). 

Eis the moment of oral explosion of stops. It shows up as a 
clear rise in the intensity curve. 

b. delimitation of the glotto- G stands for the onset of the 
graphic curves glottal gesture and is defined 

as the moment when the glotto­
graphic signal rises at the transition from vowel to obstruent. 
This increase may, though, be rather gradual, which introduces 
some uncertainty. 

Mis the moment. of maximum glottal aperture defined as the 
moment of peak level of the glottogram. 

Z symbolizes the offset of vocal fold vibrations and is taken 
to be the moment when the ripple on the rising glottographic 
signal is no longer visible. 
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c. Extraction of parameters On the basis of these delimi~ 
tations the following dura­
tional parameters are ex-

tracted: 

Acoustic parameters 

( I) 

(II) 

(I I I) 

(IV) 

(V) 

( VI) 

C1C2: 
ClE: 
EC2 : 

VE: 

total duration of the obstruent. 
duration of the oral closure. 

duration of the open interval. 
In the case of aspirated stops the open 
interval includes explosion noise, frica­
tive noise in the case oft and k, and 
aspiration. The term 'aspiration' will 
be used in this wider sense as synonymous 
with 'open interval 1

• • 

duration of the preceding vowel. 
duration of the period including the whole 
obstruent and the preceding vowel. 
duration of the period including the oral 
closure and the preceding vowel. 

Acoustic-glottographic parameters 

(VII) VG: 

(VII I) VM: 

( X) ME: 

duration from the start of the preceding 
vowel to the onset of the glottal gesture. 
duration from the start of the preceding 
vowel to the maximum glottal aperture. 

duration from the onset of the glottal 
gesture to the onset of the obstruent. 
This parameter gives a negative value if 
the onset of the obstruent precedes the 
gesture onset. 
duration from the maximum glottal aperture 
to the explosion of the oral closure. This 
parameter gives a negative value if the 
explosion precedes the maximum glottal 
aperture. 
duration of the time interval with sustained 
vocal fold vibrations after the onset of 
the obstruent, i.e. the extent of physio­
logical voicing. 

Glottographic parameters 

(XII) GM: 

(XIII) A: 

duration of the glottal abduction. 
In addition to the temporal parameters the 
peak level of the glottogram has been meas­
ured with the minimum level in the pre­
ceding vowel as reference.· 
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Figure 1 

Delimitation of the mingographic material. V = onset of the 
vowel preceding the test obstruent; Ci = onset of the test ob­
struent; E = the moment of oral explosion; c2 = offset of the 
test obstruent (identical with the onset of the following vowel); 
G = onset of the glottal gesture; M = the moment of maximum 
glottal aperture; Z = offset of vocal fold vibrations. 
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The discussion in Appendix C about the interpretation of glot­
tographic signals is relevant for parameter A and for the 
parameters including G (taken as the onset of the glottal 
gesture). It is also explained why no delimitation of gesture 
offset has been made. It should be added that since the onset 
of the preceding vowel V can be considered independent of prop­
erties of the test obstruent it is included in several parame­
ters as an independent reference point for the occurrence of 
later events in the signals. The numbers in brackets refer to 
the numbering of the tables in Appendix A (see below). All 
durations are measured in ms (milliseconds), whereas the peak 
level of the glottogram is stated in mm. 

3. STATISTICAL TREATMENT 

For each subject the mean value and standard deviation has 
been calculated for each of the parameters. The raw data are 
also averaged across speakers, which is called the grand mean. 
The complete set of data is tabulated in Appendix A, but many 
of the mean values are also shown in graphic form in the fig­
ures. Furthermore, a two-way analysis of variance has been 
performed for each of the parameters with the test obstruents 
and the subjects as the two factors (Winer 1970). This was 
followed up by the Scheffe method for multiple comparisons 
using the F-test in order to find the statistically significant 
differences between the test obstruents for a given parameter. 
(Ferguson 1976). The Scheffe procedure does not require an 
equal number of observations in the groups to be compared. 
But the drawback is that the procedure is more rigorous than 
other procedures, which consequently leads to fewer significant 
differences. Therefore - as recommended by Ferguson - a less 
rigorous significance level than normally required for an F­
test may be employed. Thus, significance levels of 10 and 5 
per cent are also considered statistically significant. Acom­
plete list showing which of the relevant differences are sta­
tistically significant, as well as the level of significance, 
is found in Appendix B. In the figures showing the quantified 
mingographic data the statistical findings will also be in­
dicated. Let me add that since the analysis of variance for 
all the parameters did show significant differences between 
subjects, not only the grand mean averaged over subjects but 
also the mean for each of the subjects are shown in the tables 
as well as in the figures. 
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III. RESULTS 
The results will be presented as comparisons partly between 
obstruents belonging to different categories specified as 
aspirated stops versus unaspirated stops, and aspirated stops 
versus fricatives, and partly between obstruents belonging to 
the same category but differing as to place of articulation. 

A. COMPARISONS BETWEEN OBSTRUENTS 
BELONGING TO DIFFERENT CATEGORIES 

1. ASPIRATED VERSUS UNASPIRATED STOPS 

Fiberoptic stills and glottograms of aspirated and unaspirated 
stops - exemplified by p and b - are seen in figure 2, while 
the quantified mingographic data are shown in graphic form in 
figure 3. In figure 4 some typical EMG curves are displayed. 

a. glottal gesture As expected, the glottographic signal 
shows a clear and almost symmetric open­
ing-closing gesture in the aspirated 

stops, and from the fiberoptic stills it is evident that the 
maximum abduction is considerable - although it is substantial­
ly less than during respiration. Contrarily, the maximum glot­
tal aperture is very small in the unaspirated stops, and the 
fiberoptic stills reveal a spindle shaped aperture in the mem­
braneous portion of the glottis, whereas the vocal processes 
are almost adducted. 7 The appreciable difference between the 
two stop categories as to the peak level of the glottogram is 
evidently highly significant (A - figure 3a, table XIII). 
Averaged over subjects and place of articulation the peak level 
of the unaspirated stops is about one fourth of the peak level 
of the aspirated stops. This does not necessarily apply to 
the actual glottal aperture, cf. Appendix C. 

As for the temporal parameters the duration of the vocal fold 
abduction is significantly longer in the aspirated stops; on 
the average it is twice as long as in the unaspirated cognates 
(GM - figure 3b, table XII). The timing between the oral ex­
plosion and the moment of the maximum abduction is also sig­
nificantly different (ME - figure 3c, table X). In the aspi­
rated stops the explosion occurs close to the moment of maximum 
aperture - on the average 20 ms before the maximum - whereas 
in the unaspirated stops the explosion always lags behind the 
moment of maximum abduction - by about 50 ms on the average. 
It appears from the glottograms that in the unaspirated cog­
nates the explosion occurs close to the end of the glottal 
gesture, and shortly after the release - about 30 ms on the 
average - the pressure drop across the glottis is again suffi­
cient for the resumption of vocal fold vibrations. In the 
aspirated stops this open interval - from the explosion and 
until the vocal folds have regained their adducted position -
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Figure 2 

Fiberoptic stills and glottograms of aspirated and unaspirated 
stops exemplified by p and b, respectively. The arrows show 
where in the course of the glottal gesture the still originates. 
The acoustic events are shown below the glottogram (cf. figure 
1). 
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Mean values for aspirated and unaspirated stops - averaged over place of 
articulation - of the parameters A (peak level of the glottogram), GM 
(duration of the glottal abduction), ME (duration from the maximum glot­
tal aperture to the explosion of the closure), EC2 (duration of the open 
interval), and C1E (duration of the oral closure). The mean values are 
shown for each speaker and averaged across speakers (X - computed from 
raw data). The left column represents the aspirated stop category, the 
right one the unaspirated category, as indicated to the right in each 
graph. _The level of significance for the difference between the grand 
means (X) is indicated as follows: xxx = p<0.01, xx = p<0.05, x = p<0.1, 
0 = p>0.1. 
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is about 100 ms on the average (EC2 - figure 3d, table III). 
If we also consider that the oral closure is only slightly 
longer in the unaspirated than in the aspirated stops - the 
difference is about 25 ms on the average (C1E - figure 3e, 
table II) - it is obvious that the difference in the timing 
of the explosion relative to the glottal gesture is primarily 
due to a difference in the glottal gesture rather than to a 
different timing of the supraglottal articulation. Thus, 
aspiration versus non-aspiration in the Danish stops is main­
ly a function of the type of glottal gesture involved. 

It appears from the literature that in languages which dis­
tinguish aspirated and unaspirated stops - at least phonetic­
ally - the glottal gesture is of greater magnitude in the 
former category of stops, and that the maximum glottal aperture 
in these aspirated stops is reached near the oral release, 
whereas in the unaspirated cognates the vocal folds are ad­
ducted at this moment. This is in full agreement with the 
present findings for Danish. See, e.g., for Danish: Fr0kj~r­
Jensen et al. (1971), Fukui and Hirose (1983)8 ; for Fukienese: 
Iwata et al. (1979); for German: Butcher (1977); for Hindi: 
Kagaya and Hirose (1975), Benguerel and Bhatia (1980); for 
Icelandic: Petursson (1976), Lofqvist and Yoshioka (1980); for 
Korean: Kagaya (1974); for Mandarin Chinese: Iwata and Hirose 
(1976). It is also interesting that in several of these stud­
ies it is mentioned that the unaspirated stops are produced 
with a spindle-shaped glottis as observed in Danish. It should 
be added, though, that the glottal gesture and its temporal 
relation to the supraglottal articulation in both stop cate­
gories may vary from language to language to meet the l~nguage 
specific requirements of stop consonant manifestation (cf. 
section IVA dealing with aspiration). 

b. EMG Regarding the motor control of the two different 
glottal gestures it appears from figure 4 that 
the aspirated as well as the unaspirated stops 

have a simple rising-falling PCA activity pattern. On the 
other hand, it is evident that the peak is higher and the dura­
tion of activity longer in the aspirated cognates. Moreover, 
regarding the timing relative to the segmental events, the PCA 
peak activity occurs very close to the onset of the unaspirated 
stops, whereas in the aspirated stops it is attained only 20-
30 ms after the implosion. 9 

Concerning the INT muscle the well-known reciprocity between 
PCA and !NT is also seen in the present material: there is a 
dip in the INT activity, which in two out of three subjects 
descends to a slightly lower level in the aspirated than in 
the unaspirated stops. Furthermore, the clear increase in 
activity and the following maximum occur later in the aspi­
rated stops, which means that in both stop categories the INT 
maximum almost coincides with the onset of the following vowel. 
Consequently, the period of reduced INT activity is longer in 
the aspirated stops than in their unaspirated cognates. It is 
also worthy of notice that two subjects show a somewhat higher 
INT maximum after aspirated than after unaspirated stops, even 
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Averaged EMG curves of aspirated and unaspirated stops. The 
speaker, muscle, number of tokens, and place of articulation 
are indicated to the right of the curves. The line-up point 
indicated by the vertical line is the onset of the vowel pre-

(continued) 
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Figure 4 (cont.) 

ceding the stop ( "V" in figure 1). The small dots seen in each 
EMG curve indicate the acoustic events as follows: first dot= 
onset of the oral closure ( "Ci" in figure 1), second dot = ex­
plosion of the oral closure ( "E" in figure 1), third dot = the 
offset of the stop alias the onset of the following vowel ( "C 2 " 

in figure 1). 
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though the difference is not very stable in subject LG. Thus, 
generally it seems that the timing and amplitude differences 
in PCA and INT between the aspirated and the unaspirated stops 
reflect differences in the glottal gesture involved in the 
production of the two stop categories. 

Turning now to the VOC muscle, there is a dip of activity in 
the aspirated as well as in the unaspirated stops, even though 
the dip is more pronounced in the aspirated ones. After the 
dip - almost at the explosion of the oral closure - the VOC 
activity starts to rise and reaches a peak at the transition 
from stop to the following vowel, nearly coinciding with the 
vowel onset in both stop categories, this pattern resulting 
in a longer period of reduced activity in the aspirated stops. 
The VOC peak is higher at the transition from aspirated stops, 
a difference that may continue into the vowel. 

It appears from figure 4 that speaker BM deviates 
in several respects from this description. Further­
more, only JJ shows no dip in the unaspirated cog­
nates, but of cours there still remains a differ­
ence in minimum VOC level between his two stop cate­
gories. 

A differentiated pattern seems also to be present in the CT 
muscle which tends to have slightly higher activity during the 
aspirated stops, but it must be taken into account that the 
amount of data is very limited. Apart from this difference it 
is worthy of notice that the overall pattern of CT activity, 
with a clear rise in the following vowel correlating with a 
clear rise in the fundamental frequency, is almost identical 
in space and time, irrespective of stop category. This means 
that the level of CT activity in the following vowel - for any 
specific point in time reckoned from the vowel onset - is 
higher after aspirated stops due to the longer segment dura­
tion of these stops. This may be part of the explanation for 
the higher fundamental frequency found after aspirated than 
after unaspirated stops in Danish, and especially for the 
puzzling finding that the difference extends far into the 
vowel ( Reinholt Petersen 1983) . It shou 1 d be added that a 1 so 
the tendency to a higher VOC activity in the vowel following 
aspirated stops may be relevant from the point of view of seg­
mentally conditioned F

0 
variation. 

The EMG data presented above are in all essentials in good 
agreement with those found for Danish stops in Fischer-J0rgen­
sen and Hirose (1974) and for stops in other languages. That 
is, the glottal gesture in aspirated and unaspirated stops 
seems to be primarily controlled by the reciprocal activity 
pattern of the PCA and INT muscles. A survey is found in, e.g. 
Hirose et al. (1978), Hirose and Sawashima (1981), and Sawashima 
and Hirose (1983). 
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In this context, I would like to take up one point 
in Fischer-J~rgensen and Hirose (1974). For one of 
two subjects they find a longer aspiration and con­
sequently a later occurrence of the maximum INT 
level at the transition from stop to vowel. The 
authors wonder why this same subject also has an 
earlier start of his INT relaxation if it is for the 
purpose of aspiration. Indeed, this earlier relaxa­
tion does not reflect the aspiration, since the first 
part of the decreasing INT activity has to do with 
the preceding unvoiced obstruent in the frame sen­
tence. This is obvious from the fact that in the 
test sentences with the sonorants 1 and m in the 
present material a similar INT reduction is seen 
during the preceding frame sentence. The difference 
in timing of the INT relaxation between Fischer­
J~rgensen and Hirose's two subjects must therefore 
result from a difference in the duration of the vowel 
preceding the test obstruent. But since the first 
part of the INT relaxation in a sequence where the 
unvoiced obstruent under study is preceded by an­
other unvoiced obstruent and a vowel, is in fact re­
lated to the preceding obstruent, we may conclude 
that the INT dip directly related to each unvoiced 
obstruent is much smaller than it appears at first. 
It should be added that, similar to the INT pattern, 
the first part of the VOC relaxation is a consequence 
of the last unvoiced obstruent in the preceding frame 
sentence. Thus, also the VOC dip relating to the 
production of obstruents may be smaller than it seems 
to be. 

c. conclusion In conclusion, it is obvious that the pro-
duction of aspiration versus non-aspiration 
in Danish stops is first of all a matter of 

the glottal gesture type that is produced, to satisfy the de­
mand of an open versus a nearly closed glottis at the moment 
when the oral closure is released. Nor does there seem to be 
any doubt that the articulatory differences between the glottal 
gestures are reflected in the muscular activity pattern, pri­
marily in the reciprocal pattern of the PCA and INT muscles. 
However, not even in the case of these two muscles does the 
relationship between muscle activity and articulatory behaviour 
appear to be quite simple; and the matter is still more com­
plicated where the VOC and CT muscles are concerned, as wi11 be 
discussed in section IVB and IVC dealing with the glottal 
gesture in Danish unaspirated stops and with the interpretation 
of laryngeal EMG signals, respectively. 

2. ASPIRATED STOPS VERSUS FRICATIVES 

The aspirated stops as well as the fricatives demand a high 
rate of air flow in order to generate the required aspiration 
and friction noise, which means that both categories must be 
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de viUe sige piZ.e.[bhi:la] 
0 

de viUe_ sige fiZ.e[fi:la] 

Figure 5 

Fiberoptic stills and glottogr~ms of aspirated stops and frica­
tives exemplified by p and f, respectively. The arrows indi­
cate where in the course of-the glottal gesture the still orig­
inates. The acoustic events are shown below the glottogram 
(cf. figure "1). 
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pr~duced ~ith a cl:ar glottal opening-closing gesture. The 
point_of i~terest is whether the gesture and/or its temporal 
relationship to the supraglottal articulation differ(s) between 
the two categories. F~ber~ptic stills and glottograms of aspi­
ra!ed stops are_s~own in figure 5 - exemplified by p and f -
w~ile the quan~1fied data and some EMG curves are displayed in 
figure 6 and figure 7, respectively. 

a. glottal gesture From the glottograms it is obvious that 
the dynamic patterns of the glottal ges­
tures are very much alike, i.e. they 

both show an almost symmetric opening-closing gestur~ with a 
la~ge maximum_aperture as it also appears from the fiberoptic 
stills. But in fact the glottographic data show some differ­
ences that deserve to be commented upon. 

~

s regards th: d:gree of v?cal fold abduction the glottographic 
ata seem to 1nd1cate a slightly larger maximum aperture in the 
~pirated stops: averaged over subjects and places of articula­

tion, the peak level of the fricative is 90% of that of the 
stop and the difference is significant (A - figure 6a, table 
XIII). 10 It may well be, however, that the small differences 
in peak level of the glottogram are due to a difference in 
larynx height, since Reinholt Petersen (1983) has shown that 
the larynx tends to be lower in Danish f than in p before i. 

Concerning the temporal pattern of the glottal gesture, my 
data show that the maximum glottal aperture is reached slight-
ly but significantly earlier in the fricatives relative to the 
onset of the preceding vowel - 20 ms on the average (VM -
figure 6b, table VIII). The earlier occurrence of the maximum 
aperture may be accounted for by two factors, namely an earlier 
onset of the opening gesture (VG - figure 6c, table VII) and a 
shorter duration of this gesture (GM - figure 6d, table XII), 
but it seems that the significantly earlier gesture onset is 
the main factor, accounting for 15 ms of the difference. 

Proceeding with the findings mentioned in the literature they 
differ with respect to the maximum glottal aperture. Butcher 
(1977) suggests for German that the maximum aperture is larger 
in the aspirated stops, whereas for Swedish (Lindqvist 1972; 
Lofqvist and Yoshioka 1979) and Icelandic (Lofqvist and Yoshi­
oka 1980) it is stated that the aperture is larger in the frica­
tives. In American English, however, Sawashima (1970) does not 
observe any difference between the two types of obstruent. 
The same observation has been made in a preliminary study of 
British English undertaken at our institute. 11 If the dis­
crepancy between these observations cannot be related to dif­
ferent experimental conditions, it may be due to language 
specific differences in the production of the sounds in question. 
It is, however, noteworthy that from the tables in Fr0kj~r-
Jensen et al. (1971) dealing with Danish like the present study, 
it can be deduced that only one of the three subjects shows a 
higher peak level of the glottogram in p than in f. Also in 
the present material inter-subjective differences are seen: 
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Mean values for aspirated stops and fricatives - averaged over place of 
articulation - of the parameters A (peak level of the glottogram), VM 
(duration from the start of the preceding vowel to the maximum glottal 
aperture), VG (duration from the start of the preceding vowel to the on­
set of the glottal gesture), GM (duration of the glottal abduction), and 
vc 1 (duration of the preceding vowel). (~ and !2_ are omitted, see note 9.) 
The left column represents the aspirated stop category, the right one the 
fricative categor_y, as indicated above the rightmost columns. For further 
explanation, see the legend to figure 3. 
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for p and f only three out of five speakers show the peak level 
difference in question (table XIII). More data may decide 
whether we are in fact dealing with individual differences in 
the glottal gesture. 

As regards the timing of the glottal gesture relative to the 
supraglottal articulation it is mentioned in the literature 
that the duration of-the interval between the onset of the ob­
struent and the maximum glottal aperture is shorter in frica­
tives than in aspirated stops (Fr0kj~r-Jensen et al. 1971; 
Lofqvist and Yoshioka 1979, 1980, 1981), and the present data 
clearly show the same difference, averaging 35 ms. 12 The fact 
that vowel duration is normally found to be longer before 
fricatives than before stops means that the onset of the ob­
struent occurs later (in relation to the onset of the preceding 
vowel) in fricatives than in stops, which could explain the 
difference in question. According to my data, however, the 
difference in timing of the maximum aperture itself (VM) should 
also be taken into account: since the difference in vowel 
duration is only 15 ms on the average (VC1 - figure 6e, table 
IV), the remainder of the 35 ms must result from this other 
factor. 13 

Another difference between fricatives and aspirated stops as 
to the timing relationship between the glottal gesture and the 
onset of the obstruent is mentioned by Butcher (1977), Lofqvist 
and Yoshioka (1980, 1981), and Hoole et al. (1983), namely that 
the glottal opening gesture starts earlier in fricatives re­
lative to the onset of the obstruent. This interarticulatory 
difference is clearly seen also in the present material (GC1 
- table IX). Again, the longer vowel before fricatives, i.e. 
the later onset of the obstruent, may be the obvious explana­
tion. However, since the studies mentioned above are based on 
glottographic material like the present study, the apparently 
earlier onset of the glottal opening gesture itself, as it is 
found in my glottographic data (VG), may also be part of the 
explanation. 

b. EMG Turning now to the present EMG data it is obvious 
that the overall activity patterns in the two 
types of obstruents are very much alike with a 

clear r1s1ng and decline in the PCA activity and a reciprocal 
pattern of the INT muscles. Also the dip in the VOC activity 
and the small rising in CT resemble each other closely. There 
are indeed also some obvious differences, but only few of them 
show any noticeable degree of inter-speaker consistency. 

Regarding the PCA muscle, the summit tends to be broader in the 
aspirated stops, whereas the peak activity may be higher or 
lower than in the fricatives. The INT dip also tends to be 
broader in the aspirated stops, whereas the minimum level may 
be higher or lower. It is not clear how these differences 
should be interpreted in terms of degree of glottal aperture, 
but it seems reasonable that not only the maximum and minimum 
levels but also the duration of increasing PCA activity and de-
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creasing INT activity should be taken into account. If. so, 
the data seem to indicate that the maximum aperture may be 
higher in the aspirated stops than in the fricatives. More­
over, the PCA maximum is attained slightly earlier in the 
fricatives in relation to the onset of the preceding vowel, 
due to an earlier onset of the rise and/or a shorter rise time. 
It seems very reasonable to suggest that this difference in 
timing of the PCA maximum is responsible for the earlier maxi­
mum glottal aperture in the fricatives as it was observed in 
the glottograms. 

However, it is the VOC muscle that shows the most consistent 
temporal difference: the reduction of activity in the frica­
tives leads that of the aspirated stops - relative to the pre­
ceding vowel onset - due to a higher reduction rate and/or an 
earlier start of the reduction. Supposing that the reduction 
in the VOC activity during vocal fold vibrations results in a 
looser and shorter contact of the vibrating vocal folds, this 
will imply that the glottographic signal rises sooner in the 
case of fricatives. If this interpretation is true, then the 
different timing of the rising glottographic signal is a con­
sequence of the vibratory pattern of the vocal folds and does 
not reflect a difference in the onset of the glottal opening 
gesture - provided that the glottal gesture is defined in 
terms of the movements of arytenoid cartilages. This inter­
pretation should be considered in the light of the fact that 
the PCA and INT patterns do not seem to indicate an earlier 
onset of the abduction of the arytenoids - except with PM. 

Only very few observations on laryngeal muscle activity com-
paring aspirated stops and fricatives are available in the 
literature. Lofqvist and Yoshioka (1979) find for their 
Swedish subject that the PCA peak is higher and the decrease 
in the INT activity is deeper and more rapid ins than in p 
resulting in a larger maximum glottal aperture and a higher 
abduction velocity in the fricative. It is worth of notice 
that these differences in the PCA and INT patterns may also 
be observed in the Danish subjects, whereas the glottographic 
data show the reverse relationship between aspirated stops and 
fricatives. This discrepancy may be due to methodological 
differences including comparisons between homorganic versus 
non-homorganic obstruents (see below). On the other hand, 
since the Swedish stops in general are produced with a shorter 
aspiration than the Danish ones, a slightly different glottal 
behaviour would not be surprising - a difference that may lead 
to deviating results when we compare aspirated stops and 
fricatives. 

Regarding the VOC muscle Hirose and Gay (1972) find no differ­
ence in the degree of relaxation between English unvoiced 
fricatives and stops, as I did not in the Danish material 
either. Collier et al. (1979), however, consider Hirose and 
Gay's observation in contradiction with their own findings 
for Dutch. But taking into account that the stops in Dutch 
are unaspirated whereas the English ones are aspirated - in 
the position in question - and thus produced with a glottal 
gesture almost similar to the gesture in the fricatives, there 
may not be any discrepancy between the two findings. 
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Figure 7 

Averaged EMG curves of aspirated stops and fricatives. The 
small dots seen in each EMG curve indicate the acoustic events 
as follows: first dot = onset of the obstruent ( "Ci" in figure 
1), second dot= offset of the obstruent alias the onset of the 
following vowel ( "C 2 " in figure 1). For further explanation, 
see the legend to figure 4. 
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I have ventured the hypothesis that the different 
timing in aspirated stops and fricatives of the on-

HUTTERS 

set of the rising glottographic signal may be a con­
sequence of the vibratory pattern of the vocal folds 
rather than a consequence of a difference in the on­
set of the glottal opening gesture - defined in terms 
of the movements of arytenoid cartilages. This would 
implicate that the true glottal open_ing gesture is 
longer in the aspirated stops since no clear differ­
ence was found in parameter GM (figure 6d - table XII). 
The longer abduction could result from a larger max­
imum aperture and/or a lower abduction velocity. 
As it appears above, an influence from the former 
factor seems possible. Regarding the abduction ve­
locity, Lofqvist and Yoshioka (1979, 1980, 1981) 14 

dealing with several languages find that the maximum 
abduction velocity is higher in fricatives than in 
aspirated stops as it appears from their glottograph­
ic material. For the sake of comparison I have cal­
culated (manually) for one subject the maximum slope 
of the (LP-filtered) rising glottographic curve for 
pt and fs. When the data are averaged over place of 
articulation, it is evident that the maximum slope 
is certainly not higher in the fricatives. This 
discrepancy may be due to language specific differ­
ences. On the other hand, if the data are averaged 
over manner of articulation, it appears that the 
maximum slope is significantly higher in alveolars 
than in labials. Now, since the comparisons made 
by Lofqvist and Yoshioka do not seem to include 
homorganic obstruents, one cannot preclude that their 
observations are partly due to a difference in place 
of articulation. But it should be added that even 
though the present data do not show any difference 
in maximum slope as a function of manner of articula­
tion, it does seem that the~ slope of_the 
rising curve is higher in fricatives than in aspi­
rated stops. The crucial point, then, is to what 
extent the slope of the glottographic curve actually 
reflects the abduction - and adduction - velocity 
of the vocal folds. 

c. conclusion In short, the glottal behaviour in Danish 
aspirated stops and fricatives is very 
much alike. On the other hand, there seems 

to be differences in the interarticulatory timing not only re­
sulting from a different supraglottal behaviour but also from 
the timing of the glottal gesture itself. Thus, it is probably 
safe to state that the maximum aperture is reached slightly 
earlier in fricatives than in stops. It is hypothesized that 
the main factor accounting for this earlier maximum is a shorter 
abduction duration rather than an earlier gesture onset - on 
condition that the glottal gesture is defined in terms of ary­
tenoid movements. The earlier onset of the rising glottographic 
signal in fricatives is tentatively explained as resulting from 
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a change in the vibratory pattern of the vocal folds due to 
the fact that the state of complete relaxation of the VOC 
muscle is reached sooner. Apropos of the EMG data, the inter­
pretation of the amplitude differences is somewhat doubtful, 
whereas the temporal course of the activity patterns seems in 
general to reflect the temporal differences in the glottal 
gesture. 

B. COMPARISONS BETWEEN OBSTRUENTS 
BELONGING TO THE SAME CATEGORY 

It goes without saying that obstruents classified - in a tra­
ditional phonetic sense - as belonging to the same category, 
differing only as to place of articulation, are produced in 
the same way by definition. But it is a well-known fact that 
different places of articulation involve differences in how 
exactly the supraglottal articulation is performed, depending 
on the articulators involved and on the speech habits of a 
given speech community. The following sub-sections deal with 
how such differences in the supraglottal articulation may re­
sult in a slightly different timing between the glottal and 
supraglottal articulation. Moreover, it will be shown that 
minor differences in the glottal behaviour itself seem to be 
involved. 

1. ASPIRATED STOPS 

Fiberoptic stills and glottograms of the aspirated stops ptk 
are seen in figure 8, while the quantitative data and some 
EMG curves are displayed in figure 10 and figure 11, respect­
ively. 

a. glottal gesture In several studies based on fiber-
optics and glottography it has been 
observed (or it can be deduced from 

the figures) that there seems to be a larger maximum aperture 
in the glottal gesture of the velar stop than in stops with a 
more advanced place of articulation, this being true of aspi­
rated as well as unaspirated stops (see Sawashima and Miyazaki 
1973; Sawashima and Niimi 1974; Hirose 1975, fig. 7; Petursson 
1976; Hirose and Ushijima 1978, fig. 3). Also in my glotto­
graphic data is the peak level significantly higher ink than 
in p, whereas in t the peak level - relative to that of p and 
k - varies considerably from subject to subject showing no sig­
nificant difference from either pork (A - figure 10a, table 
XIII). Contrarily, Lofqvist (1976) in his glottographic 
material fails to observe a higher peak in velar than in 
labial aspirated stops. Laterf however L6fqvist and Yoshi~ 
oka (1979) report spuriously high levels in velar stops and ex­
plain that these are probably due to ~n artifactual influence 
from vertical movements of the larynx. They recommend that 
the transducer should be placed below the cricoid cartilage 
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de ville sige pile[bhi:la] 
0 

de ville sige Tine[dhi:na] 
0 

de ville sige kilde[ghila] 

Figure 8 

Fiberoptic stills and glottograms of the aspirated stops ptk. 
The arrows indicate where in the course of the glottal gesture• 
the still originates. The acoustic events are shown below the 
glottogram ( see also figure ·1). 
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Glottograms of p and k recorded with the photo~transducer po­
sitioned just below the thyr_oid cartilage (a.) and well below 
the cricoid cartilage (b). 
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as indicated above the rightmost columns in each 
graph. The symbols for the level of significance 
should be interpreted as follows: the upper row 
shows the level of significance for p__ versus!._, the 
row in the middle p__ versus !E._, and the lowest one!._ 
versus~- For further explanation, see the legend 
to figure 3. 
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rather than between the thyroid and cricoid cartilages - in 
order to avoid this undesirable effect. 

~owever, it is my experience that the peak level dif­
ference between labial and velar aspirated stops 
shows up whether the transducer ( and/or the light 
source for that matter) is placed in a lower or in 
a higher position. 15 This is shown in figure 9. 
Thus, it may be concluded that the lower position 
of the transducer need not reflect the influence from 
the vertical movement of the larynx. Another impli­
cation may be that the observed peak level differ­
ence does not reflect a difference in larynx height, 
which for the Danish data is supported by the find­
ing that no consistent difference in larynx height 
between p, t, and k can be observed (Reinholt Peter­
sen 1983). -It is noteworthy, however, that it is 
only for the Swedish material that spuriously high 
peak in velar stops is reported, whereas in other 
studies a much more moderate increase has been ob­
served. Thus, the substantially higher level in the 
Swedish material is very likely due to artifactual 
disturbances. But it still remains to be proved 
that the higher glottographic peak level in~ is in 
general really due to a larger glottal aperture 
rather than to some artifactual influence. 

Regarding the timing between the glottal and supraglottal artic­
ulation it has been stated above that the oral explosion in 
the aspirated stops occurs close to the moment of maximum aper­
ture of the vocal folds. But in fact the three stops differ 
in this respect (ME - figure 1Ob, table X): in p the onset of 
the explosion leads the maximum aperture with 10 ms on the 
average - the same order of magnitude as found for p by Fr0-
kj~r-Jensen et al. (1971) - whereas fork and t the leading 
averages 20 ms and 36 ms, respectively, and the differences are 
significant. This difference in the interarticulatory behaviour 
is explained partly by the timing of the oral explosion, which 
occurs significantly earlier in t than in p and k (VE - figure 
1Oc, table VI), and partly by small differences in the timing 
of the maximum ·glottal aperture itself, which occurs earliest 
in p and latest ink , even though only p vs. k is significant 
(VM - figure 1Od, table VIII). It should be added that the 
differences in timing of the glottal maximum aperture itself 
seem to be accounted for by a combined influence from the ges­
ture onset (VG - table VII) and from the duration of the ges­
ture opening (GM - table XII), even though substantial indi­
vidual differences are seen regarding the degree of influence 
from each of the two factors.16 But the fact remains that not 
only the timing of the oral explosion but also the timing of 
the maximum glottal aperture as such has to be taken into con­
sideration in accounting for the time lag between these two 
articulatory events and their variation according to place of 
articulation. 
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Unfortunately, only a few studies include data on the glottal 
gesture and its temporal relation to the oral explosion ac­
cording to place of articulation. One is Petursson (1976) 
who states that in Icelandic (post-)aspirated stops the maxi­
mum aperture always leads the explosion, but he does not dif­
ferentiate according to place of articulation. From his fig­
ures, however, it appears that the leading of the maximum aper­
ture is shorter in o - due to a shorter oral closure - and in 
k - due to a later maximum - than in p and t. 17 Also in German 
it has been observed that the leading of the maximum aperture 
is longer in p than in t, which is suggested to be an effect 
mainly of the longer closure in p (Hoole et al. 1983). In 
Kagaya (1974) it is mentioned that in the Korean aspirated stops 
the explosion occurs around the moment of maximum glottal aper­
ture, but it appears from his figures that the explosion ink 
may occur slightly earlier than in p and t. Furthermore, it 
can be deduced from his figures that in the aspirated affricate 
the explosion leads the maximum aperture considerably, which 
has also been observed in the Mandarin affricates (Iwata and 
Hirose 1976). These last findings seem very consistent with 
the clearly leading explosion relative to the glottal maximum 
aperture seen in the Danish affricated t. 

Thus, it can be maintained that the temporal relationship be­
tween the oral explosion and the maximum aperture of the glot­
tal gesture is definitely related to the place of articulation 
- whether it is the explosion that leads the maximum aperture 
or vice versa - although it seems that not only the timing of 
the oral explosion but also the timing of the maximum glottal 
aperture itself play a role. 

The relations normally found for the duration of the 
oral closure in Danish aspirated stops is E._>~>! (see, 
e.g., Fischer-J0rgensen 1954, 1980), which also ap­
pears in the present material, even though only! dif­
fers significantly from the two other stops due to 
the very deviating relations seen with one of the 
subjects (MF) (C1E - figure 10f, table IV). The ear­
lier explosion in Danish! resulting in a shorter 
closure is evidently connected with the fact that! 
is strongly affricated, which is i·n agreement with 
the general observation that affricated stops have a 
shorter closure than aspirated ones (see, e.g., 
Fischer-J0rgensen 1976). On the other hand, the ten­
dency to an earlier implosion in E. resulting in a 
slightly longer closure may be explained by the fact 
that the labial articulation is independent of the 
articulation of the preceding vowel (Fischer-J0rgen­
sen 1980). This last explanation, however, is in 
fact somewhat dubious, at least if applied to the 
present data, taking into consideration the reserva­
tions that have to be made regarding the acoustic 
delimitation and its interpretation in terms of ar­
ticulation. 
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Proceding with the open interval, or aspiration, it 
is well documented that in Danish this interval is 
shortest in E_, longer in~, and longest in!_, i.e. 
the opposite relationships from those found for the. 
closure (see again Fischer-J0rgensen 1954, 1980). 
Not surprisingly, these relations are also seen in 
the present data and the differences are highly sig­
nificant (EC2 - figure 10g, table III). It should 
be noted, however, that not only the moment of ex­
plosion relative to the glottal gesture but also the 
start of the following vowel may influence the dura­
tion of the open interval. Based on the observation 
that no clear systematic differences between the 
three stops as to the gesture onset (VG - table VII) 
seem to be present, it can be concluded that the 
longer open interval in!_ compared to~ is primarily 
a function of the significantly earlier explosion, 
since no significant difference can be shown in the 
onset of the following vowel relative to the onset 
of the preceding vowel (VC 2 - table V). On the con­
trary, the shorter open interval in p_ compared to~ 
is first of all the result of a slightly but signif­
icantly earlier onset of the following vowel (VC2), 
since no significant difference could be proved for 
the timing of the explosion (VE). From these facts 
it can be deduced that the difference betw.en p__ and 
!_ in the open interval is caused by both factors, as 
also appears from the relevant figures and tables. 

The delay in the vowel onset after~ and!_ compared 
top__ seems to be most readily accounted for in terms 
of a difference in the voicing conditions: the slow­
er release in~ and especially in!_ leads to a slower 
decay in the intra-oral pressure which delays the 
attainment of the appropriate pressure drop across 
the glottis. But it may also be that the offset of 
the glottal gesture comes slightly earlier in p_, 
taking into consideration the earlier timing of the 
maximum aperture, and if so, this factor should also 
be included in the voicing conditions. 

b. EMG I shall turn now to the EMG curves. It is not 
surprising that the overall patterns are very much 
alike, irrespective of place of articulation. Par­

ticular attention should be given to the observation that only 
the muscular pattern for one subject (HU) supports the assump­
tion that the glottal maximum aperture is slightly larger in 
k than in p, provided that a higher and broader PCA peak re­
flects such a difference in the gesture. Nor does the slight­
ly later occurrence of the maximum aperture observed ink com­
pared top seem to be reflected in the EMG signals except in 
that same subject. 

As regards the VOC muscle it seems that the differences in 
duration of the activity dip correspond to the differences in 
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Figure 11 

Averaged EMG curves of the aspirated stops ptk. For 
further explanation, see the legend to figure 4. 
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segment duration. Furthermore, the maximum level at the tran­
sition to the following vowel may be higher in p than in the 
two other stops. 

Finally, as far as the problem of the supposedly larger glottal 
aperture in velar stops is concerned and its reflection in the 
activity of the laryngeal muscles, I can only refer to some 
data on Japanese published in several papers, among them Hirose 
(1975). From the figures it appears that the stops are pro­
duced with a substantial glottal aperture and that the larger 
glottal aperture ink than in t is accompanied by a higher PCA 
peak, which may support the assumption that the maximum glottal 
aperture is larger in the velar stops - provided that there is 
a simple relationship between the PCA peak and the maximum glot­
tal aperture, which certainly cannot be taken for granted. 

c. conclusion In conclusion, it should be claimed that 
the course of the glottal opening-closing 
gesture in the Danish aspirated stops is 

almost unaffected by their place of articulation. The maximum 
glottal aperture, however, occurs slightly later ink than in 
p, whereas t does not differ significantly from any of the 
other two. It is argued that the small delay in the timing of 
the maximum aperture ink may be combined with a slightly 
larger glottal aperture, although further investigations are 
necessary in order to verify - or reject - this interpretation 
of the glottographic data. The EMG data do not seem to reflect 
these differences consistently among speakers. As regards the 
temporal relationship between the glottal and supraglottal 
articulation, it is evident that the oral explosion leads the 
maximum glottal aperture and that this interval is longest in 
t and shortest in p. It seems that this difference in inter­
articulatory timing results not only from a different occurrence 
of the oral explosion (t vs. p and k), but also from the slight­
ly different timing of the maximum glottal aperture itself 
(k vs. p). 

2. UNASPIRATED STOPS 

Fiberoptic stills and glottograms of the unaspirated stops bdg 
are seen in figure 12, while the quantitative mingographic data 
are shown in figure 13. In figure 14 various EMG curves are 
displayed. 

a. glottal gesture As previously mentioned, the assump-
tion that the maximum glottal aperture 
is larger in velar stops applies to 

aspirated as well as to unaspirated stops (Sawashirna and Miya-
zaki 1973; Sawashima and Niimi 1974; Petursson 1976). The pres­
ent glottographic data also seem to indicate a slightly larger 
glottal aperture in Danish g than in the two other unaspirated 
stops, even though only g vs. bis significant (A - figure 13a, 
table XIII). 
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Fiberoptic stills and glottograms of the unaspirated stops 
bdg. The arrows indicate where in the course of the glottal 
gesture the still originates. The acoustic events are shown 
below the glottogram (cf. figure 1). 
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Regarding the timing of the glottal gesture itself, i.e. re­
lative to the onset of the preceding vowel, the maximum aper­
ture occurs slightly but significantly later in b than in d 
and g (VM - table VIII), primarily resulting from a signific­
antly delayed onset of the opening gesture (VG - table VII). 

Concerning the duration of the oral closure the order 
is !:__>:1._>~, but only!:__ differs significantly from the 
two other stops (C1 E - figure 13b, table II). For 
the open interval the order is !:__<9_<:1._, and the differ­
ences are significant (EC 2 - figure 13c, table III). 
The order of the open interval - corresponding to 
the universal tendency - is on the whole in agreement 
with previous findings for Danish, whereas the order 
of the oral closure deviates as regards the tendency 
to a longer closure in<]_ than in 9-1 rather than vice 
versa (cf. Fischer-J~rgensen 1954, 1980). This de­
viation is again primarily due to the atypical rela­
tions seen with speaker MF. 

Many years ago already, it was shown that with the vocal folds 
in bdg-position voicing starts immediately after the intro­
duction of an externally implemented leakage to the closed 
vocal tract (Fischer-J0rgensen 1963). This means that the dif­
ferences in duration of the open interval normally found in 
Danish bdg result from differences in the voicing conditions. 
Or to put it differently, after the explosion of the oral clo­
sure the vocal folds are waiting for the occurrence of the ap­
propriate conditions for voicing. These conditions vary pri­
marily according to inherent properties of the main articulator 
involved and by the degree of restriction as to coarticulation 
imposed by this same articulator. Thus, contrary to the aspi­
rated stops, the duration of the open interval according to 
place of articulation in the unaspirated cognates cannot be a 
consequence of the temporal interplay between the oral explo­
sion and the course of the glottal gesture. 

b. EMG It is not evident from the present EMG data how 
the muscular activity patterns could cause the 
gesture onset to be slightly delayed in band the 

glottal aperture to be slightly larger in g, as the glotto­
graphic data seem to indicate. Of course, one hypothesis may 
be that the differences are genuine differences of glottal ges­
ture but caused by non-muscular forces, granted that there may 
be some such forces acting on the glottal gesture and influenc­
ing its size. On the other hand, regarding the slightly higher 
peak level of the glottogram for g, it is tempting to assume 
that it should be accounted for by a difference in larynx 
height, since Reinholt Petersen (1983), contrary to the aspi­
rated stops, finds a tendency to a higher larynx in g before 
i than in the other two unaspirated stops. 
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Mean values for the unaspirated stops.bdg of the 
parameters A (peak level of the glottogram), C1E 
(duration of the oral closure), and EC2 (duration 
of the open interval). The left column represents 
E._, the column in the middle£, and the right one 'J_, 
as indicated above the rightmost columns in each 
graph. The symbols for the level of significance 
should be interpreted as follows: the upper row 
shows the level of significance for b versus d, the 
row in the middle!!._ versus~, and the lowest one 9-_ 
versus~- For further explanation, see the legend 
to figure 3. 
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Figure 15 

Fiberoptic stills and glottograms of the fricatives. 
fsh. The arrows indicate where in the course of the 
glottal gesture the still originates. The acoustic 
events are shown below the glottogram (cf. figure 1). 
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c. conclusion The glottographic data seem to indicate 
slight differences in the glottal gesture 
in the Danish unaspirated stops, but it is 

not clear whether we are dealing with artifactual influences 
on the glottographic signal or whether the slightly higher peak 
level in g and the slightly later onset of the rising glotto­
graphic signal in b actually reflect genuine differences in the 
glottal gesture. But it seems safe to state that the muscular 
patterns do not reflect the differences in question. Further­
more, it is argued that the duration of the open interval vary­
ing according to place of articulation cannot result from the 
temporal interplay between the oral explosion and the course 
of the glottal gesture as in the aspirated stops, assuming that 
the duration of this interval is a consequence of the voicing 
conditions at the transition to the following vowel. In sec­
tion IVB the glottal behaviour in Danish unaspirated stops is 
discussed from a devoicing point of view. 

3. FRICATIVES 

Contrary to the stops, the sounds classified as fricatives may 
differ a good deal in their supraglottal articulation. This 
obviously applies to h versus other fricatives, produced as it 
is without any real constriction in the supraglottal cavities. 
Therefore, the point of interest in this case relates in par­
ticular to the glottal articulation in h compared to f and s. 

Fiberoptic stills and glottograms are seen in figure 15, while 
the quantified data 18 and some typical EMG curves are shown in 
figure 16 and figure 17, respectively. 

a. glottal gesture Like f and s, his produced with a 
clear opening-closing gesture, but it 
differs in several respects from the 

gesture seen in the other two fricatives. One obvious differ­
ence is the substantially lower peak level of the glottogram 
(A - figure 16a, table XIII), corresponding to a real differ­
ence in the vocal fold abduction as it appears from the fiber­
optic stills. 

(Legend to figure 16) 

Mean values for the fricatives fsh of the parameters A (peak 
level of the glottogram), VG (duration from the start of the 
preceding vowel to the onset of the glottal gesture), VC1 (du­
ration of the preceding vowel), and C1C2 (total duration of the 
obstruent). The left column represents!_, the column in the 
middle!?._, and the right one!::, as indicated above the right­
most columns in each graph. Notice that his omitted for some 
of the parameters with speaker MF (see note 18 ). The symbols 
for the level of significance should be interpreted as follows: 
the upper row shows the level of significance for f versus s, 
the row in the middle f versus h, and the lowest r~w s vers;;s 
h. For further explanation, see the legend to figure-3. 
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Regarding the temporal course of the gesture, the onset of the 
gesture in relation to the preceding vowel comes significantly 
later in h (VG - figure 16b, table VII). Now, in the case of 
h, the glottal aperture is the main factor accounting for the 
energy reduction seen in the intensity curves, this reduction 
occurring because of the absence of a narrow supraglottal con­
striction such as that off ors. Since it is the energy re­
duction that defines the segmental onset, the delayed onset of 
h may be considered a direct consequence of the timing of the 
glottal gesture, which results in a significantly longer pre­
ceding vowel (VC1 - figure 16c, table IV). Contrarily, the 
segmental offset of h, i.e. the onset of the following vowel, 
occurs earlier in h than in f and s (VC2 - table V), which re­
flects the earlier offset of the glottal gesture. Thus, owing 
to the shorter glottal gesture, the segment duration of his 
shorter than that of the other two fricatives (C1C2 - figure 
16d, table I). 

As to f_ versus!!._, the peak level of the glottogram 
is slightly but significantly higher ins (A - fig­
ure 16a, table XIII). Again this peak level d.iffer­
ence may be explained by a difference in larynx 
height as it appears from my unpublished measure­
ments of larynx height made for this very purpose 
(two subjects). If we look at the segment dura-

tion it appears that it is slightly but significant­
ly longer in!!.. than in f_ - about 15 ms on the aver­
age (C

1
C

2 
- figure 16d, table I). It seems as if 

the longer sis due to a (significantly) later on­
set of the following vowel (VC 2 - table V) since 
no difference can be demonstrated in the onset of 
the two fricatives (VC 1 - table IV). In the case 
of i, which we are dealing with here, the onset of 
the-following vowel is identical with the onset of 
voicing, and consequently the longer~ must be due 
to differences in the voicing conditions, this being 
most readily accounted for in terms of the degree 
of anticipatory coarticulation of i· Since the 
front of the tongue is involved in the !!._-articula­
tion the anticipatory articulation of i will be 
more limited in!!.. than in f_, and it will thus delay 
the moment in time when the pressure drop across 
the glottis is suitable for the initiation of vocal 
fold vibrations. 

It should be noted that in h the vocal fold vibrations normally 
continue without interruption all through the gesture, whereas 
in f and s the weak vibrations die away during the opening 
phase of the gesture. In section IIIC voicing in unvoiced ob­
struents will be treated in some detail. 
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b. EMG It is obvious that the three Danish unvoiced 
fricatives are produced with the same type of 
overall muscular pattern: a pronounced PCA peak 

and a dip in INT and VOC with the PCA maximum and the INT and 
VOC minima in most cases positioned in the neighbourhood of 
the fricative onset, whereas the INT and VOC maxima after the 
dip occur in the vicinity of the offset of the fricatives. 
Thus, the timing of the muscular patterns differs more or less 
among the three fricatives in accordance with the differences 
in the timing of the segmental on- and offsets. 

One clear difference is seen in the timing of the PCA peak 
which is earliest in f and latest in h with three of the four 
subjects with the onset of the preceding vowel as line-up point. 
Since it is normally supposed that the timing of the PCA peak 
corresponds to the timing of the maximum glottal aperture, it 
is somewhat surprising that no such difference can be observed 
in the averaged glottographic data (VM - table VIII). But if 
we look at the individual subjects included in both of the two 
materials, i.e. HU, FJ, LG, it appears that HU and LG do show 
the same timing differences in the glottographic data, f< s< h. 
FJ shows only a slight but significantly earlier maximum glot­
tal aperture in h which corresponds fairly well with her PCA 
pattern. 

Furthermore, it seems that the significantly later gesture on­
set found in his reflected in the later rise in PCA, combined 
with a later reduction in INT. Also the general tendency to a 
later onset of the VOC reduction may reflect the later gesture 
onset in h, no matter how it actually influences the state of 
the vocal folds. 

Regarding the EMG amplitude, two subjects, HU and PM, show a 
clearly lower PCA peak in h combined with a less pronounced 
dip in INT. It is tempting to assume that these muscular dif­
ferences reflect the smaller and shorter glottal opening in 
h. On the other hand, FJ and LG do not show such a difference 
in the PCA peak. Provided, however, that it is the total amount 
of activity rather than the maximum activity of PCA that re­
flects the degree of the glottal opening, the somewhat more 
narrow peak in h may account for the smaller glottal aperture 
in h, probably combined with a less pronounced valley in INT. 
But also with regard to the INT valley individual deviations 
may be exemplified by LG, who shows a substantially more pro­
nounced valley in~ opposed to has well as to f. 

Other muscles may of course take part in the control of the 
difference in glottal aperture between hand fs. One such 
muscle could be VOC, even though the VOC differences also vary 
more or less from subject to subject, as it appears from the 
present material. 

Only a few vocal fold studies have been reported in which his 
compared with other unvoiced fricatives. In Fr0kj~r-Jensen et 
al. (1971) dealing with Danish, it is stated that the glotto­
graphic amplitude of his similar in shape to that off, but 
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that the aperture is generally smaller, and that this applies 
to intervocalic h, whether the vocal fold vibrations are inter­
rupted or not. The authors advance the hypothesis that this 
difference may be explained by the aerodynamic conditions -
applying to voiced as well as to unvoiced tokens. They find 
that the air flow is greater in h than in f and hence the les­
ser aperture could be explained as a Bernouilli effect. There­
fore, they do not assume a difference in the motor control be­
tween hand the other fricatives. However, on the basis of 
the EMG material presented above, their hypothesis can hardly 
be maintained. 

Opposed to the findings for Danish, it appears from figure 3 
in Hirose and Ushijima (1978) that in Japanese the maximum 
glottal aperture is only slightly larger ins than in h, where­
as the peak activity of PCA is slightly higher in h (in word 
initial position). Also from Yoshioka (1981) it appears that 
Japanese h tends to be produced with a glottal gesture that is 
only slightly smaller in time and space than ins, and also 
the EMG pattern is very similar. Therefore, the author sup­
poses that the glottal adjustments may be almost identical in 
terms of the gross opening-closing gesture and of the muscular 
control as well. Thus, it seems that the physiological corre­
lates to the well-known differences between the Japanese h, 
and the h found in the Germanic languages, should be looked 
for, not only in the supraglottal behaviour but also in the 
adjustments of the vocal folds. Or, put differently, Japanese 
h being produced with a substantial supraglottal constriction, 
i.e. produced as a supraglottal fricative, the glottal gesture 
and its motor control will also show a pattern very similar to 
the pattern of other fricatives. I would like to add that in 
the few cases seen in my material in which his produced with 
interrupted vibrations, the values of the various parameters -
including the peak level of the glottogram - are all somewhere 
between those for h with uninterrupted vibrations and those 
for f and s. Unfortunately, the present EMG material cannot 
tell us whether the muscle patterns also come closer to f and 
s, as it does not include any tokens with clearly unvoiced h. 

c. conclusion Concerning the Danish fricatives, it can 
be summarized that h, like f and s, has a 
clear glottal opening-closing gesture, but 

it is obviously produced with a smaller maximum aperture, a 
shorter duration, and a later onset of the opening gesture -
all differences that seem to be reflected in the muscular ac­
tivity pattern. One important question is why the gesture on­
set in his delayed compared to the other two fricatives, if 
we are dealing with two independent systems with a high degree 
of synchronization in the control of glottal and supraglottal 
articulations. But maybe the question should rather be re­
versed, as follows: does the supraglottal constriction in 
fricatives like f and s somehow induce an earlier gesture on­
set? The question should be seen in the light of the finding 
in Lofqvist et al. (1981) that the control of the glottal 
opening is tightly coupled to activities in other parts of the 
speech apparatus. 
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One difference that should be kept in mind is that the vocal 
fold vibrations in intervocalic h normally continue through­
out the glottal gesture, whereas in f and s they die away 
during the abduction of the vocal folds. This difference will 
be treated in detail in the following section which deals with 
the degree of voicing in unvoiced obstruents. 

C. THE DEGREE OF VOICING IN THE 
UNVOICED OBSTRUENTS 

It is obvious from the glottographic and fiberoptic material 
that the two obstruent categories with a large maximum aperture 
of the glottis, i.e. the aspirated stops and the fricatives, 
differ between them as to the degree of voicing, or more cor­
rectly stated: they differ as to the size of glottal aperture 
at the moment at which vocal fold vibrations can no longer be 
sustained and, conversely, are initiated. Such differences in 
voicing have also been observed by, among others, Fr0kj~r­
Jensen et al. (1971). 

In the intervocalic aspirated stops the vibrations cease short­
ly after the onset of the glottal opening gesture, whereas in 
the fricatives they continue into the opening phase of the ges­
ture before they die away; in h, though, they are normally un­
interrupted. These differences are obviously seen in the glot­
tograms shown in figure 5, figure 8, and figure 15. 

It is a well-known fact that the vocal folds only vibrate under 
adequate aerodynamic conditions combined with a suitable ad­
justment of the vocal fold tension and position. As it appears 
from figure 18 - showing glottograms and intraoral pressure of 
p and f - the glottal opening gesture in the fricative leads 
the glottal opening in the aspirated stop relative to the in­
creasing intraoral pressure. Consequently, the glottis aperture 
is larger in the fricative when the pressure drop is no longer 
able to keep the vibrations going. Two factors seem to account 
for this difference. First, the rise of the intraoral pressure 
occurs later in the fricative than in the stop (in relation to 
a neutral line-up point such as the onset of the preceding 
vowel) due to the different manner of production. This ex-
plains the later acoustic onset of the fricatives resulting in 
the longer duration of the preceding vowel discussed in the 
section dealing with aspirated stops versus fricatives. The 
other factor is the difference in completion of the vocal fold 
abduction (also in relation to the onset of the preceding vowel). 
which occurs earlier in the fricative than in the stop as also 
discussed in the section dealing with aspirated stops compared 
with fricatives. In other words, the difference as to the size 
of the glottal aperture at the moment of offset of vocal fold 
vibrations can be accounted for in part by the different aero­
dynamic conditions induced by the supraglottal articulation -
as suggested by Fr0kj~r-Jensen et al. (1971) - in part by a 
different timing of the glottal abduction itself. As a conse­
quence, no difference in voicing duration relative to the 
acoustic onset of the obstruents should necessarily be expected 
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- other things being equal. And sure enough, the measurements 
do not show a longer voicing period in the fricatives than in 
the stops (C1 Z - figure 19a, table XI). 19 On the contrary, 
the tendency is toward a slightly longer voicing period in the 
stops, although no significant difference can be shown. 

Turning now to the voicing onset in aspirated stops and frica­
tives, Fr0kj~r-Jensen et al. (1971) found the reverse relation­
ship: in the fricatives (apart from h) vibrations did not re­
sume until the closing of the vocal folds was almost completed, 
whereas in the aspirated stops they started well in advance of 
the completion of the closing gesture. In the present material, 
however, the difference in voicing onset is almost negligible. 
This discrepancy is due to a different quality of the following 
vowel: in the material used by Fr0kj~r-Jensen et al. the ob­
struents were followed bye or£, i.e. by a non-high vowel. 
And as it appears from figure 18, the onset of vibrations in 
the aspirated stops - relative to the closing of the glottis -
is correlated with vowel height: the lower the vowel the earlier 
do the vibrations resume. The influence from the height of the 
following vowel may also be seen in the fricatives, though to 
a much lesser degree. Consequently, the difference between 
aspirated stops and fricatives as to voicing onset is clearly 
greater before low than before high vowels. The authors ex-
plain the earlier onset of voicing in aspirated stops versus 
fricatives by the almost unimpeded oral passage, i.e. less 
resistance to the airstream after the explosion. This is also 
reflected in the intraoral pressure curves shown in figure 18: 
before a non-high vowel it takes less time in the aspirated 
stops than in the fricatives - reckoned from the maximum - to 
attain a level suitable for voicing. On the other hand, it is 
also clear why the voicing difference is almost negligible be­
fore the very high and narrow Danish i: due to coarticulation 
and to the slow release of the oral closure - especially in t -
the pressure reduction takes almost as long time in the aspi­
rated stops as in fricatives. Finally, within the fricatives 
the intraoral pressure is almost independent of the following 
vowel which explains why the influence from the quality of this 
vowel on the voicing onset is much less than in the aspirated 
stops: the airstream must be substantially impeded during most 
of the glottal closing gesture, irrespectively of the following 
vowel, in order to generate the fricative noise (cf. the dis­
cussion dealing with voicing condition accounting for the longer 
segment duration ins than in f, which closes section IIIB 3a). 

The uninterrupted vocal fold vibrations in intervocalic h seem 
also to be most readily accounted for in terms of the aerodynamic 
conditions as supposed by Fr0kj~r-Jensen et al. (1971): the 
fact that h, as opposed to the other fricatives, is produced 
with an almost unconstricted vocal tract means that throughout 
this consonant a pressure drop across the glottis is maintained 
which is sufficiently great to keep the vibrations going in 
spite of a rather open glottis. Or, as stated by Sawashima and 
Hi rose ( 1981): "It is apparent that the crucial factor in the 
voicing distinction for these consonants [E.~~ is the aero­
dynamic condition at the glottis rather than the extent of the 
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a. Mean values of voicing duration (C 1Z) in aspirated stops 
(pt) and fricatives (fs) - averaged over place of articula­
tion. The mean valuesare shown for each speaker and aver­
aged across speakers (X - computed from raw data). The left· 
column represents the aspirated stop category, the right one 
the fricative category, as indicated above the rightmost col­
umns. The difference is not significant (cf. the legend to 
figure 3). 
b. Mean values of voicing duration for each single speaker, 
averaged over test obstruents. The grand mean averaged across 
speakers (X - computed from raw data) is shown in the right­
most column. 
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glottal abduction" (p. 339). But even if the crucial factor 
for the different voicing behaviour in these consonants is the 
aerodynamic conditions at the glottis, it seems plausible that 
the smaller glottal aperture in the Germanic h-type facilitates 
voicing. It should be added that the maximum intraoral pres­
sure in h followed by i and the pressure level at which the 
vibrations die away in the other fricatives is much higher than 
the pressure level at which the voicing resumes in these other 
fricatives. Or put differently: the smaller pressure drop 
across the glottis required in order to sustain vocal fold 
vibrations is smaller than that required to bring the vocal 
folds into vibrations, which fits nicely in with the general 
principle that more energy is required in order to change a 
given state of behaviour than to maintain it. 

Regarding the two stop categories, it appears that the physio­
logical voicing phase is longer in the unaspirated stops than 
in their aspirated cognates, and that in both categories the 
tendency is towards a longer voiced interval the more the place 
of articulation is fronted (table XI). The former difference 
is most readily accounted for by the different glottal gesture, 
whereas the latter tendency normally is explained in terms of 
the aerodynamic conditions induced by the different supraglot­
tal behaviour. In a recent paper, however, Keating (1984) as­
sumes that the varying extent of voicing being sustained after 
the onset of the implosion in aspirated stops should be ac­
counted for by a difference in velocity of the glottal opening, 
the velocity being highest in the velar stop. 

Her evidence, however, for a varying velocity accord­
ing to place of articulation is indirectly deduced 
from the assumptions that in aspirated stops the 
time to maximum glottal aperture reckoned from the 
onset of the oral closure is proportional to the 
duration of the closure, and that the maximum aper­
ture does not vary across place of articulation 
(cf. the discussion in section IIIBl above). Thus, 
the shorter the oral closure the higher the velocity 
of the glottal opening. But at least with regard 
to the first assumption, it is obviously not tenable 
for the present Danish data. This can be deduced 
from the fact that the time from explosion to maxi­
mum glottal aperture varies according to place of 
articulation, owing partly to the varying duration 
of the oral closure and partly to a small difference 
in the timing of the glottal maximum itself (cf. 
section IIIBl). 20 This, of course, does not imply 
that there may not be differences in the velocity 
of the glottal opening but only that we need other 
evidence (cf. the comments on abduction velocity at 
the end of section IIIA2). 
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It should be added that for the Danish aspirated 
stops the data tend to show a trade-off between du­
ration of the preceding vowel (VC 1 - table IV) and 
the voicing period (C 1 Z - table XI). Thus, the very 
small and non-significant differences in voicing 
period may simply reflect the problems in delimi­
tating c 1 , i.e. the onset of the oral closure. 
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Finally, it should be observed that the duration of voicing -
averaged over test sounds (except h) - is longer with the two 
male subjects than with two of the female subjects. In the 
third female subject (FJ), however, the voicing is even slight­
ly longer than in the male subjects (figure 19b). Granted 
that substantial individual differences may occur, it never­
theless seems very likely that there is a clear tendency to­
wards better voicing conditions in men's than in women's speech 
production, which has also been observed by others. Thorsen 
(1962), for instance, finds in his French material that the 
female subject has a smaller degree of voicing than the four 
male subjects, and that this is true of the voiced as well as 
the unvoiced obstruents. Smith (1977) also notices this tend­
ency in phonologically voiced stops in American English. This 
effect of speaker's sex on the degree of voicing is normally 
explained by the sex conditioned difference in the volume of 
the supraglottal cavity which affects the aerodynamic con­
ditions. 

IV. DISCUSSION 
The results presented above show that the glottal opening ges­
ture and its motor control varies with obstruent category, and 
that even within the same category the glottal behaviour may 
vary more or less according to place of articulation. Many of 
the observations have already been discussed in relation to 
the findings of others. Thus, in this section I will take up 
some more general aspects concerning the glottal behaviour in 
obstruent production, primarily in relation to aspiration and 
voicing - or devoicing, rather - in stops. Finally, some prob­
lems relating to the interpretation of the electromyographic 
signals with reference to obstruents are pointed out. 

A, ON ASPIRATION 

The concept of aspiration associated with stop production has 
attracted the interest of phoneticians for many years. Today 
this interest is even intensified, partly due to the develop­
ment of methods more suitable for examination of the laryngeal 
behaviour in normal speech, partly because of the focus in 
contemporary research on temporal phenomena in speech, includ­
ing interarticulatory timing. There seems to be general agree­
ment that aspiration is a matter of the glottal gesture and 
its temporal relationship to the supraglottal articulation. 
The discussion, however, of the phenomenon of aspiration and 
how it is produced can profitably be divided in two: 
1. aspiration versus non-aspiration, and 2. varying duration 
of aspiration. 
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1. ASPIRATION VERSUS NON-ASPIRATION 

As to the first point, it is well-established that aspirated 
and unaspirated stops are produced with different glottal ges­
tures: the aspirated stops are produced with an almost sym­
metric opening-closing gesture with a relatively large glottal 
aperture at the moment of explosion - otherwise no aspiration 
would be produced - whereas the unaspirated stops are produced 
with a gesture which is of a smaller size in time as well as 
in space, being almost completed at the moment of explosion 
(references are given on p. 306). Thus, the difference between 
aspirated and unaspirated stops in the timing of the explosion 
relative to the glottal gesture is primarily due to a differ­
ence in the temporal course of the glottal gesture rather than 
to a different timing of the supraglottal articulation. In 
this connection it should be recalled that in Danish - as in 
several other languages - the oral closure has been found to 
be shorter in the aspirated than in the unaspirated stops (e.g. 
for Icelandic: Petursson 1976; for Fukienese: Iwata et al. 
1979; for Hindi: Kagaya and Hirose 1975; Benguerel and Bhatia 
1980). In Danish the difference is very small, and I agree 
with Fischer-J0rgensen (1980) that this shorter closure "is 
mainly due to weakness of articulation" (p. 253). In any case 
it has obviously nothing to do with the control of the presence 
or absence of aspiration. It should be added that for Swedish 
it has been argued that the loss of aspiration in certain posi­
tions is due to an increase in the duration of the oral closure 
rather than to a change in the type of glottal gesture (Lof­
qvist 1976). 

In papers dealing with aspiration it is very common to focus 
on the tim~ng between the glottal and supraglottal articula­
tions as t e controlling factor of aspiration - rather than on 
the glottal gesture as such (see e.g. Lofqvist and Yoshioka 
1980). But this emphasis on timing may hamper our understand­
ing of the laryngeal mechanisms involved. In order to produce 
aspirated as opposed to unaspirated stops, we have to produce 
two basically different gestures to satisfy the demand of an 
open and a nearly closed glottis, respectively, at the moment 
when the oral closure is released. By emphasizing the inter­
articulatory timing we may get the impression, rather, that 
the number of degrees of freedom existing between the glottal 
and supraglottal articulatory systems is less restricted than 
it actually is. The focusing on timing may even lead to for­
mulations like: " ... we have shown evidence that the timing 
of peak glottal opening important as it is for distinguishing 
between aspirated and unaspirated stops ... " (Al-Bamerni and 
Bladon 1981, p. 8). 

With regard to force of articulation, the unaspirated stops 
in Danish are evidently less fortis than those unaspirated 
stops of other languages which are normally labelled fortis, 
as it appears from the shorter oral closure in the Danish 
stops (Fischer-J0rgensen 1968a), even though they are probably 
more fortis than their aspirated cognates. However, not only 
the supraglottal but also the glottal articulation seems to 
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be different for the two types of unaspirated stops. Unfor­
tunately, the glottal data available in the literature on 
fortis type stops are fairly scanty. Nevertheless, on the 
basis of the data on the glottal gesture in unaspirated fortis 
stops in Hindi (Kagaya and Hirose 1975; Dixit and MacNeilage 
1980; Benguerel and Bhatia 1980) and in French (Benguerel et 
al. 1978), compared to the gesture observed in Danish unaspi­
rated stops, I would speculate that the fortis type is pro­
duced with a more symmetric and somewhat larger glottal ges­
ture than the lenis type. The more open glottis may be con­
sidered a sort of by-product from a general tensening of the 
speech organs, including the larynx. A difference as to 
fortisness in the glottal gesture of unaspirated stops is also 
proposed by Caisse (1982 - mentioned in Ohala 1982) as an ex­
planation for the disagreement about effects of unaspirated 
stops on the fundamental frequency in the following vowel, 
the fortis type inducing a higher fundamental frequency than 
does the lenis type. 

In this context it seems relevant to recall that Stevens and 
Halle (1971) in their paper dealing with laryngeal features 
suggest that voiceless, unaspirated stops normally are pro­
duced with stiff vocal folds opposed to the Danish type of un­
aspirated stops, which are supposed to be produced with neither 
stiff nor slack vocal folds. They assume that the different 
degrees of stiffness of the vocal folds are performed through 
adjustments of the VOC and the CT muscles. Data on Hindi com­
pared with the present data on Danish seem to fit in nicely 
with their hypothesis inasmuch as a pronounced CT activity 
has been observed in Hindi unvoiced, unaspirated stops, where­
as in the Danish cognates no such CT activity is present 
(cf. section IVC dealing with interpretation of laryngeal EMG 
signals). 

A third type of unvoiced, unaspirated stop is the Korean 
forced stops which show a small glottal opening during the 
first part of the oral closure, whereas no opening is normally 
seen in the last part (Kagaya 1974). This constriction of the 
glottis results from an increased activity in the lateral 
cricoarytenoid muscle and in particular in the vocalis muscle, 
a muscular pattern that is specific to this type of stop 
(Hirose et al. 1974). 

2. VARYING DURATION OF ASPIRATION 

Let us now turn to the control of the varying duration of 
aspiration which may be induced by various linguistic and 
para-linguistic factors. It should be noticed that the term 
duration is used here instead of degree of aspiration, since 
the latter may in fact refer to time as well as to intensity. 
Very often, however, "strong" and 11weak11 are used synonymously 
with "long" and "short". This can normally be done without 
any confusion, because - as is stated by Lofqvist (1976): 
"The role of the respiratory system in the control of aspira­
tion seems to be limited or none whatsoever, perhaps with the 
exception of Korean stops" ( p. 17) . 
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One of the factors that may result in varying duration of aspi­
ration is the languaae specific requirements for the manifesta­
tion of the aspirate stops. Even though it may be difficult 
to compare measurements derived from different languages if 
they are not based on the same methods and procedures, there 
is no doubt that aspiration is longer in some languages than 
in others. This is exemplified in table III, which includes 
data from aspirated pin comparable environments. It is seen 
that the aspiration is longer in Danish and Hindi than it is 
in Swedish, English, and Icelandic, and vice versa for the 
closure. The closure is about 55% of the total segment dura­
tion in the former group and about 75% in the latter. 

Table III 

Data on aspirated p_ in comparable environ­
ments derived from several languages. 

language 

Danish 
(Hutters, 
Appendix A) 

Hindi 
(Kagaya and 
Hirose 1975) 

Swedish 
(Lofqvist 
1976) 

English 11 

(Quinlan 
1978) 

Icelandic 
(Petursson 

1976) 

closure aspir. 
ms ms 

98 86 

90 70 

115 32 

128 50 

129 36 

total closure from max. glot. 
ms % aperture to 

184 53 

160 56 

147 78 

178 72 

165 78 

oral explosion 
ms 

-10 

0 

14 

18 

49 

Furthermore, the data in table III indicate that in languages 
with the longer aspiration the explosion slightly leads or co­
incides with the maximum glottal aperture, whereas in the 
others it comes after this maximum. Provided that these ex­
amples are representative of what is going on in languages with 
aspirated stops in general, it would appear that one important 
factor responsible for the inter-language differences is the 
duration of the oral closure. But the varying duration of 
aspiration may also be influenced by different voicing condi­
tions, causing a difference in voicing onset, at the transition 
from the stops to the following vowel. Nevertheless, if in 
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general a shorter closure in aspirated stops is due to a weaker 
articulation, as it seems to be the case in Danish, then it 
may be concluded that in aspirated stops a more lenis mani­
festation is followed by a longer aspiration compared to aspi­
rated stops with a more fortis manifestation. This would be 
an argument against including aspiration in the fortis feature 
as most recently proposed by Kohler (1983). This topic is 
discussed at greater length by Fischer-J0rgens2!1 (1968b). 
From a comparison of table III with the data for Danish bdg (cf. 
figure 13c - table III) it also appears that in slightly aspi­
rated stops the duration of the open interval may be of the 
same order of magnitude as the duration of this interval in 
unaspirated, voiceless stops. This supports the assumption 
that the gesture in unaspirated stops differs in nature from 
the gesture in aspirated stops. Moreover, it implies the well 
known fact that a temporal parameter like the 'open interval 1 

or VOT may not necessarily reveal a difference in aspiration 
versus non-aspiration. The fact that two unvoiced stops with 
the same delay in voice onset time can be categorized as aspi­
rated and unaspirated, respectively, presupposes that aspira­
tion is not simply conceived of as a delay in voice onset time. 

In this context I want to point to the fact that the disagree­
ment regarding aspiration as it is discussed in the literature 
is due to some extent to a conceptual confusion of defining 
and explanatory descriptions. Aspiration has been defined as, 
for instance, 11a puff of air 11 (e.g. in Jespersen 1897-99), as 
"a large delay in voice onset time 11 (e.g. in Lisker and 
Abramson 1964), as 11a period of voicelessness 11 (in Ladefoged 
1975), and as 11a glottal friction 11 (Dixit 1979) - following 
the oral explosion. But since defining aspiration is a matter 
of purpose or of point of view - within certain limits - it may 
not be very relevant to discuss which of the definitions are 
right or wrong, and they certainly should not be compared to 
explanatory descriptions. On the other hand, it is very rele­
vant to discuss various views on the physiological explanations 
of aspiration. 

In relation to the language specific requirements for the pro­
duction of aspirated stops it should be recalled that the dura­
tion of aspiration varies according to place of articulation, 
the normal ordering being k>t>p for the three most common 
places of articulation. As mentioned above, these differences 
can be accounted for by the inherent characteristics of the 
main articulator involved in performing thP. oral closure and by 
the degree of restriction as to coarticulation imposed by this 
same articulator. Both are factors which may influence the 
closure duration and the voicing onset. Other explanations 
are discussed in Fischer-J0rgensen (1980). However, as men­
tioned above, the relations may deviate from the more usual 
ones due to language specific manifestation requirements like 
in Danish. 

Other factors that may influence the duration of aspiration 
are those which influence segment duration in general, namely 
factors such as speaking rate and linguistic stress. In 
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Andersen (1981) it is shown that in Danish aspirated stops an 
increase in speaking rate results in a decreased duration of 
both oral closure anq aspiration, accompanied by a reduction -
in time and space - of the glottal gesture. Furthermore, it 
was found that the temporal relationship between the glottal 
opening and closing was almost preserved. Therefore, it seems 
very likely that the timing of the oral explosion relative to 
the glottal gesture is preserved, even though no information 
on this point is given by Andersen. A similar change in the 
glottal and supraglottal articulatory events - with preserva­
tion of the interarticulatory timing - probably takes place in 
case there is a stress conditioned variation in the duration 
of aspiration. This assumption is based on a glottographic 
pilot study including test material with aspirated stops placed 
under main stress, reduced stress, and weak stress. 

Thus, it seems that the physiological behaviour resulting in 
varying duration of aspiration - including no aspiration -
cannot always be described as a matter of interarticulatory 
timing. And in cases where it may be appropriate to describe 
the variation as a matter of timing, it does not necessarily 
explain the actual physiological processes involved. A very 
we11-kn6wn spatial parameter supposed to explain the variation 
in duration of aspiration has been suggested by Kim in his 
widely quoted article on aspiration claiming that ttit seems 
safe to assume that aspiration is nothing but a function of 
the glottal opening at the time of release of the oral closure" 
(Kim 1970, p. 109). To put it differently, he states that it 
is only the degree of glottal opening at the oral release that 
determines the onset of the vocal fold vibrations - alias the 
onset of the following segment. Now, as pointed out by Kim 
himself and later by others (e.g. by Lisker and Abramson 1971) 
this implies that the rate of the glottal closure is constant, 
which probably cannot be taken for granted. Furthermore, it 
seems appropriate also to take into consideration not only the 
glottal aperture as such, but also the point at which, in the 
temporal course of the glottal gesture, the explosion takes 
place, inasmuch as the oral release may precede the maximum 
glottal aperture. But there is a more important point to be 
made, viz. that it is not only the time it takes after the 
oral release to close the glottis but also the aerodynamic 
conditions at this point in time that determine the onset of 
vocal fold vibrations, and thus the duration of aspiration as 
it is defined by Kim - and as it is normally defined. In the 
following section the glottal gesture in Danish unaspirated 
stops will be discussed in more detail. 

B, ON THE GLOTTAL GESTURE IN 
DANISH UNASPIRATED STOPS 

According to the myoelastic-aerodynamic theory of phonation, 
the vocal folds will vibrate when they are properly adducted 
and tensed and when a sufficient airflow passes between them. 
Based on an electrical model it was shown by Rothenberg (1968) 
that if the vocal folds are vibrating, these vibrations will 
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cease shortly after a total blocking of the flow of air is 
performed somewhere in the vocal tract. This is due to a de­
crease in the pressure drop across the glottis and thus in the 
airflow through it. This seems to agree with the fact that 
in the Danish unaspirated stops the vibrations - as they appear 
from the acoustic signal 19 - die away shortly after the onset 
of the oral closure. It is generally accepted that in order 
to keep the vibrations going in spite of the oral closure 
the vocal tract must be expanded - actively or passively. 
In other words, some mechanism(s) must be added in order to 
produce a voiced stop. 

It is therefore quite understandable that Fr0kjrer-Jensen et 
al. (1971) propose the· interesting hypothesis that the glottal 
opening gesture in Danish unaspirated stops may be a consequence 
of the offset of the vocal fold vibrations, i.e. of the change 
in the aerodynamic conditions induced by the oral closure, 
rather than the result of muscular activity such as normally 
controls the abduction and adduction of the vocal folds. This 
seems even more evident from the fact that with the arytenoids 
in adducted position the muscular part of the vocal folds will 
form a spindle-shaped glottis (see, e.g., Zemlin 1982; 
Sawashima and Hirose 1983) - very similar to the glottis shape 
in Danish bd~. Thus, the new idea proposed by Fr0kjrer-Jensen 
et al. (1971) is that the glottal gesture in the unaspirated 
stops is a passive process in the sense that it is a conse­
quence of the aerodynamic conditions introduced by the oral 
closure, whereas the glottal gesture in the aspirated stops 
is considered an active process, i.e. controlled by the abduc­
tor and adductor muscles of the vocal folds. Later, this idea 
has been accepted by others as explaining the slight glottal 
slit seen in devoiced and partially devoiced stops as found in 
English and German (Kohler 1977). However, the passive gesture 
hypothesis was later rejected as a consequence of EMG record­
ings showing activity in the abductor and adductor muscles in 
the Danish aspirated as well as in the unaspirated stops 
(Fischer-J0rgensen and Hirose 1974), a finding that is fully 
confirmed in the present EMG material . 21 

Some years ago I carried out a small experiment in which a 
total blocking of the airflow was externally implemented. 
While the subject was phonating a sustained i into an airtight 
mask with a small aperture, the phonation was momentarily 
interrupted, at unexpected points in time, by closing the ex­
ternal orifice of the mask. Fiberoptic stills and glottograms 
were recorded, and it appeared that the state of the glottis 
and the surrounding structures - after the cessation of voicing 
- were very similar in the externally implemented stop and in 
the natural unaspirated stop. But it also appeared that in 
the mask-condition the period of voicing was much longer, 
implying that it took much more time after the onset of the 
closure before the spindle-shaped glottis appeared. This 
longer voicing period can only to some extent be accounted 
for by the· extension of the vocal tract induced by the mask. 
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Later, EMG recordings of the PCA muscle have been made during 
the production of externally implemented closures, in order 
to throw light on the question whether the laryngeal muscle 
activity found in the natural Danish unaspirated stops might 
result from a change in the aerodynamic conditions, by means 
of some reflex mechanisms sensitive to such changes. The idea 
was not pure imagination, considering that such reflex mecha­
nisms seemed to be present in the VOC muscle (Wyke 1976). But 
already from the start of the experiment it seemed rather un­
likely that the hypothesis would be confirmed, taking into 
account that in the unaspirated stops the onset of the rising 
PCA activity precedes the oral implosion, which initiates the 
changes in the aerodynamic conditions. And sure enough, the 
PCA muscle did not show a pattern that could have any relation 
to the opening of the glottis in the externally implemented 
stops. 

Consequently, on the basis of the finding that the much longer 
period of voicing in the externally implemented closure implies 
that it takes much more time before the spindle-shaped glottis 
appears after the blocking of the vocal tract, it is tempting 
to assume that the abduction of the vocal folds in the natural 
unaspirated stops is a consequence of the cessation of vocal 
fold vibrations, and that this cessation of vibrations is not 
exclusively a passive process but that some additional mecha­
nism is directly involved in the devoicing process. Thus, 
considering that the glottal opening was performed without any 
PCA activity when the closure of the vocal tract was externally 
implemented, I venture the controversial hypothesis that the 
activity in the PCA and INT muscles is a devoicing mechanism 
rather than a means to open and close the glottis. This im­
plies that the slight abduction of the arytenoid cartilages 
that may be seen in the Danish bdg is considered a by-product 
of the vocal fold adjustment that causes the vocal fold vibra­
tions to die, rather than an end in itself. 

In this connection, it seems relevant to mention that 
in speech produced by children suffering from a pro­
nounced velopharyngeal insufficiency, the Danish un­
aspirated stops may be produced with a nasal puff of 
air. This indicates another state of the glottis 
than in normal production, since with the vocal folds 
in "bdg-position ", the voicing starts immediately 
after the introduction of an externally implemented 
leakage to the closed vocal tract (cf. Fischer-J~rgen­
sen 1963 and the mask experiment presented above). 
Thus, it appears that it is not possible to produce 
the bdg-gesture without a complete blockage of the 
airflow. This may of course suggest that the de­
voicing in normal Danish bdg is after all due to the 
change in the aerodynamic conditions induced by the 
oral closure as originally proposed. But it may also 
be concluded that the PCA and INT muscles cannot 
work as they do in Danish unaspirated stops with a 
leakage in the vocal tract - no matter whether their 
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function is to produce the spindle-shaped glottis 
or to terminate the vocal fold vibrations. 

355 

The general problem as to whether some devoicing mechanism is 
involved in the production of unvoiced obstruents - and in 
particular of unvoiced stops - is not unknown. Lisker (1977) 
claims in his paper dealing with factors in the maintenance 
and cessation of voicing that "it has not been generally agreed 
that voiceless closure intervals require no devoicing maneuvre 
other than the articulatory closure itself" (p. 306). In sup­
port of the hypothesis that some additional active devoicing 
mechanism may be needed in order to produce unvoiced unaspi­
rated stops, like those found in Danish, I refer to Westbury 
(1983). He suggests, on the basis of his electrical model, 
that voicing in intervocalic stops may continue considerably 
longer after the oral implosion than supposed by Rothenberg 
(1968), due to the compliance of tissues surrounding the supra­
glottal cavity, a factor that has not been taken into account 
in Rothenberg's model. On the basis of the same electrical 
model as used by Westbury, Keating (1984) has shown that the 
more lax the cheeks the longer the voicing continues after the 
onset of the oral closure. The present data on the total 
(physiological) voicing interval (table XI) with which the 
simulations shown in Keating's paper can be compared, suggest 
that Danish bdg should be produced with moderately tensed 
cheeks. This seems plausible taking into account that Danish 
bdg are considered more tense than voiced stops and less tense 
than fortis stops. On the other hand, it appears from her 
paper that the simulated data should rather be compared with 
the shorter voicing intervals deduced from acoustic curves, 
and in that case (cf. note 19 j her data suggest that Danish 
bdg should be produced with very tensed cheeks, which is not 
very likely, indeed. Another devoicing action could be a 
decrease in the supraglottal volume, but according to Keating 
"the contribution of this parameter is quite small compared to 
the contribution of the surface area of the cavity walls" 
(p. 30). Thus, I maintain the more controversial hypothesis 
that the PCA and INT activity seen in Danish bdg is a devoicing 
action. 

The devoicing mechanism originally proposed by Halle and 
Stevens (1971) should be mentioned in this context. They 
claimed that "an increased stiffness of the vocal folds tends 
to narrow the range of the transglottal pressure and glottal 
apertures over which the vocal fold vibration occurs" ( p. 202). 
The empiric foundation, however, is not very solid except that 
the very consistent relaxation of the VOC muscle in unvoiced 
obstruents may be considered a devoicing mechanism. This will 
be discussed in the following section dealing with interpre­
tation of laryngeal EMG signals. It should be added that in 
Stevens ( 1977) it is suggested that the theory on the 11hori -
zontal" stiffness of the vocal folds should be changed into 
one of 11vertical II stiffness of the folds - a theory which is 
even more lacking on empirical verification. 



356 HUTTERS 

I also want to refer to the general observation that phono­
logically unvoiced unaspirated stops tend to be weakly voiced 
in non-strong positions, as it is the case for Danish inter­
vocalic bdg. This may support the active devoicing theory, 
supposing that a general reduction in articulatory effort takes 
place in non-strong positions (Kohler 1983): when the articul­
atory effort is reduced the devoicing mechanism - whatever its 
nature may be - is consequently less effective or not effective 
at a 11. 

Finally, I want to add a comment on the widespread assumption 
that the glottal opening in unvoiced fricatives and aspirated 
stops is a devoicing mechanism rather than a mechanism permit­
ting the production of the required airflow. In Weismar 
(1980), for instance, the glottal gesture in English unvoiced 
obs truents is ea 11 ed II a devoicing gesture 11

• The same view 
also appears - directly or indirectly - from descriptions of 
the articulatory behaviour of the glottis as it is found in 
various textbooks (e.g. Daniloff et al. 1982, Ladefoged 1971). 
But as the vocal folds may vibrate in spite of a considerable 
degree of gl otta 1 opening, " ... the extent of the glottal open­
ing itself is not necessarily a crucial condition for the 
cessation of vocal fold vibration" (Sawashima and Hirose 1983, 
p. 17). On the face of it the concept of a devoicing gesture 
in unvoiced fricatives and aspirated stops may lead to the 
impression that voicelessness and aspiration - even if it may 
only be a matter of terminology - should also be avoided in 
the feature description, provided that features are intended 
to reflect the physiological behaviour in speech production. 

In summary, there are indications in favour of the assumption 
that the opening of the vocal folds seen in the Danish unaspi­
rated tops is a consequence of the cessation of the vocal fold 
vibration as originally proposed by Fr0kj~r-Jensen et al. 
(1971). Accepting that the offset of the gesture is equivalent 
to the resumption of the vocal fold vibrations, the glottal 
gesture as such may be considered a consequence of the voicing 
conditions. The keystone is to find out whether the cessation 
of vibrations is simply a passive process, in the sense that 
it is only due to the changing aerodynamic conditions induced 
by the oral closure, or an active process performed for instance 
by a change in the vocal fold adjustment or by a change in the 
supraglottal conditions such as in the compliance of tissues 
- or both. I have ventured the controversial hypothesis that 
the PCA and INT activity seen in the Danish unaspirated stops 
is a devoicing action rather than a means to open and close 
the glottis. "What is most certain in all this is that stop 
voicing will continue to provide problems to exercise us ... " 
- to quote the final remarks in Lisker (1977, p. 306). 
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C, ON THE INTERPRETATION OF LARYNGEAL 
ELECTROMYOGRAPHIC SIGNALS 

The last discussion leads to the final topic which deals with 
some problems relating to the interpretation of laryngeal EMG 
signals in terms of vocal fold behaviour in the production of 
obstruents. Some of these problems have already been touched 
upon in previous sections, but in the following a more coherent 
account will be given. 

The articulatory behaviour of the vocal folds is normally con­
sidered as being controlled by the intrinsic laryngeal muscles 
(for a recent survey I refer to Sawashima and Hirose 1983). 
But it is obviously not possible to deduce the influence of one 
particular pattern of muscle activity on vocal fold behaviour, 
due primarily to the fact that the influence of too many factors 
are still not known. 

It is generally recognized that the reciprocal pattern between 
the PCA and INT activity is the muscular behaviour primarily 
responsible for the abduction and adduction of the vocal folds 
in speech production, and that the PCA peak and the INT suppres­
sion tend to be more marked with a larger glottal aperture. 
From a visual impression and based on the observation that 
there is a positive correlation between the maximum glottal 
aperture and the PCA peak, a very direct relationship has been 
suggested between the glottal opening and the PCA muscle, in 
time as well as in space (Hirose 1975; Hirose and Ushijima 
1978). However, as pointed out by Lofqvist and Yoshioka (1979) 
such a simple positive relation applies only to pooled data, 
whereas many exceptions can be observed if only single data 
points are taken into consideration. Lofqvist and Yoshioka 
find that "within one and the same utterance type the temporal 
changes of glottal opening area and PCA activity levels are 
monotonically related" (p. 119), and from their material in­
cluding obstruent clusters they conclude that "PCA activity 
thus seems more directly related to changes in glottal area 
than to glottal area per se" (p. 121). The authors also sug­
gest that the clear reciprocal relation between the PCA and INT 
muscle activity applies only to single voiceless obstruents, 
whereas in consonant clusters the relation is not that simple. 

Concerning the INT muscle, I question whether it can be taken 
for granted that the increasing activity that follows the 
suppression is more pronounced when the obstruent has a larger 
glottal aperture, as suggested by Fischer-J0rgensen and Hirose 
(1974): " ... the activity of the closing muscle [INT] is more 
pronounced when th preceding consonant has a larger glottal 
opening" (p. 250). My reservation is due to the fact that 
in the present material this relation is not very consistent 
across speakers and in particular to the finding that the 
relation seems to be highly influenced by the.following vowel: 
the difference is diminished or may even be absent before a, 
due to a reduction of the INT peak level in the aspirated stops. 
In Fischer-J0rgensen and Hirose's material including also i 
and a (and u) no such influence from vowel type is observed. 
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Furthermore, results from other languages are apparently some­
what inconsistent. I am referring to Hirose et al. (1974) who 
observe a higher INT peak level in the Korean aspirated stops 
than in the unaspirated cognates, whereas Kagaya and Hirose 
(1975) find no such difference. 

If these - and maybe other - uncertain factors are taken into 
account, though, it seems safe to state that for single ob­
struents there is a strong tendency toward a reciprocal rela­
tionship between the activity in the PCA and INT muscles. 
Furthermore, it appears that their activity patterns are some­
what differentiated according to the degree of glottal opening 
- if the spatial as well as the temporal dimensions of their 
activity patterns are taken into account. In this context I 
refer to the very hypothetical suggestion presented above, name­
ly that the PCA and INT activity in Danish unaspirated stops 
has to do with the cessation of vocal fold vibrations rather 
than serving to open and close the glottis. If this idea is 
proved to be correct, then it must be realized that the function 
of these two muscles may not only be related directly to the 
abduction and adduction of the vocal folds but also to some 
other kind of adjustment of the vocal folds. In support of 
this assumption it should be mentioned that according to the 
present EMG material also i and v may be produced with in­
creased PCA activity. 

As regards the VOC muscle it is normally reported that the 
activity is somewhat reduced in unvoiced as well as in voiced 
obstruents, but the findings are somewhat fluctuating inasmuch 
as the reduced activity may not always differ in the degree of 
reduction (Kagaya and Hirose 1975; Hirose and Ushijima 1978; 
Collier et al. 1979). Furthermore, it generally appears -
whether explicitly or implicitly - that in unvoiced obstruents 
the glottis tends to be more open the more the VOC activity is 
suppressed. From the present material, however, it appears 
that the difference in suppression may be very small in spite 
of a considerable difference in glottal aperture. On the other 
hand, unvoiced obstruents always differ in the duration of 
the period of suppression according to differences in segment 
duration. It should be kept in mind that the suppression of 
VOC - and INT - directly related to unvoiced obstruents may 
be smaller than it appears at first, when the obstruent is 
preceded by another obstruent followed by a vowel. 

The point of interest is the influence that this reduction in 
VOC activity may have on vocal fold behaviour. It has been 
supposed to reflect the cessation of voicing (Hirose et al. 
1974, 1981). This may seem reasonable according to the cover­
body theory originally proposed by Hirano (1977), implying 
that the lower VOC activity results in a reduced slackness 
of the cover which should hamper the vocal fold vibrations -
ceteris paribus. Consequently, the reduction in voiced ob­
struents may serve other purposes - if it is not secondary 
to some primary articulatory behaviour. Furthermore, if the 
reduced activity is crucial for the devoicing process in all 
unvoiced obstruents, it has to be admitted that the mechanism 
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is, paradoxically, more pronounced in obstruents produced with 
a large glottal aperture than in stops produced with the vocal 
folds in voicing position like in Danish unaspirated stops. 
Conversely, a contraction of VOC may result in a slackening 
of the cover, facilitating vocal fold vibrations (Fujimura 
1977), provided that the CT activity is not increased. 

In relation to the theory of reduced VOC activity as a de­
voicing factor it is worthy of notice that when the obstruent 
is followed by a instead of i the present Danish material in­
dicates no difference in the VOC activity pattern between the 
unaspirated stops and the sonorants. This means that the small 
dip seen in the unaspirated stops before i is no longer present 
before a. If this observation turns out to be a general 
phenomenon, it seems reasonable to conclude that the devoicing 
interpretation is less probable than otherwise assumed. 

But it has also been suggested that the differentiated degree 
of VOC suppression in unvoiced obstruents corresponds to dif­
ferences in the glottal opening-closing gesture (Hirose et al. 
1974, 1981). This interpretation is also assumed in Collier 
et al. ( 1979), who c 1 aim that the unaspi rated "stops [in Dutch] 
show less relaxation than fricatives suggesting that the vocal 
folds are slacker in the latter case. Probably the slackening 
of the vocal folds in the fricatives also contributes to their 
abduction" (p. 364). The last interpretation apparently sticks 
to the older theory about the influence of VOC on the stiff­
ness of the vocal folds. 

Concerning the interpretation that the reduced VOC activity 
somehow reflects the opening-closing gesture of the glottis, 
Sonesson (1982) claims that in adducted position the VOC muscle 
has but little influence on the cricoarytenoid joint, whereas 
with the vocal folds in abducted position the VOC muscle may 
assist in moving the vocal folds from abducted to adducted 
position. This might explain the higher VOC activity that 
can be observed after fricatives and aspirated stops than after 
unaspirated stops (see Hirose et al. 1974 - figure 4 and fig­
ure 5; Collier et al. 1979). But again, the situation seems 
more complex inasmuch as in the present material the increased 
VOC level in obstruents with a large glottal aperture is in 
fact substantially reduced when followed by a versus i. 
Fujimura (1977) has suggested that this "momentary activity" 
in VOC after the 'forced' Korean stops (Hirose et al. 1974) 
and after aspirated stops "function as a relatively fast­
response voicing trigger mechanism which may be available for 
vocal fold vibration under otherwise unfavourable conditions" 
(p. 286). It may be tempting to see the higher VOC level be­
fore i than before a in the light of this interpretation, since 
the aerodynamic conditions are in fact less favourable for 
voicing onset before the very narrow Danish i than before the 
low vowels. This interpretation, however, is obviously weaken­
ed by the fact that in aspirated stops followed by i the vocal 
fold vibrations are not resumed until the completion of the 
glottal gesture, whereas if followed by a they may be resumed 
very early in the closing gesture. In this context it should 
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be recalled that contrary to the present findings no influence 
from the following vowel on the INT and VOC patterns in ob­
struents has been observed in other studies including more than 
one vowel (Fischer-J0rgensen and Hirose 1974; Sawashima and 
Hirose 1981; Sawashima and Hirose 1983). 

Finally, even if the INT and VOC activity patterns in obstruents 
may look fairly much alike, their functions are indeed different 
not only with reference to prosody but also to the production 
of segments. This is clear from the fact that in sonorants the 
INT muscle never shows any increasing activity at the transition 
to the following vowel, whereas the VOC muscle always show such 
increasing activity. The VOC peak in Danish 1 st0d 1

, in glottal 
stops, and in the 1forced 1 Korean stops also indicate that the 
two muscles serve different purposes, since no such peak is 
seen in the INT muscle. It is tempting to take this to mean 
that INT is basically an adductor muscle, whereas VOC primarily 
serves other purposes. 

Even though the lateral cricoarytenoid muscle (LCA) tradition­
ally is classified as an adductor muscle it is evident from 
EMG studies that its function with reference to segmental 
events is more complex. Studies which include LCA report that 
this muscle behaves almost like the VOC muscle, i.e. it may 
be involved in the control of the adduction of the vocal folds 
as well as of the voicing distinction (Hirose et al. 1974; 
Kagaya and Hirose 1975; Collier et al. 1979). On the other 
hand, it can hardly be stated from the data available in the 
literature whether VOC and LCA can be functionally differenti­
ated in the production of obstruents. 

It appears from studies dealing with the segmental aspect of 
the CT muscle that there may be differences partly between 
voiced versus unvoiced stops, and partly between aspirated 
versus unaspirated stops. As regards the CT activity related 
to voiced opposed to unvoiced stops the findings are rather 
contradictory (Kagaya and Hirose 1975; Hirose 1977; Collier 
et al. 1979; Sawashima 1979; Dixit and MacNeilage 1980). But 
if there is a difference the level is higher in the unvoiced 
cognates - a difference that has been supposed to facilitate 
voicelessness. 

It should be added that the difference may appear 
as a difference within an overall decrease or in­
crease in activity probably due to non-segmental 
differences in the test utterances. 

As regards the CT activity related to aspirated versus unaspi­
rated stops a higher level has been found in Hindi unaspirated 
stops, a difference that seems to be more pronounced at the 
onset of the stops than later in the closure (Kagaya and Hirose 
1975; Dixit and MacNeilage 1980). It seems reasonable, as 
suggested by Dixit and MacNeilage.(1980), that it is the un­
aspirated cognates with the smaller aperture that need a de~ 
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vo1c1ng mechanism - in the form of a higher CT activity - in 
addition to the elimination of the pressure drop across the 
glottis due to the oral closure. However, since the tendency 
in the present very limited amount of data is rather toward 
a slightly increased CT level in the Danish aspirated stops 
(and not especially marked at the onset of the closure) with­
out any change in the unaspirated ones, increased CT activity 
can hardly serve the same purpose in Danish as in Hindi - if 
it serves a purpose at all. But purposeful or not, the in­
creasing CT activity may of course influence the state of the 
vocal folds. 

Sawashima and Hirose (1983) observe - in their Danish material 
- that also in physiologically voiced intervocalic h, a rela­
tively high CT activity is present, serving as an argument 
against as being very important for the devoicing process. 
In the present Danish h-material, however, no such clear CT 
activity is present, which is another case of contradictory 
EMG findings. 

As it appears, it is not very clear how the CT and VOC activity 
patterns actually observed may function as devoicing mechanism, 
but more data are called for, of course. Or in more general 
terms, as Lisker ( 1977) puts it: " ... if the voicelessness of 
particular consonants is said to involve, necessarily or even 
optionally, some action to stiffen the folds, we are so far 
without observational data to support it" (p. 305). 

Finally, I want to point to the considerable inter-speaker 
variation that can be observed in the present EMG material, 
and which emphasizes that it may be hazardous to generalize 
on the basis of very few subjects - not to mention statements 
on the basis of one single speaker. Very often our claims and 
statements about laryngeal muscle activity in speech are based 
on very few speakers due to the fact that subjects do not 
exactly queue up for laryngeal EMG recordings. One obvious 
risk is, however, that differences which are in fact speaker 
specific are taken to be language specific - and vice versa -
when we compare findings relating to different languages. 
Another problem that arises is that we cannot always be sure 
whether differences regarded as inter-subject are due to some 
specific experimental conditions such as placement of the 
electrodes within a given muscle, or whether they in fact re­
flect individual variation in the laryngeal control in speech. 
The first interpretation can of course be ruled out if the 
findings with a given speaker can be reproduced with reinserted 
electrodes. In case the inter-speaker differences actually 
reflect individual variation the problem is whether such a 
variation in muscular activity results in the same or in a 
slightly different overt articulatory behaviour. Last, it 
should be pointed out that for obvious reasons it is normally 
only some of the laryngeal muscles that are successfully re­
gistered synchronously, which is an evident draw-back in light 
of the fact that the muscular system is supposed to work as 
a whole. 
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V. FINAL CONCLUDING REMARKS 
Considering the very inaccessible placement of the larynx it 
is somewhat surprising that it is one of the more well de­
scribed parts of the speech production apparatus. However, 
as regards the unvoiced obstruents, most studies deal with 
single sounds in intervocalic, stressed position-at normal 
speech rate, even though some studies on obstruents under 
various other linguistic and para-linguistic conditions have 
been carried out. It is evident that the glottal gesture in 
single unvoiced obstruents differs according to the aerodynamic 
demands, i.e. primarily setting of aspirated stops and frica­
tives as against unaspirated stops, and that the different 
gesture types are reflected in the motor control. But it 
seems reasonable to put the question whether the EMG activity 
patterns actually found in the laryngeal muscles in unaspi­
rated stops such as Danish bdg should in fact be considered 
an action causing devoicing rather than serving to perform a 
slight opening gesture. The clear opening-closing gesture 
produced in aspirated stops and fricatives is often considered 
ballistic in nature. If, however, it were a true ballistic 
movement, i.e. not controlled for duration and extent, the 
gesture and its motor control should be almost similar across 
the two types of obstruents. The tendency, however, is rather 
toward a more or less differentiated course of the gesture, 
specific not only to each category but also, to a certain 
extent, to each particular speech sound. Likewise, it has 
become very clear that each muscle seems to show a very deli­
cate pattern of activity almost specific to each particular 
cond·tion, including the phonetic context in which the ob­
struent is produced. On the other hand, it is so far impos­
sible to give a detailed interpretation of the muscular ac­
tivity patterns in terms of vocal fold behaviour as it appears 
from glottographic data. This can mainly be accounted for by 
two factors, viz. by the problems related to the interpreta­
tion of the glottographic signal and by the fact that the motor 
patterns may not always be interpreted in terms of movements. 
It is crucial for our progress in this field that we still 
increase the amount of data in order to determine to what ex­
tent our results are speaker specific and to what extent they 
are specific to a given language or rather to the speech 
habits of a given speech community. In this context I want 
to point out that most studies are based on averaged data 
which highlight the invariance in speech production. However, 
even though invariance in the production of speech is very 
important from a linguistic point of view, it is mandatory to 
focus also on the variability that occurs, i.e. to consider 
speech production from a more biological point of view, in 
order to better understand the basic behaviour not only of 
the larynx but of the speech production system in general. 
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VI I NOTES 

1. This project is part of a larger framework titled: 
"The glottal behaviour in Danish consonants, stress, 

and st0d 11
• 
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2. The insertation of electrodes was performed by Dr. Hajime 
Hirose, Institute of Logopedics and Phoniatrics, Uni­

versity of Tokyo. With subject FJ, however, the insertation 
was performed by Seiji Niimi, also of the Institute of Logo­
pedics and Phoniatrics, University of Tokyo. 

3. The modification has been performed by Preben D0mler and 
Peter Holtse. 

4. The planning of the EMG project and the preparation of the 
material for computer processing were carried out primari­

ly by Eli Fischer-J0rgensen. 

5. /sj/, pronounced[~] or [J], has not been included in 
the test material. 

6. With PA all the test words were of the structure [Ci:la] 
including some nonsense words. 

7. It should be pointed out that the speaker shown on the 
fiberoptic stills has a small leakage between the vocal 

processes in voiced sounds. 

8. In Fukui and Hirose (1983), which also includes subject 
FJ (= their EFJ), it is shown that her p-explosion occurs 

after the maximum abduction of the vocal folds, whereas in 
the present study it slightly leads the maximum as also ob­
served in other subjects. Furthermore, the difference between 
p and bas regards the maximum glottal aperture is apparently 
less in Fukui-and Hirose's fiberoptic material than in mine. 
These discrepancies may be due to methodological differences. 

9. PM's bdg, however, deviate from the general pattern by 
having a very low-level activity without a clear rising­

falling pattern. It is tempting to relate this deviating pat­
tern to the fact that voicing in his unaspirated stops con­
tinues for a longer period of time after the implosion than is 
normally seen, i.e. these stops are partially - though weakly 
- voiced, probably due to his dialect background. But it 
cannot be ruled out that the reason is the fairly bad quality 
of his EMG signals. 

10. k and hare omitted in the comparisons between aspirated 
stops and fricatives, since they have no counterpart with 

identical place of articulation in the other category. From 
section IIIB it wiil appear that place of articulation is a 
factor that has to be taken into account. 
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11. Unpublished essay by Glenn Quinlan (1978). 

12. The difference averaging 35 ms can be deduced from VM -
VC1 (figure 6b - table VIII and figure 6e - table IV). 

13. The delay in the onset of the fricatives - resulting in 
longer vowel before fricatives than before stops - has 

been explained in terms of a slower rate of movements of the 
speech organs "related to the precision required for fricative 
production" (MacNeilage 1972, p. 27) or because, as Kohler (1983) 
puts it, "the fricative requires a greater muscular coordina-
tion than stops" (p. 276). The slower rate of movements of 
the speech organs in fricative production seems to be reflected 
in the delayed rise of the intraoral pressure (see section 
IIIBc dealing with voicing), but I also refer to the discussion 
in section II and particularly to the fact that our statements 
and results about temporal relations may be influenced by the 
curves and criteria used for delimitation. 

14. It is not explicitly stated in Lofqvist and Yoshioka 
(1981) that the difference concerns aspirated stops and 

fricatives. But it appears that the stops are produced with 
a considerable opening of·the glottis, and apart from Japanese 
the languages included are all considered as containing aspi­
rated stops. 

15. By increasing the distance between the glottis and the 
transducer the signal is considerably modified in sounds 

produced with a small glottal aperture primarily positioned in 
the muscular part of the vocal folds, and the increasing­
decreasing appearance of the signal may even disappear. 

16. The substantial inter-subject variation may be explained 
by uncertainty in the delimitation of G. 

17. In the Icelandic material published by Lofqvist and 
Yoshioka (1980) the explosion in p coincides with maximum 

aperture of the glottis. 

18. C1 , C2, G, and Minh could not be delimitated with sub­
ject MF. 

19. It should be noted that the parameter C1Z shows higher 
values than normally given for the period of voicing after 

the onset of the oral closure in stops. However, in the pre­
sent material we are dealing with physiological rather than 
acoustic voicing. Furthermore, C1 is probably leading the 
moment of total blockage of the vocal tract. 

20. It also appears directly that in the present data a 
shorter closure is not followed by a corresponding re­

duction in duration from the onset of the oral closure to the 
maximum glottal aperture. The oral closure duration (C1 E) is 
seen in figure 10e - table II, while the time from the maximum 
glottal aperture reckoned from the onset of the oral closure 
(C1M) can be deduced from VM - VC1 (figure 6b - table VIII 
and figure 6e - table IV). 
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21. In the reprint from 1973 these later findings are men­
tioned by Fr0kj~r-Jensen, Carl Ludvigsen, and J0rgen 

Rischel. 
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APPENDIX C 
It is widely recognized that interpretation of the level of the 
glottogram in terms of glottal aperture is a crucial point in 
the glottographic method (see also Fr0kj~r-Jensen et al. 1971). 
If the glottographic signal was simply a function of the glot­
tal aperture, the relation between these two variables should 
be positively linear, since the input-output characteristics 
of our glottographic set-up are linear except in the very lowest 
end of the voltage range (Hutters 1976). But the signal is 
influenced by external and internal disturbances in the trans­
mission between the light source and the photo-transducer, which 
induce variation in the level of the glottogram that do 
not reflect variations in the size of the glottal aperture. 

The influence from external factors such as coughing and swal­
lowing can be reduced by attending to the subject's well-being 
- physically and psychologically - and by an appropriate extern­
al fixation of the fiberoptic cable. As regards the influence 
from the internal factors, i.e. from the speech conditions in­
volved, it is normally recommended to have the test material 
comprise sounds that are produced in the oral part of the vocal 
tract only, since the signal is very sensitive to even slight 
retractions of the tongue root. But other articulatory events 
have to be taken into account such as vertical movements of 
the larynx and movements of the velum. 

When fiberoptic stills and films are recorded synchronously 
with the glottographic signal the correlation coefficient is 
very often calculated in order to control the degree of linear 
positive correlation between the level of the glottogram 
and. the size of the glottal aperture. Since data normally 
includes measurements in the whole range from small to large 
glottal apertures, the two variables will in general be highly 
correlated for pooled data. If, however, we look at single 
data points many exceptions from the overall trend can be ob­
served, and the present material is no exception to this. 
Therefore, the correlation coefficient is not a very appropri­
ate means to expose influences from sources of error. The 
slope of the regression line may serve better to reveal these 
influences, as mentioned by Andersen (1981). With regard to 
the present material, for instance, it seems that for some sub­
jects the different obstruent categories are better described 
by their different regression lines. 

It has to be considered, however, that the control procedure 
itself may also be influenced by sources of error. In most 
cases the distance between the vocal processes, which in 
general are clearly discernible, can be taken to represent the 
glottis aperture, but in fact the relative distance between 
the vocal processes is only approximately proportional to the 
area. Since the level of the glottogram ideally reflects the 
glottal area (provided that the photo-transducer does not 
selectively pick up light from some dominant part of the glot­
tis, which was not the case in the present study), some excep­
tions to a simple, positively linear relationship should be 
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expected. A fluctuating distance between the glottis and the 
light source/fiberoptic object, which influences the glotto­
graphic signal and the size of the glottal aperture as it ap­
pears from the stills, should also be mentioned as a potential 
artifact. 

In this context I want to suggest that the light should rather 
be picked up from the cartilagenous part of the glottis if we 
are interested in the glottal aperture as a function of the 
movements of the arytenoid cartilages, since this kind of glot­
tographic signal probably is a better representation of the 
arytenoid movements. If so, another implication would be that 
the onset and offset of the glottal gesture in terms of these 
arytenoid movements can be unambiguously defined from the glot­
tographic curves. Contrarily, with the light and the photo­
transducer positioned as in the present study - and in many 
others - these glottal events cannot be identified in the 
glottographic signal, since it indiscriminately reflects varia­
tions in glottal aperture whether they result from movements 
of the arytenoids or not. Therefore, the onset and offset of 
the gesture as identified from the gross movements of the 
glottographic trace do not necessarily reflect the physio­
logically well-defined gesture interval. Furthermore, voicing 
onset at the transition from an unvoiced obstruent to the 
following vowel may occur not only before but also after the 
offset of the falling slope of the glottogram. Since this 
different behaviour influences the appearance of the signal, 
it is difficult to provide a consistent delimitation of the 
offset even if we define the glottal gesture period in terms 
of the rise of the signal from the minimum level and the re­
attainment of this level. The problem relates to aspirated 
stops compared with fricatives and to comparisons within the 
two categories when the voicing conditions differ considerably 
at the transition to the following vowel. Also in case of 
aspirated stops versus unaspirated stops like the Danish ones, 
a comparison of their gesture offsets, identified in terms of 
the glottographic signal, does not seem very meaningful from 
a physiological point of view, since in the latter category 
the "gesture offset" simply equals onset of voicing. There­
fore, no such offset point has been defined for the obstruents 
in the present study. Contrarily, the offset of voicing in 
single (intervocalic) obstruents normally never leads the onset 
of the rising amplitude reflecting the beginning of the opening­
closing gesture, and thus a more consistent delimitation of 
the latter can be performed here, whatever its physiological 
interpretation might be. 

Finally, a problem relating to the zero-line should be men­
tioned. The photo-glottographic signal has no physiologically 
well-defined zero-line due to the translucent vocal folds, 
which means that even with a closed glottis the light will be 
picked up whose intensity varies with the degree of compression 
and with the area of contact between the vocal folds. Inci­
dentally, this not only influences the DC-level of the signal 
but also makes the interpretation of the signal in terms of 
glottal area somewhat dubious at small signal levels such as 



I I 

_VOCAL FOLD AOJUSTMENTS 385 

those encountered during vocal fold vibration~ In the present 
study the minimum level attained in the vowel preceding the 
test obstruent has been used as reference line. An arbitrary 
reference line might also have been used, but it seems inappro­
priate to add a constant representing DC-offset to the-peak level 
measurements .• The DC-level of the glottographic signpl depends 
on the relation between the light source, the glottis~ and the 
photo-transducer. Therefore, the degree of fluctuation of this 
level may - as a rule of thumb - indicate the influence from 
external sources of error during a given recording session. 
As regards the speech internal factors due to the articulator~ 
behaviour _in consonant production, these are naturally much . 
less reflected in the DC-levels of the surrounding vowels. • 
Needless to say, artifactual influences from ·the speech con­
dition itself will decrease the more the phonetic.content of 
the test material is restricted, but ~t the same time the number 
of.phenomena that can be studied will also be reduced. Thus, 
interpretation of the glottogram amplitude in terms of glottal 
aperture is still a crucial problem in _the application of the. 
photo-glottographic method. 






